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EXECUTIVE SUMMARY

The purpose of this consultancy was to follow up on initiatives recommended in this consultant’s
report 4 Wetland Assessment carried out during the summer of 1992. The visit covered by this
report occurred between May 28 and July 3, 1993 und a total of 18 of these days were in residence
at MARD in Pimburattewa. The general Scope of Work for this visit was:

1. Work with the team from the University of Peradeniya to complzie the Scope of Work for
ihe reforestation project.

" Assess progress on wetland development in Block 503 and advise on wetland design.
Assess potential for wetlund development in the area of the Menik Ela drain in Zone | and
develop design recomimendations for such development,

Assess the effectiveness of the water quality mionitoring program uand make
recommendations on its modification if necessiry.

Provide recommendations on measures to reduce pesticide use through 1PM, and

Provide recomn:iendations regarding the extent and seriousness of ¢lephant-human contact
in System B and measures to reduce such contacts.

To achieve these objectives, meetings were held with Prof. Mudduma Bandara and his U.
Peradeniya team, local farmers and farmer organizations involved in the reforestation project, IPM
specialist from the Plunt Protection Department of GOSL, und with various Sri Lankan elephant
specialists. Visits were nude to all project sites und 1o village markets and farms. A Scope of
Work for the reforestation project was completed, draft drawings were completed for the
development of wetlands at Menik Ela drain, preliminary plans were developed with Dr. James
Burleigh on ‘mplementation of pesticide studies and 1PM measures for System B, Dr. Ajantha
Perera was recruited to work with MARD on svater pollution studies, and preliminary elephant
control recommendations were promulgated. Block 503 wetland recomniendations were deferred
until January 1993,

As aresult of these activities, the following recommendations are offered:

1. Wetland restoration on the Menik Ela drain should include the construction of a three-cell
wetland south of the new dike and protection of existing wetlands but drainage of stagnant
pools north of the dike. Otherwise, the arca north of the dike should be maintained in
natural state. The small wetland just south of the MARD road should be maintained or
even opened to enhance drainage, and the areas adjacent to the drainage canal south and
north of the MARD Road bridge should be reforested. MARD should scrlously explore
potential for water chestnut production in poorly drained areas.

2. Reforestation of the Kuda Oya below the Pimburratewa Reservoir shouldse protected by
installing fences along the inner toes of the dikes and the margins of the passageways
through the dikes, and MARD snould seck assurances from MECA that diking of the Kuda
Oya adjacent to Block 503 will occur before the end of the MARD project and that this
diking will udhere to the recommendations made by Davis (1992).

3. All pesticide analyses should be halted immediately. Analyses should be resumed in
conjunction with a well designed project as described on page 11, Analyses of NOs and
POy should continue for the time being, but the laboratory should be asked 1o reveal its
techniques and levels of detection sensitivities. Dr. Ajantha Pere. 1 should be contracted by
MARD to participate with Drs, James Burleigh and Craig Davis on the design and carrying
out of the experimental [PM-water pollution study (page 11)



Establish a demonstration study of the impact on crop yields and differential profits of
reduced pesticide use through alternative spraying sirategies based on monitoring (see page
11). Drainage waters should be monitored throughout the study to quantify pesticide
residues. Further, MARD should initiate detailed studies to document pesticide usage,
dosage rates commonly used, crop vields, possible development of resistent strains,
environmental contamination, safety and health problems, ete. This information should be
used to develop IPM guidelines for specific crops, pests, and conditions,.

MARD should develop and maintain a detailed data base on elephant-human incidents in
System B and use this information to determine where resources should be focused and
what strategies should be used to reduce such incidents. MARD should install a berm on
the right side of the main supply canal that will run adjacent to the Maduru Oya in Block
503. MARD should also explore and test the potential for using living fences of plants
such as Parkinsonia aculenta L. 10 keep elephants from entering agricultural areas.
Finally, MARD should work with the Department of Wildlife Conservation to create and
support an Elephant Control Unit (ECU) for System B and sheuld hire an elephant control



INTRODUCTION

During the summer of 1992 a wetland assessment of Zones 1 and 5 of System B (Davis, 1992)
recommended that wetlands in Block 503 be protected and enhanced during infrastructure
development, riparian forests along the Kuda Oya be restored in Block 502 and protected and
enhanced during development of Block 503, a program be instituted to monitor water quality in
drainage water, and consideration be given to retrofitting developed areas in Zone 1 und 5 with
weltlands. In April, 1993 a short follow-up visit was made by this consultant 1o discuss options
for involving Sri Lunkan Universities in the reforestation and wetland development projects being
planned by MARD and MASL in response to the above recommendations. During that meeting a
draft Terms of Reference was prepured and discussed with university representatives and cleared
with USAID. A team from the University of Peradeniya was contracted by MARD to prepare a
Scope of Work for un initial stage reforestation project; the SOW to be used to solicit offerers from
among Sri Lankan universities 1o carry out its objectives.

To follow up on all of these initiatives, MARD contracted with this consultant 1o provide ongoing
advice and technical assistance on a short-term basis for the duration of the project. The visit
covered by this report occurred between May 28 and July 3, 1993 and a total of 18 of these days
were in residence at MARD in Pimburanewa. The general Scope ol Work for this visit was:

1. Work with the tzam from the University of Peradeniya to complete the Seope of Work for the
reforestation project.
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Assess progress on wetland development in Block 503 and advise on wetland design.

3. Assess potential for wetland development i the area of the Menik Ela drain in Zone 1 and
develop design recommendations tor such development, and

4. Assess the effectiveness of the water quality monitoriag program and make recommendations
on its modification if necessary.

Upon arrival in Colombo, USAID requested that two items be added 10 the scope of work:
5. Provide recommendations on measures to reduce pesticide use rhrough [PM, and

6. Provide recommendations regarding the extent and seriousness of elephant-human contact in
System B and measures to reduce such contacts.

To facilitate item [, a preliminary meeting was held in Colombo on May 31 with Prof. Madduma
Bandura, head of the U. Peradeniya team. At that mecting a draft SOW was provided by Bandara
for review. A subsequent meeting of the entire team from Peradeniya was held at MARD from 10
10 13 June during which discussions were held with interested farmers and farmer organizations
and the final SOW was completed. Wetland assessment involved visits 1o the sites to be developed
and discussions with MARD engineers and local residents,

Meetings with IF'M specialists from the Plant Protection Department in Perideniya and extensive
discussions with MARD plant pathologist, Prof. James Burleigh, facilitated the development of
recommendations on pesticide reduction strategies and IPM. Similarly, discussions with Mr, L.
De Alwis (former Director of the Department of Wildlife Conservation, GOSL), Mr. Jayasinghe
(Manager of the Maduru Oya National Park), and Dr. S. W. Kotagama (Zoology Department,
OUSL) were helpful in assessing elephiant problems and identitying potential solutions.
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WETLAND PROTECTION AND RESTORATION

Basin and control structure design for constructed or managed wetlands in Zones ! and 5 of
System B will depend on the topographic and hydrologic conditions specific to each site and on the
purpose for which the wetland is being created. Some sites will require virtually no basin
contouring and simple control structures will suffice for establishing appropriate hydrologic
conditions. Other sites will require extensive excavation and basin contouring and more elaborate
control structures to establish and maintain requisite hydrologic conditions.  Wetlands being
designed for general purposes such as wildlife habitat enhancement or drainage water purification
will have less strict design criteria than will wetlands being prepared for more specific purposes
such as the cultivation of particular aquatic plants or the purification of animal or human wastes.

Where wetlands are being developed ar nunaged for the production of specific wetland plants,
especially when these plant are 1o be grown essentially in monoculuure, basin design and water
control must ¢reate conditions optimal for growth of the desired species. Criteria should he
determined on a crop-by-crop basis from the literature, indigenous experience, or by testing in
controlled plots. Engineering designs requiring modest maintenance that can be carried out by
farmers are permissible, but self maintaining svstems should be designed whenever possible.

Hydrologic conditions in most parts of Zones 1 and 5 are such that only miner modifications can
lead to the natural development of wetland conditions and wetland vegetation. Therefore, wetlands
that are being created for general purposes will require only mmor engineering and should vegetate
naturally by invasion of wetiand plants from nearby wetlands. Elaborate planting programs should
not be required in most situations. Further, such wetlands evolve and change over time as they
adapt to changing environmental conditions. Such change is natural and does not usually threaten
the existerce of or alter permancently the function of the wetland. Therefore, the best strategy to
follow in developing general purpose wetlands in System B is to establish basic wetland
hydrologic conditions and allow nature (o establish the vegetation, Engineered designs requiring
ongoing maintenance are to be avoided.

Menik Ela Drain - MARD Road Wetland Development

Drain improvements on the Menik Ela drainage, carried out since August, 1992, channelized the
tnain drain as itapproaches and passes under the Dehiattakandiya - Manampitiya (MARD) Road,
altered and channelized drainages east of the Mahaulpota - Menik Ela Road, improved that road
including the construction of a new bridge over the channelized drain, and installed a long dike
cutting off all water flow northward from the channelized drain into the area northeast of the latter
road (Fig. 1). The Menik Ela drain was targeted by Davis (1992) as a high priority site for
retrofitting constructed wetlands. Current MARD plans call for the establishment of a wetland
complex south of the long dike by diverting a portion of the flow from the channelized drain that
flows under the new bridge (Site A, Fig. 1), improving conditions in the area to the north of the
long dike and northeast of the Mahaulpota - Menik Ela Road (Site B, Fig. 1), and maintaining or
enhancing the small wetland occupying the southeast corner of the intessection of the Mahauolpota -
Menik Ela and MARD roads (Site C, Fig. 1).



Figure 1,
former drainage channels and grassland to be left alone 1o suceeed naturally to forest; Site C - Low quality
wetland to be left as is or opened 1o improve drnnage.

Menik Ela Wetland Complex

Sites A and B are largely in natural conditions today, although they have been locally altered by
activities associated with road and dike construction. The sites abound with wildlife including
abundant waterfowl species, deer, and elephants; the sites abut a forest reserve on their eastern
ends. These sites could be developed into natural arcas with little effort.



Site A: This site has been excavated on its north side for dike construction, leaving basins that
support obligate wetland species (Cyperus, Scirpus). A major stream has been cut off by the dike
and water flow has been diverted down the newly channelized drainage. A wetland complex could
be developed in this Area by minor basin contouring and the installation of simple control
structures. A three-basin, step-down complex would enhance wildlife habitat quality, provide
riparian water storage during flood periods, and provide purification of waters diverted through it.
With concomitant protection of the natural area north of the dike (Sites B), wetland development at
Site A would create a high quality natural area that could serve as a study arca for researchers, an
educational site for school children, and an attraction for tourists from the area and beyond.

A three-cell wetland complex is illustrated in Figure 2. There is a drop of approximately 3 vertical
feet from the point of intake into the wetland complex to the point of outflow into the drain at the
bridge. The three wetland cells are envisaged as a three-tiered, cascading system with dikes and
water depth control structures maintaining flow during non-flood periods at 1-foot intervals. The
basin of each cell could be contoured to provide water depths at full capacity of approximately 20
cm over shallow arcas and up to 80 ¢m in channels and the central basins (Figure 3). Banks
should be contoured to replicate natural shorelines and bank and dike sides should be vegetated
with native bank-holding vegetation.

Jewsn meag

7

D - Dixe

De - 19410 Daaw e Ceval
pF - Paop, F.8005

G - Sparime Lond -~ 20em
C -Dreo luavs - 4 BIem

Figure 2. Three-cell wetland complex showing general cross sectional design for graded basins and optional
designs for above- and below-grade basin profiles. Shallow zones should be 20 cm deep when the marshes are
full, and the channel or open water areas can be up o 80 cm deep, although in this case they will probably he
more shallow.
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Figure 3. Crosssection of graded wethnd basin .\‘lrggc.\‘\cd for the Menik Ela. The design provides for one
or more deep channels in the marsh 1o provide for open water areas attractive (o watesfowl. These dreas can be
up to 8O emdeep. The shallow arcas are designed to carry approximately 20 cm ol water when the wetland is
full. These areus should be saturated o sl surlace during the vegetation development penod o allow for
germnnation and establishment of wetland species. Onee thess plants reach herphas preater than 20 ¢m, the
wetland can be Gilled. Control structutes (uilets and weirs) should be designed to hold approsmately 20 ¢
of water on the shallow zone when Tull and to maintain residence time of at least ane day except auring food
periods. Theietore, only a fraction of the normal drain flow can pass through the wetland.  All dams and
control structures miust be designed and constructed 1 withstand Maha foods.

After initial contouring and control structure installation, openings should be cut at the cast end of
the wetland complex to connect it with the channelized drain. Openings should be of such size and
shape to atlow tor appropriate ows o nuintain average depths af 20 ¢m on the shatlow arcas
during non tlood periods. Input structures should restrict flows during focds 5o most of the flood
flow is diverted down the channelized drain. All structures in the wetland complex will have to be
designed to withstand the maximum flooding conditions expected.

Initial flooding of the cells must be carefully controlled 1o hold water levels a 0« 1 em on the
shallow areas. This will provide suitable conditions for the establishment of wetlnd species that
invade the new wetands. Onee wetland vegetation is more than 20 e wall, full tlooding 1o 20 em
can oe allowed.  [After initial inspection of the wetland cells in January of the first year,
consideration might be given to doing some planting of desirable species it these have not self
established at the site. Just what species might be most beneficial can be determined at that time. ]

A one-cell plan is illustrated in Fig. 4. This plan would save on construction costs.  Further
savings could be reatized by leaving the basins in natural contour, atlowing the wetland o mold ©
the existing topography. 10 the basin is not conioured, vegetmtion will develop arownd the fringe of
the open water zone. Manipulation of water depth during vegetation establishinent to maintain :
broad band of saturated soil below the maximum fill line would stimulate genmin-ition, ‘This would
require management during the first months of filling.
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Figure 4. One-cell wedland showing general cross section of a nongraded basin and a longitudinal profile of
the cell gradient and control structure with log weir.

Thus, four options are given: (1) three cells with full grading as in Figs. 2 and 3, (2) three cells
with no grading as in Figure 2, (3) one cell with grading as in Figs. 3 and 4, and (1) one cell with
no grading as in Fig. 4 Option (1) is preferred in terms of establishing ideal wetland conditions,
but itmight be too expensive and require oo much ongoing maintenance. Cption (4) would be the
least expensive 1o install and would require the least maintenance, but it would back up
approximately 1 of water at its lower end, and this would probably affect the dike. The best
choice might be a three-cell system with one graded and two nongraded cell. This would allow us
to gain information on construction and maintenance of graded and ungraded basins and on the
ceological dynamics ol both types,

Site B: “Phis Site is a complex o old stream channels and pools dissecting u degraded grassland
with scattered trees. Its northern end, between the old stream channel and the Mahaulpota - Menik
Elu Road is oceupied by wettands. Rice paddy cultivation extends right up 1o the old stream
channel onits worthern side, and there is somie threat of encroachment by farmers into the area of
Site B This Areashould be maintined 1 -as natural a state as possible as a mised upland wetland
complement to the new wetland complex i Site A, This would establish a diverse natural are:
extending from the Torest preserve o the Mahaalpota-Menik Ela Road. Soime minor drainage will

O
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be required on the site to eliminate stagnant pools, and consideration should be given to planting
native trees on some of the upland areas in the site. The current mixed vegetation could, if
somewhat enhanced with native species, be the best choice for the site. No extensive wetland
development is recommended at this site, because the new dike cuts off most water flow that
would maintain flows in wetland basins. The wetlands that already exist at the northern end of the
Site, should, however, be retained and proiected from encroachment.

Site C: This site is essentially a pair of ditches, remmants of the northern extension of the old
streamn channel that flows along the northern side of Sie B and a ditch that runs along the south
side of the MARD Roud. These converge at a two-culvert drain that carries flow under the MARD
Road. Rice paddy cultivation extends to the edge of this drain already, so there is no room for
expansion of the wetland area. The drain is vegetated by typical wetland plants, most notably at
this time by an extensive growth of kang kung (/pomaoea aquatica) which ic collected by local
farmers for use as a vegetable in their households but is apparently not marketed. This is a low-
quality wetland that should be left as it is or opened up as necessary to maintain water flow under
the MARD Roud.

MARD Road Channelization Site

South of Road: The area south of the MARD Road, between the Mahaulpota-Menik Ela Road
and the main drainage chiannel is poorly drained and contains some basins in which small wetlands
have developed. There is potential for developing a wetland complex similar to that proposed for
Site A at this site. Similar design criteria would be aporopriate here. Alternatively, this area could
be drained and returnied to forest.

North of Road: No wetland development of the area north of the MARD Road adjacent to the
right bank of the channelized drain is recommended. This area is occasionally flooded during
Maha floods but is probably suitable for agricultural developrient. If this proves to be not true, the
area should be reforested. At the very least, riparian forests should be planted to a distance of forty
meters on each side, except where existing paddies make this impossible. A forest stretch along
the right bunk here, combined with wetland or forest development south of the MARD Road and
development of Sites A and B as suggested above, would establish a corridor for wildlife
movement from the Mahaweli floodplain forest to the forest preserve cast of Sites A and B.

Block 503 Wetland Development

Wetland systems have been included in the design of irrigation infrastructure for Block 503 as
reccommended by Davis (1992). At this time, infrastructure development has started in the
southern end of Blcck 503. Plans for this year call for installing supply canals on the west side of
the block, establish the drainage gradients and begin installing wedlands planned for the central and
Kuda Oya braid drains, and close the connection of the Narana Ela at the Maduru Oya and divent
Narana Ela flow down the central drain in Block 503, Infrastructure installation on the east side of
the Block will be delayed for one year for security reasons.

No detailed inspection of Block 503 wedlands was carried out on this visit, because work on these
sites will not begin untii winter. This consultant will return 1o MARD in January to oversee that
work. A doctoral graduate student in wetland ecology miy be attiched to MARD for several
months during the winter and spring of 1993 to oversee ongoing construction and vegetation of
Block 503 and other wetlands.



Cultivation of Wetland Plants for Home and Commerc¢ial Use

Zones 1 and 5 of System B include vast areas of low, poorly drained arcas that are ideally suited
for growing crops that require or can tolerate saturated soils or inundation, e.g. rice. Indeed, some
areas are even too wet for rice. In these areas, we have three choices, drain them, abandon them,
or find something useful and productive to grow on them. In my assessment of the wetlands of
this area last summer (Davis, 1992), [ noted that several plants found in natural and impounded
wetlands are eaten by local residents, e.g. Kang Kung (/pomeae aguatica ), or used for other
purposes, ¢.g. making bed mats (Cyperus corvmbosus and Scirpus grossus ). As a result of
visits to village markets and homesteads near Aralagonwila this month, [ add another to that list --
Kohilla (Lasia). Kohilla is a very popular rhizomatous macrophyte that thrives on saturated soils
and is touted to have beneficial effects for those suffering trom hemorrhoids. It grows in dense
patches and is tolerant of shade, therefore it can be grown in home gardens. Both rhizomes and
leaves are eaten, the former mainly 10 add bulk or fiber to the diet (good for the digestion). In the
market at Dimbulagala, leaves were selling for Rs 3 per bundle of 12, and rhizomes sold for Rs 7
per half kilo.

Kang Kung, Kohilla, and reeds should be explored because of their potential use in making areas
of saturated soils more productive. There are, however, other wetland plants that have potential as
cash crops that could compete favorably with the best of the alternative crops being produced in
System B today. Probably the most promising is the Chinese water chestaut (Eleocharis dulcis ).
MARD should initiate field tests and explore domestic and export market potentials for this crop. It
should also explore possibilitics for establishing botling facilities in the Maharveli as a source of

—— ' —
Chinese Water Chestnuts
(Maddox and Kingsiey, 1990)

The Chinese water chestnut (lcocharis dulcis) is an anchor-rooted, prass-
like plant that grows to a height of 1.0 to 1.5 m (3.5 to 5.0 ft). I requires
150-220 days to mature, needs 250-300 kg/ha of nitrogen, and produces a
high starch, sweet corm (chestnut) with a retail value of $5-7/kg ($2-3/1b) in
the United States. Corm sizes vary with the variety or plant selection but are
marketable when 2.5 ¢m (1 in) or greater in diameter. Corm yields of 4 - §
mt/ha can be expected under good conditions. Research has shown that water
chestnut hay is a good forage for ruminant animals and the corms have as
much available starch for ethanol fuel production as corn.  See also  llodge
(1956), Hodge and Bisset (1955), Muaddox et al  (1982), Kingsley et af,
(1990), and Tayer (1981).

| — — — —— —

employment for second generation settlers in this area. Such processing will be necessary if export
markets are to be tapped. Chinese water chestnuts could be cultivated in converted rice paddies or
in shallow ponds in which Tish culture could also be carried out. There ire no apparent reasons
why Chinese water chestnuts couldn’t be grown successfully and very protitably in System B.

Information on water chestnut production is provided in APPENDICES D and .



REFORESTATION PROJECT

A meeting with the Scope of Work team from the University of Peradeniya was held on June 10-
I3. The primary purposes of this imceting were 1o complete the Scope of Work and to hold a third
meeting with Farmer Organization leaders and riparian farmers. The scope of work wits completed
and edited (APPENDIX B). Some version of this will accompany the call for proposals that is
scheduled to be mailed 1o universities on or about July 5.

The meeting with faners and fann organizations was very suceessful. While the farmers and their
organizations hiave some minor concerns about the reforestation project, they are overwhelmingly
supportive and want 1o be involved. They took initial steps o organize an action group o work
with MARD and the subcontractor.. on project planning, implementation, and monitoring. Minutes
of the mecting are in APPENDIX C.

A major concern about this project is how to protect the young trees. Several strategics were
discussed including fencing with barbed wire, the use of living fences, enclosing cach seedling in a
cage or barrel, zoning the area 1o exciude buffalo from critical areas, cic. Zoning to exclude
buffalo is unrealistic, because the entire cight kilometers will be planted. Living fences are also
unrealistic in the short run, because they take three or more years to prow to an effective size and
density. Enclosing individual trees has been successful here and in other countries but can be very
expensive. The costs should be explored, however

Fencing would provide the best protection but is also very expensive. Costs could be reduced by
using wood posts and valy two or three strands of wire - perhaps only the top strand would have
to be barbed. Further, the critical areas of protection are the inner toes of the dikes and the sides of
the dike breaks through which buftalo will move into the srazing arca between the dikes, Feacing
could be done along the inner toes and the sides of the passages, essentially halving the footage of
fencing needed. Outer margins of the reforestation areas would mostly abut on paddy and upland
ficlds. These areas are scheduled 1o be planted in crops of value w the fanmers. Therefore,
faemers will be motivined 1o keep cattle and buffalo from entering the forest from this side of the
dikes. Fencing should belong to the Mahaweli and should be taken down and used for other sites
when it is no longer needed at this site. There is concern that the wire for the fences would be
stolen at night. Consideration might be given 1o hiring farmers 1o patrol the fence on irregular
bases and 10 keep an eye open for suspicious activity.

Another major concern that arose during this visit was the possibility that diking of the Kuda Oya
adjacent to Block 503 would not tuke place. This would be a Serious mistake. The dikes
demarcate the reserve lands, leaving no doubt about how far farmers can extend their paddy and
fields. Iuis essential that the lower Kuda Oya be diked, even if these dikes are not of great stature.
further, these dikes should be established (as reccommended by Davis, 1992) outside the existing
riparian vegetation in this streteh of the river.

WATER QUALITY MONITORING

Water quality (NOj3, POy, and pesticides) has been monitored at drains entening the Narana Bla
wetland and at the outlet of the wetland. To date analyses have detected no pollutants in any of the
samples (the lone exception being a one-time detection of malathion, a pesticide restricted 1 use in
malaria control -~ probably resulting trom poor handling techniques on the part of applicators).

The ND (not detected) findings for all samples are suspect. One of four things is happening:

Y



1) We are sampling at times when no chemicals are coming off the land. it is conceivable

that our monthly samples have occurred when farmers are not spraying or applying

_fertilizer, but 1 find it hard to belizve that this would be a consistent sampling error over
several months.

2) Sampling techniques and transport of sumples to the laboratory are faulty, and
pollutants are degrading to undetectable levels before the samples reach the lab.

3) Analytical techniques are inadequate. 1f the laboratory is incapable of detecting
substances in parts per million at least, they may be missing these contaminants.

4) There are indeed no detectable quantities of these chiemicals in the drainage water.
This is possible, but highly unlikely.

My guess is that our problem results from a combination of one, two or three. We need to design
a scheme that will enable us to sample at times when we know what spraying activities are
occurring on the land. Sampling techniques and transport should be examined to reduce the
chances for degradation, and we need to find out exactly what analytical techniques are being used
and what their detection sensitivities are.

To accomplish these things, sampling of effTuent water sheuld be incorporated in a larger project
desicned to examine the use of chemicals on various crops (see IPM project on page 1), If this
were done, samipling sites and frequencics wonld be determined by activities on the land, e.g.
spraying, fertilizing, etc. We would know exactly what was being applied, what concentration and
quantity it was being applied, the nature of the crops and soils involved, and the quantity of
effluent leaviag the study arca. Watter samples could then be timed to sample runoff events and
results could be linked back to application strategies.

MARD sheuld contract with Dr. Ajantha Perera, envircnmental toxicologist at the University of
Colombo, to work on this project with Drs. James Burleigh and Craig Davis. Dr. Perera is an
expert on water pollution and has particular experience with pesticide pollution.

PESTICIDE USE AND INTEGRATED PEST MANAGEMENT

————mee—————————= The overusc of pesticides anpears to be a serious problem
“Last year, two shops in is System B, unnecessarily increasing production costs for
this area gressed Rs 9.3 farmers and polluting effluent waters. Further, careless
million in pesticide sales.” || application practices are endangering the health and safety
! those spraying these chemicals. In his assessments of
Dr. Jinasiri Fernando pesticide use on high value crops in System 5, lkram
{ Mohyuddin (1990, 92) found that pesticides were sprayed
on a prophylictic basis without knowing whether pests are there, that farmers were spraying five
10 ten times per crop when not needed, that insect pest numbers in sprayed and unsprayed plots
were often not significantly different, that crop damage from such pests was often kept below
econemic injury levels by predators, and that such predators may be threatened by high use of
pesticides. Further, Mohyuddin observed that farmers often failed to take appropriate precautions
to protect their health and safety and the environment when using pesticides, e.g. not wearing
proper clothes and washing spray cans in canal waters. 1 have observed similar actions on several
occasions in Zones | and » of system B. Mohyuddin recommended that alternative pest control
measures be adopted to reduce costs and protect the environment.
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An argument could be made that few data are available on actual pesticide application rates, on the
biological and economic impact of either overuse or reduced use of pesticides of particular crops,
and on the impact of pesticide residues on the environment and that studies should be undertaken to
document such impacts before 1PM strategies can be recommended. It is true that this type of
information is not available and that such information would enable pest control specialists te
devise IPM strategies to target specitic crops or conditions.  Studies to obtain this inforation
should be designed and implemented immediately. It would, however, be a mistake to wait for
such data before implementing measures to reduce the use of pesticides in System B. The
qualitative evidence of extreme overuse of pesticides is clear and sufficient. We are desling with a
problem that is out of control -- a runaway horse so to speak. We must stop the horse quickly
before severe or fatal damage is done. Then we can set the horse in the right direction. Pesticide
use must be brought under control quickly, then we can fine tune IPM practices to fit specific
crops, pests, and conditions. Both short- and long-term strategies are needed.

Short-term Strategy: To halt the rampant misuse of pesticides, MARD must convince farmers
that the reduced use of these chemical is in their best interest. An experiment/demonstration is
needed to determine the impact that major reductions in pesticide use would have on major crops in
System B, demonstrate options open to farmers for reducing dependence on pesticides, and train
farmers in techniques of IPM, e.g. monitoring, mechanical controls, ete.

Test-Demonstration of Reduced Used of Pesticides
on Major Crop Species in System B

For each crop selected for testing, a series of experimental ficlds should be established on
similar sites. These plots should be planted and cultivated in similar ways so as 1o limit
variability as much as possible to differences in pesticide application regimes. Experimental
fields should be divided into (1) Controls - pesticide applications follow traditional regimes,
(2) no pesticides used, and (3) a series of intermediate application regimes. Fields receiving
different reatments should be sufficiently separated to minimize the chances of pesticide drift
or pest movement contaminating treatments. Farmers invited 1o participate in the trials should
be assured a minimum profit level; everyone should be guaranteed the income that is generated
on the control - spray as usual - fields. Participating furmers should also be fully informed
about the reasons for the experiment and for the various spraying sirategics assigned.
Farmers are more apt to cooperate if they are informed.

Data should be collected on crop yields, profit from sale of crop, degree and timing of pest
infestation, pest damage 1o plants (visiblé damage may not affect crop yields), amount of
pesticides applied and when it was applied, cost to farmer of pesticides applied, and waler
quality of effluent waters leaving the fields.

The study should be set up to run for a minimum of three years (preferably five years) to level
temporal variability.

The study should be used as a demonstration tor farmers in System B and clsewhere,
Extension programs and brochures should be developed to explain the results and implications
of these studies for pesticide use on these crops.




Long-term Strategy: Detailed studies and experiments arc needed to provide baseline data on
pesticide use, dosage, etc. to enable GOSL to develop pazsticide restrictions and guidelines for
long-term solution of this problem. Detailed, crop-by-"rop, pest-by-pest [PM strategies can be

developed once these data are available. This willtake time.

ELEPHANT -~ HUMAN INTERACTION

Settlement patterns that have accompanied development of System B have severed paths used by
local elephant herds as they moved among watering and grazing arcas within their ranges. System
B is virtually surrounded by active elephant herds, and human-clephant contact kas been occurring
around this entire periphery. These interaction have involved damage to crops and structures,
including buildings. Such incursions seem to be limited to the margins of cultivated arcas and also
seem to be concentrated in certain locations around the periphery of System B, but detailed
information on incursion sites has not been compiled for this arca. Arcas of particular concern
include the Dimbulagala arca where elephants have even invaded the orchards at the Buddiist
Temple, areas adjacent to the Handipan Villuareas in Block 504 adjacent to the Kuda Qya, and new
scttlement  areas between the Pimburratewa Reservoir and the Maduru Ova dam. The first three of
these arcas are fullydeveloped and clephants are encroaching  from adjacent forested arcas along
the fiood plain of the Mahaweli Ganga in the first two and the right bank of the Maduru Oya in the
third. In the latter casc, the elephants are moving across Block 503 from the Maduru Oya to reach
these farms. Once Block 503 is developed, these sites may be free from elephant damag:, but new
farms along the Maduru Oya in Block 503 willbe susceptible unless MARDinstalls elephant barriers
along the Maduru Oya. The newly settled arcas between the Pimburratewa Reservoir and the
Maduru Oya dam are stillbeing carved out of the jungle. Elephant herds stillmove fairlyfreely in this
area, and control willrequire different measure than those applicable in more developed areas.
Some factors to be considered when devising control strategics arel:
° Elephant incursion incidents scem to be restricted to the very periphery of settled areas with
damage limited largely to those ficids and paddies adjacent to the forests. If this indeed a
pattern, a buffer zone sown with palatable forage might be an answer.

° Awounded elephant can travel for many days and many miles before succumbing to his or her
wounds. There‘ure, itis very difficultto link the location of elephant carcasses and the sites of
their shooting.

° The traditional means of dealing with encroaching eiephants has been to frighten them off with
loud noise - fire crackers, beating on pans, etc. Two factors may be causing a replacement  of
this strategy with one of killing the intruders.  First, elephants that have frequent contact with
human settlements lose their fear of people and structures. For instance, wild elephants  will
normally avoid stepping on unfamiliar surfaces such as concrete, but in areas where they
encounter human structures regularly they have no such fears and have been known to enter
compounds and even houses. Second, the presence in System B of large numbers of men

! Bused . on discussions  with Mr. L. Alwis, former director of the Department  of Wildlife Conservation
(DWC); Mr. A. D. U. S. Vattala (DWC); und Dr. S W, Kotagama, Open University of Sri Lanka and from
personnal observations and discussions  with farmess.



under arms, home guards and LTTE, increases the likelihood of elephants encountering
humans with rifles.’

° The Wildlife Department used to employ Elephant Control Units to work with farmers and
villagers in reducing adverse human-elephant interactions. These units were a “presence ® in
agriculivral areas adjacent to large elephant populations. They provided emergency crop
protection services and ran educational programs on elephant repcilant measures,  Such a unit
in System B might reduce elephant deaths by providirg farmers with alternative repellant
measures and rapid assistance in time of need.

Before MARD can design measures to reduce human-elephant contacts, it needs more detailed
information on the nature and extent of the problem. Detailed maps of incident locations and
information on such matters as (I) distance form undeveloped areas, (2) number of clephants
involved, (3) exact nature of the damage, and (4) estimated cost of damage are needed. Only after
such information is available can appropriate strategies be devised and implemented. Many elephant
control measures are very expensive, and action should target those areas of critical cc icern. The
characteristics of such areas willbear on the choice of strategies.

The best strategies for this area willbe those that require little or no mairtenance.  For this reason,
ditches should be favored over eleciric fences, habitat  protection and enhancement should be
favored over ditches, etc. Ancther strategy used by farmers at various places on the isiiad is the
planting of living fences of plants such as Parkinsonja_aculenta (Jerasalem thorn (English), bath karal
gus (sinhala), bachchi (local). P. aculenta, native to Central America, is a densely growing woody
plant with sharp thorns on the stem. Farmers often clip excess branches and pile them on the
ground outside the fence. Elephants are hesitant to walk on these branches or try to pass through
the living hedge. Young twigs are used for fodder for goats. Itis also used to reforest saline and
arid areas. I the United States itis cultivated as a residential ornamental. There appears to be no
commercial seed source in Sri Lanka and seeds from the U.S. would be expensive. Seeds may be
collected in the Hambantota area. Tlicy were mature in late June when 1was there, so immediate
collection should be successful. Seeds could then be started in the MARD/MEA nursery.

While elephant-humen  contact can have severe local impact on crops and structures and may
occasionally result in human injury or even death, and while such incidents certainly cause

considerable hardship and despair for the numan victims, ultimately it is the clephant that is
endangered by such contacts. Whoever said that when elephant meets man it is bad for the man
was correct in the specific but wrong in the general. In ongoing interaction of wild elephants with
human settlements, the elephant must ultimately lose. Ultimately, elephant-kuman  conflict willresult
in the elimination of wild elephants fron: all but the most remote and isolated locations in Sri Lanka.
This is a scenario that has been repeated over and over throughout the world with large wildlife
species. It willhappen with the Sri Lankan wild clephant unless steps are taken soon to protect this
animal that is so much identified with this island and the human culture that has developed here.



RECOMMENXDATIONS

1.0 WETLAND PROTECTION AND RESTORATION

1.1

1.2

1.3

1.4

1.5

At Menik Ela Site A, a three-cell wetland system with one graded and two ungraded
cells is recommended.  This would allow us to gain information on construction,
maintenance, and ecological dynamics of graded and ungraded basins.

Site B should be maintained in as natural a state as possible as a mixed
upland-wetland complement to the new wetland complex at Site A. Some minor
drainage willbe required on the site to eliminate stagnant pools, and consideration
should be given to planting native trees on rome of the upland areas in the site.

Site C is a low-quality wetland that should be left as itis or opened up as necessary
to maintain water flow under the MARD Road.

The area south of the MARDroad between the Mahaulpota-Menik Ela Road and the
main drainage channel should ecither be improved as a wetland complex or drained
and reforesied.  The right bank of the drain north of the MARD road should be
reforested to a distance of 40 m. The left bank should be planted to bank holding

species.

MARDshould initiate field tests and explore domestic and export market potentials for
water chestnut (Eleocharis dulcis). Itshould also explore possibilities for establishing
bottling facilities for water chestnuts and other items in the Mahaweli to enhance
export capabilities and provide a source of employment for second generation settlers
in this area.

2./) REFORESTATION PROJECT

2.1

2.2

To protect plantings, fencing should be installed along the inner toes of the dikes and
the margins of the passageways through the dikes. Wood posts should be used and
only two or threz strands of wire. Perhaps only the top wire need be barbed.
Farmers shoulc be hired to patrol the fence on irregular schedules to minimize theft.

MARDshould seck assurances frem MECA that diking of the Kuda Oya adjacent to
Block 503 will occur before the end of the MARD project and that this diking will
adhere to the recommendations made by Davis (1992) that these dikes be established
outside extant riparian forests.

3.0 WATER QUALITY MONITORING

3.1

Allpesticide analyses should be ‘alted immedia'ely. Analyses should be resumed in
conjunction with a well designed project as described on pa,e 11. Analyses of NO,
and PO, should continue for the time being, but the laboratory should be asked to
reveal its technique: and levels of detection sensitivities. Ifthey are not able to detect
parts per million ‘or nitrate and phosphate, another anaiytical laboratory willhave to
be found. Dr. Perera (sce below) can assist wuh these determinations.



Dr. Ajantha Perera should be contracted by MARD to participate with Drs. James
Burleigh and Craig Davis on the design and carrying out of an experimental [PM-water
pollution study (page I1). Dr. Perera should visit MARD with Dr. Davis while he is
there in September, should examine sampling and analytical procedures currently
being used and recommend on modifications to improve detection, and assist Dr.
Burleigh in the design of the IPM-water quality project. She should continue on the
monitoring team for this study forits duration and serve as a consultant to MARD(with
Dr. Davis) on the wetland project.

4.0 PESTICIDE USE AND INTEGRATED PEST MANAGEMENT

4.1

4.2

Short~term asctions: MARDshould establish a demonstration study of the impact
on crop yields and differential profits of 1:duced pesticide use through alternative
spraying strategies based on monitoring (see page 11). Drainage waters should be
monitored throughout the study to quantify pesticide residues. Funds should be
provided to guarantce participating farmers profits equal to farmers using normal
spraying regimes (control plot farmers). Participating farmers should be fullyinformed
about the goals of the project and the reasons they are being asked to followa certain
spraying strategy in the study. An extension education and training program should
be developed to train farmers in alternative (IPM) strategies for pesticide use and in
the proper precautions to use while spraying, in cleaning sprayers, and in the proper
storage and disposal of pesticides. The study should be used as a demonstration in
these extension programs.

Long-term actions: MARD should initiate detailed studies to document pesticide
usage, dosage rates commonly used, crop yields, possible development of resistent
strains, environmental contamination, safety and health problems, etc.  This
information should be used to develop IPM guidelines for specific crops, pests, and
conditions.

5.0 Elephant-Human Contarztz

5.1

MARD should develop and maintain a detailed data base on elephant-human incidents
in System B, including a map showing precise locations of incidents and information on
(1) the direction from which the clephants came and went, (2) distance of elephant

incursion into developed areca, (3) number of clephants involved, (4) exact nature of
damage, (5) nature of efforts used to repel the eclephants, ifany, and (6) estimated cost
of he damage inrupees. This information should be used to determine where resources

should be focused and what strategies should be used to reduce such incidents. MARD
may have to employ someone strictly for this effort at least in the beginning.

While developing irrigation supply infrastructure in Block 503, especially the supply
canal that willrun along the left bank of the Maduru Oya, MARD should consider
installing appropriate elephant control structures. The best structure might be a berm
along the right side of the canal. Elephants will not attempt to cross a ditch the
bottom of which they cannot feel with their trunks (L. Alwis). A steep bank on the right

2

see footnote #1.
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5.3

54

5.4

3.5

side of the canal willmake the elephants think the canal is deeper than itis. Such a
berm should be constructed even iftiie canal is too wide for elephants (o step over;
they may enter the canal assuming that they can climb out the other side and get
stuck.

MARDshould explore and test the potential for using living fences of plants such as

Parkinsonia _aculenta L.to keep elephants from entering agricultural arcas.

MARD should explore with the Department of Wildlife the creation and support an
Elephant Control Unit (ECU) for System B. Personnel for this ECU could be recruited
from second generution farm residents of System B, trained by the Department of
WildlifeConservation, and report to the local WildlifeDepartment  Officer. MARD and
USAID should identify protocols enabling MARD or other USAID funds to be used to
support the ECU for the duration of the MARD project. Such support should include
salaries for ECU members, cost of training for ECU members, an appropriate vehicle,
such other equipment and supplies that the ECU would require (o carry out its duties,
and facilities for a dispatching station (office, telephone, radio, et~ ). Further, MARD
and USAID should work with the Department of Wildlifeand other GOSL agencies to
insure the continuation of the ECU after the MARD project concludes.

ECU responsibilities should include:

O Providing emergency assistance for farmers in dealing with elephant incursions,

O Monitor elephant movements in and adjacent to System B,

o

Provide educational programs to teach farmers about elephant habits and necds and
train farmers in strategies for repelling elephants  without hurting them,

MARDshould contract the services of an expert in controlling elephant incursion into
agricultural and other settled areas to advise on strategies and techniques appropriate
for the problems in System B. This should be donc as soon as possible but not
before a data base is compiled as recommended in I.1.

Allthings being equal, low- or no-maintenance strategies and techniques should be
adopled, e.g. ditches instead of electric fences, habitat protection rather than ditches,
etc..
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APPENDIX B

MAHAWELT AGRICULTURE AND RURAL DEVELOPMENT PROJECT
KUDA OYA REFORESTATION PROJECT

Project Description and Specifications

TABLE OF CONTENTS

1. SUMMARY OF PROPOSAL REQUIREMENTS

2. PROJECT OBJECTIVE AND CONCEPT

3. PROJECT CONCERNS

4. PROJECT AREA

5. REFORESTATION STRATEGIES

6. COMMUNITY PARTICIPATION

7. POST-GRADUATE TRAINING AND RESEARCH
8. MANAGEMENT PLAN

9. WORK SCHEDULE

10. BUDGET

11. PERSONNEL SCHEDULE

SUMMARY OF PROPOSAL REQUIREMENTS

Offerer must include the following items in the proposal. Failure
to address any required topic may disqualify the proposal. .

1. Detailed planting plans forthe three river segments, including
species to be used, where they will be procurred, how they
will be planted and by whom, where they will be planted.

2. Detailed maintenance plans, including fertilization, watering,
protection from buffalo and other threats, etc. Offerer
should include a detailed incentive plan to encourage farmers
to maintain plantings. etc.)

3. A plan for monitoring the growth of the new forest during the
project period and beyond.
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10.

11.

12,

13.

14.

A detailed plan for bringing farmers and Farmer Organizatiqns
into the planning process and including them in the planting
and maintenance of the forest.

A plan for working with farmers and Farmer Organizations on
allocation of fruits, medicinal substances and other forest
products among the farmers in the area. The primary
assumpt.on is that such products are the property and
responsibility of the Farmer Organizations, but special
consideration should also be given to riparian farmers who
will bear most of the adverse impact of forest development at
this site.

A concrete plan on how to handle the -roblem of existing
encroachments on reserve land and now to discourage
encroachments in thne Zuture.

Plans for developing and carrying out educational and training
programs.

A specific plan for carrying out a preliminary baseline survey
and mapping of current vegetation and land use in the project
area. such a study could involve university post-graduate
students.

A detailed management plan as outline under 7.0 below.

A detailed work schedule showing tasks and targets on a
monthly basis.

A detailed budget and separate budget explanation in which
offerer justifies all budget items.

A detailed manning schedule, including job descriptions for
each professional and management position and a general job
description for aach catagory of non-professional staff,
Estimations of manning needs presented in the project
description (page )} should be used as quides. Divergence from
these estimates is permissable but must be explained and
justified.

A description of university facilities and capabiiities that
can be brought to this project.

A description of university experience in manageing and
carrying out interdisciplinary, problem~focus research and
contracts.

PROJECT OBJECTIVE AND CONCEPT

The objective of this project is to reforest approximately 10
km of riparian land on either side of the Kuda Oya immediately
downstream from the Pimburattewa dam in Zone 5 of System B
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(Figs. 1 and 2).

The project was conceived to enhance natural biodiversity in
this largely agricultural landscape by restoring native, dry-
zone riparian forest vegetation in bands up to 40 meters wide
on either side of the Kuda Oya. The outer fringes of this
forest area adjacent to fields and paddy, fruit and medicinal
trees will be planted to provide non-destructive products of
value to local residents. The primary purpose of the new
forest, however, will be conservation rather than praoduct
production. Th+wreforested area will be treated as a
conservation forest rather than a production.

The concept of this project also includes a strong emphasis on
participation of local residents, especially the farmers
adjacent to the reforestation areas. In this context, the
cooperation and participation of farmer organizations and NGOs
is essential for project success and sustainability.

PROJECT CONCERNS

Ecological Concerns

Restoration and maintenance of Dry Zone riparian forest
ecosystems is a major goal of the project. This is based on
the need for sustainability and preservation of bio-diversity.

Utilitarian Concernrs

Although it is not the primary objective of the project to
develop production forests, it is desirable to incorporate in
the planting program, useful plant species such as those used
in indigenous medicines or for human and animal consumption.

Engineering Concerns

There is a need to introduce bank-stabilizing species that
would help in checking erosion of the stream banks and dykes.

Environmental concerns

The riparian forest will enhance wildlife habitat and improve
the quality of 1life for local residents by providing
accessable natural areas. There is some concern, however,
that the forest will increase bird damage to nearby crops.
attraction of birds and wildlife into the reforested area.

Training and Education Concerns
Newly forested areas can serve as educational sites for local
schools and as laboratories for university students and

researchers. They can also serve as demonstration sites for
extension education for local residents.
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2.6.

Sustainability Concerns

The project should be designed in such a way as to maximize
the sustainability of the new forests and of the local human
community. Care must be taken to ensure that local residents
see the forest as theirs and that they will want to protect
and maintain it after this project ends in two years. It is
for this reason that involvement and participation of local
residents in all phases of the project is mandatory.

PROJECT AREA
Background

The Kuda Oya is a left bank tributary of the Maduru Oya (Figs.
1 and 2). With the construction of the Pimburattewa reservoir
in the 1950s, the Kuda Oya was dammed in its upper reaches.
The present channel of the Kuda Oya beginning from the
Pimburettewa dam site collects water from the spill-way and
drainage waters from the paddy fields on its either side. The
terrain of the Kuda Oya Basin and the surrounding area is low-
lying with marshy conditions. The streams tend to braid and
meander and change their courses periodically. The project
area generally falls within the ©Dry 2one and has
characteristic land forms, soils and vegetation. With the
progress of the Mahaweli Development Program, Pimburettawa
irrigation scheme had also been integrated into the Mahaweli
Project.

Under the Pimburattewa irrigation settlement scheme, settlers
were brought to the area from different geocultural
backgrounds. Some of them originated from this district while
others have come from wet zone areas. Some of the settlers'
paddy lands extend right up to the banks of Kuda Oya. At
present farmers are organized into Farmer Organizations under
the Agrarian Services Act.

The anticipated reforestation program covers about 10
Kilometers of riparian lands on either side of the Kuda Oya
from the Pimburattewa spillway. This 10 Kilometer stretch has
three distinct segments.

The Undeveloped Segment (UDS)

This covers the first two kilometers from the Pimburattawa
spill way. Little of the original riparian forest remains in
this stretch but parts of the riparian lands in this area have
been replanted by the MEA with acacia and eucalyptus. There
are hardly any farmlands in this stretch except for a small
settlement at Damminna.

The Channelized Segment (CHS)

The next six kilometers of the river were channelized during
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4.1.

4.1.1

the development of block 502. In thic area all the trees were
removed and dykes were constructed on either side to prevent
flooding. In some places the natural meanders of the river
were cut off, leaving oxbows outside the dykes. In several
places dykes are breached to let drainage waters from the
paddy fields flow into the Kuda Oya. The distance between the
dykes is approximately 60 meters and is occupied by the
meandering channel of the Kuda Oya. In some places the
meanders are beginning to undercut the toe of the dykes.

The Non-~Channelized Segment (NCS)

The next two kilometers downstream were ot dyked during the
earlier period of development and the river has cut a deep and
erosive channel with wide meanders. Flood waters emerging
from the upstream” channelized section inundate the low lying
areas threatening adja-~ent agricultural lands. This segment is
earmarked for improvement in conjunction with irrigation and
drainage infrastructural development planned for block 503.
However, it is anticipated that these improvements will be
designed so as to conserve existing riparian zone trees by
placing dykes as far from the river as possible.

REFORES'TATION STRATEGIES

Reforestation strategies must address the particular needs of
each segment of the river as follows:

CHANNELIZED SEGMENT (CHS)
Site conditions

The stream which meanders within the dykes in this zone
carries a heavy load of water (up to 2 meters deep) during the
rainy seascn when the Pimburattewa reservoir spills. The area
within the dykes remains submerged during those periods and is
used by farmers for buffalo grazing during other times. The
planting program for this section should be designed in such
a way that water flow in the rainy season is not impeded and
farmers do not lose their grazing grounds. Figure 3 depicts a
diagrammatic model for planting in this area. The following
major zones in the CHS have to be treated separately.

4.1.2. Grazing ar=za (A zone)

The area between the inner toes of the dykes should be left in
grass for grazing. No planting should be done in this area.

4.1.3. Bank stabilization and flood control area (B Zone)

In the B zone a double row of bank stabilizing species can be
planted at intervals of 2 m X 2 m alternatively. The following
species are recommended for this Furpose.
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1. Bambusa vulgaris, kaha una (S), yellow bamboo (E)
2. Dendrocalamus strictus, wuna (S)

3. Pandanus thwaitesii, wetake (S), screw pine (E)
4. Saccharum arundinaceum, rambuk (S)

4.1.4. Inner slope of the dyke (C Zone)

The planting distance may be 5 m X 5 m. Trees should be
planted in this area before the onset of Maha rains (before
the stream begins to carry high volumes of discharge). The
following are some of the species recommended.

1. Terminalis arjuna, kumbuk (S)
2. Aglaja roxburghiana, puwangu (S)
3. Madhuca ifolia, mee (S)

4. Polyalthia longifolia, owila (S)
5. Syzygium cumji ‘i, ma dan (S)

It is expected that these trees will eventually restore the
original riverine setting.

4.1.5. Dyke area-(D Zone)

The trees in this area should be drought tolerant, medium size
and shallow-rocted. A belt 4 m wide should be left out from
tree plantira on the summit of the dyke to facilitate the
movement of .- ricultural vehicles, people and animals. The
planting dis' .nce should be 4 m x 4 m. The following are some
of the species recommended for this section.

1. Azadirachta indica, kohomba (S), neem (E)

2. Feronia acidissima, divul (S), wood apple (E)
3. Cassia fistula, ehela (S), Indian laburnum (E)
4. Dimocarpus longan, mora (S)

5. Siyambala (S) Tamarind (E)

4.1.6. Utilitarian (Gan goda) area (Zone E)

It is recommended to plant the area on the outer slope of the
dykes with home garden plants that are widely used by the
farmers in the Dry Zone. Already there are isolated patches of
this type along the dykes. It is expected that these areas
will eventually be developed into dry zone forest gardens.,
Some of the species recommended are,

1. Artocarpus heterophyllus, kos (S), jok (E)

2. Artocarpus altilis, del (E), bread fruit (E)

3. Mangifera indica, amba (S), mango (E)

4. Cocos nucifera, pol (S), coconut (E)

5. Areca catechu, puwak (S), areca nut (E)

4.1.7. Peripheral area (Zone F)

The area outside the dykes and the boundaries of paddy fields
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is limited in many places. In others, low-lying lands display
wetland conditions particularly where the old meander channels
still exist. In such situations it 1is not possible to
establish home garden trees. However, economically important
plants such as banana, Pandanus (wetake), Sedges (pan),
Colocacia (gahala), Lassia (kohila), etc. may be introduced
into these areas.

4.1.8. Establishment of fire barriers

It is necessary to protect the planted species from fire and
vandalism. This may be partly achieved b’ planting fire
resistant species in strategic locations. It may also be
necessary to introduce thorny species into tnese areas to
discourage trespassing. It is also useful to persuade farmers
not to burn hay and if they do, to prevent it spreading into
the tree planting zone.

4.1.9. Buffalo Entry Points

The grazing area should be accessible from various places.
Thece entry points may not be obstructed. Existing inlets in
through the dykes may be used for this purpose.

UNDEVELOPED SEGMENT (UDS)

In this area t' e strzam banks (B zone) and the karren lands (C
Zone) on eithec side have to be planted. The planting model
recommended for this section (Figure 4) is similar to that of
CHS, differing only in the absence of the E zone.

Prevention of fire is very impoir ant in this area. At t h e
peripheral areas fire resisten’ species should be planted.
Species with economic value such as Alne can be used for this
purpose.

Trees recommended for the C zone of this segment are drought
tolerant, fast growing and shallow rooted species gznerally
found in the dry zone of Sri Lanka. The B zone plants are same
as those recommended for CHS.

Trees recommended for the B zone of UDS are given below.

Dim~carpus longan. mora (S)
. Feronia acidissima, divul (S)

1. Berrva cordifolia, halmilla (S), Trincomalee wood (E)
2. Cassia fistula, ehela(s)

3. Chloronxylon swietenia, burutha (S5)

4.

5

NON CHANNELIZED SEGMENT (NCS)

Remnants of original riparian forest are present in some areas
of this segment. However, much of this area is disturbed. In
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such places a 40 m wide belt on the right bank may be used for
enrichment planting with trees recommended for the B nd C
Zones. On the left bank only the bank stabilizing plants may
be planted due to lack of space resulting from the spread of
paddy fields up to stream banks. Figure 5 gives a model for
planting in this zone.

PROCUREMENT OF PLANTING MATERIALS

The contractor shall be responsible for supplying seeds and
planting materials to the MEA/MARD nurser: in a timely manner
to insure that adequate planting materials are available
according to the planting schedule. Because the first planting
period occurs at the beginning of the rainy season in 1993,
plant will have to utilize whatever planting material readily
available at the time. The plants available in the MEA/MARD
nursery are given in Appendix 1. When possible, seedlings
should be allowed to grow to 50 cm before transplanting, so
they will have a greater chance of csurvival. Saplings of dry
zone climax forest species may be collected from dry zone
riparian lands if that is desirable.

GROUND PREPARATION
On sites where a dry grass cover prevails it will be necessary
to clear weed the ground where necessary by manual scraping.

However, the medicinal plants already in the areas should not
be removed.

GENERAL GUIDELINES FOR PLANTING

1, Planting should he done to maximize the species
diversity.

2. Trees should not be planted in rows.

3. The planting hole should be 1.5 ft X 1.5 ft X 1.5 ft,
(= 0.5m)

4. Cow dung/compost should be added to the planting hole.
(one basket per hole = 1 cubic foot)

5. A basal application of inorganic fertilizer is required.
(30 grams per hole)

6. Tree guards or other protective means will be necessary
at critical locations for protection of planted trees
during the initial growth periods.

7. Farmers may be contracted to carry out planting in the
CHS and NcCS.
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8. NGOs, school children and university students should be
involved in planting in UDS.

9. Planting should be properly supervised.

10. All personnel involved in planting should be given
adequate training under expert guidance.

TENDING OPERATIONS

1. Three major areas of tending are identified.

a. weeding and casualty replacement.
b. watering plants specially during the dry periods,
c. maigtenance and prctection.

To motivate farmers for protecting plants an incentive program
should be implemented.

MONITORING

Growth and development of the forest must be monitored
closely; this may be carried out by university students as
part of projects.

FTRE PROTECTION

Apart from establishing fire resistant species like Agave and
Aloe, fire 1lines should be created between the paddy
fields/open ground and reforested area. Care should be tuken
to maintain fire lines throughout the year.

COMMUNITY PARTICIPATION

Community participation is essential for the success and
sustainability of the reforestation project. It is expected
that the sub-contractor will seek active community
participation throughout tha project. The offerer must
provides the tollowing plans.

A PLAN FOR BRINGING FARMERS AND THEIR ORGANIZATIONS INTO THE
PLANNING PROCESS IN ORDER TO MAKE THE FARMERS FEEL THAT THE
REFORESTATION PROJECT IS FOR THEIR BENEFIT

Meet with riparian farmers and their organizations along with
MEA/MARD officials to conduct open discussions on the need for
and the usefulness of the project and to .ensure their
participation in the choice of species, planting, maintenance
and protection of the reforested area.

A PLAN FOR PARTICIPATION IN PERIODIC LOCAL MEETINGS WITH

FARMER REPRESENTATIVES TO KEEP THEM UP TO DATE ON PROJECT
PROGRESS AND TO SOLICIT THEIR VIEWS.

27



It is advisable to organize frequent formal meetings with the
representatives of the riparian farmers and existing farmer
organizations. This should be arranged by the Resident
Manager and Community Liaison Officer.

DESCRIPTION CF HOW THE LOCAL COMMUNITY WILL MANAGE THE FOREST,
ESPECIALLY THE PLANTS OF ECONOMIC VALUE.

Sub-contractor should facilitate the process of sharing
henefits from the reforestation project among the local
communities. MEA/MARD policy is that such products belong to
the Farmer Organizations. Special consideration should be
given, however, to riparian farmers who will bear the major
burden of forest development adjacent tn their lands.

DESCRIPTION OF HOW TO HANDLE THE PROBLEM OF FARMERS HAVING
ENCROACHED ON STREAM RESERVATIONS

An initial survey should be conducted to compile a detailad
map of all riparian lands indicating encroachments. Thruugh
educational programs and institutional means encroachments
into the area may be discouraged. The encroached lana may be
planted with suitable species with the concurrence and
cooperation of farmers.

A PLAN FOR DEVELOPING AND CARRYING OUT EODUCATIONAL AND
TRAINING PROGRAMS MAY BE PROPOSED.

BASELINE SURVEYS AND LAND-USE MAPPING

One of the first task will be the production of baseline maps
of vegetation, land uses, and property boundaries in the
project area.

AGEMEN LAN

The offerer must provide a detailed management plan indicating
the following,.

1. Project Leader who will bare overall responsibility
for the project and communicate with COP of MARD.

2, The project should have a Resident Manager (RM) who will
be responsible for all day-to-day operations.

3. A Community Liaison Officer (CLO) working with the
farmers and their organizations.

4. Adequate personnel to accomplish the project objectives.

5. Statement on how the University will manage the project
and coordinate with MARD/MEA.

6. Detailed plan for project monitoring and evaluation.

WORK SCHEDULE
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10.

The offerer must provide a detailed time-chart indicating the
planned activities of the project on a monthly basis for the
entire project period.

BUDGET

The offerer must provide a detailed budget with necessary
justifications including the following items.

1. Pre-project expenses
a. planning and modelling

2. Capital costs
a. planting materials
b. planting and maintenance
c. protection of trees
d. Field office
e. Office equipment and computers
f. Audio-visuals
g. other equipment

3. Recurrent costs
a. Office maintenance

b. ransport (vehicle hire)

c. hudio-visual production

d. Salaries and wages as listed in the manning
schedule

e. Workshops and Seminars

£. communication (Telephone and fax)

4. Miscellaneous costs (including media and
a, media and publicity
b. University overheads
[ Contingcncies

PERSONNEY, SCHEDULE

Provide a detailed statement of man-power requirements as
given below. Task assignments, remunerations of each person
must be explained and justified.

1. Management Staff

a. Project leader 130 days
b. Deputy Leader 45 days
c. Resident Manager approximately 23 months
d. Community Liaison Officer approximately 23 months
e. Field supervisors approximately 46 man months
2. Scientific Staff
a, Reforestation Specialists 45 days
b. Botanist 30 days
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c. Forest Ecologist 20 days
d. Natural Landscape Architect 20 days
e. Social Scientist 20 days
£. Resource Economist 20 daus
g. Land Survevyor 20 days
Support Staff

a. Secretary (field office) 12 months
b. Secretary/accounts clerk (campus office) 12 months
c. Data Entry Person 3 months
d. Environmental Artists 24 days
e, Research Assistants 24 man months
£. Labourersz approximately 46 man months
g. Part-time support staff offerer estimate



APPENDIX C

KUDA OYA REFORESTATION PROJECT

Farmer’s Meeting
June 12, 1993, 4:30 - 6:00 pm

House of Farmer Somadasa near Kuda Oya Causeway, Wijayabapura Block
Meeting was held in a home garden under the shade of cuconut trees.

Aftendance
55 farmers
including 23 ripurian farmers and 15 Farmer Organization leaders

Meeting was convencd by Mr, Mahinda Panapitiya at 4:30 pm
Agenda

Introduction of Farm Leaders, Officials, and Visitors by Block Manager Mr.P,
I. Chandrabose.

Welcome in Sinhala by MARD Chicf of Party, Mr. Bruce Spake

“I wish to welcome everybody cordially on behalf of MARD. MARD project has
always been working in close cooperation with farmers. Today’s meeting is also
for the same purpose. I wish all success for the deliberations of the meeting,"”

Mecting Objectives: Professor C. M. Madduma Bandara, University of Peradeniya

Explained the value and need of having farmers involved in programme and the
importance of having MARD/MEA, the University, and the farmers working
together.  Expluined the propose reforestation project and said that from the
planning stage on the participation of the farmers is essential. Noted the need for
concrete action at this, the third farmer meeting.  Explained that Farmer
Organization leaders and farmers adjacent to the Kuda Oya (riparian farmers) are
essential participants and this is why they were invited. This group should get
together to plan the next step.

-Open Discussion - led by Mr, Abeypunawardena, MARD Farmer Organization Specialist.

Discussion

Mr. Abeygunawardena noted that this project is the farmer's project and that we are only
facilitating it. The floor was opened for discussion

K. M. B. Gunirathana, Chairman, Pimburattewa Farin Organization -- Explained what
happened in earlier meetings and noted that just planting a plant is not enough and that fencing
is necessary on both sides of the dikes is necessary. He also noted that the riparian farmers are
important in this project and they should be given the responsibility for looking after the forest.
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Further, he noted that the farmers should be made to understand that there is an cconomic
return from the project, that the farm organizations can shoulder part of the responsibility, and
that this is a good program and it can be useful even for the next generation,

G. M. J. Bandara from Arunapura said that about 600 meters of his paddy field is adjoining the
stream and that he has already started planting trees on his land and has requested assistance
from the MASL in support his efforts, He said that “avenue planting program” wis not
suceessfui, because it lacked community participation. e noted that he hailed from Galaewela
village where there had been a very successful teak plantation where land had been leased for
five years to farmers who wiere expected to piant and look after teak trees in exchange for
being allowed to interplant their own crops. He said that the plant species chosen for the Kuda
Oya should fit into the environment. When the canal is closed the plants may die of dryness.
Plants can also be destroyed by buffalo, therefore, barbed wire fencing is necessary. He
suggested giving trees to farmers who would plant them on their land. He referred to an
environmental cartoon that he has seen: A politician comes and plants a tree and goes away,
then o goat turns up and cats the tree. Then finally a dog comes and waters it. And the dog
says ‘now we are the people who are looking afier it”. He said we should not let this happen on
this project.

Other farmers noted that there are no dikes in some arcas and that dikes should be extended into
those (unchannclized) areas. One farmers said that afier the dikes are made floods decrease,
but there are a lot of anicuts downstream that should be removed. Another farmer, suggested
that riparian lands should be divided among and made the responsibility of the farm
organizations,

After some discussion, the farmers resolved that a riparian farmer organization should be
established. Names of proposer and seconder have been recorded by the interim seeretary, Mr,
G. M. J. Bandara. They also resolved that the membership of the organization should
comprise all riparian farmers and representatives of Farm Organizations. They appointed an
advisory group (including leaders of Farmer Organizations, Mahaweli and MARD
representative, District Forest Officer, the A.G.A., and Buddhist clergy and school principals
in the area) and an action committee (see notes of G. M. J. Bandars, Interim Secretary). The
Action Committee shall comprised two riparian farmers nominated by each Farmer
Organization in the Kuda Oya. Further, it was resolved that a mecting of the full membership
should be held in the near future to adopt u constitution and elect office bearers,

It was agreed that Mr. G. M. J. Bandara should serve as contact person for the farmers on this
project until formal office bearers are elected.

Panticipants were thanked for their participation and the meeting was adjourned at about 6:00 pm.
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APPENDIX D

iy WL Hovar, principal botunist, and Davio A, Bisser, seientifie aid, Horti-
cultural Crops Research Branch, Ayricaltural Reacarch Service

“*Chinese waterchestnnt” and “waternut” wre Enclish common
names for u tropieal sedue, fleocharts daleis (Burny. 1) Prin. (synonyme:
I3 tuberasa Sehdt) whicls i3 widespread o the tropies of the Old
Worl.  In the warm temperate purts of Clinn, this species has
long been ealtivited for 1ts corms, or so-ealled tubers. These ure
esteemed as w nuteitions delieacy in Clinese cookery and are ex-
terst vy enten raw.

The plant i3 grasslike in general halat, crowing to a height of 3
feet, and is cultivated somewhat Like puddy riee (hig. 1), 1t is an
important erop of southern Ching, and 15 alsv grown throughout the
eastern part of that country as far nortls as Peiping.

Fairly large qunntities have been imported into the United States in
previous vears,  In 1947, the imports totaled about 2,500,000 pounds.
By 1952, however, because of the embaego on shipments from China,
this importation had practically censed.” The result was a shortage
of this commodity, coupled with an inerensing interest in estublishing
this type of waterchestnut us a specialty erop i the United States.

The  Chinese waterchestnut s commonly known as “mataj”
the. .~ hoof) in the Canton distriet and throughont the provinees
of lowangsi and Kwamgtung, but elsewhere in China the Mandarin
e “pichi” (pronounced pee chee or bee cheed is used. Perhaps
the chestnut-brown color of the skin, togethier witli the chestnutey
!!ll\‘l)l' atul textare of the white tlesh, muve rise o the English nume
Swaterchestout” which hus supplanted the Cantonese name “matai
I Chinese restanrants eatering o oceidentrl a)ulrcnﬁ. The name
Waterchestnut” s ulso used extensively by both American and

hinese processors of this vegetable.

l'ufnrlunnluly, the sume English conmon names, “\\'nl\‘rchcsluul.."
il “waternut,” are also used for quite a different Hoating aquutic
plat, the waterchestnut (Trape natans L) often ealled “water
alirop,” This Eurasiun gpecies has become nuturalized to the
extent of heing considered 2 pest in some strewns in the Eastern

mied States (fig, 2).  The leaves of this plant form flouting resettes

1
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l-'u:l"nu: L—>Mature Chinese waterchestunt plants, 5 feet tall, growing 3
United States Barbour Lathrop Plant Iutruduction Garden, Savansah,

P

THE CHINESE WATERCHESTNUT 3

-

PLNEG. #0229

Fraoue 22—, Matnre tlhating rosette, 18 inches in diameter, of the water-
hestnat, Toapa wat e tho called “water ealtropy, an aguabie pest often
venibsend o tatne with the Clanese waterelicatuatg H, the four-borued, nuthke
frus

which can Lurdly be confused with the uprizht leufless grven stems of
Fleohaees daleis. AMithough the seads of Trape cun be eaten, the
Chasartenstie four-horned fruits in which they are borne ure quite
Az et o the hizhly edible corms of Eleockarss. T view of this
appearent confusion between plants, the Cantonese niune Hamatad”
s heen mecommended for use i the United States; however, the
mate Cwatesehiestint” s so Armlty established that ot seems impossible
to supplant it Under the cireninstanees, it seems Lest to distinguish
Between these two distinet plants hy calling the eeonomically valuable
I dutees the “Chinese waterchestnnt”

Botanical Descripticn

I irs generad habit, ISleocharis duleis resembles other s[)L‘L"lL':i in
s Licse cenns of the sedyge funnly (Cyperdeadr). Characteristic
of the ' il as s Lk of Teaves, thew photesyuthictic function having
been erted to the uumerous upight tibadar septate stems.
Uniler cndincatton these run from 3 to 3 teet tall

losnnicant owers are produced ainong oy imbricated seales
lovuted at the up of the stems (g, ). Male and female flowers are
produced e not concurrently.  The female  (piatllate) flowers
appear fivst when the stem tips are 3 or 4 inches above the water
evel Cunsidernbidy later, nfter the stems have attained a height of
about 21 inches, male fstaminate) thowers appesr i the swmne in-
lorescences, Tiny “seeds” (uetually achenes) ave produced,  buat
these wre of o importance in the culture of the plant as a crop.

Even ne the wild state, £ duleis appurently reproduces mainly
throusty (), vegetative production of subterrencan thizconies and
:;’I:l-lh Rhizomes are of two types and ure casily di;l_inguiahuble.
.rl‘.- appearing early in the growth eycle (nsually from 6 to 8 weeks

or planting) serves to multiply the individual during the current
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Frorne 3 —Driat (‘Im-:.\v watercheatnut stems, showing inconspnenous fowerns 7;
structures 4t tps (The apotting of the stems ta caused by saprophiytic fungt ¢
not prescat oo the iving plants ) i
gll'm\'ing seuson through the lateral production of & nmmber of danghter B
plants (fiz. Hr. Another rinzome type appenrs much later in the §
seusui, shortly after lowertug. This tvpe as produced by the mother 7
us well us by adl the daughter plants and is the important producer of 7

vorms which develop ut their tps (hig. 3).

THE CHINESE WATHRCHESTNUT 5

PILNEG 83 2na

Froane 4.—A Chinese watercheatit plant teenterd and the secomdary plants

o s

seenlnged by it carly in the seasun through the growth of underground rhi-

PiNES 2784

Floone 3 —Corms andd coteprodicing thizomes s they appear on o Chliitieae
waterchestunt plant at the el of the grawang scdaub
Watcrehestnnt corms usually are abundantly produced. In size
2id Sop, they hear u saperticial resetnblanes to the corms of the
sunlen weladiofus, being brown-shined, subgobose, il vertienlly
totipressed, but the tiem, white esl aiside 15 unusunlly erispy, like
hut of un apple ig. 6).
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FI.eEG. 89557

Frevne 6 —First-class Clinese waterchestnut corms (life-size); the top-center

conm is shown in section.
top row.

All ure marketable eacept the smaller corms in the
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THE CHINESE WATLRCHLSINUT [

Introduction Into the United Stales

A <operior variety knewn in southern China as “hon matni’ was -
intreeerd by the Plant Introduction Seetion of the United States
Deprtment of Agriculture from Canton in 1934, 1 ll'lS.IS lllg only
tojpe of Chinese waterchestnut now pluated in the United States.
“This troduction (Po LY No. 106274) was first grown at the United
Spates Barbour Lathrop Plant Tutraduetion Gavden, Savannah, Ga.,
where, over a period of years, plantings huve been nade to determine
cultural requirenments, and also to mnke nroprueation meterind avail-
able for evaluation in other arcas (fig. 7). “flon Matai" has since

Fietre 7.—Test plots of Chinese waterchiestnuts at the United States Rarbour
Lathrop Plant Introduction Garden, Savannah, Ga. Scveral of the plauts
have already produced faterals through the growth of rhizomes.

been tested in o number of Jocalities in the South and on the Pacific
Const These tests show that the plant can be st.zeessfully grown
int! wuntry. To date the best results have been obtained in the
southern arens of the Atlantic Constal Plain,  Plantings iz northern
afcas have been unsuccessful beenuse of the lack of a long, frost-free
senson. The constal section around Norfolk, Va., scems to be about
the nocthern limit ‘or the suceessful commercinl culture of Chinese
waterrhestnuts.,

Cultivation

Chinese waterchestnuts may be grown £s an annurl zrop, uader

Ceontralled frrigation, in warin temperate regions where there is a

enzthy Trost-free growing senson of approximately 220 days. They
;{rv nat a crop for swamplands or marshlinds, unless such lands are
itted with banks and ditehes to control water levels and facilitate
— Wwith

' P. L refers to accession number of Plant Introdiction Section.
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drainnge for harvesting and preparation of the land. Compliy
details of culture have not been fully determined, but tests made. ,10
Suvannah, Gu., indicate that the best planting time in the South 1:
In general, plantings shoull be made 2 19 3
In the spring, young !

in March or April.
weeks before the date of the last Killing frost.
plants are serionsly injured by freczing temperatures.

o MW 3.

o

X

Planting should be made inlevel, fertile sotl with the plot sueronnded

by low banks or dams, makine possible the retention of 4 to 6 inches
of water over the entire lield (g, 810 Such soils as muck soils, which

Pl NEG. 12212

Ficure 8.—A aacre plot of recentlv planted Chirese waterchestn. ts nt the
United States Barbonr Lathrop Plant Tatsoduction Garden, Savannah, Ga.

Water was maintained at a depth of approvimately 5 to 10 inches by the over-
flow from an artesian well }

are rich in organic material, are favored, but they should be tested
to determine their acidity.  Chinese waterchestunts do not seem Lo
do well in acid soils, and such diflicultics as have been encountered to
date with this new crop have been assoviated with overncid conditions.
The pll should run between 6.9 and 7.3 Ground limestone may be
added to or brondeast over the soil as an nid in correcting acidity.
Corms used for seed purposes shoubd be selected to insure sounds
ness, freedom from injury, aud intect terminal bud, and they sheuld
e of good form.  Observations at Savannah indicate that, although
a crop can be produced from smull seed corms, superior growth on
production may be expected if large cormns arc planted.  To counter*
act drying outl or sprouting prior to planting, propagation stoc
should be kept cool and moist.  Sturnge temperatures ranging be
tween 30° and 40° F. will keep the corms reasonebly dormmant. -
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Depending on the latitude, one of two methods of planting may
poe sl In morthern plantings, at about ihe latitude of Norfolk,
\a . where the growing senson 1s shorter, corms may be started carly
i i reeted seedheds or nursery plots where the necessary growing
rempernture of approximately 66° . ean be maintained.  Such beds
chouhi be well prepared.  The corins are planted about 2 inches deep
sl are spaced 4 to 6 inches apart in caell row, while the rows nre
spaced 6 to 8 inches apur'.  Following planting, the bed is flooited
1n settle the soil, after which the water is withdrawn. The grasslike
stems will appear following a germinatios period of about 10 days.

\When the p\nuls are about S to 12 inches high, they siiould be trans-
pl:mh‘tl to the permanent field lw:ls or plots.  This isa hand n_pcmlion.
pequiiring the eareful moving of enchi young plant to its final field
po-ivion. 1 the snil of the seedbed s first softened by flonding, the
voany plants can be removed much more easily. By carefully plac-
te a hand under the seed corm and raising the corm and plant verti-
enlly. the entire plant and its root svstem can be lifted with little
injury.  Such started plants should Le set 30 iuches spart, in tri-
anpular arrangement, in prepared plots that are kept flooded there-
after with 4 to § inches of water (sve fig. 7). Cuoreful handling of
plants of this type should insure the establishment of 95 percent or
more of the young trunspinnts.

In southern plantings, at about the Intitude of Snvannah, Ga., and
points south, the secdbed and  transplunting procedure described
phove may be followed, or corms muy be planted divectly in permanent
field plots. For permanent planting, corms shiould be planted 4 to 5
inehes deep and 30 inches apart in rows that are similarly spaced.
Tu <mall plantings, seed cortus may be set by hand in holes dug with n
haned trowel. The corm s placed iu the bottom of the hale and covered
with loose soil, which need not e fizmed or pocked. Inlarge plant-
ings, furrows may be opened with an opening plow or colter, and the
corms dropped in the furrows at 20-inch intervals. They can then be
buried with a covering plow or hiller.

Mter planting, the entire plot or field should be flooded and kept
submerged for o day, after \\'\nich ihe water supply should be shut off
aml the water in the plot or field allowed to settle and drein naturally.
This initin! flooding settles the soil around the newly planted corms
and Laeilitates the establishment of the young plants. As soon as they
ate ~ .. 12 inches high, the planting should ngain be flooded and kept
floent w0 with 4 Lo 5 wiches of water thronghout the remainder of the
growing senson.

Weuds have not proven to be a problem in the culture of Chinese
waterchestnuts, especinlly if the so ris tilled 0 day or so before plant-
ings are made.  1f weeds become established in the plots after the
corms are planted, they should be removed before the plots are flooded
prrmanently.  Any subscquent weeding should be done in such a

““?l'lllvr as o avoid unnecessary trampling or packing of the prepared
soil.

Under favorable conditions, plants develop rapidly, and in 6 to S
weekis' time, rhizomes will be growing out from the bose of the original
Plant, giving rise at their tips to secondary plants which appear at
varying distances from the parent.
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Chinese waterchestnnt plants continue to grow throughout ),
summer season, the many Interal rhizomes producing secondary plangg
iu such numbers as to hide or cover the soil and londwater complotyg,
with n dense mass of tubular, leaflike stems (set fig. 1), The tins of
the stems often die back a bit, becoming brown dnting the growip
season, but this is a normal decline nnd is to be expected. Folliuwjna #
tire completion of the Howering period in late sutuner, all the pl:mI;
form corm-producing rhizonws. The erop of corms usnally reacly -
maximuin size between carly fall and the first henvy frost. At (e
close of the yrowing season, there will he corms i all stages of develop.
ment.  Fully mature corms are chestuat hrown in eolor, wherens
vumatur: corms are whitish.  Corms should be left in the grosd qg
long s possible so that the immature ones ean mnture properly.

At the latitude represented by Savananl, Ga., the first killing frost
usually comes in the Inst half of November. Water should be denined
from the planting approximately 30 davs before this killing frost or at
the time when the plants have attained maxtsim maturity,  Removal
of the water serves to hasten maturity of the corms nnd also aids in the
harvest by providing a drier, more easily handled soil.

As soon as the stems are Jry, they sheald be removed either by
burning or entting, for if left on the ploc they serve ns a protected
retreat for rodents which may dig down and cause serivus havoe with -
the crop.

oy
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The dry stems, when harvested, have proven useful in zevernl ways.
They are enten rendily by eattle; they make an exeellene muolely or a
supetior compost; amd they can be utihzed as packing material for the
shaipment of plants

OO R AT N
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Ferlilizing

L5

Chinese waterchestnuts require large amounts of plant food; and
on avernge soils, heavy applications of high-grade, complete fertilizer, 3
such as would be used for other vegewnble crops, should be mdded. 3
Applications at the total rate of 1 ton per acre anc promoted maxi- £
mum production.  Approximately one-third or one-half of this mlnlé
shonld be applied to the soil during the preparntion for planting.
Fertilizer can be broadeast and stirred into the soil with tillage opera- §
tions.  Organic manures can also be applied to the soil before prepars-
tion; however, such fertilizer shoulil be well rotted before application 2
and shound be applied 2 to 3 weeks in ndvance of the planting date.

Another application of fertilizer {ane-third or one-fourth of the total 5

t

application) shonld be made about 8 to 10 weeks after planting, or sl g
the time that the first of the secondary plants, produced by the pa-ent
are nppearing.  For this application the beds should be drained anc
the fertilizer brondenst over the plot when the plant stems are dry, o &
prevent “burning’’ or similar injury. ;
The balance of the fertilizer shoukl be applied during the st Lalf of
August, prior to the initial development of the young corms, I[nas-
much as the developing rhizomes are tender and easily broken, 1o g
walking or moving of cqrmipment should be attempted in the plot after
plantings are established, for such tralfie would injure cor.sidcmb]e‘
uumbers of the developing younyg rhizomes. k
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Harvesting

Approximately 20 to 30 days after the first killing frost, or after the
plant- Save attamed maximinm maturity, harvest of the crop may be
gurted At sueh time, practically all the corms are full grown and
pave assumed the chestant-brown color typieal of muture corms of
e variety “hon matai” If desicable, some corms mav be dug as
_oan as the plants attain mnturity, but at such an carly harvest date
there will be o considerabic number of mmmnture white or light-
colored corms. These young corms are not so sweet and palatable
or <o suitable for couking as those which have fully matured under-
eronned, nor are they so aceepiable to tee trade. Where winters aro
mild, as at Savaanal, Ga., the erop may be leit i the ground, to be
'[”_' [ ||l'|'lll'll.

Bovanse of the heavy and compacted nntare of the soil in which
they are erown, Clinese waterchestnuts not ensy to harvest,
tn ~mall pluntings, corms are dug wost easily with handtools. A
spading fora s well suited for this puropse, and when such a tool is
used, the sod is turned envefullv and the corms are picked out by hand.
Care should be taken to avold bruiing the corms with the digging
toul

A -inch mesh sereen, lud horizontally on supports, is useful in
frvesting small olots (fig. 9. The soil is carefully lifted onto the
sereen and worked over with rubber pads or paddles.” Approximately

F pt-nga. 90 213
':: RE 9 —Ilirvesting a snali Chinese waterchestont planting at the United
:r“"‘ arbunr Lathrop Plant Introduction Garden, Savannah, Gs. Soil is

i s dug, the curtus being dropped into water in the large coniciner.
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98 pereent of the corms will remnin on the sereer as the soil is workeq ¢
through.  These are picked up and deopped inte a bucket or other 4
container flled with “water.  This metbod not only preveats the &
bruising that would ocenr from drapping eorm upon corm, but it alsg
helps remove exeess soil. Although such harvesting methods e J
scem Inbotiovs, the Iabor cost involved is not excessive pm\'hlin-g 7
there is n good prodaction of corms, s
In Intger ficld plantings, cotms may be harvested advantageousle
by use of a small plow that turns a furvow to a depth of approximately
6 inches.  Each furrow should he raked with o potato rake, the tines
of whicli have heen covered with soft rubber tubing; the ends of the §
tines should preferably be sealed with the rubber.  As the corms arp 2
picked up, they are carefully placed in containers and then earried to -
n suitalde washing deviee for the removal of excese soil and debris, #
After eareful washing, the corms are placed in shallow travs to dry,
Slow dryving i shade 1= preferred to sun-drving. When no moisture
remains on the surface of the corms, they can be packed for shipment :
or prepared for stornge.
For special harvesting and handling preeautions for corms that are
to be stored, see section on storage (p. 13). 5
Diseases and Pests ;
Chinese waterchestnuts are <till too new noerop in this country to
have provided mneh information regarding potentinl disenses or pests. &
Alteady mentioned under “Cultivation™ (p. 8 is the apparent &
necessity for n proper pll level in soil in wlich the waterchestnuts 7
are to be grown. The only dilliculties so far separted in the culture
of this specinlty crop seem to be pssociated with actil =oils,  Sometimes ¢
plants grown under such conditions undergo ge wlunl deterioration
about the time of flowering.  In this weakenesd state, they may be -
more subject to attack by disense.  The only pathogen reported =
for this crep is o stem fungus (Cylindrosporinm sp - found attacking

plants growing on a soil of high acidity (pH 5.5).

At present the moest serions insect pest is the hillbug, Colendra
carioen (Oliv.), n species that generolly feeds on native sedges. 1t
has damaged test plantings of the waterchestnut in eentral Florida.

In one planting in Florida, Chinese watereliestnuts have been ob-
served being attncked by n stem nematede, Ditylenchus sp., and by
the awl nemntode, Dalichodorus heteroeephalus Cobb.  lowever. the
pathogenic signifieance has not heen determined, and control pro-
cedutres are unknown,

Rodents, especially rats and muskrats, relish waterchestnut, corms
and thus are a potentinl threat to the crop, especialiv if the piantings §
dre near the natural haunts of these animale.  The cutting-off or =
burning of the stems, once the mature waterchestnut piot hias beed
drnined nand dried off in the fall. makes the crop less inviting to such
pests by destroving their shelter from natural snemies. It is con-
ceivable thatif allowed to burrow in the retaining banks, sueh rodents, 3
as well ns ernyfish, might also interfere with the maintenance of the
water level required for this crop by honeycombing these banks.
Regular patrolling of the banks of the plots is usually sufficient ¥
drive off such pests. )
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Yield and Marketing

In suitable locations and with liberal applications of organic or
oth-+ fertilizers, good viells shoukl be expected from this erop. In
conthern China, yvields are reported ranging from 2,700 to 5,000
imnn.ls of corms, mainly of good size, from Y-ncre r]nls. The mnxi-
e production on trind plots at Savannnh, Gn., has heen approxi-
mately 14 pounds per square foot, or nbout 47,000 pounds per acre.
Uneder good grawing conditions, 1 plant (representing the mother. and
ol daughter plants produced in a season from a single planted corm)
has produced 203 pounds of corms. Such a plant occupics an aren
of about 25 square fect at harvesttume.

Marketability

tvams vary considerably in size and, under good conditions of
grontin may measure as much as 45 mumn, in dinmeter. In general,
onlv corms 30 mm. (1% inches) or mare in dinneter are acceptable
to the trade.  About 60 percent of the viekd is usunlly marketable.
Smaller corms (20 ta 30 mm. in dinmeter) enn be saved for seeding
urposes; hut any surylus can he used for special purposes su ',_vvs_lml
1 the section on utilization (p. 14). Corms damnged or bruised
during digging wmay be salvaged aml ennned. .

Market Prices

Around 1952, following the embargn on imports from the Chinese
mainlaml, incrensingly attractive prices were offered for homegrown
Chinese waterchestmits. By 1954, the priees paid to small domestic
ursver~ in the United States ranged from 35 to 80 cents per pound,
ns compared with priees of 30 to 40 cents reccived for corms still
being imported from Formosa,

Storage

Although fresh corms of Chinese waterchestnuts are preferred by
the trade, corms can be satisfnetoriiy stored for market purpeses if
containers are used that arc ressonably tight but not airtight.

Before storage, the corms should he graded to remove all broken or
damaved individunls and then washed in clear water to remove soil
and - reign matter. They should then be air-dried until ali surfnce
Mmoo is removed.  Atter drving, the corms shonld be carefully
packed in moistureproofl containers, but not sealed airtight.  Con-
tiners holding approximately 16 gallons are convenient and ensily
handled.  The commercinl storage temperatures should be between
30° aned 10° . the range commonly used for storage of apples, celery,
and lettuca.  Corms packed and stored in this manner have been
‘ept suceessfull- for 6 months. .

For home rarposes, Chinese waterchestiuts can be washed, dried,
and placed in mason jars, with lds applied but not sealed, and the
Glled jar, kept in the hoimne refrigerator.  If stornge temperatures are
oo high, sprouting of the watcichestnuts may occur. Some experi-
ments have been made with stornge in plastic bags, which seem
suitable for hiolling corms for short perieds in the homne refrigerator
Froveded the bays are not sealed tight.
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Chineer waterchestnnts cannat be kepi eneeesefully in apen storage
for they soon hegm to shtivel and in a few days heeome worthless (m:
home uee

1t chonld be eaphasized that the most earefol harvesting an
handling methods and procedures should he used, to avoid bruicing
ot injuting the corms that are to be stored When the corms e
mature. thev are tngid and ace thus useeptible to injury by brsisong,
dropping, knoKine, aned other kinds of rouneh loondbine, Sound, ap.
brmsed eorms ean be stoted for mueh longer periods than cormes thag
have ot teecived eareful hnondbing daring dieeing and hinevesting,

Experiinents at the Buebhow Lathiop Plant Intioduction Garden
have shown that mature corms ean he leftin the soil for several months
after maturity, that is, during the winter months of Deecmber, Jnn.
unry, and Freivnary Under such natueal storee canditions, the
temperatute of the <ofl should be observed s and if the seil temperatare
rises nhove 567 F L the corms should he examined to determine whether
sprouting has hecun, 1T spronting is detected, the crop shonld he
dug and disposed ofar stored under reliigerntion to retard sprouting,

Processing

Althongh Chinese waterchestnmts are in greatest demand in the
fiesh form. interest s developing in standandizing procedures for
processing them by canume and freczing,  Corms_to be proeeseed
are first peeled. Hand peeling is done in the eanning plants of the
Orient wliere Inbor is cheap  The inttened shape of the cormes makes
them difficnlt to peed by standard mechanical neans, and no come-
pletely entisfacrors new method of peeling has been devised. A plate
of hand-peeled vorme s shown (e, 1,

The Nationai Canners Association recommends processing periods
for Chineer wanterehestnnte similar to those for white petatoes. The
recommendml commercinl-canuing temperatire would bhe 2302 F,
after an initinl temperature of at least 140° F.owith the following
proeessing periods for the ean sizes designated:

Sire of can- Mizwees
No ki)
No. 35
No. 4£

For home eanning in elase jars, waterehestauts shonld be processed.
30 minutes for pints amd 40 minutes for quarts, in a steam canner
10 pounuds pressure and a temperatare of 2407 1,

Corms to he frozen are held at standard freezer temperatnres,  In
general, eanncd waterchestouts lose muel of their (lavoer but retnin
their crispnees, wherens frozen waterehestnuts retain the flavor but
are less crigp than the canned produet.

Ulilization

The corm of the Chinese waterchestnut has a erisp, white, applelike
flesh that is bath sweet and stavehy.  Some users find the flavor an
texture of the uncaoked corm similar to that of fresh coconus rather
than the true chestnut. The total solids approximate 22 perceut, @

rcady for use.
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which about 1.4 percent is protein, 19 percent corbohydrate, and g,
fiber less than 1 percent.?

The vegetable is used best in combinntions and secms to blend we)
with almost any food. It has been used satisfactorily in a numier of
Amerienn dishes, such as omelots, gravies, all kinds of ment i
vegetable stews, soups, macuroni-and-cheese en casserole, and Mixeq
salads.  In contrast to the belnvior of most common vegetnhleg
which soften under cookine, the corms fully retnin their crisp texture
when cooked—a texture thut adds an excellent quality to the dishy
in whicly they are used,

Chinese waterchestnuts, especially the smaller corms which nre nog
marketable, can also be used for varlous types of unusuul, high-qualiry
pickles.  ‘The crisp texture enhances the Lastiness of such preparationd

Surplus smnll corms (see p. 13) nre suitable for use, nol only g
pickles, but also ns feed for livestock—cspeciully fowl, whicl velish
these carms greatly.

Waterchestnuts are standard ingredients of most Chinese dishos,
and in the Chinese resinurnnt tradp they are much in demand. e
growing popularity of Clinese foods and their incrensing use by the
canning and frozen-food ndustries in the United States supgests
even greater demand for this unusual Chinese vegetabie,

When prepared for the home tuble, the corms are pared awd usunlly
sliced about % inch thick before being cooked.  Paring is facilitated |f
8 slice is taken from the bottom and from the top of the corm. after
which the epidermis can be removed from tho sides (see fig. 10), When
cooked separntely from other fouds, Clinese waterchestnnts nre hailed
in slightly salted water. The cooking time required for the sliced
corns is rather short—nat over 15 minutes—and even partial cooking
is often entircly satisfactory,

For omelets and other dishes requiring a very short cooking period,

corms wre best shredded; if shiced, however, they should be sliced

very thiu, then eut up into smull pivces,
—_

! Leuno, Wootr-Tsuey Wu, Preor, R, K., and Warr, B. K. courosimoy
OF FOODR UBED IN FAR EARFERN countmies. U, S. Dept. Agr. Handb. 34, 62
pp. 1952, [Processed.)
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APPENDIX E

Chinese Water Chestnut or Matai—

A Paddy Crop of China

This edible corm of a sedge has long been valued through-
out the Orient as a vegetable delicacy and as a source of
medicine and starch. Imposition of an embargo in 1950
on commercial shipments from Communist China has
promoted interest and experimentation in cultivating it
in the climatically milder regions of the New World.

W, H. HODGE
Plant Introduction Section, Horticultural Crops Reseurch Branch
Agricultural Researeh Service, United States Department uf Agnculture,
Beltsville, Maryland

Introduction

The family of the sedges, Cyperaceae,
1= an unportant contributor to the world’s
vegetation und  florn, but, unlike the
closely related family of grasses, the
sedees arve not noted as producers of im-
portant economie plants. Searcely w
hall-lozen speeies from its ranks have
entered into the service of man and then
only to a very minor extent. One of the
best known of these is papyrus, Cyperus
papyrus L., formerly important as the
paper plant of the ancient Egyptians but
now grown solely as an ornamental
aquatic ulong with its sister species,
Cyperus alternifolius L., the umbrella-
plant. At least two sedges have been
used by an as minor sources of food.
One o1 these is the OId World chufa,
(.:'/peru.\ esculentus L. The other is the

hmv.ju water chestnut 1, or matai, Ele-
ocharis dideis \Burm, .0 Trin., whose
Unsually erisp edible corms have made
n lllg‘ mos=t important, economically
peaking, of (s insignificant group of
telpes, During the last decade there has
' r"illl'llll.lll‘l\'.
.F'nlu T.u;m .|;:-

WAE chestpyy
‘ol wyh Elvor

species of the weedy aquane

also known commonly as

. but they should not be con-

tho gron ler.' dulcis.  Trapa bu‘urpl'.v

Ko, for ! I‘:.m Clina, under the name Ling
* twosharned edible nuts (10),

been interest in the establishment of this
plant as a new erop in the United States,
The federul Department of Agriculture
hus investiguted the possible domestic
culture of the Chinese water chestnut
and has published the results in a recent
civeular 131, A diseussion of this plant
and its culture in the Orient was not in-
cluded in the publication und so is being
summarized here,

History

Eleocharis dulcis is a widespread vari-
uble species native to fresh-water or
brackish marshes of the Old World
tropics from Madagasear to India, south-
castern Asin, the Philippines, Malaya,
Indonesia, Melanesia and Fiji.  Accord-
ing to Merrill (quoted in 2y, the plant is
never cultivated in most of this vast
range. This is substantiated by others.
For example. though the plant is com-
mon in the Fiji Islands, its potentiality
as a food is apparently unknown to the
natives, There, as elsewhere throughout
its range, other plants superior for food
are appurently abundant or easier to get.
The water chestnut could not compete
with those for the {avor of man.

Apparently it was in Indo-China or in
southeastern China that the species was
first cultivated and developed into a
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strain viclding corms fur superior in size
and sweetness to those normully pro-
duced in the wild.  The Chinese have
been abie  horticultuii-o sinee  early
times, and population pressure has {oreed
them to utilize and develop most wild
plants having fovod value. Thus Ele-
ocharis dulcis was hrought into cultiva-
tion und today has become known as one
of Clina's unusual. veyetable erops.
Like that else.be.o i southeastern
Asia, Cliing’s fuod ceonomy is based pri-
muarily on rice, the native staple cereal.
In the domestication of cultivated plants,
cereal speetes, if availuble, are generally
believed to have been seleeted first. Ths
would include the domestication of rice.
In the Orient. rice 12 grown widely as a
water crop in paddies.  Special tech-
niques have had to be learned in the cul-
ture of such a erop, and, heeause of thix,
agriculturists in that region probably
looked with favor on any other edible
aquatic plants which could be grown
along with paddy rice. Actually, certain
of these muy have first appeared as
weeds among the rice or ulong the mur-
gins of the paddies.  Among such escu-
lent gpecies would be ineluded the Old
World arrowhead (Sagittaria sagittifolia
L.y, Oriental lotus (.Nelumbium nuctjera
Guertnay, sweet flag CAcorus calamus 1)
and water chestnut Eleocharis dules).
The last-nmned species, under the syno-
nym Heleocharis plantaginea R. Br., is
reported even-today us spontancous in
the rice plantations of the Tonkin delty
(). Whatever the cuse may be, these
and other aquatic species of humid imon-
soon Asia ure now valuad food plants in
that part of the world, and certain of
them enter regularly into erop rotation
as priacticed with paddy riee in southern
China.  The remark has been made that
the rest of the world hus developed few
cultivated hydrophytes compured to this
region.  As a possible explanation. one
can add that of the wmuajor cereals rice is
the only one that is an aquatie. In the
developinent of rice culture it would be

logical to expeet man to discover aintel
lite plants that could be similarly grow,|
as sources of food.

Although it is evident that Eleochan
dulers has been cultivated in Ching for

Ny centuries, it was not untl
NVII century that this unusual vegeta
ble beeame known to western eivilizatio,
through the reports of European mig
sonaries. Martini (7) and Le Cone
(3) are among these who prior to 170
publizhed  brief but unmistakable de.
seriptions of this erap under the Chines
name © peet " Of a city in the provine
of Che Kiang, Martinj wrote, * Nasertyr
per totam hane regionem in stagnantiby
aquis fructus figura rotundus, Peci Sina
rocant, cujus magnitudo castanean
nucem haud multum ezcedit, pellis subti.
lisstma pulli coloris nucleum vestit, cuju
intus candidissima caro est plena suca
gratique saporis, durior est quam DOme-
rwm vulgarnon, ac parumper acida ",

Edible Corms '

The eseulent portions of Eleochari
dulcis which have made this species in
teresting to man are the corms, or tuber
the so-called ** water chestnuts ", Thes
are produced in large quantities o
nutnerous subterrancun rhizomes toward
the end of the growing season. Tn sin
and shupe the corms resemble those o
the garden gladiolus.  But in the Clr
nese water chestnut the plump corm &
firmy und white, and possesses an unusu
ally erispy apple-like texture that b
sweet to the taste. [t is the erispness ¢
texture which has endeared this vepets
ble to the Chinese, who find that th
quality adds something very distinetive
when fucorporated in their many delight-
ful dizhes. Even after cooking, wine
softens the flesh of most other vegeny
bles, the flesh of water chestnuts, whethe
sliced: diced or ehopped-up, still remain
erisp. - Beeause of this charaeteristif
they are casily  detected among tht
numerous other components of a dish i
which they are included.
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P:u;, 1 (Upper). Plants of hon matai {Eleacharis duleisy at tume of Aowering,
Fi6. 2 (Lower). The inconspicuous (pstillate) flowering spnkes of Eleocharis duleis,
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Fis. 3 (U'ppery. Typical edible corms of lon matai, the goenlied Chinese water chestnuts.
> 3.

Fia. 4 (Lower), Young matai plants uprooted 1o show vegetative reproduction by meap!
of rhizomes,




CHINESE WATER CHESTNUT OR MATAI

-
oy As might be cxpu('(u(l.\\'i(ll 4 species
Smch is c.~:-.-miu!l_\' troplcul_. the center
‘ol - cultivation ol Elevcharis dulcts in
"Chins lies in the waner :uu‘tl!urn prov-
itnces. According to the Chinese, the
Ifinest water chestnuts (e, the l.ul'gu:’t
t'.‘nd the sweetest! 'urv_prmlmful n the
Nicinity of Kweilin in Kwangsi Province.
INevertheless, Eleocharis Jdulels i» grown
seommonly throughout southeastern China
“gp far north us the Yunguze River (20,
“However, it has been observed by agn-
“eultural explovers of the United 5.l:|.lu>
- Departnent of Agriculiure near l’cu‘n.ng
:‘(40’ north latituder.  The range of itz
Yaultivation in Chinu is thus extensive,
“running for some 2500 miles north of the
‘Indo-China frontier. 1t is not surprising
"therefore to tearn that Eleocharis dulets
has several Chinese nues. Throughout
southern Chinu. especially i the prov-
inces of Kwunptung and Kwangsi, the
connmon name sl iz the Cantonese
“matai " tpronounced mah-tie), mean-
ing ** horsc’s hoof 7, in evident veference
to the shape ot the edible cori. Else-
where in China. espeeially in the narth,
a Mandarin name, * pi ehi" (pronounced
pee chiee or bee cheet, is used. This also
appears in the forms “pi tsi’ and
“peei ™, the lutter spelling being the form
onginally given in 1655 by Martini. The
“appellution © wu-vit " 15 also recorded
). Since the great majority of Chi-
nere-Americans are of Cantonese extrac-
tion, the Chinese nue = matai " is more
f"“‘lu'snll_\' et with in this country und
s heen recommended as a substitute
for the English nume, water chestnut.
. Two apparently distinet types, differ-
g nuanly in size and texture of the
ors, ure grown in ~outhern China.
One of these varieties is known by the
Antonese names ' hon matai " oand
weilin matai 5 the other passes in
¢ Cantonese vernaculur as* suil matui ™,
o0 matai prefers sundy soils and pro-
Uees larne corms with a sweet and juiey
feah encloscd by a brownish skin. The

Chinese word * hon ™ may be translated
as * dry " and possibly refers to the fact
that this variety i harvested under dry
xoil conditions after the paddy water iz
drawn off.  This is the vaviety of matai
which has made the region around Kwei-
Iin noted us a source of ehoice corms, a
fuct reflected in the use of the alterna-
tive nmne * Kwellin matai ™. Hon matad
has a sweet flesh and for this renson is
frequently eaten raw, out-of-hand; be-
cause of its crispness, Jt is also the
variety which appears sliced in Chinese
foods. The variety <ui matai produces
smaller black-skinned corms possessing
a dry flesh. Tt is said to grow better in
fields underlain with elay. Because of
its drier flesh, sui matai is not palatable
as u {resh vegetable und it finds its ehief
us¢ in the manufuctyre of starch.

Notes on nutrients found in corms of
hon matai, based on 100 grams of pared
corms as compared with an equivalent
weipht of unprepuared corms, have been
compiled by the United States Depart-
ment of Agriculture 16y, us shown in
Table 1.

Botanical Description

Taxonomy. The existence of the two
types of matai mentioned previously has
undoubtedly been one reason for the

TABLE I
CoymrosiTioN oF Matar Conns

~ As pur-
Edible =30
portion, chased,

hejore

pared puring

Refuse (pet) oot 0.0 2.0
Warer (pet) oovvainnn, 783 603
Food Energy (cul) N0 610
Protein (gm.) 14 1.1
Fat tgm) oo 02 02
Cavbohvdrute (tetal) (gm.) 190 146
Carhohvdrate (fiber) (gm) 08 06
Ash (gml) ool 1.1 08
Caleium (mg.) ... 40 3.0
Phosphorus (mg.) . 650 30.0
Tron (g ..oooonee s 0B 05
A~corbie neid (mg)) ...... 10 30
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Fre 50 Uppents Young plants o1 hon matas i a padidy s they appear early in the grow
seson, Faeh plant s bessaoing 1o produee daughter plants through the growth of subterrneas
vhizowes. Later an the season all avialible paddy space will be completely tilted with plan-.

Fa, 8 ¢Lowery A quanter-uae paddy of matnre hon matai plants as they appear i hae
sunnner at the tne wien cotnispodueing rhizotes cae Tornung. The stems are four 1o e
Teet tabl.
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gumerons hinomials applied by botanists
vt e the years, At present the
il Eleocharss dudets s g_unur:\ll}'.
aceeptied s ineluding -.xll.t.hu:e forms o
gtz il espeeially entities previously
deeertined nruder such names as Elleo:.-‘lm-
s pluntuaginea R.« 3. E. plantayinotdes
W F Wighe, and £ tiberosa R. & 3,
The Jetails of synonymy were dizeussed
bv Merrill * in 1917 and 1nore recently
by Svenson ®

“Variability in Eleocharts dulets, al-

o O _@;L"-“e;@:’:, :
e ob m‘

-~ St TR N

uas either fresh or brackish. Although
oceastonally used as a wild source of
fuod. particularly in Java and in the
Philippines. this form has not been culti-
vatat exeept in China (and possibly
Japamy, where it is apparently repre-
sented by sur mactal. Opposed to this
wild progenitor form is the one originally
deseribed as Eleocharis tuberosa, the
plant producing the large, discoid, sweet-
fleshed, brown-skinned corms, tvpified
by the hon matai of China. This form

a1

g o 3 {5
:"!! LTI NS Y

ROy ey

Fie. 7. A paddy of Eleocharis dulcis nenr Peiping, China, in mid-December. The stems
are frozen in ice hut no injury will oceur to the =dible corms below as long as the mud does not

1€,

lhgu;.'ll ~hown in the culms. is concerned
prmarily with the general morphology
0{ the corma. In cheir strictest sense the
binomials Eleocharis duleis. E. plantayi-
nea and E. plantaginoides have referred
Lo the wide-ranging, wild formis) pro-
durmq small,  starchy, davk-skinned
onns tor none at all); this form gen-
erally srow, in stagnant water recorded

u:;\"‘"l“. E. D. loterpret. Herb. Amib.: 104,
V.

Iy -
Tﬂ“.“.nm"‘ H. K. Rhodora 31: 158-150.

is known only in cuitivadion, and this
seems to indicate what several botanists
have suggested. that hon matai is a culti-
gen.  Obzervations made in Indo-China
{41, where hon matai (* Ma-thay ) was
grown together with the wild form 1™ Co-
nan ” or * Ciy-nan "), show that, aside
irom cormn differences. the general habit
of the two forms is similar except that
the culins of the cultigen are more ro-
bust, being taller and thicker. A cyto-
logical study might be of interest in indi-
cating whether polyploidy is involved.
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Fit. $ (Upper). Harveatiog hon matai in China. The paddy is drained and allowed to dry

"'""“"_‘ the cormis are dug by hand.
Fic. Y tLowery, Harvesting sui matai. The corms are dug out of the mud by hand without

devming ofi all the padidy water.
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Morphology. In zeneral habic Ele-
ocharis dulets resembles other -pecies of
this genus of the Cyperaeeae. A rharae-
teristic of these plants ia the luck of
leaves, whose plotosvathete  funetion
has been transterred to the nwnerous
terete, septate eultins stemsr. Uneder
wilid conditions these are reeorded up
three feet rall. but in the cuiuvated hon
matai they may average as muei as ive
feet tall. Flowers are produced i in-
conzpicuous spikelets which appear at
the tips of the culims before maxunum
vegetative growth s been actained.
Plants grown in the United States le-
velop intorescences in early Auzust. The
piatillate Howers mature tirst, and after
the culms have attained more heigiie the
staminate fowers appear.  Withun the
scales of the spikelet the diagnostie tiny
lenticular achenes ate produced.

Actually plants o1 Eleocharis dulets
reproduce much more rapidly anl erfi-
ciently  vegetatively by underzround
rhizomes of Lwo tvpes.  One tvpe ap-
pears early in the annual vegetative
cyvele, usually the sixth to the eighth
week after initiation of growth by a
corm; such rhuzomes run roughly at right
angles to the axis of the purent plant and
serve to multiply the individual during
the growing season through the produe-
tion at their tips of many satellite plant-
lets.  Another type of rhizome appears
in late August or early September after
all aerial vegetative growth has been at-
tained and following the appearance of
the tluwers. The second type of rhizome.
or corm-producer. Jdevelops usually at an
angle (approximately 437 w the sur-
face of the suil Itz functon is evident
as soon us the vhizome appears, for itz
growing apex is characierized by a no-
ticeable swellitg, representing an incipi-
ent corm. A5 the rhizome elonuates its
tip increases in size until tinally it has
cnlarged into o mature corm. Young
corms are whitish, but with maturity
thetr scaly epidermis becomes chestnue-
brown or blackizh.  The corms are pro-

tlucwd ae varving depths below the o)
aurface, bur the avernge depth s abmy
five inches.  The sprout on a plante
cornmust thus clongate con-ilerably 14
forms the aertal parts of @ new plang,
Consequently o new udventitions roo
svatemt i5 furmoed not from the eorn by
{roin the shoot at the crown just beloy
the swrface of the -l

A nutad plant growing under optimuy
conditions produces corms abundantly,
There is a record of o single plant ang
its ofishoots which viclded slightly ove
20 pounds of corms in a season with 60
of them marketable, but the average i
conziderably below that.  Under field
conditions the vield lies zomewhere be.
tween one-hall pound and three-fourth
pound per iquare foot of the producing
aren,  The corms vary considerably in
size and at the same location they have
vanged up to one and three-fourty inches
in diweter.  Generally spesking, only
corms one and one-fourth inches or more
in diameter are acceptable n the trade,
but smaller corms may be used as sced,
for home use. or as food for domestic
stoek or wildfowl.

) Matai Culture in China

The f{ollowing description of matai
culture and ucilization in China is based
on the observations of federal plant ex-
plurers, especially P. . Dorsett, F. A
MceClure and Frunk N. Mever. as re-
corded in the files of the Plunt Introduc.
tion Section. In southeastern Cluna
natai s grown s a paddy erop in rota-
tion with other aquatics.  As mentioned
above, ronme of the other water erops in-
volved in the rotation e rice, "OW
World arrowhead and Oriental lotus 12).

Planting. During late March or early
April. alter all danger of frost 15 passed,
the land to be planted o maeai is chor-
oughly ploughed, harrowed and fertil-
ized. Pavts of this land, about 60 square
feet per mow ', are set aside as nursery

+ One mow equials 0168 acre.
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Ials, and the day hefore planting, night
ol 1= spplial to them. Thg following
Jav ot 20 k':\[tll::':‘ Of NHLLAL corms ure
|.|_".|n-| At one inch apart. There-
aitee the nursery zoil is kept mot.
'\\';,.-n the voune plants are about an
peit fien they e transplanted o rows
iee el aparty and then diluted
arart sotl 1sapplied. When the seud-
hnes attann o hendit of seven to egit
aies they are ready for permanent

three piculs  of peanut cake, one or Lwo
pieuls of lime, three piculs of plant ash,
six or eight pieuls of hog manure, 20
piculs of cow manure, anil five pieuls of
mght sml are required.  Fertilizers are
applisd a5 follows.  The cow manure
aml half the lime are spread during
preparation of the fcld.  Two weeks

after permanent planting, all the night
soth 13 nsed. while two weeks later, when
the plants are beginning to produce

. Fic. 11, Hon mata s cotnonly offered for sale in a Clunese market pluce. At the right
W3 haskew of tresh corma; at the leit, corma on bumboo splints prepared for euting vut of hand.

planting in the feld, where a triangular
pacing ot vne and one-half to two and
0p0~||;xlf feet between plants is used.
Up to the time of permanent planting,
the plots huve been Kept onlv moist:

vonee the plants are in the field, the plots

must Le Kept permanently Hooded ia
naddy form,

(Feftllizing. Heavy applications of
crulizer re neeessary  for the bt
Krowth ui natar, For each mow, two or

3
\ e iy (Ol Clugese System)  equals
I porenuds,

uteral rhizomes with seeondary plant-
fets, hall the peanut cake is applied and
the field 1s covered with hog munure
and plant ash.  About two months after
thiz, when the crop of new corins begins
to form, the remainder of the fertihzer
and lime i3 added.

Harvesting. Matai requires a long,
wann, growing season, and cormis of hon
matar are not fully mature until frost
has killed the green culms. Thus the

9 Que picul (Old Chinese System) equals 100
cattiey or 13333 pounds,
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F16. 10. A farmer harvestng hon matai with a rake i southern China.



CHINESE WATER CHESTNUT OR MATAL

R CHESTNUT

vy

Fic. 12. Chinese water chestnuts as canned in Hong Kong {

or export.
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harvest woually does not take place un-
til late fal, though it i~ sairt that in cer-
tain parts of China it may ocear in late
sumier. Sinee the corms keep well un-
devground in regions where the ground
does not freeze deeply, the harvest may
he delayed until as ate as Marel or
Apnil of the following vear, In the ease
of lion matai the water is denaned off
before harvest time to permic the tichl
to iy, At times 1t is again Hooded and
then allowed to dry a secoml time,  This
procedure is believed to sweeten the
coris by prowoting the transiormation
of stareh to sugar. The dried chunks of
soil are then broken up and the corms
removed.  Sui matat is harvested with-
out any preliminary draining off of the
paddy water. It shoulil be yeealled that
this variety is tsed ahmose entively for
starch produetion and that transforma-
tion of the stareh to sugar is not desired.
To harvest sur matai, workers must
wide in knee-deep mud, stooping over
to elaw out the corms with their hands.

The harvesting of hon matai is
aueh eleaner though =till laborious hand
operation.  Simple ~pudes or rukes are
used to break the dried earth into clods
from which the corms are exuaeted.
Corms are then placed in coarse sncks
¢ tumboo buskets and shipped to
market.  The vield runs between 2000
and 4000 ecatties (2660 and 3,320
poundsi per mow, depending upon the
variety grown.  This is roughly equal
to 16.000 to 32,000 pounds per acre. In
the ease of =ui matai the total yield of
corms in a field i estimated, a price is
set, and the whole is then sold us a lot—
usually to a matai-=tareh producer who
arvanges for the harvesting oi the erop.
Corms used for home or loeal consump-
tion are oiten stored in a cool place in
stone erocks for severnl wmonths. At
regular intervals they are taken out and
sorted, and any showing signs of deeay
ave disearded.  The season during which

corms are available can be extendel by
bolding them in the ground over winter

Utilization in China

Use as a Vegetable. Depending npor,
the variety, matai way be vither used
as o vegetable chon matair or in ~tacel
manufacture suiomatain, Beeause o
its eri=p, sweet, apple-like Hesh, lon
matai s widely eaten ont-of-haml i
China as a substutute for fresh fruts.
This is particularly true during the wine
ter and spring when corms are available
and when fruits are searce or absent,
It is common practice for a Chinese host
or hostess to serve a dish of freshly
peeled matni cornis to gueats.  Peeled
mata, skewered on hamboo splints, alsg
is 4 fumiliar commolity offereld for sale
on the street or in trains, where it is
cuten by young or old, rieh or poor. To
some the aweet flesh, sumpled in this
way, s reminiseent of fresh coconut
meat.

Matai attuins maximum popularity in
China as a common ingredient of loeal
food dishes.  Generally it is sliced, dieed
or grated with other vegetables in ome-
tets, soups, chop suevs, sulads and the
like.  When shredded it appears com-
monly in meat and fish dishes (9).
Minced matai is made into puddings und
fritters, including matai ko, a kind of
cuke which can be bought from the
* portuble kitchens " on the street cor-
ners or in tea houses.  Matai is often
served hoiled or steamed ws o winter
vegetable, sometimes in a siuce of sugar,
butter and flour. Prepared this way the
vegetable is said to resemble sweet corn
in both looks and taste.

Use as a Source of Starch. Sui matal.
as indieated previously, is used prin-
cipally for the making of matai starch.
whielh is processed in a characteristic
though crude peasant fashion. Simple
thatehed shacks are usually set up near
the matai-producing padilies or by a
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ample. Shipuents still come to this
conntry fiom the .Brmch port of Hong
Konw. Dt more lrcqucgtly these du_\":
pupnt~ aviginate in cormosa. Fresiy
are simply packed in large slatted
permtting  good  venulation in

Matar for the New York

the
cufiie
ertes
tenntsif.

parket comes by sea either by way of
Pagana or overland after transshipment
at the port of San Francisro. Even with
the 30 and 43 days required in transit,

plants only in China, the wild species,
in one form or another, has been utilized
to a small degree as a food plant else-
where in the Orient. In thoze otlier
arcas where it enters into the local diet,
it is not as the cultigen, matai, with its
large, sweet, erispy-Heshed comus, but
rather as a wild plant with small,
starchy corms.  Java is one center of
such use. Ochse (8) reported the spe-
cies (under the name, Heleocharis dul-

.V )

F1s. 13. Pared whole corma from the tin shown in Fig. 12,

Arsh cors from the Orient, ii kept cool,

" Totting,

k‘~"-‘n_l'ur i mumber of weeks after arrival,
Provided they are looked over periodi-
<ally 10 remove any corms that may be
Canned Chinese water chest-
Buts also are being exported from the
Orient, hut yre less desirable to the trade
than the freshy product.

Utilization in the Orient outside China

"l\'.‘l“’"ull the two types of Eleocharis
e have hoen important as cultivated

cis) as occurring as a native from sea-
level up to about 3000 {feet elevation,
growing in both salt and fresh water but
preferring brackish water, . The small
tubers are said to be coliected particu-
larly in the marshes bordering the sea
near Djakarta (Batavia) and appear
plentifully in the markets from August
to December (1). According to Ochse,
the corms are usually cooked, being
“ made into Kreepik, the so-called ém-
ping tékee ", Following cocking the
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stream, and these serve to louse the
primitive hand “mill " used to reduce
the corms to starch, Corms are first
wiashied in a stream in rough buamboo
haskets by men or women.  The wazher
staneds in the water, using one fout to
stir the contents of the basket.  After
washing, the cortm= are trunsierred to
amall bamboo baskets and then turned
over to women laborers. Specially de-
signed earthenware bowls with vertically
cormigated inside walls are used for
grinding. The corms. held by the apical
buds, are rubbed forcibly against the
inner corrugations of the howls. A3 a
protection the women wrap their thumbs
and first fingers in strong cloth,

Once grated. the resulting muss is
placed in a fine bamboo basket which is
then set in a cloth filter hung over an
earthenware pot above a wood fire.
Water is then poured into the basker.
and its contents are stirred thorouyhls
for ubout 15 minutes. Tliree pans of the
resultant milky mixture, each with a
diferent  dilution, are then collected.
The first one taken contains a great pro-
portion of starch and consequently is
set aside o that the stareh mav settle
out; the other pans are used again for
washing the macerated material. The
settling process requires four or five
hours.  The clear water is decanted
and the starch-bearing portion poured
through a fine cloth filter, on which the
starch is collected.  The latter is then
spread on shallow round bamboo trays
to dry in the sun. Matai starch is used
in China in the ~ame way that corn-
sturch is in this countury. It is al:o re-
puted to have medicinal properties, A
briei deseription of the microscopy of
matai starch has been published 113).

Use in Medicine. There are two in-
teresting records of therapeutic use of
matai corms.  The oldest is that of Mar-
tini who in 1633 indicated that ii a cop-
per coin was put into the mouth along
with the * fruit” (e.g.,, corm) of this

spectes it would be sufficiently softened
thereby as to be chewed very easily (7).
Later Roxburgh iquoted in 91 indicated
the reputed medicinal value of this oh.
servation by quoting a correspondent
who sent matai cormis from Canton to
the East Indin Company’s Garden gt
Caleutta—- The  ehildren  here  often
play with eash in their mouths, which
at times slip down into the ztomach and
bring on alarming symptoms. The nu
Imatair is immediately given in quan.
titiea. erther raw or boiled, and they say
it never fuils to give relief, and is always
conzdered as specific; they allege it de.
compaozes the metal? ”. This appears to’
be but another instance of the applica-’
tion of the old Doctrine of Signatures, in’
this caze a roughly coin-shaped corm
heing used to relieve the bad efects of
coin-swallowing.

In 1945 a brief report (14) was pub-
lizhed, stating that Chinese workers of
Tsing Hua University at Kunming had
obtained a new antibiotic. puchin. re-:
sembling penicillin in its action, from’
matai corms. Puchin, unlike penicillin,
is not soluble in organic solvents, such:
as ether and benzene, and is destroved!
by moderate heating; it is yet to be pro-;
duced in a purified form.

Expo-t Trade. The large succulent.
corms of hon matai, produced in South;
China. are exported in the fresh form in:
conziderable numbers for use primarily:
by Chinese populations in other coun-!
tries,  Fuir quantities have been im-)
ported by Indo-China «4), Thailand and.
Madaya. In Calcutta the corms are sold:
under the misnomer * Singapuri Kysur"
which incorreetly indicates Singapore, 3
port of transshipment, as the place of
production 1),

Until the recent embargo on trade
with Communist China, sizeable ship
ments of matai were nnported by Chi-
nese-Americans in the larger cities of
the TUnited States. Imports totalled
about 2.500.000 pounds in 1947, for ex-

ava -
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wales are removed and the corms are
then mashed with a small hanuner and
drieed in the sun to produee a meal eatled
»emping . Empine is produced inosul-
ficient supply 1o appear in the native
markets, especiatly in Diakarta as well
as i varions loealitios in Central Java,
Fmpig 1> prepared as a delieaey by
~iply frving it in coconut otl.

In the Philippines the name ziven the
wilil ~train of Eleocharns dudcts is * apu-
Il ™, As in Java, its corms are small.
three-cighth to five-eightly inch in diam-
eter. They are collecterd in the wild and
are simply boiled and eaten as a vege-
table 112,

In more recent vears lon matai of
China has also been introduced {or trial
in other areas in the Far Eust, though
there is no indication that its culture has
hecome important anvwhere outside of
China. inclwling Formosa.  Test plots
have been grown in Australia. Java
Indo-China and the Philippines, but as
far as iz known. only in the Just two
countries have cultural tests resalted in
detailed published reports 4, 11, Az
indicated earlier. China does supply
some of these countries with matai
through export.

Introduction and Utilization
in the United States

There are several recorded introduc-
tions of the Chinese cultigen, hon marai,
into the United States. Most success
has been ohtained with propagation ma-
terinl of a strain (P.LY 1062740 ob-
tained by the United States Department
of Agriculture through the cooperation
of Lingnan University, Canton. China
(21, Practically all Chinese water
chestnuts at present bheing grown experi-
mentally or otherwise in thiz country,
owe their origin to this introduction
which was initially increased and made
available at the Deparunent’s Barbour

* P.I vefers to the published inventory num-
her of the Plant Introduction Section,

Lathrop  Plant Introduction  Garden,
Savannah. Georgia,  Horticultural stud.
tes undertaken at Suvannah are the basiy
of the information revently published on
the euiture of this <pectalty crop in the
Umzed States th,

In 1950 the United States immosed ap
embargo on all commercial shipments
from Commumesr China, Imports of
Chinese  water  chestnuts pructically
~topped, with the result that there has
been inereasing interest in the possible
producton of this specialty crop in the
United States to meet the domestic de.
mamd. This interest has been ussociated
with the high prices offered for this com.
maility by American importers.

Chinese warer chestnuts may he grown
with success in this eountry as an annual
crop, under conurolled irrigation. in
warm temperate rezions where there is
a iengthy frost-lree growing <eason of
about 220 davs, Thus they appear best-
fitted for the Atlantie and Gulf coastal
plain tas far north as Norfoik. Virginia),
nulder parts of the Pacific const states,
Puerto Rico and Hawaii.  Although’
southern Florida approximates the same,
latitude as China's Kwangst Province.:
where the choicest matai is claimed to
grow, there are indications that sweeter
thence more desirable in the trade)
corms are produced farther north.:
Corms harvested at the latitude of
Savannah are saird by American-Chinese’
to equal * Kweilein-zrown matai =,
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