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EXECU'TIVE SUMMARY
 

The purpose of this consultancy was to follow up on initiatives recommended in this consultant's 
report a Wetland Assessment carried out during the summer of 1992. 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 Pimburattewa. The general Scope of Work for this visit was: 

I. 	 Work with the team from the University of Peradeniya to complete the Scope of Work for 
fhe reforestation project. 

2. 	 Assess progress on wetland development in Block 503 and advise on wetland design. 
3. 	 Assess potential for wetland development in the area of the Menik Ela drain in Zone 1and 

develop design recommendations for such development, 
4. 	 Assess the effectiveness of the water quality monitoring program and make 

recommendations on its modification if necessary. 
5. 	 Provide recommendations on measures to reduce pesticide use through IPM, and 
6. 	 Provide recommendations regarding the extent and seriousness of elephant-human contact 

in System B and measures to reduce such contacts. 

To achieve these objectives, meetings were held with Prof. Madduma Bandara and his U. 
Pcradeniya team, local farmers and famer organizations involved in the reforestation project, IPM 
specialist from the Plant Protection Department of GOSL, and with various Sri Lankan elephant
specialists. Visits weie made to all project sites and to 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 vater pollution studies, and preliminary elephant 
control recommendations were promulgated. Block 503 wetland recomn iendations were deferred 
until January 1993. 

As a result of these activities, the following recommendations are offered: 

1I 	 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 area 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 seriously explore 
potential for water chestnut production in poorly drained areas. 

2. 	 Reforestation of the Kuda Oya below the Pimburratewa Reservoir shoulde protected by 
installing fences along the inner toes of the dikes and the margins of the passageways 
through the dikes, and MARD should seek assurances from MECA thvt 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). 

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 NO3 and 
P0 4 should continue for the time being, but the laboratory should be asked to reveal its 
techniques and levels of detection sensitivities. Dr. Ajantha lerc, -Ashould be contracted by 
MARD to participate with Drs. James Burleigh and Craig Davis on the design and carrying 
out of the experimental IPM-water pollution study (p:,ge 11) 
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4. 	 Establish a demonstration study of the impact on crop yields and differential profits of 
reduced pesticide use through alternative spraying strategies based ol monitoring (see page 
11). Drainage waters should be monitored throughout the study to quantify pesticide 
residues. Further, MARI) should initiate detailed studies to document pesticide usage, 
dosage rates commonly used, crop yields, possible development of resistent strains, 
environmental contamination, safety aind health problems, etc. This information should be 
used to develop 1PM guidelines for specific crops, pests, and conditions. 

5. 	 MARD should develop and maintain aldetailed 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 adjicent to the Maduru Oya in Block 
503. MARD should also explore and test the potential for using living fences of plants 
such as Parkinsoni, acuh'nta L. to keep elephants from entering agricultural areas. 
Finally, MARI) should work with the Department of Wildlife Conservation to create and 
support an Elephant Control Unit (ECU) for System 13and should hire an elephant control 
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INTRODUCTION
 

During the summer of 1992 a wetland assessment of Zones I 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 znd 5 with 
wetlands. In April, 1993 a short follow-up visit was made by this consultant to discuss options
for involving Sri Lankan Universities in the reforestation and wetland development projects being
planned by MARD and MASL ill response to the above recommendations. During that meeting a 
draft Terns of Reference was prepared 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 an initial stage reforestation project; the SOW to be used to solicit offerers from 
among Sri Lankan universities to carry out its objectives. 

To follow up on all of these initiatives, MARD contracted with this consultant to provide ongoing
advice and technical assistance on a short-term basis for the duration of tile project. The visit 
covered by this report occurred b'tween May 28 and July 3, 1993 and a total of 18 of these days 
were in residence at MARD in Pinburattewa. The general Scope of Work for this visit was: 
I. 	 Work with the twan from the University of Peradeniya to complete the Sc"ipe of Work for the 

reforestation project. 

2. 	Assess progress on wetland development in Block 503 and advise oil wetland design. 

3. 	Assess potential for wetland development in the area of the Menik Ela draia in Zone I and 
develop design recommendations for such development, and 

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

Upon arrival in Colombo, USAID requested that two ittms be added to the scope of work: 

5. 	Provide recommendations on measures to reduce pcsticidt. use tlrough 1PM, and 

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

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

Meetings with IFM specialists from the Plant Protection Department inl Per-ideniya 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 (forner Director of the Department of Wildlife Conservation, GOSI.), Mr. Jayasinghe
(Manager of the Maduru Oya National Park), and Dr. S. W. Kotagaia (Zoology Department,
OUSL) were helpful in assessing elephant problems and identifying potential solutions. 
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WETLAND PROTECTION ANI) RESTORATION 

Basin and control structure design for constructed or managed wetlands in Zones ! and 5 of 
System B will depend on tile topographic and hydrologic conditions specific to each site and on tile 
purpose for which the wetland is heing 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 habitit 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 puriflication of animal or human wastes. 

Where wetlands are being developed or nmtnaged for the production of specific wetland plants, 
especially when these plant are to be grown essentially in monoculture, basin design and water 
control must create conditions optimal for growth ,1f the desired species. Criteria should be 
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' n:6i1aiili vstetrrs should he designed whenever possible. 

Hydrologic conditions itl most pat>; of Zones I and 5 are such that only minor modifications can 
lead to the nattural development 0 xve tlard cid ition s 111d wetland vege tation. Therefore, wetltands 
that are being created fOr general purlpli;Cs \%ill require only tumr engineering arid should vegetate 
naturally by invasimi of wetiard plaits fromi learby wellands. Elaborate planting prograis shtold 
not be required in Most situ atiotns. Further, such wetlands evolve and change over time as they 
adapt to changing environmental coiditionis. SuchrchIaige is tiatural and does not usually threaten 
the existence of or alter pennaicntly tile function of the wetand. Therefore, the best strategy to 
follow in developing general purpose wetlads iil System 1, is to establish basic wetland 
hydrologic conditions and allow tiatire to establish the vegetation. -nginecred designs requiring 
ongoing nintenance are to be avoided. 

Menik Ela Drain - ARl) Road Welland )evelopment 

Drain improvements oi tie Menik [la drainagce, carried out since August, 1992, channelized tie 
main drain as it approaches and passes unrder tite l)ehiattakanliya - Mnampitiya (MARl)) Road, 
altered and channelized drainages east of tire Mahuliota - Mcnik Ela Road, imiproved that road 
including tire const ructtion of a iexv bridge over the ciannelized drain, and installed a long (like 
cutting off all water nlow northward fom the ciannelized drain into tire area northeast of the latter 
road (Fig. I). Tie Mcnik Ela drain was targeted by Davis (1992) as a high priority site for 
retrofitting constructed wetlands. Current NIAR) plans call for tire establishment of a wetland 
complex south of the long (like by divcrting a portior of tile flow from the chaitielized drain that 
flows under the iiew bridge (Site A, Fig. I ), improving conditions in the area to tire north of tire 
long dike and northeast of tire Mahailpota - Menik Fla Road (Site 13,Fig. 1), and maintaining or 
enhancing tire small wetland !,ccupying tire southeist corier of tile inter:,ectiolr of tire Mahaulpota -
Menik Ela and NIARD roads (Site C, Fig. 1). 
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Figure 1. Menik Ela drain. Site A -Construction of a one- to three-celled wetland; Site 1 - Area of
 
formecr drainage channels and grasslalnd to be left alone Itosucceed naturally to forest; Site C - Low quality
 
wetland to be left as is o)r o~pened to improve draige.
 

Menik Ela Wetlatnd Comlelx 

Sites A and B are largely in ntatural conditions totlay, although rihey have been locally ahlered by 
activities associated with road and (like construction, The sites abound with wildlife including 
abundant waterfowl species, (leer, antd elephan~ts; the sites a'but a forest reserve on their eastern 
ends. These sites could be developed into natural aret'as with little effort. 



Site A: This site has been excavaied on its north side for dike construction, leaving basins that 
support obligate wetland species (Cvpcrus, Scirps). A major stream has been cut off by tile 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 iho installationt of simple control 
structures. A three-basin, step-down complex would enhance wildlife habitat quality, provide 
riparian water storage during flood periods, Md provide purification of waters dliverted through it. 

With concomi tant protection of the iiatuial area north of the dike (Sites 13), wetland development at 
Site A would create a high tfunalIity natural are:a that could serve as a study arca for researchers, an 
ed tnational site for school childIeii, a1d aIrattraclion for tonists from tile are a 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 welamd complex to tile point of outflow into tie dralin at tile 
bridge. The three wetland cells are envisaged as a three-tiered, cascading system withl dikes and 
water depth control structures mliiitaining flov, during non-flood periods at I-foot intervals. The 
basin of each cell could be contoured to provide water depths at full capacity of approximately 20 
cm over shallow areas and up to 80 cm in channels and the ccntral basins (Figure 3). Banks 
should be contoured to replicate natural shorelines and bank and (like sides should be vegetated 
with native bank-holding vegetation. 

D0 $ CS If 

PF 

~,,i*uSC-~~~~~~ *,P c C 

otitional
 
designs for above- and blow-grade basin profiles. Shallow zons should bc 2(0 ci decp when the marshes are
 

rull, and the channel or open waterareas can bhi t ip i ( ch (feel), although in this case they will probably le
 
more shallow.
 

Figure 2. Three-cell weilanfd complex showving gencr cros; sectioial design Ior graded basins oplt 
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t) Dike 

ID ,Maindramige canal 

s Shalh)w Wei lWellanid 
C C(hannelof Upcil-wdirilCail+'ljlid 

Figure 3. Cross secion of graded wetlmd basin suggested forthe Menik l-la. The design proviles for one 
or Imiore deepi chanel Is ill l iiirh oi vrf to il),ide lor i+twaler areas at tracetive towale fII\ I. These areas caItlIbeV 
ip I) O ci deep. The shallow arcas are d.sitncd tocarry appjiroxihmately 20 cin of watl v.hen the wctland is

bull. Thee arcas .shuld be s:itraliciti soil strlace dtrinfg the Veett'lluin dcLc-,ChIiWiI. 11c11dI0illlhiw for 
gkrillll andf scilMitl ,IWcL' hics lhl1 'icill' 2()i'll,liioll cni(.li1ilof ( nc,..IL i)la;liL, ci ihiiii lhe 
Wsellaild ie Illed. "irtUIlis nuid wVcirs)c:i'l Co illotl (,lCIS MliiulltlC &Isigiel II hhl ;1il)li.\iii.ll ) 2(0 cm 
of water (in the shallow /one whel n1iut~lin residence tihicl'aitlull and It) lcast tileul) e)it during flood 
periods. Theiclore, only a lraciioii of ihe iormlal drain flow can pass tlhrough tile wciliud. All dams and 
couitrol structures iiUst be decsigied and c(}iiil tocted to WiIthsuid Naha flbi ki . 

After initial coi iouoring and control stuctlie irstallation, openinigs should he cut at tile east end of 
the vetland complex to conncct it with thre ciMMClized (Irai. Open illgS shotlIld he of suIch size and 
shape to allow for appropriate flows t()miaiintain average depths (if ?() illoll thelihllow areas 
during non flood periods. Itp in strue tires shold restriCt flows douiing fOi:is S() MOst of ithe flood
flow is diverted down the chaumiclized drali. All structures in the Wetlklnd cnpIl)lcx will have to be
designed to withstard tile ma xi muttoflodillg conditions exp-ct.d 

cells 
shallow ara+. This %,ill provide Suiiillc con:dition for tile if %ctlkund Sliccics that 
Initial ilooding (if tile ntst be carefu'illy colitiotlled to hold watcr hcvcls a ) - I citr on tire 

establisliment 
invade the new wetlands. Once wctland vegetation is rore than 20 cm (all, full flooding to 20 cm 
call be allowed. [After initial inspection of the wetland cells in Januiary of the first year,
consideration might be given to doing sonic planning of desirable Species if' these have not sell'
established at tilesite. Just what spccics Iiiglt he i)(1st beniclicial can IhedcncriirrIed at that iirie.j 

A one-cell plan is illustrated ilFig. 4. This plai would save otieo)ilit'iitiLi itt.'.L;Ls. Further
Savings coull Iherealized hy leavinig the basilrs illiaturll ctittr, :llh%,iiq. tiie .Ail'il ldit)rolol Il)
the existing topography. If the hasii is noiit c(+iuLicd, vcgclrati or will dIeveldop ir itiiile fringe Oif
the ol)en water zotie. Mnilatin of,water depth dhuring vegetationi estlli"htlliiLrtIL)raii:itilr a
broad haro] of' saturated soil bclow thie Iaxirtiun bill lilnC cniiiinLtior. This wouldwould stimulate 
require r1ma ige rilt during the first montLis of filling. 
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I) D)i 

Dr - Mmi DA/,%A,'f 

PF - IAvPr F.--.'o 

Fig~ure 4. OllC-CCl wVlald howmg general cross Sclioll of' a nongradd basin awl a long~itudinal profile o1 
tlec cell pladlcll :md it -oll sIt itIre with log \%w'r, 

Thus, ftOluf otlion.s ;ir( {!iron: ( I) threce cell.s with full grading its i Figs. 2 111d 3, (2i Ihree cells 
with nol giatdiln :is inl F] iurc 2., (3) lic tcell \%ill grading ais inl Figs. 3 andlt -1, allld (-I)olile cell with 
n ot g ra dlin g a .sill 1 i. . -1. ( ) tll n( 1I) isi I lr c c r c ill lC l n tl ' S.Cliblis h ilig id ea l w e lla ld c on d itio n s, , 
[)ul it n11iijh lie to CXl)MnSiVe itld rctltlire 100tl1iCiuI OligOilg Mntennc'lale. Opt~ion (4|) would bel the 
lea.st expensive to in.stidl anld w01iuld reilC tirlhe 

'~10 
Mnil ililteII¢ 1S1 lee, ill it woultl back till 

api ox i lcly I inl of' w ater atl it. low er end, mid this w ould probably aff c tl tile. (like. The ste h 
cho~ice inith be i threc-cll ,\,stciii vi(ih onle graded and two nongraded cell. LisTlhis would allow 
Ito g'iin ilformlolln oill .ons.'ltutlionl anll ahlicnlalr~+ic ofraded itnd ulltlffdcd basins. anld Oill tile 
ecolo~gical dynamlllics ou' botih type.. 

Site It: Th'is+Site is a colelx ofl Oldl .M>lC:llll Chiii110S iilild I) is tliS.eclinlg itldCLc!rldcd gra Mitl.il 
withl scattered tree.s. Its notirhern end, bet.wee leh eold stream channeltl andtl Nhali'aullI)tj - Mcnik 
l,it Road Is, ocielid by \wellaIind. R~ic'e paddy cultivatio~n exlnlds righ ll topi lhe old .trerli 

C'h:iliiI.:l ()li 1it 11 rhc111 H ide, illtd there 11,1,0i1iC" lhrl' lt l" ilcrtiac'lli ii t1)) il, t'r, inlto tlhe arleal o '" 
Site I3. Tlhi.s tAlcal shoiuld bec ,i ned as ,1i nai il l +illlrill aisliill asp .ossileiits ii iii\L'tl ulI)Il'id wclOMud 
c+toillplllclit to tile new V,cllauid comlellx atl Site A. Thlis woulld estalblish a diver.se il:iltirail area'l 
extendling 'rlnl file ltoC ic. e v titlhe llhiullpola-Mcnik l RI<it. SOHllilinlr (]hiillit"c %%ill 
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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 are,-s 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 tilenorthern end of the 
Site, should, however, be retained and protected from encroachment. 

Site C: This site is essentially a pair of ditches, remnants of the northern extension of the old 
stream channel that flows along the northern side of Site B and a ditch that runs along the south 
side of the MARD Road. 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 (Ipomoea aquatica) which ir: 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 Road. 

MARD Road Chanelizution Site 

South of Road: The area south of the MARD Road, between the Mahaulpota-Menik Ela Road 
and tile
main drainage channel is poorly diained 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 appropriate here. Alternatively, this area could 
be drained and returned to forest. 

North of Road: No wetland development of the area north of the MARD Road adjacent to tile 
right bank of thc channelized drain is recommended. This area is occasionally flooded during 
Maha floods but is probably suitable for agricultural development. If this proves to be not true, the 
area should be reforested. At the very least, riparian forests should be planted to adistance of forty 
meters on each side, except where existing paddies make this impossible. A forest stretch along 
the right bank here, combined with wetland ofr forest devclopment 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 east of Sites A and B. 

Block 503 Wetland l)evelopment 

Wetland systems have been included in the design of irrigation infrastructure for Block 503 as 
recommntrded by l)avis (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 wetlands planned for the central and 
Kuda Oya braid drains, and close the connection of the Narana Ela at tileMaduru Oya and divert 
Narana Ela flow down tie central drain in Block 503. InfrastructLre installation on the east side of 
the Block will be delayed for one year for security reasons. 

No detailed inspection of Block 503 wetlands was carried out oil this visit, because work on these 
sites will not begin untii winter. This consultant will return to MIARD in January to oversee that 
work. A doctoral graduate student in wetland ecology may be attached to MARD for several 
months during the winter and spring of 1993 to oversee ongoing construction and vegetation of 
Block 503 and other wetlands. 
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Cultivation of Wetland Plants for florne and Commercial Use 

Zones 1and 5 of System B include vast areas of low, poorly drained areas 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), 1noted that several phints found in natural and impounded 
wetlands are eaten by local residents, e.g. Kang Kung (Ipoineae aquatica ), or used for other 
purposes, e.g. making bed mats (C'vwruts corvlmbosus and Scirpus grossus ). As a result of 
visits to village markets and homeste ads near A ralagonwila this nonih, I add another to that list --
Kohlla (Lasia). Kohilla is a very popular rhizomatous macrophyte that thrives on saturated soils 
and is touted to Ive beneficial effects for those suffering from 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 to add bulk or fiber to the diet (good for the digestion). In the 
market at Dimbulag:aa, leaves were selling for Rs 3 per bundle of 12. and rhizomes sold for Rs 7 
per half kilo. 

Kang Kung, Kohilla, and reeds sho'+ld be explored because of their potential use in making areas 
of saturated soils more proluctive. 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. Prob:ably the most promising is the Chinese water chestnut tEleochris dulcis ). 
MARD should initiate field tests and explore domestic and expoi t market potenrials for this crop. It 
should also explore possibilities for estallishing bottling facilities in the MahaVeli as a source of 

Chlnese Water Chestnuts 
(Maddox and Kingslev, 1990) 

The Chinese water chestnut (Eleocharis dulcis) is an anchor-rooted, grass
like plant that grows to a height of 1.0 to 1.5 m (3.5 to 5.0 f'). It requires 
150-220 days to mattire, needs 250-300 kg/ha of nitrogen, and produces a 
high starch, sweet corm (chestnut) with a retail valtie of $5-7/kg ($2-3/11)) in 
the United States. Corm sizes vary with the variety or plant selection htul are 
marketable when 2.5 cn ( in.) or greater in diameter. Cortn yields of 4 - 8 
nit/hl can be expected under good con(itions. Research has shown that water 
chestnut hay is a good forage for ruminant allnimls and tie corms have as 
much available starch for ethanol fuel production as corn. See also Hodge 
(1956), Ilodge and Bisset (1955), Matddox el al (1982), Kingsley el al, 
(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 fish ctlture could also be carried ott. There are no apparent reasons 
why Chinese water chestnuts couldn't be grown successfully and very profitably irr System B. 

Information on water chestnut production is provided in AlPPENDICES I) and E. 
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REFORESTATION PROJECT
 

A meeting with the Scope of Work team froin tile University of Peradeniya was held on Julie 1013. The primary purposes of this mecting were to complete the Scope of Work and to hold a thirdmeeting with Fanner Organization leadcrs and riparian fanners. The scope of work was completed
and edited (APPENDIX B). Some version of this will accompany the call for proposals that is 
scheduled to be mailed to universities On or about July 5. 

The meeting with fanuers anod famn organizations was very successful. While the farmers and their
organizations have some minor concerns about the reforestation project, they are overwhelmingly
supportive and want to be involved. They took initial steps to organize an action group to workwith MARl) and the Snlk'llxtt'ili.. Onl pro(ject planning, itnplciiciitatii, and g.notnli mi,, Milnlltes 
of the meeting are in APPENDIX C. 

A major concern about this project is how to protect the young trees. Several strategies were
discussed including fencing with barbed wire, the use of living fences, enclosing each seedling in a cage or barrel, zoning the area to cx,'nUde buffalo from critical areas, etc. Zoning to exclude
lbuffalo is unrealistic, bcatuse the entire eight kilometers will be planted. Living fences are also
untrCalistic in the short rnit, because they take three or more years to grow to all flcctive size and
density. Elnclosing individual trees IIas bCe successful here and in other co nt trics but can be ',cry
expelnsive. The costs should be explored, however 

:encing would provide the best prote,:tiot but is also %eryexpetisive. (OStls Could be rCdlced by
using wood posts and oily two or three strands of' wire - perhaps only the top straitd would have1t be batrbCd. I:turther, the critical areas of protectiot arc the inner toes ot'l hc dikes and the sides otthe dike breaks through which buffalo will Move iito the 1razittg arCa hctkcctt the dikes. Fencing
could be done along the iner toes and the sides of the passages, essentially halving the footat,,e of
fencing ieeded. Outer margins of the reforestation areas would mostly abut oil paddy and ulandfields. These areas are schtedutled to be platted in crops of value to the famers. l'herefore,
fa rninrs will be motivated to kee l) cattle atd buffalo 'ot n ettteritg the f)rest froin this side of the
dikes. Fencing should belong to the Mahaweli and should be taken down and used for other siteswhen it is no lotnger needed at this site. There is concern that the %ire for the feicICLs would be
stolen at night. Consideration might be given to hiring fanners to patrol die feice oil irregular
bases and to keep an eye open for suspicious activity. 

Another majtr concern that arose durillg this visit was the possibility thit diking of tile Kuda Oya
adjacent to Block 503 would tot take place. This would be a serious mistake. The dikes
detnarcate the reserve latds, leavitg no doubt about how far farmers can extend their paddy andfields. It is esseitial that the lowCr Kuda Oya be diked, even if these dikes are not otf"rcat stature. 
Further, these dikes should be established (as recommended by Davis, 1992) outside the existing
riparian vegetatiOt in this stretch of the river. 

WATER QUALITY MONITORING 

Water quality (NO3, PO., ad peSticides) has been monitored at drains entering the Narana Ela
wetll and and at tIe outlet of the wettld. TO date analyses have detected nto pollutants in any otf the
samples (tlie lone exception being a otte-time detection of malathion, a pesticidc restricted to use itt
malaria contol -- probably resulting from p hioarhandling techniques ott tile part of applicalors). 

The ND (not detected) findings for all samples are suspect. One of four things is happening: 
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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 I find it hard to heli-ve that this would be a consistent sampling error over 
several months. 

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

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

4) 	 There are indeed no detectzble quantities of these chemicals 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 samlple at times when we know what spraying activities are 
occurring on tileland. Sampling techn iques and transport should be examined to reduce tile 
chances for degradattion, and we ,ccd to i1d out exactly vit aalaytical techniques are being used 
and what their detection sen!sitivities are. 

To accomplish these things, sampling of effluCt water should be incorporated in a larger project 
designed to examine the use ofchemicals on vari ts crops (see IPM project on page II). If this 
were done, sampling sites and frequencies would bc determined by activities oil the land, e.g. 
spraying, fertilizin, etc. We would know exactly what was being applied, what concentration and 
quantity it was being applied, the naltnre of the crops and soils involved, and tilequantity of 
effluent leaving the study area. Water samples could then be ti med to samiple runoff events and 
results could be linked back to application strategies. 

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

PESTICIDE USE AND INTE(RATEI) PEST MANAGEMENT 

The overuse of pesticides appears to be a serious problem 
"Last year, two shops in is System 13, ulnecessarily increasing production costs for 
this area grossed Rs 9.3 farmers and polluting effluent waters. Further, careless 
million in pesticide sales." application practices are endangering the health and safety 

c( those spraying these chemicals. Inhis assessments of 
Dr. Jinasiri Ferinido pesticide use on high value crops in System i, Ikrarn 

- Mohyuddil (1990, 92) found that pesticides were sprayed 
on a prophylactic basis without knowing whether pests are there, that farmers were spraying five 
!o ten times per crop whenr 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 
economic injury levels by predators, and that such predators may be threatened by high use of 
pesticides. Further, Mohyoddi!z observed that farmers often failed to take appropriate precatutions 
to protect their health and safety and the environment when usitlg pesticides, e.g. not wea-ring 
proper clothes and washing spray cans incanal water!;. I have observed similar actions on several 
occasions in Zones I and .mof system 13. Mohiyuddiri recomtierided that alternative pes! control 
measures be adopted to reduce costs and protect tire 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 ol the environment and that studies should be undertaken to 
document such impacts before IPM strategies can be recommended. It is true that this type of 
information is not available and that such information would enable pest cuntrol specialists to 
devise IPM strategies to target specific crops or conditions. Studies to obtain this information 
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 dealing with a 
problem that is out of control -- aIrunaway 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 1PM practices to fitspecific 
crops, pests, and conditions. Both short- and long-tern strategies are needed. 

Short-term Strategy: To halt the rampant misuse of pesticides, MARD must convince famiers 
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 
fanners in techniques of IPM, e.g. monitoring, mechanical controls, etc. 

Te'lst-l):mnonstratiota of Reduced Used of Pesticides 
on Major Crop Species in System B 

For each crop selected for testing, a series of experimental fields should be established on 
similar sites. These plots should be planted and cultivated in similar ways so as to !imit 
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) a1series of intermediate application regimes. Fields receiving 
different treatments should be sufficiently separated to minimize the chances of pesticide drift 
or pest movement contaminating treatmenits. Farmers invited to 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 fu iiers should also be fully informed 
about the reasons for the experimelt and for the various spraying strategies 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 to plants (visibl daunage may not affect crop yields), amount of 
pesticides app!ied and when it was applied, cost to farmer of pesticides applied, and water 
quality of effluent waters leaving the fields. 

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

The study should be used as a demonstration for farmers in System B and elsewhere. 
Extension programs and brochures should be developed to explain the results and implications 
of these studies for pestic;de use on these crops. 
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Long-term Strategy: Detailed studies and experiments are needed to provide baseline data on 
pesticide use, dosage, etc. to enable GOSL to develop -2sticide restrictions and guidelines for 
long-term solution of this problem. Detailed, crop-by--rop, pest-by-pest IPM strategies can be 
developed once these data are available. This wilitake 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 areas within their ranges. System
B is virtually surrounded by active elephant herds, and human-elephant contact -. occurringisbeen 
around this entire periphery. These ineraction have involved damage to crops and structures, 
including buildings. Such incursions seem to be limited to tile margins of cultivated areas 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 area. Areas of particular concern 
include the Dimbulagala area where elephants have even invaded the orchards at the Buddhist 
Temple, areas adjacent to the Handipan Villu,areas inl Block 504 adjacent tc the Kuda Oya, and new 
settlement areas between the Pilnburratewa Reservoir and the Maduru Oya dam. The first three of 
these areas are fullydeveloped and elephants are encroaching from adjacent forested areas along
the flood plain of the Mahaweli Ganga in the first two and the right bank of the Maduru Oya in the 
third. In the latter casu, 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 clephat barriers 
along the Maduru Oya. The newly settled areas between the Pimburratewa Reservoir and the 
Maduru Oya dam are still being carved out of tile jungle. Elephant herds still move fairly freely in this 
area, and control willrequire different measure than those applicable in more developed areas. 

Some factors to be considered when devising control strategies arel: 

° 	Elephant incursion incidents seem to be restricted to tile very periphery of settled areas with 
damage limited largely to those fields and paddies adjacent to the forests. If this indeed a 
pattern, a buffer zone sown with palatable forage might be an answer. 

SA wounded elephant can travel for many days and many miles before succumbing to his or her 
wounds. There'ore, it is very difficult to lilik the location of elephant carcasses and the sites of 
their shooting. 

0 	 The traditional means of dealing with encroaching dephants has been to frighten them off with 
loud noise - firecrackers, 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 

with 	Mr. L. Al,.,is, of the1Based. on discussions 	 former director Department of Wildlife Conservation 

(DWC); Mr. A. D. U. S. Vattala (DWC); and Dr. S W. Kotagama, Open University of Sri Liuka and from
 
personnal observations and discussions with farmeis.
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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 Npresence " in 
agriculiural areas adjacent to large elephant populations. They provided emergency crop
pro:ection services and ran educational programs on elephant replant measures. Such a unit 
in System B might reduce elephant deaths by provid>'g 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 (1) distance form undeveloped areas, (2) number of elephants 
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 maintenance. For this reason, 
ditches should be favored over elec:ric fences, habitat protection and enhancement should be 
favored over ditches, etc. Another strategy used by farmers at various places on the isia,.d is the 
planting of living fences of plants such as Parkihsonia aculenta [Jerisalem 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 stein. 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. It is also us'd to reforest saline and 
arid areas. In the United States it is 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. They were mature in late June when I was there, so immediate 
collection should be successful. Seeds could then be started in the MARD/MEA nursery. 

While elephant-hum?.n 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 human victims, ultimately it is the elephant 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-human 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 elephant 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. 
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RECOMENDATIONS
 

1.0 WETLAND PROTECTION AND RESTORATION 

1.1 	 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. 

1.2 	 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. 

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

1.4 	 The area south of the MARD road between the Mahalilpota-Menik Ela Road and the 
main drainage channel should either 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. 

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

2.0 REFORESTATION PROJECT
 

2.1 	 To protect plantings, fencing should be installd 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 three strands of wire. Perhaps only the top wire need be barbed. 
Farmers shoule be hired to patrol the fence on irregular schedules to minimize theft. 

2.2 	 MARDshould seek 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 
adhere to the recommendalions 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 NO3 
and P04 should continue for the time being, but the laboratory should be asked to 
reveal its techniqtu,- and levels of detection sensitivities. Ifthey are not able to detect 
parts per million for nitrate and phosphate, another analytical laboratory willhave to 
be found. Dr. Perera (see below) can assist with these determinations. 
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3.2 	 Dr. Ajantha Perera should be contracted by MARD to participate with Drs. James 
Burleigh and Craig Davis on the design and carrying out ofan experimental IPM-water 
pollution study (page II). 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 ol modifications to improve detection, and assist i)r. 
Burleigh in the design of the IPM-water quality project. She should continue on the 
monitoring team for this study for its duration and serve as a consultant to MARI)(with 
Dr. Davis) 	on the wetland project. 

4.0 PESTICIDE USE AND INTEGRATED PEST MANAGEMENT 

4.1 	 Short-term actions: MARDshould establish a demonstration study of the impact 
on crop yields and differential profits of T :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 guarantee 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 tile 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, aid in the proper 
storage and disposal of pesticides. The study should be used as a demonstration in 
these extension programs. 

4.2 	 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 pr3blems, etc. This 
information should be used to develop IPM guidelines for specific crops, pests, and 
conditions. 

2
 
5.0 Elephant-Human Contact


5.1 	 MARDshould 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 
(I) the direction from which the elephants came and went, (2) distance of elephant 
incursion into developed area, (3) number of elephants involved, (4) exact nature of 
damage, (5) nature of efforts used to repel the elephants, ifany, and (6) estimated cost 
of he damage in rupees. 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. 

5.2 	 While developing irrigation supply infrastructure in Block 503, especially the supply 
canal that will run 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 tile right 

2 see footnote #1. 
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side of the canal willmake the elephants think the canal is deeper than it is. Suchberm should be constructed 
a 

even if tiie cAnal is too wide for elephants to step over;they may enter the canal assuming that they can climb out the other side and get
stuck. 

5.3 	 MARD should explore and test the potential for using living fences of plants such asParkinsonia aculenta L. to keep 	 elephants from entering agricultural areas. 

5.4 	 MARD should explore with the Department of Wildlife the creation and support anElephant Control Unit (ECU) for System B. Personnel for this ECU could be recruitedfrom second generation farm residents of System B, trained by the Department of
WildlifeConservation, and report to the local WildlifeDepartment Officer. MARDand
USAID should identify protocols enabling MARD or other USAID funds to be used tosupport the ECU for the duration of the MARD project. Such support should includesalaries for ECU members, cost of training 	for ECU members, an appropriate vehicle,such other equipment and supplies that the ECU would require to carry out its duties,and facilities for a dispatching station (office, telephone, radio, ete ). Further, MARDand 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, 

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

5.4 	 MARD should contract the services of an expert in controlling elephant incursion into
agricultural and other settled areas to advise on strategies and techniques appropriatefor the problems in System B. This should be done as soon as possible but notbefore a data base is compiled as recommended in I.I. 

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

PERSONS INTERVIEWED 

Mr. Alex. Area Wildlife Officer, Pimburattewa. Department of Wildlife Conservation. 

Mr. L. De Alwis. Former Director, Department of Wildlife Conservation, Government of Sri 
Lanka. 

Professor C. M. Madduma Bandara. Geography l)epartment, University of Peradeniya,
Peradeniya. 

Mr. J. Bandara. Assistant Director, Plant Protection l)epartment, P.O. Box 49, Getcmbe, 
Peradeniya. 

Dr. James Burleigh. Professor of Plant Pathology, Chico State University, Chico, California. 
Consultant, DAVMARD. 

Dr. Jinasiri Fernando. Deputy Director; Seed, Seed Certification, and Quarantine, Plant 
Protection Department, P.O. Box 49, Getembe, Peradeniya. 

Dr. Shianha flannayake. Geography Department, University of Peradeniya, Peradeniya. 

Mr. Jayasingla. Manager, Maduru Oya National Park. Department of Wildlife Conservation. 

Lisa Krynen. Aquaculture Specialist, Mahaweli Regional Traiiting Center, lansayapalama. 

Dr. S. W. Kotagama. Chainnan Wildlife Programme, Zoology Department, Faculty of 
Science, The Open University f Sri Lanka. 

Dr. K. Manuiveera, Assistant Registrar of Pesticides, Plant Protection Depanment, P.O. Box 
49, Getembe, Peradeniya. 

Dr. Ajantha Perera. Zoology Department, University of Colombo, Colombo. 

Mr. Sampson. Assistant Director (Wildlife), Randenigale. Department of Wildlife 
Conservation, 

Mr. llector Senerath. Assistant Director and Ilead, Plant Protection l)epartment, P.O. Box 
49, Getembe, Peradeniya. 

Mr. A.D. U. S. Vattala. Department of Wildlife Conservation, GOSL. 

Mr. Wilson. Assistant Director (Wildlife), Polonnaruwa. Department of Wildlife Conservation. 

Dr. ltemanthi Ranasinglie. Forestry Department, University of Sri Jayawardhenapura. 

18 



APPENDIX B 

HAHAWELI 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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4. 	 A detailed plan for bringing farmers and Farmer Organizations

into the planning process and including them in the planting
 
and maintenance of the forest.
 

5. 	 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

assuapnLon 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.
 

6. 	 A concrete 
plan 	on how to handle the -roblem of existing

encroachments on reserve land and now discourage
to 

encroachments in the future.
 

7. 	 Plans for developing and carrying out educational and training
 
programs.
 

8. 
 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.
 

9. 	 A detailed management plan as outline under 7.0 below.
 

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

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

12. 	 A detailed manning schedule, including job descriptions for
 
each 	professional and management position and 
a general job

description for each catagory of non-professional staff.
 
Estimations of manning needs presented in the project
description (page ) should be used as guides. Divergence from
 
these estimates is permissable but must be explained and
 
justified.
 

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

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

1.0. 	PROJECT OBJECTIVE AND CONCEPT
 

1.1. 	 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).
 

1.2 
 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 product

production. Th+wreforested 
 area will be treated as a
 
conservation forest rather than a production.
 

1.3. 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.
 

2.0. PROJECT CONCERNS
 

2.1. 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.
 

2.2 Utilitarian Concerns
 

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.
 

2.3. Engineering Concerns
 

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

2.4. Environmental concerns
 

The riparian forest will enhance wildlife habitat and improve

the quality of life 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.
 

2.5. 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.
 

3.0. PROJECT AREA
 

3.1 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 Zone 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.
 

3.2. 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.
 

3.3. The Channelized Segment (CHS)
 

The next six kilometers of the river were channelized during
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the development of block 502. 
 In this area all the trPes were
removed and dykes were constructed on either side to prevent

flooding. In 
some places the natural meanders of the river
cut off, leaving oxbows outside the dykes.
were 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 the Kuda some
of Oya. In places the

meanders are beginning to undercut the toe of the dykes.
 

3.4. The Non-Channelized Segment (NCS)
 

The next two kilometers downstream were not 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.
 

4.0. REEFORES'TATION STRA'I'EGIES 

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

4.1. CHA4NELIZED SEGMENT (CHS)
 

4.1.1 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 seasun 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 area (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 purpose.
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1. Bambusa vulgaris, kaha una (S), yellow bamboo (E)
 
2. Dendrocalamus strictus, una (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 m. Trees should5 be
planted in this area before the onset of Maha rains (before
the streanr begins to carry high volumes of discharge). The 
following are some of the species recommended. 

1. Te-rminalis arjuna, kumbuk (S)
 
2. Aglaia roxburehfbiana, puwangu (S)
3. Mjuc loniifclia, mee IS)
 
4. Polvalthia longifolia, owila (S)
 
5. Svzvcium cumi -j, ma dan (S) 

It is expected that thLse trees wi]l 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, .ce 
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, diul (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 (Can 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 is 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.
 
These entry points may not be obstructed. Existing inlets in
 
through the dykes may be used for this purpose.
 

4.2. UNDEVELOPED SEGMENT (UDS)
 

In this area t e stream banks (B zone) and the barren lands (C
 
Zone) on eithez 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 impol int 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 generally
 
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.
 

1. Berrva cordifolia, halmilla (S), Trincomalee wood (E)
 
2. Cassia fistula, ehela(S)
 
3. Chloroxylon swietenia, burutha (S)
 
4. Dim'carpus loncan. mora (S)
 
5. Feronia acidissima, divul (S)
 

4.3 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.
 

4.4. 	PROCUREMENT OF PLANTING MATERIALS
 

The contractor shall be responsible for supplying seeds and
 
planting materials to the MEA/14ARD nurser, in a timely manner
 
to insure that adequate p'anting 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 survival. Saplings of dry
 
zone climax forest species may be collected from dry zone
 
riparian lands if that is desirable.
 

4.5. 	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.
 

4.6. 	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 shouid be added to the planting hole.
 
(one basket per hole = I 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 NCS.
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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.
 

4.7. 	TENDING OPERATIONS
 

1. Three major areas of tending are identified.
 

a. 
 weeding and casualty replacement.

b. 	 watering plants specially during the dry periods,
 
c. 	 maintenance and pretection.
 

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

4.8. 	MONITORING
 

Growth and development 
of the forest must be monitored

closely; this 
may be carried out by university students as
 
part of projects.
 

4.9. 	FYRE PROTECTION
 

Apart from establishing fire resistant species like Agave and

Aloe, fire lines should be created between the paddy

fields/open ground and reforested area. Care should be taken
 
to maintain fire lines throughout the year.
 

5.0. 	COMMUNITY PRTICIPAT O?
 

Community participation i.% essential for the success

sustainability of the reforentation project. 

and
 
It is 	expected


that the !ub-contractor dill active
seek community

participation throughout project. offerer
tha The must
 
provides the tollowing plaii.
 

5.1. 	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/YARD 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.
 

5.2. 	A PLAN FOR PARTICIPATION IN PERIODIC LOCAL MEETINGS WITH
 
FARMER REPRESENTATIVES TO KEEP THEM UP TO PROJECT
DATE ON 

PROGRESS AND TO SOLICIT.THEIR VIEWS.
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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.
 

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

Sub-contractor should facilitate the process of sharing

benefits 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 to their lands.
 

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

An initial survey should be conducted to compile a detailed
 
map of all riparian lands indicating encroachments. Through

educational 
programs and institutional means encroaclrnents
 
into the area may be discouraged. The encroached lanu may be
 
planted with suitable species with the concurrence and
 
cooperation of farmers.
 

5.5. 	A PLAN FOR DEVELOPING AND CARRYING OUT EDUCATIONAL AND
 

TRAINING PROGRAMS MAY BE PROPOSED.
 

6.0 	 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.
 

7.0. 	MANAGEMENT PLAN
 

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

1. 	 Project Leader who will bare ove-all 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 Li.aison 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.
 

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

9.0. 	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. 	 Transport (vehicle hire)
 
c. 	 Audio-visual production
 
d. 	 Salaries and wages as listed in the manning
 

schedule
 
e. 	 Workshops and Seminars
 
f. 	 communication (Telephone and fax)
 

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

10. 	 PERSONNEL 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
 
f. Resource Economist 20 daus
 
g. Land Surveyor 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
 
f. Labourers approximately 46 man months
 
g. Part-time support staff offerer estimate
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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 BlockMeeting was held in a home garden under the shade of coconut trees. 

Attendance
 
55 farmers
including 23 riparian farmers and 15 Farmer Organization leaders
 

Meeting was convened 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 MARl) Chief of Party, Mr. Bruce Spake 

"I wish to welcome everybody cordially on behalf of MARD. MARD project hasalways been working in close cooperation with farmers. Today's meeting is alsofor the same purpose. I wish all success for tile deliberations of the meeting." 

Meeting Objecli,,es: Professor C. M. Madduma Bandara, University of Peradeniya 

Explained the value and need of having farmers involvwd in programme and theimportance of having MARD/MEA, the University, and the farmers workingtogether. Explained the propose reforestation project and said that from theplanning stage on the participation of the farmers is essential. Noted the need forconcrete action at this, tile third fanner meeting. Explained that FarmerOrganization leaders and farmers adjacent to the Kuda Oya (riparian farmers) areessential participants and this is why they were invited. This group should get
together to plan the next step. 

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

Discussion 

Mr. Abeygunawardena noted tht this pro ject is the farmer's project and that we are onlyfacilitating it. The floor was opened for discussion 

K. NI. B. Gut-zrathana, Chairnan, Pimburattewa Farm Organization -- Explained whathappened in earlier meetings and noted that just planting a plant is not enough and that fencingis necessary on both sides of the dikes is necessary. He also noted that the riparian faners areimportant 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 economic
return from the project, that the farm organizations can shoulder part of the responsibility, and
that this is a good program and it call be useful even for the next generation. 

G.M. J. Bandara from Arunapura said that about 600 meters of his paddy field is adjoining thestream and that he has already started planting trees on his land and has requesied assistancefrom tiheMASI. in SLI)port his efforts. lie said that "avenue planting pirograin'' was notsuccessful, because it lacked community participation. lI le noted that he hailed from Galaewelavillage where there had been a very successful teak plantation where land had been leased forfive years to farmers who w;ere 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 tileKudaOya 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. lth;
suggested giving trees to farmers who would plant them on their land. lIle referred to anenvironmental cartoon that he has seen: A politician comes and plants a tree and goes away,then a goat turns tip and eats the tree. Then finally a dog comes and waters it. And the dogsays 'now we are the people who are looking after it'. Ile said we should not let this happen on 
this project. 

Other farmers noted that there are no dikes in some areas and that dikes should be extended intothose (unchannelized) areas. One farmers said that after 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 respon,'ibility of the farm 
organizations. 

After some discussion, the farmers resolved that a riparian farmer organization should be
established. 
G. 

Names of proposer and seconder have been recorded by the interim secretary, Mr.M. J. Bandara. They also resolved that the membership of the organization shouldcomprise all riparian fanners and representatives of Farm Organizations. They appointed anadvisory group (including leaders of Farmer Organizations, Mahaweli and MARDrepresentative, 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. Bandar., Interim Secretary). TheAction Committee shall comprised two riparian farmers nominated by each Farmer
Organization in the Kuda Oya. Further, it was resolved that a meeting of the full membership
should be held in the near future to adopt a 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 fornial office bearers are elected. 

Participants were thanked for their participation aid the meeting was adjourned at about 6:00 pml. 
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7 Introduction into the United States 

n vair ianI'.I 101. if' soiitlii n Chl't 11 Mlnni ftsAl 
' i'" I l litrolu.ti,, l S ctili of tit-. Unit(t.. stfta.1d l lh ['hLlt' 

l " in. tl it of A--rii iltiji fron (Calton it, t914. ' hislt' is , SL es.ii ' cSc' \ t, 'h,.Stott no0% I)Ihntt' in tlt, tiit oiils 

/ . "ll' ii it~ liri'tion (P. . i\, ll11i74) wn s itia' iat tii nited 
:ii o P titr dl Iiiiili,, l ,,iofitheuc t S o ii, Ga.. Ser p .t 

_ ,,h,,.,vea r a ptri,,l of th i n-t hIltl',,, t l noli to ht',' il,, 
+.lili'iil rIsl i oiis, of-. liIlijtoi )iolifSori th n.ol nii'rial avail

, , ., --

r 

7slt heMiaiii:laiiii r illlt '( il. fli-c rfig. -have intc 

i FicllE 7.-Tet plots of Chitese aterchestt ait the Ulitig~ Stites Rillrrotlr

~~.1hveLalthropalreadyv produced ictioliLaterals tihruui~h Saanliniftile gro\uti of"rhizomles.SelcrIl of tile plaitsPlaot .larden , Ga. 

r lon lithse lce tl c in bel scic ,ssfu llt_l-ii "l'rhhci t s sor thnt 
4 Ci i 's t erlit. o tl'. ti best re'sultsi tnve bett Oaiit i I II tile 

Litilltn tic Cotatll rgin. Ilnntiigs i: l orthe
ci .4o so Clil i l arll.

been
ftiloi frust-fl'eeha-ve.:lit,'+ unlsuIccessful blecautst, Or tile Irtck Of ai 1011g, 

2211 o , P~i~,il. "rhe const svetion aroiiNotl ini lnrcitile ctltllre of Chinese• ~ ~ ~ ~ "t \, th,,n,)'leIl 1 limnit frt tile stlccc&;fo rfoik,~i s li. ti .e [boytl 

- t-s tlilt t s.., +'t rt'll 

i Cultiyation 

l'nnoll =rop, U.ilehrl,Ot'iillf-iv wiatercliestnuts tmay br. :i-,wni e.S an1 

l7% - rst l s CI i l tt (life- tle I I , tNhflost-f'. grwuinll snisol if i:iltsltio i l, ly 22i) ,Inys. They 
Corot, is shuti' ii sect ion. All fire inarel. le vescetit thle Siliiller Cu ,,lii h i I, cro if(ihs, 0th

1 lit ln-k tor ciitrosli aterSlSS ano Cili t(sate 
topr I [)aili ill (litCht-S to control waier levels mid facilitate 

1. refers to acce oiiiii imber of Plant Introthietion Secetion. 

http:litrolu.ti


8 
9 

wfS. DEPT. OF A(;RICU.T"|tlE;ClntCI..AI 956, U. 

andI lr'llrJ 
 Ihe land. 	Colulhto,:'Iil'of(rainlige for lua'v "'lng fo 

do ails of cult re hnve tjitt icvn fuilly detertiined, hot tests ninI,, at 

Savamnah, Ga. indicate that liln- l g t imet Sot liintit lt' illti 
2 to 3 

in iltchl or April. Itt gent'rna.phntins shou!,lbe nI.old 
.In tihe spring, yonghe lastkIlinz frost.weeks before tie date of 

iv fi' t pitte.ic iij tredphlit tO aeserb SllrrouIIdsoil with tlit plotmIalc in vli,,ii letPlantting hould Ili. 
tle retenti iof 4 to (;itl,.s

hv low banks ot- dilits, tio,_i"pssibl as Iuelk st,ils, 11hihI,ie
Stof water over til it lit ihig. VI~tiIVSt. SuhsolS"tchli"dsoils 

Ij~~~~~~~~~~~~to'II' i i 

....
 
- . . 

. -, .,... ./', 


:.' ~ 

at the'waterctii. ts
titit of recvitit' phuat~it 

G&FiecutE 8-A Li-cre 
nt t iat'littatt,,r , Garden. a ,,atol-h,

Unitted Stattte r il 
i tt' oeC3t trtWa0teri.ts iaintiit. %t t ' dtt'h 	 "sit 

lot tl sloll Ile teted' 
. are faoit,r ran 	 'tc t hestlltS (to not Seevin tor theirtheir nci~litv.{.'hillt~ T s be toedtodclerlnine avrtse ettts ot 

as Iatve been eiiconitert to 
to ierinii aicidlity.iu 

soils. aid such dillieutisdo well it ancid 
as:.o:iated with overaeid conditions. 

mlate with thisl mita. beiew ciil have I,,ii 
G run ii limeston ehiltrun between 6.9 ani 7.3The phl sho 	 Ititvallaid itt correct tincidthe soil asadded to or birohlnst over 

c d to insure soui l 1 
seed pulrinses s lt hidbh'sih

Col-rls used fr 
atni tlev slitold 

itijnry. aninjtturt tiIittilti inldittl they shcl gher
Tivss, ficedlttfirlfiotii Savanai inticate that, a.lthotilie of e-goo In. Oiservations at 

N crop call bt produced froli sin1ill setd corils, superior grwt t adn 
plantd. 'Tocoititer 

production mali' t eNp,c'ted if largi' corios arc 	 Ipltnting, propagation stock 
or sprouting prior to 	 b..act drying out atd moist. Storge teltp'ragtlres ranngg

should be 	kept caol 

F. will keep the corils reasonably dorinaut. 
tweet 30' and 40' 

T11E CIIINESE WATERCItESTNUT 

t~ a itd f N e k
 . . iti 	 s a a tt of planting mayf rln, n. one of two methodspe"i'ding 	on tiv latituite. 
O IisintlyIi,.In~~orthie phi..i..s ,he'itI I-tabouitorI-rcaR)n latittleb:estartedlof Norrolk,early

' "~~~lit r Y a ~~~ 
11ol, IS ir ' r. y eroing% hre tltis grin 	 where tienecessaryicteth qelhIs -ur iirsetY pltits 

s1 hreta ited . S-ch beds
it ure I piple.'t,;, it.. l 

sn)jinh 1 eniloe .ar planted abotit 2 inches deep
well prepareilh ie 6 

,tt -I,. cesp 4 to 	 row, while the rows are 
to i nc ei 

tihl The hlooled 
,.i , to inc apirkr.-.' Following platitng, lis 

It twile tile watSoil, after v%ich er is W tliidrawn. The grasslike 

about, itt days.
fotlhtiiti a get.--liotii piriotl of 

NVwillnal-	 inches high, they sould be trans
\hnln tie jlants are abioit S to 12 

operation.This is a hatnits fial ehIs or plots. plant to 
tloelto the pernia et fioloi eal voin,

l n , oit
,, 

lirst softened y Ilooditg, tio s tte i issoil of heiti. If the 

i ,r,tasilv. B y ca 'ful!vplac
.nitt.


i 1:111tit tati11he rten ov -il 
raising the corti and plait verti

idUnhr the seed cori tind
Ill a hant 	 w ith littleIe lifted

its root s stecn call in trientire plant 111n.1 le set 30 inces apart,
iailvtheSich stirted plaits sholildijMv. 	 kept Iloodled there

ill plart' I plots that are 
nitoibr arraigemet. 	 of(see..fig. 7). .lingCareful5 iteies of aterifter irth 4 to 

el95 percent or 
the establislimenitinsure 

atte of tie younngitrantslats.
 
alott te latitlude of Savannah, ,Ga., atil
!ilaits of this type shoul 

l souttiertn plantings, at 	 ,escribed 
polots south, the se, btd ald trunsiliitig procedure 


eiaei

ti i lntu lrcl i

roiiIl.alv ulovneh 
ilutt 1 latitiutc, enis shiouilid beplaiteii 4 to 5
 

hIdelol 
ie 
. For pe'r are sitnlvlatle space].


he) atdl I0 inlier apar'tIni rows tliat 
ill, lo-

0 b,e set b liat d iil ioles Iltg with a
I li.. p)ih tiitugs ste I torills tnau-

ii I the Iiotttiof fitehole anI coveredhol trowel. l'tc ei,rii is pIllevu
loose soil, i ih n l t t ti d or packed. Ililarge plant,,ith 

furriiws may be opeli'ed tilewit, nit tipening plow or colter, and 
i,,.s, tie furrows at 10-ith, intervals, They can then be.cuiost ropped ii 

iirlied with a covering iplow ofriilir. 
shouhl be flooded anti kept

Aft er planting tie entije plt or fiehil 
wter suppI shoiuhl le shut offafttr whchlili 

to settlI'
sil inrigetd for a dav 

ai drain nat uraly.the, plot or 	 icl allth,,ved 
tie soil artund 

aid the waei r i ll 
the newly planted cortos 

This initialflooding settles 	 As Soni as theyite otng plants.
I.w Iatis tlie est l islit 'nt of 

again be flooded and kept
12 inches high, tlit plantil,, shZioli 

grn tgsu o .
 the remainder of the 

91r iilet 
to 5 incIes of water t 0roigio'tthi,,, with 4 

SlesOil. 
I blem in the culttre of Cli ntes 

Wtdls have mot provei to 
or so before plait-

I tci c estii t. es ecially if tite soili sill-e day 
Its after the

I1t liiires a)lisied ill the 
are mnde. If weesulsI gs 	 lootde 

d, li le removei lefore tbe pos are 
are plan te they sho 

should be donie 
orti lls 

in such a 
PIriiiatlictttl:.to avoid unnecessary trampling or packing of the preparedAu y suhiseutictit wvceiiuig 

assl. 
in 6 to Sf t ointoal 

Undittler favorable coniitions, platits develop rapidhly,
die base o 

l]i' tittle, rhizoies --ill be growing out from 
plai, giving rise at their tips to secondary plants which appear at 

vi\'tg distauces front tile iarent. 

http:aicidlity.iu
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Chinese watereliesnut plants contiille to grow througihout t Harvesting4, 

summe1tcr season, the [numv ltvral rhiznlies prothiingl II)il rI ui1 1,it,suc~h numbers its I t ill( or cov,,r ta soil t if I frI%%li~ter cotnh . 
itsuh itues a~s,+toftHIal' or,lIi'f stsoil hll ter "I titl tl)ol 

withf e frti'ticb;f , 
the sterns often die lack a lit, Iwlconliht hrownI duling the groI 
slason, tut thi i, is i iornal di.,:ij. aiis to ie ex etted. Folin ,,gtile collphi-Gonl of Iheo lhtwvlrm,.= period if) lah, summr h lms 

form clrt-prillllleilg vhi1i7.Ilis. ihli t'lIJ }of 11nSr ialv rIhl flnmlXi szettt~eun ill, Ii.d a dThe frt hot IS 1rsalI rvtj thI 
Ilaxirililn size lIetw(-n -ilal- fall :trill ill,' first lltvV frost. At ill,
CloseI l' sc th,'r, till i Ilortns in ill stages offthe lZnllIwill l, 
1le1t1. Fully Inatllre *ill', iare chts lilt llroili l ill or, whIrI.,,1 

till" corl is ('o1r11s left ill the ,roll asare whlitsh. si olhl il,long Iis possible Solthat ilhe illitlature oles ,'ar nmature prop,'riv. 

At (lie latitude rtvlir.sv,,ttl hP "IV IIIIan lk, ill(. fi rst, kil;li, frost 
11311111v Pontles ill Ihe last lialf ,s.11 ' t l,,rl I. %N'tilershoul be .11*: fled 

from tile atiting a1 lillllatel"" :;10di S h,'fre this kIlling frost or 't
tire tim e he i lta.itxln l ttill-ita V,th hftti t -d "t13ItXi: 111Ilt 

of the ivtir serves il histinll In it of tile nh1 arulso aids ill tile 
h r;'lst bv proviling a rier mrI ,li-ily louldled Soil. 

As soon ais tile Sit'IlS ilre -11%-, hv lit",".'h' l e removed either hv 
burning or ctottitng, for if 1. on, fihe-phoL theyv serve Its 11 pr,,het,.d 

retreat for rodents which tnv Iig ilo lvn1ld cause serious i voc w1ith
the crop. 

The dry Stems, when IlrVst,,. Illve prov,'n iisfii i :leveral ways. 

p ti l htyi vt di 

,. 

",
" 
"., 

• 

S~~~+ pflelt.of.lils 
Ferifilnl 

Chinese a-at'rchstntils require Iar.e nmoiuits of p!ant fooll and 
on average soils, heavy applhi'tiis ol hi'h-grade COmleh'te fertilizer, t 
such as would ie used for othe, v,'etLaT-ie cro i ho ld be 
Applications at the total irnte of t ton pr :l're lave Ilrtlt,1t Imalxi
inurn production. ApproxinliIIy Ie-thirlI or one-ialf of this totall 
shoold be ipplied to the soil ,mioL: till prlparatin fur platthlt. 
F'ertilizer cail be Ibria 'ast and stired into the soil -ili tillagell rIfoIpt'r-t.Pl ra

l l i i e ,to t l e s o i I , re 


unr e -1 1 1 it ion s. Organi c I ll 
tion: howevir, sili-h fettilitl.r sholdhil vt,l tIl before atplti,ttion 
and should be applied 2 to :3wIliS iii flalive of the platltinlg liate. 

Another ,lillication of f,'tili-,r Ill'-third or onl-fourth if the total 
appli'ation) sioul lie adlie ai.,oit S to 10 weeks aifter llhlltitig, or ft 
tile tinie thlt tilt irst of thl sconillirV ihnts. produced b' the J)5ent.' 
are nilperi g. For this ripplittil'thi, bedIs shoul lie'drainld rinl 

the fertilizer broiilicast over tile tlot %Il en tile plant stems are dry, to 
prevent "bulrniing" or simnilrr injiry. 

The balance of tie fertilizer should lie aipplied during the last hlf of 
August, prior to the iitial devrhIepnloent of the voiung cornis. 11135
much as the teveloping rhitlzl.s ire tender atd eal ill ken, DO 

WalkitIg or moving of t(IlhilIpinenit shuhl be atIvinlpted iil tlie plot after V. 
plan hungs are es:al lis,'ll, f,r such tr li would injure colsiderable 'tli .1 
u~umbers of Lifhe develi ngpll y'oungl r~liZoiets. ".....'ll'lt fi.t It.. I 

lOx iintek' 20 to 30 davs after L First killing frost., or after thfe.prhttl 0t 0,ry fe *efrt iln 'oto fe h 
iti W i'e attained In lnllm imaturity, harvest of tie cro,p may be 

AL such lime, tiellthe vfrles are ftStI r wi and 
All til, patt iell l tne o f are l rn of 

h,il. uhlt--lnl',i hnmla.the llsinilt-irwlc"I I olor tpl-llcllsof nturl corms offd .. I. (~.,)s:I n1mv h. ling as 
s i llt, stiltitV,ph lttaill 

-1,e will hell it 'onsideralhie 
Il I ' Ill s.i t~~Irlleyrm 

rIit forthvlltkilg ti 
,.lhlr,'t ,,inois. 1h,1s,' o,,V,. 

ie as 

, :lI Ms.SIt III'+IIII, (1,11, thi 
. ..":14 ,c ~ .l 

ut11 : v'harvest date:tI saCh 
num bler of im ina~t'n, White Or light
l~ll~ f llitai~' w ie o ih.ills ilre lut so i%,rt, 1 1d palatale 

o,-ifit i have, ftll i i r ndertln-d 
llla' ill' i141 ill I gr , to betll m + 'I, t i ti, r undl t b 

It. ,.I,,i- of Iho heav:y atl in , i tvtd nt or, of the Soil i which 
hx .l,. o vt, (]iIllS WIlelv tstIn ts axr, tiot ,,-ts, t, ha!rvlest. 

il . l ll t ,. 1,1r11 i t l IIS, lu i," vitli hlIn tols. .'111.0t1'P+ p "ltns (.) tg IlIL ea i " ih ln i t o s, ,e,,hov.,l fol.;, is w,.ll saited forl this plur, se, anid when such a tool is 
ill so,,,sis tsut rn.i S i fftelrortis ill ois fif v pi,:k d out by iat Id. 

, ho l ie tkenll iCm lls with tile diggingh111 toavoid hr'itittile 
, I 

.k %-io'h inesh screenf, laid hrizotialIV till So ll rs. is list-fill in 

hIm1,.siIi . siloll tlots (ti. 9). The ' s ,'tltfully.il lifted onto tile cw,.. an~d w-Orc-d -,erw~lth IllbV' I)MlS 01- iM1hlh1s. Approx0-iltately 

-

- _. _ 

Irves Ii Se lltt Cat;' e I ter- .etllit ptlatin , at the llited 
lr, tirla Cuhrop tat l litrAillcti,, Ircl, Sa til..nnah. Ga. Soil is'Jugl the C~rl's~ Ib'img ,Jroppl k Iih ter Iil t.he large conrlrincr. 
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Qq pwrr'int of it, ('0li Mqirn ill i onliiiiiiilt- srii'f, as tilt- soil is wnrlhid 
thriiih. "i's.,e pi,.kd tiip anl Iropid int.' bun ket ir (i1h1,r 
container filld with "wrter. This netdod Ilit o;i:v Irv'ullst Ie, 
bruisin tlint ,o, ul occur friii diloilfing Coni iUlWi colii. hut it also 
hell s repni, v , .,s- soil. Although such hinrvestiignroetlit s alu 
seem llhi,iois. tli la,r inst involved is not e.'zcessive proi,lialg
there is n gol puuiluutioii of -onuIls.J.-xtherliii gir Fil Iplant, '. ,ius innlie il eniiii 


In l oluls may le titit
field harvist.d q hvnnIt 
by ose turns a furrow to a deplI if uplirNiuilhl.'f a stinll plw tliit 
6"inrhus. E,'li fuirow shiiul I, i. ruk. lie ,-sraked witlh lat o filll,.hh 
of whiich have been ov'rcd wilh soft rler tuuking; the ends of tih, 
tines sliiiiuld l,'vfinhly Ti sealed with tle riblder. As lite coriiis are 
pkied up. thluv are carifillkv placed i eiiltniiiirs aii thlin e-rirhl to 
a siitali- ",isling deviev for the reiinv-l of eP.ae's soil nril lehris.q 

After aueful i lie cortnis ne plaid in slillw t rayeito dry. 
Slow drYin, ii ci]l, is Tr-f,.rrild to iiii ,itu;g. Whei no Miisture 
reinni- niu the, surface of tlie cormis, they can lie air-k-,d ll- shipiuent 
or iere iedfii st()li% 

For sp'ina hirvesflui and huidlin g preeaitiins for corins Chat are 
to be stored, see section on storage (p. 13). 

Diseases and Pests 

Chin's- v'.nt'r,'tuuli nr,. still too iwi. a rrop in this 'ontr to 
have pr uvidl- ni ,' iifiu iutill rr,:'liii pol intia ,lisases iii p. sts 

Ahunity 'nlind u er "Ci('iiltivatinn' (1).. is the nppinir.it 
neeessi v fr Iiiit qpir ptll liv,-I iii soil ill whii th' watrrist nus 

I;,. gi .,.i. i si (nin :are to [he t,131l ililtiii 's u'p,t'l ill the coilture 
f

of this sptu 'iltv c p seelil I, Ioiea i- intei withhi a i, I sils. Sii .inei s 
plants grtto undh'r such iconditions undergo g' uial deteriorationaTholit tie t ie of lliwin .r Iii tihis wakemi ,,'i slut i,' iiiv iin. be 

more subject to atitai hY disnse. rie onulN luatiogn" reported 
for this crop a s lid u sp attacl,ingis stein i i to 'onp,,ri u7 found 
plants grovin,_- on a soil of hiuh a,'ilitv (pTi 5.5). 

At pre ent fue most rerinil iisict pist is tAe hillhi. (ualrlri 
carin, (ri ly). a sper is th 
lhns damtinued test planlin-,i 

Il one pltitlig in Fotil. 
served hicinug at inukel b% a 
the awl eliiniitu. Ih-'lrus 
pathogenic si_urifienu-ue hins 
ceilunei; aic iiu . 

i guelilly feeds nit ntive sid, rq. It 
of thi watr-i,stnt ii erental Florida. 

Chines vaCer-le.t t ts thave bcei ob-
ster ivniim iite 5 byI)itid'nchu.3sp., i.al 

hcroro;halu.s (Jollb. IHowever, the 
nt beeii deterimuiiued, ard control pro.-

!! 
Rodents. espeeinllv rats ntn,mnuskints, relish waterclestnut cormrs 

and thus are a potenti t threat to tIe eroii. es,,ciallv if the plantings 
ine near the nitural liaiiits of Ihse animals. Inj e cutting-of" r '?hriinir of ite stems, one ti iir tire -atielest iC pint Ii as been 

drained( aiil drhied off ii flie fall. ninaes th, ciio less inviting to such 
pests by destrooying tiir sle!lir front natrn -naenisic. I . is con-
ceivable tnat if anllowed to Iirow in tIhe rtainin banks, sueth rodci, 

as well ns cil'fish, miilt also interfere witlh tie maninteriance of the 
water level required For this crop by honnvnonnbing these Iaulks. 
Regular patrolling of the banks of the plots' is usually sufficient, to 
drive off such pests. 

T 
-4TlI CHINESE WATERMci:STNUT 

Yield and Marketing 

Ti -uita!,le lociations and with liberal applicntiois 
It.' fi't ilizIrs. good viehls sloiul lie expected fhoir 

. r-n Chiua, vields are rtepo.rted rnngin from 

of organic or 
this crop. In 

2,700 to 5,000 
lids of ,-0rs, iiilv of good size, from !;-ncre plots. mxi

piluctior nii trinl plots at Savannali. Ga., hains iein proxi
-voely I p ouuinds per square foot, or about 47,000 pounds per acre. 

I'l o-,od growinlg ciulitims, I plaut (ru'm' ting ti.' iithir ail 
plaits trdulu ill a sasoun fioii a siirgl' plnuittd coi) 

lie lropu _ lluiils if ohlus. qtlvi 
of about 25 squiare feet at lrvtttilne. 

Mrketability 

I ,. Ins vary eonsidr'iblv iii size and, 
-,.i II. av as Its 45 iuri.nllesUri Illli'l 

a pilnit occulit. ai area 

under good conditions of 
in diniueter. In general. 

oil -o.us.30 mi. (l?, ilhes) or more in iliainuter are acceptable 
to lit trade. Abtouit 6) pieint of theivivI is usu ally marketable. 
Suin:dll'r cornis (21 to : turn. iii iTniie ci pan he saved for seeding: 

for speial purposes sugestedpuriloses; but al siirtlls cali Iel' us,' 
iH Ile suetin on lif iization (p. 14). Coris de.roaged or bruised

dorill, digging Illy b . salva'ged and ," ise . 

MirgetPrices 

.\iiii 1952. folhuwinuc the 'lilalmrg, nu iniports froi tile Chinese 
nuniu til, ii,.ru.usiiuly .i wes offeredattiuct pri were for huonmcgioivn 

h -, 'vv 'iterellestillts. ,. 195,I. the lrices paid to smiall doriestic 

gr:;''l - ill the United Sitte. rutgiil from 35 to St0 cents Ptr pound, 
as ,mipmred with prircs of :)u0to 40 cents received for corrms still 
being ipoited front Foimisa. 

Storage 

Although fresh corn's if Chinese watercluetnuts are preferred bv 
lthetrlde, cu'rms can be satisfitorIv stored for markct purposes I 

conit lilel are used that arc reusonmaldy tighlt but not airtight. 
]T fie storage. the corns shoutld he graided to remove all broken or 
naI.-l,1 indivlunils and then washed iii clear water to remove soil 

and f.--- in niattec. Th,;: shild thn be air-dried until all stufict 
0m,-.,;.. is renoved. Alter dr'ving, the corms shoul be carefully" 
pit-.d in moisturepronf cula ers. bit ilit scalrd airtiht. Cn
nii-Is holhing appro,:ial 16 gallons ale coniverient ard easily 

hnuihil. The comtercial storage teritures siould he hetween 
30 and 10' F., the range coninnonly usei for storage of apples, celery,
nid lettu,.. Coris packed ari stored iii this manner hae been 

Ifptfor 6 iionths.suceessful!" 
For lioie rrposes, Chinese watereluestiuts can be wasted, driid, 

and placed in iaso-i jars, with lids applied but not sealed, and tie 

filhI jar. kept iil the home refrigerator. If storage temperatures are 
toii hih. sprouting of the wate;'clistnuts may occur. Sonic experi
nIls have been maie with storage in plastic bags, which seem 

suilth for iohling corms for short periods ill the home refrigerator
er'u'il the bags are not seale-l tight. 
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for the eson I'.gu ii lmIi and i a fe," ilti - i.,iiii viiirlhl-ss fior 
hlnPl It

it huiid ih lui itizd lint ii m lo.t r'il'itul uiuri,' liz l ,Z 
t 11Ini 1,1- i' i I-t : hi i-,hinil li ii,. M.... he uld t , d. f ril oid i 

fri I lh lint sill lj h i u I,-utsh id fheltilt rli. u. 
llll'id and lll ui.,,zissllr,, ithiv khp,- Idu,_:. I ,olhw]me ilus of., '.ptihh... tom ih'tirv"lt z hYSm,,uld. ,'1-, nod kinds I- £ lu l 

iliig al I i f . iil si~ ii I ill llfri l -r itiiiii t,o ta, 111 I ihat.ili 111:
linv.,, It ' ,.ivvd ,. fl l hdoli ,' l rilo, thi,_1,_ing and, hur','u lim'. 

jlflu iiel , lt t ]tit, l - iu 11uu 1n 'Ptl t h1ti-s ule'tiuul inai l 
hnv, fh-ii imiu i nt ote-st i lallhiiw t ttlti iloii,' p i in fur 
nftr I. t tit i t atiil hoil,'I- l , iili nii i' eal ilits ifhf 

ris s m,. ri ... I li tIi'be tiis I df . usiviin 

prii i l . I i I iuii. t ,I, Illn. op loutlI, . , 
I.'lit .' iaji-,fI iili r 

ntln ul, t
(Ing and il. -,lof. or th,,, I mvl,,r ri fli,-rni n to 1vtaHI splolzling! 
nfh'ru ssiur ilueu. Ii- ititiit,h i l. fr-it 'um Iii),,um..s.ihnI Ii 

Ahllh s 'hil,.'t , au,, lhIht s nr, i iIu,man i l Ilielo u lu s ralI 
,l d ,vh pil,_" li7it, li -d it ,s forcru h finl ill il is i l-. ill t a da 

" thi islsite ofHani .I-' ls, i. ,hi il i'a ,p 111,,nre t p,..,Lhihm,i-Awhnp Int hnp," of"t,. mu,"O'ri,nt ,' i la ':,d voioi 

fhem fili I p s u il ct niv'ud rluit n -s. it ,ulh bii to uti ' " ''liliv u , ,'vi ',lc. 
onfhln d--l-l,,..h' l , i, 'l,,INT (Ii!-' lIM . 
Ie'tdv ,::16-wt,m~v n,,w i ,.thl-I ofi : l b 4 A\ platle 

iwPrn,t 

for ( 1 ii w nI, ,.-i I i t I, l si il n r I o Irio,' for NIilI -[hpiIt dllI:it... h 
Th1, Nnliwini C'nm,'.As,'iliollr,1,',u w,'dz-Ill... u.. 

ru- 'w l I,,- 21t0 F.rco luoueiuh 1,, i'io ,-i-it -,iin g leti itmi 

li,' fullhwis'.
prnu'esirlt liviiI fur Il - 'm si-s ,siei tuild: 
after tin initiIl tun tuur ,of at lst iot' , wihthi 

Mi.'"Sio it -lu 
No 2------------------------------------------------------ 3i) 

!Ni.t--------------------------------- --------------------

10 Iiiiluiuiui 0 iiui lie illiI~s j:uisz.Want-' "huiltl utiuMI -o ld h l uiu'v54su. 
30u mimuiuts fioi pinuts mutid fit iiiii-s formijiunitsF. ill a-tit -niiiiiu ats;:l 

10 I)IIl ~iisst' itil a tinipuattir of 24Wt F. 
Cotrms fo o froizin nrc, hielI at. stindaiu freuzurtvIilipiu-rttires. Ill 

general, u'auuttcila miuli iof thieir Iluivur hilt. retil'scuiireluustiiitIs los' 
their cnispuitus. seluri-as fioz.iti 'at- u~l-liit s iet ala thle flavor Lut 
at e less Crisp fhlthedi caiille piiiluict. 

Utilization 

Thl'lIleoiuiif thle cliiuusl Ie tun [lil~ a rri-p. whlite, npiri~likent fins 
fhthflit is biuthi sxveu'f mill slat-div. Soiiiu iisii-I fid t lauvori aid 
ti.'itte uif i,- iinokell coriti simiilar to flint of fresh tucottuut. rtih

thtan the trite chesutit. The total solids ahilpioximtaLe 22 perci-tif, Of 
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which about 1.4 
 pIerceilt is protein, 19 pereeit, carbohydrate, and tleiiller less than I pereent.
The vegetalle is used est in combinations nd $cents to blendiwellwith 1mon0st aMytfood. It hIs luelk Used siltisfaloril in istUIlbir ofAmerican diSl.te, such as oIII!Sgravies, all kinds of ,iu,,.t andVegeIable ste-ws, Soops, nacuroni-andl-cheevst en casserole, and Dlixdsalads. In contrast to the Iievior of most common vegvtal,swhich soften utlder ciokinu. lietcois fullh retain their crisp te.lit,whie, Cooked-l texture tioL anadds excellent quality to tL disi

in which they are used.Chilsesi waterltlestitus, espiali the smaNler corils which are lotriarketable, call 
pickles. 

lso be used for various types of unlisitll, ligh-flualivThe crisp texture enlamnces the tastiness of such prellratht .Suiplhs small corums (see p. 13) 0are suitable for use, not nilh aspickles, but, also its feed for livestocki-especiully fowl, which re.lihthese corms greatly.Waterehlestnuis are standarl igredients of most Chinese dislies,and in the Chinese resmarlnt Iradl they are Illucl ill demind. Thegrowing popiharit of Cliinese foods anid their increasing lise by tleanning and frozin-food idiistries in tie United St ates suggestseven greater dtemaid for this iiisual Chiniese vegettle.When prepared fur I ll Ihomelahe, the corms are pared and nsiallvsliced aboutt ! inch thick btefor being cooked. Pariug is facilitlel ifa slice is taken fron; tle botn told from the top o th cormn. afterwhich the epidermis [an be,rmoved fron the sides (see fig. i0). When
cooked separalt, %from otlier foolds, Chinse witterciesttuils lre boiled
ill slightly usilled water. TI e cook ig time reqtired for the sleedcorms is rat er s]iort-oti over 15 inilutes-aid evet partial cooki gis often entirely satisfacitor%.,
For omnelets and ither dislies requir tog acorins very short cookin, periodl,tire best shredidee if slived however, they should be slicedvery thin, tet cut ill) into small pieces.
 

II us1 a, w,'om-TstmN I"U, Pu: n,' it.
ot 1rOl) U81:1) I 
IC., asut ,Arr, B.t K enOIlNI TIOrF.HIu LAMtEl ClINTIo.B. U. S. Dept. Agr. latldb. 34, 62pp. 1952. [rte.stl.l 
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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 Orientas 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. 

%V.11. 1IODGE 
Plant fit rodct ion Section, Iforticultu U,C,'ops Res,'ttch Banch 

Agiicilt IRe.ti'arclh Sert'ice, 

Bvt.ltille, 3[arptlaiii
 

• ril United States Depart ment o .- tunciltilre, 

Introduction been interest in the establishment of this 
The family of the selges, Cyperaceae. phnt as a new crop in the United States. 

i.anliill.'irtant coitrilntor to Ih orl'l'., The feileral Departnment of Agriculture 
"egetation and lora, bit. unlike the hla:4 tileIiiniltlinieitigatctl titiesti( 
ccly related family of gi'-t~e-, the culture of the Chinese w:ater chestnut 
'cIle, are not noted as producers of ima- and has published the results in a recent 
It~tirrat ivconooii philt.. Scat'3l a circular 131. A ,liscus ion tif this plant
hitlf-,h)tZtti i11 frol rank .ihi andtits culture in the ijrintcrcles it., vI was nut it'
cntcrcd into the .- eluded in the publication and so is beingervice of inan aln then 
only to a vei . lninior extent. One of the unini1rizetI here. 
he-t known of these is papyrus, Cyperus History 
papyrus L.. forerly important as the hist wpy 
paper plant of the ancient Egvptian., but Ele clperis atcisis a widespread va 
now grown solely as an ornamental able species native to fre-h-water or 
aqioatiealong with its sister species, brackish marshe: of the Old World 
CYPerts alte'nifolitis L., the umbrella- tropics from Nfidagascar to India, south
plant. At lea.-t sedges been eastern Asia, the Philippines, Malaya,two have 
ucd h%' li:t n ; minor sonurces of food. Indonesia, MIelanesia and Fiji. Accord-
One oi'tiue is the Olid World cliufa. ing to Merrill (quoted in 2), the plant is 
Criperl., escilenths L. The other is the never cultivatel in nio:t if this vast 
Chirl:e Water c c ati. Ele-.-tmt 1, or range. This is sub tantiatcl by others.
Ochnri.s tflcit Burin. f.)Trin., whose For example, though the plant is coin-
Unflkally crip edible corins have niade in the Fiji Islands,mon its potentiality 
it tie ii0 t itportant, econoiiically its a food is apparently unknown to the 
Slk':kini. if thiin-ignifitant r natives. There, as elsewhere throughout
' lt~t,. i)tnring the last tlecadie there hlts its range, other plants superior for fotodare apparently abundatnt, r easier to get.

it 'ci. wcaly tittiu The water could not eontli,t~,.h- " oith,. chestnut pete., knownOwtnt1cl tho oiionly as with those for the favor of nitun.it 'ht'iattt '.bit it'v shoulti not becon- Apparently itwas in Indo-China or in,i l E,thlrtj 7"trapstlttci.A. bAparntlnitwa 

Chi southeastern
ir 'ilh nits (1o, first cultivated and developed into a 

%.. "iroln in ht. nder tie name Ling China that the species was,.Iorntt 
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strain iehliug corm far sulperur in size logical to expect man to discover atlI
and sweetne- to tio.e normally pro- liteplants that could be similarly grut,
duced in the wild. The Chinese have as .- urces of food. 
been able hurt icultmi-.. h-ivce early Although it is evident that Eleochiu
times,a i pIopulation e. .ut'c i Ia.., forced il ti., has been cultivated in Clina fo 
thenm to utilize and developIi o t wild many centuries, it wa: not until tie 
llants having food value. 'hu Elc- X\VII century that this unusual vcgetuwas broight intocultiva-
lion and today ha, I),toutie known a one through 

ocharis dnhlcis ble Ibecaenc known to western civilizatio, 
the report! of European tilis.

of China's uruai.",1lit crIop-. -ioaries. .Martini 171 and Le Colltt
Like that el-e .. I ,.,- ili outheatcrn (t are among those who prior to 1706 

Asia, China's food eot'otlty is baed pri- Itublibhed brief but unmistakable de. 
mirily oi rice, the native .taple cereal . cription, of this crop under tile Chileii 
in the doitiication Of cultiv'atcd plants, name "peci ". Of a city in thie hpriitlct
cereal speccez, ifavailablu. are generally of Cite Kiang, Martini wrote, " .\ascittr
believed to have lien clected first. This per totui hane regionem illstainantibji

would include the iloiictication of rice. iqtis frtctus figura rotaidis, Peci Sinut 
In tile Orient. rice is grown widely as a i'oct Oit, ujtis maolitudo castineua
water crop in tldie. Special tech- ittcem tiid mulItim excedit, pellis subli. 
niques have had to le learned in the cul- lissima pulli coloris nucleum vestit, cujtu
ture of such i crop. ard, hecause if this, intis iindidissima caro est plena succt 
agrieulturi-ts in that region irobahly gratiqe sporis, durior est quai poino.
looked with favor on any other edible r,i itiiirinm, ac parumperocid" 
atluatic Jtirt- whicl could lie grown
along with paddy rice. Actually, certain Edible Corms 
of these 1I1a\ hav'e Ii St altleared as The e-culent portions of Eleot'hamr 
weeds aitong the riiceor along tle ritar- dlcis which have made this .pvcies in
gins of tie Ipddiei. At onrg .uch ecru- terecting to man are tile coris,or tuber,
lent species ,v.uld hc intcliIcd the Olti tileso-called "water chestnut ". The.,
World arrwlcad I.,iuittjitui siiytti lIIIt ire Itroulticed in large quantities oL 
L.i, Oriental lotu (N.\'etumbimnutifera nuliicrok, ubterranean rhizomes toward: 
Gotertnr. , Mwect flag (.Icurns tulaho i L.i te end of the growing setason. Il ilt 
and water chetnutt l aitd rciSellible thIoru 0;Ehteairis duilcisi. .lalt. tile corrnr1 
The last-,tmeietl 'civ. under the syno- the garient glatdiolus. But intileChli 
ny Ileleochuiris pli n f.11teoBr.. is iie.e i.water chestnut the pluip coril
reported even today ot-I iortt a iol firm and IpOse=c=e11atl ' iil and wi-iite, i nu. 
tire rice plaiitation if the Tonkin elita ally cri-jy aliple-like texture that i:
(41. W\'hatever illavt. It1tile taste. 
and other aquatic zpecie- if humid ion- texture Which has endeared this vege:t
soon Asia are now valued food pant- in tie to the Chinese, iho find that thi 

that part of tit worh, 

the c:t.- tl.eC .i\eet It is the cri.j-te.- 0o 

and certain of ijutality uls stiething very di-.tintcti\r
thlmr enter regirl:ily' 1i1 ici0 totation wilen icrttliporatcL intheir iiartv delighlt
s iactic d With iaddy rite iii ,outhcrn iul illes. Even after cookingtg, wihit. 

China. The rema rk ha.- been mtade that .u-ftcn tle llcl of MeOA, other 'cgcni
tile rest of the worll la._dle\,cluled few hile-,the fle-h of water chestnutt, welicthrt
cultivated hydrplvtcs coumparedl to this .Iiccd; diced or chopled-ull still rriniain-"
region. As a pos.-ibl cxplanation. one cri.. Btceause of this characteri.t ir 
can add that of the major cereals rice is they are caily detected among tt 
the only one that is an ilqualtic. In the incl otis other cotmrptonerts of a il-ll il 
development of rice culture it would be which they are included. 
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CHUNEAE WATER CHESTNUT OR MATAI 

I (Upper). Plants of lion matai (Ehlco,',,r.i. at Ilowering.dh., I lle I 

"Ir.2 (Luwrer). The inconspicuous (pustill.me)ulowering .pikes ofEbhuhuri.s duu'is.
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11
 

Fic. 3 (U'p,er). T%piC:LI edihlecornis of lo l uli. the soc ld Chin"e water ch.lestntU. 

Fir. 4 (Litrd. You'ng mali plants upl'colvi to 'how vegeta tive repO(dction by niean 
of rhizom, 

-;i,
• 
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CIINEE WATER CHESTNUT OIL MATAI 

ll giltIleexull
e t

i
d with a speeies Chinese word " hon "may be tianlaited 

.ichi enIitile tropical, the center as - dry " and possily refers t the fact 
o1' Culti%'atioi of Eleoeharis dulcis in thatthis variety i-Irvested under drv 
"China lit.illtileWallllr -out hern proV- soil condhitions after the padhly waLtC is 
I cC. *xroiiling to tileChlle.-e, the irawn off.This isthe va,iety of latai 

r6c"t water chetuth- le.g., tilelargest which has iiale the region around Kwei

+Ad the w et -tt aIe pirOduceil it) the linnoted as a -ouree of choice corlIls, I 

?.vcinityv of Kwil il l "ti Pro fiet ofiin. ince, I'itiLetelIii tle n-e tle alterna
'everthclets. Eh'uchari: ,lulcis i- grown Live naitie " Kweilin intai ". on itiitai 

111o111ny throughout IlternClIin!L lat a swett tesh a1( for this reil-son is 

"u far north tilitYaIgtze RiVer 121. frequently eaten raw. out-of-Iind;ile
:llo'wever, it ll- I)y agrii- of it a.toecinuh-C'i'ei caute it. crislnie..s, is the 

?'i-utural cxIloier- of tie United Statle variety which lplpears sliced in Chinese 

Delartai-Ilt of Agriculture near Peiping foods. Tile variety ,tiiiuti prod uces 

..(4o0 north Iatitudel. The rangev of its smailer hlack-skinned cornis pos-essing 
c~ut iva tion in Chil is till,ext enive, t dry tlesh. It is said to grow better inl 

--running for .onie 2500 mile north of the fielids underlain with clay. Because of 
Indo-China froitier. h it not .urprising its drier flesh,sui Illlti is not lalatable 

therefore t(llearn that Elohahris dilcilitS i1 fresl vegetable and it finds its chief 

has -ever:il ('hinese tn:11tes. Throughout use in the inanlufatire of staicli. 
southern Chil. e-pecially in the lrov- Notes on nutrients found in corios of 
inees uf lwat\Vgillit g and Kwaiigsi, the ion ma tai, based on 1(0 grll us if pared 

non is 	 asCrOa t111111ittiCiI the Cantonese cornts coImpainred witl illequiivalent 
"matai - inced . nilcan- weight of unpreallred cortils, have beentll)o Inldt-tie 


ing -huor- C'- hoof " illevident reference oimiled by the U7nitetl States )epalrt
to tile.hillep Ol the edible rurnl. Elke- nent of Agriculture 161, as shown in 
whicre illChina. especiall inthe north. TiLble I. 
a .Mlandarinnaiei,- pi clih" I ironounli 
IX ee vor bee CliveI. i-used. This alo Botanical Description 
appear. ill the form.-. -lpi tsi " and Taxonomy. The exikteice of tie two 
"peci ", the latter spellig being the form types of inatai mentioned previously has 
originally given in 1655 by Martini. The unldoubltedly been one reasoli for tile 
applellation I wu-yu " is also reorded 
(9). Sinve tilegreat majority of Cii- TABLE'I
 

ntve-Alericas are of Cantolne e extrat- COMPOSITIIiN Oi* MT.I CORMIS
 

lion, the (hle-e nniiie iiatai " it more
 

frequentlv itet with in this countrv atndtitle 
has' been* rt.(,tllllliend d :I.,a sulbstitute 	 poled101 

for the Engli-h name.water chiestitit I thlig 

Two aprlt% jtiltt')~,dfe'" o Il~ tliarently distinc~t type , idiffer- ttih'oi.e (pet.) .............0.0 23.0 
Ing niitty in size and texture of tile W aer (pt.) .............. 783 60.3 

1rflits.lire 'rown in -tlthern (cat.) 780 111Chinat. 	Food lEnicrg.t ........ 

Prol'in (gill.)............. 4 1.


One of thIee varietic is kinown by the l gn................. .2 0.2
 
CainOl hie - lion linttai and CilohdratvIe (Iall (gtm.) v.).0 146
lales 

.. h vdIrate (gil.) 1.1 

the -:un1oe,ev'ernacular :is 


in C.tI*.Sh (gil.) (tiber) O'S 0.6cw i11101IIllItai " dile other 1 ,ses ................ 0.8
 

- ,uIliatai " Clciun ng.)............ 40
lion nlatali prefers s-:lnlv pro- Plhoslphorus ling.) 650 3.0soils and 	 ......... 50.0
 

nweet v ................ 0. 

einlouei eli hi brownish skin. ieC .i ,orbuc avid Ong.) ...... 40 3.0 
dUe large torots with a and juih ion (iig.) 0. 
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['iI; ,1i "/j',I. \,)IgI I. '~Ij h ll Ill 1 .1 I: .v .t: tie)', ,ipjlxi ':dulv.l in tin, grlon .llg 

.,uuz-un. [l..uta uI t,1 ,eu.ulltlll utlhl llul t uuLt~1' ullllh'ut h utuuultl tulll with uIlautut-.|L: 

Pu;. ii I. .,utu, .ti .l-t.ll'ult tlillllt ntt:utdi Hl- ullutar it
I -A tl~l d~ ut tutu pl~tuHl hut,. It, t 

1
-ulutututuul i tIlu I111i tut ~hlutCjt'l )' lllli l li4 l uuhiuullt'.uu . l lol tit ll . ' Ile ,tetl' i' tutuir it) iu 

tau.,t tall. 
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CHINESE WATER CHESTNUT OR MATA! 

Afefrozon in ice but no iniury will occur to the edible corms below itslong as the mud does not 

nnivmiro liIi0oialI- aiplie'j Iy hotan jts 
, ,t n :, 0hrdh the years. At preten the 
hinj,,II:d I'leoruhari. th11'i.i is generally 

I- including all titee fonns of 
.1:,l ,-I1cillV entities previously 

. ti,,LieruCi naiies :as Eleo'tim-
t ' 

iitLl~tr,, I;I~tl tL R. &S.. E. pl ntaitnoide.i 
-.V..\igi. tit E. tuberosei R. & S. 

'r ltqjik of vnonvniv were tlicutled 
hyv Mhrrill in 1917 and more recently 
ly Svet--on 3. 

V:ri:LilitV in Eleociaris didcis, al-

FIG. 7. . paddy of Eleochari dulcis near 

as either fresh or brackish. Although 
occasionallv Used as a wild zource of 
f(.101, partic1ilr:lV in -Java and in the 
Philippines. this form has not been culti
vatd except in China (and possibLy 
lapatni where it is apparetly repre.
ze-nrc, IVyv zll Iat:ai. C)ppo-ed to this 
wild progenitor fo'til is the one originallV 
descrihed aa Eleocharts tuberosa, the 
plant producing the large. discoid, sweet
fleshed, brown-akinned corms, typified 
by the lon miatai of China. This form 

Peiping, China, in mid-December. The stems 

freeze. 

though- iuwn in the culins. is concerned 
Pri'larilv with the general morphology
of the c,,nn,. In their strictest sense the 
binootial. Eleochajs ,idcis. E. plnntayi-
'te and E. plantolginoides have referred 
to the wit le-ranging, wild formtis) pro-
ducing .small. starchy, dark-skinned 

rnns for none at all)'; this form en-
erl311 grow, in tagnant water recorded 

D. Interpret. Herb. Ab.: 104. 
rl . t.b. 

SVn,.,n. H. X. Rhodora 31: 158-159.
i. 

is known only in cultivation, and this 
seems to indicate what several botanists 
have sugge"ted. that lion miatai is a culti
gen. Ohlervations made in Indo-China 
(41, where lion niatai j'Ma-thay ") was 
grown together with tie wild form I- Co
nan " or " C.iy-nan "), show that. aside
from corin differences. the general habit 
of the two forms is similar except that 

the culns of the cultigen are more ro
hust, being taller and thicker. A cyto
logical study might be of interest in indi
eating whether polyploidy is involved. 
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CHINESE WATER CHESTNUT OR MAT: 

MAP
 

~"Ir:,r. r"r-or nra .r--drr.,by-hand

-,-it
 

'. A.. A. 

tBarv'esling 


tN oims.aiedug by hand.
 
Fif:. 3 U'per). ban matai in China. The paddy is drained a nd allow'ed to dry" 

(,hr 

F i. j fLra'eri. Harv'iting sui matai. Tlc ..orms are dug out of the mud by hand without 
%lr:nintznl ;ll the paddy water. 
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Morphology. In genrali habit Ele- luced at varying ,leptil below tile *oil 
oChrir.s ,11cmi.i reeluIblct otiter - ofeisI -ir rlate. 1)Iut the aermw:tL eth is ahollt 

tlhi., gnM-, itli ie Cperart-e. A. 'lirae- five inctlce. The .truit oIl : plaIntel 
teri.-le o0 tltceljilant.s i tdie lack o corn il ltthii-)elongate 4on.-iderabiV to
leave.,. wvllu c Ihol,.yit he(tIv fll'tiol fI'rlu tile aerl'i~ Jlal't, of ;t 110V pla.nt. 

11:1, lcn t'aI.Iilerred to tile IltikIcit Il:. (oneiltienilv a new diivcntiioit root.
terewl. -cpt~ace 'n y%-(Cle i , f'roml hiltlm~l IU:1ll.-. ctr is e'Oi no(l the C111111n 
wild owuil,IiliOIIn. .he 1-c Ivcordu, i lIII to frIomI tile Ihoot at thet Crown'l jll::t lib.l ,, 

thrC fCEt rall. hLut ill t i .i'ateL 11 tile tlra:CV of tilt' -Oil. 
ll11tt~i (Ile%- IjIay atVora,-'e 3I Ilili-Hil aI fiVU' A Illatati planlt growinlg unldu'r optimlllL 

fct tail. ]loi'IiS l tL'OUilCti Il ill- Contijtioll i)riOIucQZ! cOrnizt aillindatlli. 
con-.picuous spikelcL which appeatr atL Tlhere is a recurd o a .a ingile plant and 
tile tips ol tilt cuihtl before IliaxilIIl its ofAlotjts which viehlel -lightlV ovr, 
ve-ietati'e gwrowth la., been attained. 20 oiund, o1 cortls in a -teasll '%.ithI 6iOc 
Plants grown in tile United States de- of ditem marketabile. but tie average is 
velop inftoreseences in early August. The conriiderably below that. Under field 
pltlate flowers 11atn'11e ftil't, alnd after conlditions tile vield liez somewhere be. 
the eulmis have atuainci ilore lie git tile tween one-half pouintl and three-f'ourth 
staminate flowers applear. Withi lile pountd per q.uare foot oi the producing 
seales of the zpikelet the , iagnotlie tiny area. The corms vat T cona iderably in 
lenticul ar aclieneaale plroduclc. -iCzeand at the same location tie%. have 

Aeuilv plants o Eleochar. thd,ris i'-tLged up to olIe anti tiir,.-iouirt I1iillhei 
reprouLtce much more rapidly an,[ elli- in diameter. Generally speaking, only 
Ciently vegetatively bV untierground corms one and one-fourLth inches or more 
rhizones oif two tvpe.. One ylle ap- in tiameter are acceptal)ie in the trade, 
pea rs ealy ill the anll11 ve getatlve blt snaller cormis may lie uted as teed,
cycle, u:,uallv the sixth to the eighth for home u_-e. or as food for dmnestic 
week after initiation of growth by a -took or wildfowl. 
corm: such rlizones run roughly at right 
angles to the axis of the parent plant and Matai Culture in China 
serve to multiply tie individual during The following description of inatai 
the growing season through the produc- culture and utilization in China is based 

ion at their tips of inaliy satellite plniit- on the observations of federal plant ex
lets. Another type of rhizome aplears plor-er., e!!)ecially P. 11. Dorsett, F. A. 
in late August or early ;ptecier after MeClure ani Frank N. Meyer. as re
all aerial vegetative growth has teen at- cordied in the files of tie Plant IntroLuc-
Cained at iollowvin g ie a peurance of tion Section. Ill soulhiastier Cliin3 
tile tlowers. Tie econd tyie of r-hizoilie. itatCi is grown a a i ,idy crop in rot
or corni-producer, Aevelops uitually at an Cion with other aqlutaiC.-. Az- mnentioned 
angle (approxitnateiv 45'1 to the Silr- ahove. :loe of the other water crops il
face of tte .iofi Its timitCion i evidt\nt volveil in tie rC,tation arc rice. 'Old 
as soon as tile ihioLUillC apleers. for ilS Wold arrowhead anil Oriental lotus I21. 
growing apex is eih::racIerizCe by a no- Planting. Durin,. late March or early 
ticeable -welling. repreenting :l1tli [ipi- April. aiter all langier of ftrot i pa.-et. 
ent corm. As tie rhizomte elonmares its tile lantd to lie plInteti to matai is thor
tip increases in size until finalily it has, otghtly ploutglieti. harrowed :ati fertil-
Crnlargeti into a Ilatore ortH. Yoiting ized. Parts of thi.- lanld. ablit i60 5quare 
cirns arte wilifiSh Ii.hht ith inaMIiurit feet per nmow . are T az-itc :t.- nituer', 
their cttl>v elitlermis Itecomes cliestnut- -" 

brown or blackil I. 'e coi its are pro- 'One 111ovv-11:l 0.164 114t. 
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CINESE WATER CIESTNLT OIL MATA[ 

:11d. tilelwaV before planting, night three piculs 1 of peanut cake, one or two
 
:iI :jlle, to them. The folil'owng piculs of !ime, three piculs of plant ash,
 

1:1VAl l cttie o maa1i cormis are six or eight piculs of hog ,manure. 20:o20 


bu,11t int manure, 
i,.Irery -oi!is kept mli::t. ight soil are required. Fertilizers are 

,I one 3lart. There- piculs oiCOW :mui five pieuls of 

-
\Vti,.l . Vi are an az The mamrevul Iltilt about applied follows. cow 
tlt'' lie irain>plantud to rows and half the lilleare zpirva:i during
 

IiLj- apart, and then diluteil preparation Oi tile field. Twb week.
 
S-l a plied. When tIle -e.i,- ;litr leruIlanetv t planting. all tile night
 

'ttulo a lie it of -even to eight -oil is isled. while two wek- later. wheii
 
a' ctvYare fyorpermanent the p1aintIs are begining to produce
 

NA 
liAttu for 


a oIO1'Irvii cOrii; at li n ha prepared for 

F;. 11. lIIi ;L COi lionn y offered ialein a Chinese market place. At. the right 

fi-L left, eOrilus boo -plints eting out o"hand. 

plalntlz illh ti, hA,where a triangular lateral rhiziomes with secondary plant
'Pacinll,, Il ,M andJ one-half t) two and lt-. half the peanut cake is applied andone-hadf feet betweenl pjlant.j
iS u-ed, Litefiel is covered with hol; ianuire 
U.P to tile time kit permanent I)lan6h1g, andl plant a.-h. 1.%oAbot, tW 0l1ths after 

tlt! plt have Ien kept onlyooLt: thi.when tit crop of new coris begins 
once tileIllazlts11.ein the, ii tlte remainder o the fertizer
n.-t 1;,,kept pormallently Iloo,!edj ia n:1llittle is added. 
11341 vlform . Harvesting. .Matai requires a lng, 

Fertilizing. Heavy applications of wann,growing seaso ,and cors of hon 
lerlilizer are nec,:- for bLt are fully until frostar" tie mata not nature 

IJw ,l,i LiMatU. For each i mow, two or has killed the green euli s Thus the
 

10nm., O 1ld Chiri.-e Syste, equals O e pitIl (O l Chinese System) equals 100
 
I vil.Pr . cattle, or 1333 pounds.
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4 A 

Fir.. 10. A frmecr ha~rvesting lion matai ii % a rake m -iotheim China. 
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CHINESE WATER CHESTNUT OR MATAI 

2L.. 
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F'tr.. Q2. Chinese w'ater chiestntits :o~ canned in Ilong Kong for export. 
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ECONOMIC ISOTANy 

halrvetat U.!ll not take plate tiln- eutms are availalle callbe extenll h\

til late fall. tholht it i.,aiI that in eec- holling thein in the groond I over wiroter"
 
htiuI)tIt5 Of C1h1uM it Iia"Vttor illlate

.uminer. Sinee the corll, keel) well kill- Utilization in China
 
dei'grotnd ill e.t_,it:wiere tie grlmlll Use as a Vegetable. Depetding ultpi 
,loe, nut tl'teZe,cLcii, hltoe -t11Y. Ihetie ietav, Iatuatbe t'1thel'Uedle lelytvu 1M biktt_ NegettI' t1r a I01t'ntil :. r11ch a.- li:Ltjil- it't-rctnh .Ap ri l OfIthle l o y l'Mr Th e . ll l l 'a v' ' , B v V'tl h o w l l '_'.. I n ,'a e In tll I Ii l l a t a i I. toz. Ill 

of liun Ittttai the wateri i draitittlloff its erip, weet, apple-like fl~hh, hln
heore liarve-t titte field ib widelv into permit tile mtai eaten o)1t-itf-h ,IItli -t-h At ,- inv. t im e tti-a g a- thmod an 11 . sS11 l ittt ' f,'e t.. ed dl C n u l o - '-hf i -o
then allowed to ,hry at "li.- This-evol,[ lttle. is laartiCIul:L,'lytrite the win.,luring 
proctedure is heliet'ed to .weetel tie tel anti p'ing wlten trll' irle availle 
eotll, liv promoting tile transliotlmation alld \vtelt f'liolsare earee of ali-ent. 

sugar. It is comoitin practice for aof ,tareli to rite dried chunk, of' Cthiitiee hot 
oi[are then broken ilt and the corin or ho,tess to s,:ve a di.-hof frshvly 
removed. Sti ttatai is larvetel ithit- Ieeled matai corms to gue.,t.. Peeled 
o01tany Itreliminary draining otf,f tile Illtai, on baiuilhto alsitkewered ,lmiits, 
IadIy water. It Shoult that a fantiliar eumia,,litv tlTereil for -alehe recalle,[ i 
ti, variety is ueid alillott entirely for 4n 'he .,tcet.or il tain., where it i:
ctitrel prtetilietiot itd that tratl.finia- eaten by young or olh, rich or poor. To 
t~on of tilestarcht to ,tg:l' is not te-,ireid. .-oe tile,weet flesih, satplel illthi,
To havezt ztii itlat.. workel, itiult way, i:, lellli.-cetiltti il't'lCuOOllt1t 
wade iii tmtod,:.tilptn;g oIeat.knee-deep over 
to elate out tie trl- with teir hantl. Matai attains tliaxititiiii iltlarity in 

The harve.timg of hon itaa is a China as . eummon inigle ient of loeal 
uelh cleaner tltigh -till laborioilt footh (:,enerally it is .,liceil, dicedhltit lisles. 

operation. Simple -pldes or rake, are or grated with tther vegetable itt ote
uwed to break tIle dried earth ihto clodIs lets, soups, huh .,ueys, salatis 11tn1tie 
from which the eormlt are extracted. like. When shredded it appears colt-
Coriin are tteti placed ill eur.ce tk., motlyt itt iea., and lit lli.he(9).u mt ,to, :,; h o b u s.k e t ., .,hip ple to lle edl Ila t a i is IjjLtadto in i l n g .a n d ( N' ein it 11u11 

yiel hetween fritters, 
and 4000 eat ties 12.660 and 5,320 cake which can be tought frrm 

market. 'File runs 2000 including ,natai ko. a kindI of 
tie 

Ipoundsi per miow. depending ipioitile" portauble kitelll.- " ottlt: rLeet cur
variety grown. Thi roughly eutilal or teai I-ers in houses. N.atai is oiften 

•
to 16.000 to 32.000 ptlO.il, iperacre. IlI ,er'Ved hoiledil tr steamed a, a winter 
the eae of mui Itlali tie total vielhl of vegetable, soietillmes in) a ,aeIei f tigalr.
eocrtis in a field i:e-tim:ted, a prive iz butter and llou:.Prepared this way the 
set. attl tile whole is tile,, ,ol : a lot- vegetable is said to re'emble :weet torn 
loUIIllV to a tMatai-.tarch tWhrulit and ta,te.t ill botl looks 
arranges for tile harvezting of ilte erop. Use as a Source of Starch. Sui tatai. 
Corns u-ed for home or local eon.uoip- as indicated previoits:y, is t-,edI prin
lion are often -tored illa coo place in cipally for the makiig of ntitai starITI,. 
stone crocks for se'eir:d uitnths. At which is proteeted int a characteri-t ie 
regular intervals they are taken out ati though crude petasant fa.t-hion. Simple
sorted, and any showing signs of levay thatehaed shacks are liU:ulilysettlt) near 
are discarded. Tue sea.,on during which the nlatai-prodiueing padilelits lr lhV a 
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CHINESE WATER CHESTNUT OR .IATA. 

;hllp', Slflilmients -till come to this 
, n irI.utfn tihe Brit ih port oi Hong 
K IlI,ir More frequently theUe daV 
tile 11,,,.Originate in ormsa. Freii 
run.l .01' iiiply packed in Irge slatted 
,~.. ,'-I tr ing gIJUd ventilation in 

a:,-.i. i latai for the New York 
,,,.rkvt comes hy sea either by way of 
l':iiaiiia or overland after trans.hipiient 
It the port of San Franciso. Even with 
tIe 30 :nd 45 days required in transit, 

Fwo.13. Pared whole cormns 
frtm cor. 'rom the Orient, if kept cool, 
keep fur a iuniiier of weeks after arrival, 
Providted they are looked over periodi-
C1lly to remove any cornis that may be 
rottinz. Canned Chinese water chest-
lut4 ;lo are being exported from the 

Orient. tiit are le.s desirable to the trade 
than the fre.hi product. 

Utilization in the Orient 
outside China 

Althotlhil the two types of Eleocharisdilicilhlave been important as cultivated 

plants only in China, the wild +peeies,
 
in one form or another, ha 5I)eell ttilized
 
to a smnall legree as a food plant else

where in the Orient. In tho~e other
 
areas where it enters into the local diet.
 
it is not as the cultigen. matai, with its
 
large, weet, crisiiy-tlesled corm-,. but
 
rather a a wild plant with niall.
 
tarchy corns. Java is one center oi
 

such use. Ochse (8) reported the spe
cies (under the name, Heleochoris did.
 

from the tin shown in Fig. 12. 
cisl as occurring as a native from aca
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 froti Augu.-t
 

to December (1). According to Ochse,the corms are usually cooked, being

" made into Kreepik, the so-called itm.
ping tekee ". Following cocking the 
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ECOxOMIC BOTANY 

-treali. anti the.c serve to house the species it wouhl be ufliciently softened 
primitive hand - ini - u'isetd to reduce thereby as to le chewed very easily (7).
fle coril l tip taich. Corimu are firstLater Roxburgh iquoted in 9) indicatedi 
wahvcl in a tr:it l in rough hamloo tie reputed medicinal value of thi, oh. 
ha.ket. by mien or wommn. The wa.her -ervatlon by quoting a corre.-pondent 
.sitans in tie water. u-ing one foot to who -ent niatai cinis fromt Canton to 
.-tirthe contents of the Ia-kct. Ater the Ea-t India Coiutpany'- (irden at 
watinl. tie Are to The01'i, tr-tnlferreul Calutlta- children here often 
..
initbaiiboo h.:ket anti then turnedi play with ia.hiin their noutli,, which 
over to women Itirers. Specially tie- at times Jlipdown into the -toimac and 
signed earthienware howls with vertically bring on alarming symptoms. The nut 
corrugated in-ide w-all are u-ed for I tuataih is immediately given in quan
grinding. The corts. held by the apical titie. either raw or boiled, anti they -ay 
buds, are rubbed forcibly again:-t the it never fails to give relief, anti is always 
inner corrugations of the bowls. As a con-idered as specific; they allege it de. 
protection tie wonien wral) their thumbs conlpoes the nietal? ". This appears to' 
and first fingers in strong cloth. be but another instance of the applica-

Once grated. the resulting mass is tion of tile old Doctrine of Signatures, in 
placed in a fine bamboo basket which is this ca e a roughly coin-shaped corm 
then set in a clitli filter hung over an being used to relieve the bad effects of 
earthenware pot above a woot fire. coinwallowing. 
Water is then poured into the ba:-ket. In 19.15 a brief report 1141 was pub
and its contents are stirred tllorouehl- fihid, stating that Chinese workers of 
for about 1,5minutes. Three pans of the Tsing Hua University at Kunining had 
resultant nilky mixture, each with a obtained a new antibiotic. pluchin. re-]
different dilution, are then collected. sembling penicillin in its action, from' 
The first one taken contains a great pro- inatai corms. Puchin, unlike penicillin,
portion of starch and consequently is is not oluble in organic solvents, such 
set aside o that tile tarch niav settle as ether and benzene, and is destrovedl 
out; the other pans are used again for by moderate heating; it is yet to be pro-, 
washing the macerated material. The duced in a purified form. 
settling procezs requires four or five Expo-t Trade. The large .ucculent'
 
hours. The clear water is decanted conms of lion inatai, produced in South! 
and the starch-bearing portion poured China. aie exported in the fresh form in! 
through a fine cloth filter, on which the conl-iderable numbers for use primarilyl 
starch is collected. The latter is then by Chinese populations in other coun

spread on dhalhiw round bamboo tray.i tiiie.Fair quantities have been iin-' 
to dh in tile M[atai is use i b% Indo-China Thailand andy sun. tarcii ported1 (41, 
in China in the aiite way that corn- Malaya. InCalcutta the corims are sol& 
starch is in this country. It is'alho re- under the misnomer - Singapuri Kvsur"' 
putled to have medicinal properties. A whiehi incorrectly indicates Singapore, 3 
brief description of the microscopy of port of transshiilent. as the place of 
il.ataistarch has been piublished 1131. production I1).

Use in Medicine. There are two in- Until the recent embargo oil trade 
teresting records of therapeutic use of with Communist China. sizeable ship-,
inatai corl s. The olde-t is that of Mar- s of" matai imported by Chmientm were 
tini who in 165,5 indicated that if a coip- nese-Americans in the larger cities of 
per coin was put into the nounth along the United States. Imports totalled 
with the " fruit " (e.g., corn) of this about 2.500.000 pounds in 1947. for ex
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'-1al.are iMoved and the cornts are 
then mia-ited with a niall haminer an' 
thiv I in rhe -in to procl'ce :ameal rolled 
• 'mpin._," Eimuping i.;pinohied in -iti-

fivilt -llilly to aplittr in the native 
market-. esptecially in Diakarta as well 

1-,.in variimi- hi'iitie- in I.'entr:al Java. 
V1liln I l~r, . el~tyl 


-iiil)" Iryiiw it in titt tinit oil. 
In tilePhililppuines the name given the 

wil -train of Eweocar. ,iuict.s is "ail-

BOTANY 

Lathrop Plant Introtluction Garden, 
Savannah. Geor.ia. Horticultura!l stud. 
ics undertaken at nv.:innath are the hasis 
oi the infornation recently puhlis-,hed on 
the 'uitltit"o) this ,letcialty cro in the 

1nived States i3I. 
In 19.50 States inosedthe L'nitctd an 

embhargo on ;ill irotmiittcial .ihipmucntj 

,l Imoort.i 

'liince Wa1t, che.tltt 


frolt (_oiiitlllr China. oi 

r lIraLctiCally 
-loile, with the re.ilt that there has 

IiiI .As in .lav.t, its col'its are -iiall. t inc':easilg inlttvt'eC t illthe possible 
thre-teihtlh to fivo-eighth inch in ditiam-
eter. They are collectedt in the wild anti 
are iiipl " boiled and eaten as a ve,.o-
table 1121. 

In more recent years lion tttatai of 
Chin:L has also been introduced tfortrial 
in other areas in the F:tr Eaj-t. though 
there is no indication thtat its culture has 
becoime important anywiere outside ot 
China. incli tlina PForniia. Test Plot 
have been grown in Australia..lava. 
Indo-China and the Phililppines. but a-
far as is known. only in the Ia-t twO 
'onntrie- have te..-s incultiral relllte, 
detailed published reprts 14. Ili. A. 
indicated earlier. China does supply 
some of the~e countries with mnatai 
through export. 

Introduction and Utilization 
in the United States 

pr duction of thisipecialt crop in the 
United -4tatcs to meet the domestic de. 
inand. Thi- interest has heen azociated 
with the high prices offeredI for this coin. 
mod ity by American importers. 

Chinese .va,er chestnits niay he grown 
with urces :n this 'ount as .tn annual 
crop, inder controltell. irrigation, in 
warm reintie r:te, r, gion. where there is 
a : 	 rowitng ofaengthy frout-fre,. eason 
abotut 221 da,.s. TiSu they.atpiear best
fitted for the Atlantic and Gtilf coa-tal 
plain tas far north as Norioik. Virginiai, 
milder parts of the Pacific Coast states.' 
Puerto Rico and Hawaii. Although 
southern Florida approximates the sane: 
latitude as China's Kwangsi Province., 

where the choicest matai is claimed to' 

grow. there are indications that sweeter 
Ihence more desirable in the tradel 

lions of Thrthee Chine.seClteseera eulticzen, lionlion trodcretced mnata'i.
tions 0 

into the United States. Most sncre~ s 
has been obtained with propa ation tmia

teritl of a ,train iP.1." 10i62741 tb-
taineIl by the United -;ates Deiartment 
o1 A gricil Ituire thiotil I tilecooper:tion 
of Lingnan Cnivcrsity, Caiton. Chiita 
(1. Practically all Chinese water 
ehe-innuts at present being grown experi-
m entally or otherwise in this countrt . 

owe their 6igin to this intro litetion 
which was initiallv incre:ied and Illaile

Department's Barbour 

P.I. refer- io the pihliheI invmeniov nurn-
her of ile Plnt niirotuction setion. 

are produced farther north.
There are several recorded introdu ceris 

Cornis harvesteid at the latitude of- .''lnl:lrr itb nircnCieo 
.,:I aniah arte al by Aiiiertcan-Chinest 
to equal "Iveilcin-,zrown iatai 
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