MICROFICHE
- REFERENCE ~ ..
- “LIBRARY R

A project of Volunteers in Asia - e

Making’ Aquatic Weeds Useful: Some Perspectives

- D. 1 oni ~ fric

by: Advisory Committee on Technology Innovation,
National Acgdemy of Sciences :

Published by: S g
National Academy of Sciences
Commission on International ‘Relations
2101 Constitution Avenue
Washington, D,C. 20418 ©USA -

Available from:
National Academy of Sciences
Commission on Internatlonal Relations
2101 Constltut¢on Avenue :
. Washington, D.C. 20418 USA

v
Reproductlon of this microfiche document in any

form is subject to the same restrictions as those. = .
of the original document. . ., : i

v







MAKING AQUATIC
WEEDS USEFUL:

Some Perspectives for
Developing Countries

Report of an Ad Hoc Panel of the

Advisory Committee on TechnoBgy Innovation -

Board on Science and Technology for International Development
Commission on International Relations

Jeon Resumen en Espafiol
. Avec Résumé en Francais

National Academy of Sciences
Washington, D.C. 1976




This report has been prepar®d by an ad hoc advisory panel of the Board on Science and
Technology for International Development, Comrhission on International Relatipns,
National Research Council, for the Office of Science and Technology, Bureau for
Technical Assistance, Agency for International Development, Washington, D.C., under
Contract No. AlD/csd-2584, Task Order No. 1.

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the Naticnal Research Council, whose members are drawn from the Councils of
the National Academy of Sciences, the National Academy of Engineering, and the
Institute of Medicine. The members of the Committee responsible for the report were
chasen for their special competences and with regard for appropriate balance, '

This report has been reviewed by a group other than the authors according to
procedures approved by a Report Review Committee consisting of members of the
National Academy of Sciences, the National Academy of Engineering, and the Institute
of Medicine.

Library ot Congress Catalog Number 76-53285

-,
e




Panel on Utilization of Aquatic Weeds

- % .o

HUGH poprLNol . Center tor Tropical Agriculture and International Pro-

< grams CAgriculturet, University of Flonda. Gainesville, Florjda Chafrman

LARRY 0. BatiNAl L, Department ob Agncultural Engineering, University
of Florida, Gainesville . Florida ot

WAL LTAM M BAILE Y. JR . Special Projects Coordinator., Fisheried Division,
Arkansas Game and Fish Commission, Lonoke. Arkansas .

HOWARD W. CAMPBLLL, thlondl Fish and Wildlife Labomton Gaines-
ville, Florlda ' Py

DBUOLLY D CULLY Y, SR, Department of Forestry and Widlife Manage-

-~ ment. Louisigna State University, Baton Rouge. Louisiana

THOMAS des. FURMAN, Department of Civil Engineering, University of
Flonda. Gainesville. Florida

TOHN I GURBIR, Institute of Food and Agrcultural Science., Unlversny of
Florida, Gainesville, Florida

CLARENCE G. GOLUEKFE, Research Biologist and Lecturer, Department 01
Engineering. Sanitary Engineering Research Ldborator) University of
Calitornia, Berkelev. California

JAMES F. HENTGES. JR., Institute of Food and Agricultural Science
University of Florida, Gainesville, Florida

RICHARD G. KOEGEL , Mechanical and Agricuitural Engineering, University
of Wisconsin. Madison, Wisconsin

CLARENCE D. McNABB, Department of Fisheries and Wildlife, Michigan
State Unijversity, Fast Lansing, Michigan 4

JULIA ¥ MORTON, Morton Collectanea, Un(\«ersity of Miami, Coral Gables,

1h\ _‘,J‘/‘v

Florida

B. DAVID PERKINS, Agricultural Research* Center, US Department of
Agriculture, Fort Lauderdale, Florida

ERNEST ROSS, Department of Animal Science, University of Hawaii,
Honolulu, Hawaii

DAVID L. SUTTON. Agricultural Research Center, University of Flonda
Fort Lauderdale, Florida

B. C. WOLVERTON, National Space Technology Laboratories, National
Aeronautics and Space Administration, Bay St. Louis, Mississippi

RICHARD R. YEOQ, U.S. Department of Agriculture, University of California,
Davis, California

NOEL D. VIETME YER, Board on Science and Technology for International
Development, Commission on International Relations, National Academy
of Sciences, Staff Study Director "




0

%

MARY JANE ENGQUIST, Board on Science and Technology for Inter- - .
national Development, Commission on International Relations, National ** -~

w1

-+ ®  Academy of Sciénces, Staff.

Contributors T R

. .. . . . . . . A%
LARRY' N. BROWN, Biological Sciences, Célifomia Polytechnic State -

Umversﬂy, San Luis Obispo, California

ARMANDO A. DE LA CRUZ, Department of Zoology, MlSSlSSlppl State
University, Mississippi State, Mississippi "

STEFAN EHRLICH, Inland Fisheries Branch, Food and Agricultural Organi-

zation of the United Nations (Retired) . Ea
! WILLIAM B. ENNIS, Agricultural Research Center, Uruvemty of Florida,
Fort Lduderdal€, Florida = .
KATHERINE C. EWEL, Center for Wetlands, Uni‘versity of Florida,
Gainesville, Florida Bl .

"B. GLENN HAM, Cities Services Company, Monroe, Lou1s.1ana
J.R. LEACH, Sarasota Weed & Feed, Inc., Sarasota, Florida ,
REBECCA C. McDONALD, National Space Technology Laboratories, Na-
tional Aeronautics and Space Administration, Bay St. Louis, Mississippi

. MICHAEL G. McGARRY, Population and Health Sciences, International

Development Research Centre, Ottawa, Canada

WILLIAM J. NOLAN, Department of Chemical Engineering, Umversnty of
Florida, Gainesville, Florida

DONALD L. PLUCKNETT, Department of Agronomy and Seil Science,
University of Hawaii, Honolulu, Hawaii

CHESTER A. ROBEY Departrnent of Animal Sc1ence Umversﬂ:y of Flonda
Gainesville, Florida .

RAY L. SHIRLEY Institute of Food and Agncultura] Smence Umvermty of

N v ':,__’-’Florlda Gamesw]}e Florida

= "~ HENRY'R. WILSON Department of Poultry Science, Umver51ty of Florlda

GalrleSVllle Florida : e R L e mhemmmaot Lu o tiar. meacon e L.

v




» .

For over a decade the Nat1onal Academy a,_f Sc1ences—Natlonal Research. -
' Council (NAS-NRC), through the Commission on International Relations
and its Board on Science and Technology for Intemational Development:
(BOSTID), has devoted attentign to the application of scientific and technical
resources b problems of intgrnational economic and social development.* In
1970, BOFTID established an "Advisory Committee ok Technology Innova-
tion ¢ACTI) to assess new scientific and technological developments that _

might prove espécially apphcable to problerhs of developing countries. This -
report was produced by an ad hoc panel of that committee, the Panel on
Utilization of Aquatic Weeds composed of botanists, engineers, and animal

scientists, which met in Gairiesville, Fibrida, mNovember 1975, *

The problem that the pa.nel considered was the vast mfestatlons of aquatic . . 7T

plants_that burden waterways, interfering with navigation, urlgatlon chsease :
and insect contral, fisheries production, and water qgahty .,"

» Aquatic weeds have always ejisted, but in recent de ade,s tReir effects
have been magmﬁed by man’s mort intensive-s falsy _
modlfymg them into canals and dams/ polluting the it] farm:and city
wastewaters, and jntr oducmg aggresfive plant species 1nfo new locations.
These plants, amoag thé most prolific on earth, grow luxunantly in the
tropics, weigh hundreds of tons per hejtare, and can be a serious hindrance to

a nation’s development efforts. Erddication. of the weeds. has proved

impossible, .and_even reasonable contronis_difficult. Turning” ‘these weeds to -

productive use would be desirable, but only. hrmted research has so far been

. carried out. ) : C _
This report examines’ methods for controllmg aquatlc weeds and using

" them to best advantage, espécially those methods that show promise for

less-developed coungries. It emphasnzes techniques for converting weeds for
feed, food, fertilizer, and energy production, It examines, for example B

biological control tgchniques in which herbivorous tropical ‘animals (fish, o

waterfowl, rodents, and other mammals) convert the troublesome plants
directly to meat. RS . :
*These activities have largely been sup.ported by the U, S.' Agency.fof Iﬁtemahoﬁal__ -_

Development - {AID). This report was sponsored by AIDs Ofﬁce of Sc1enoe and
Technology, Bureau for Technical Assistance. : :
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In many srtuatrons use- of the’ aquatlc wceds wr]] co;ntrrbute markedlyﬁ-
- their control; thus, most of the methods dlscussedgepresent potentiat cofitﬁl:,. 2.
- -7techniques. iHﬁweveP thh 1s'"dot a- report on.aquatic weed-control-pér se:
Many of the techmques descriped will make little visiblé difference to massive. .
aquatic 'weed infestations; furthermore, there is no- dlscussron-bf herblcldes, o
or of such biological controls as inseets and’ pathogens that kill the. plant but- - “ R
_.do not produce a useful by- product This is not to derugrate such techniques. > =
Indeed in any aquatic weed control program that aims for long-terrh controi,
they wjll almost always be needed as adjuncts to a utilization P program, There _
s, -;ﬁ , extensive literature on control techniques, and the panel felt that
it coulld best serve by reporting on what has thus far recelved far too liitle:
attention—the productive use of aquatic weeds, arine and esttxanne plants CoE
arg excluded.from the dlscusslon and algae arefot stressed, - L
“‘None of the techniques ‘described is a panacea; none ifa
R aquatlc weeds from infested waterways. They should be

in an integrated system of weed management in whsch

PR

L

ble 6 eradicate AR
as useful tools .
ifferent control . =
_techniques complement. each. other and’ ‘produce 1 “iisable “product:-For

example, in some locations chemicals may be used to reduce a large - .
infestation’ before a herbivorous animal, such as the manatee described -in
- this report, is introduced. In this case, the animal’s role would be to retard

regrowth and maintain the waters-weed-free.. .. _ e : ,‘

o : The advantage of weed utilization over chemical arid many blO]Dglcal weed .~
controls {e.g., insects and® pathogens) is the productlon ‘of\valuable end

products ‘meat, eggs, fish, edible vegetation, fertilizer; animal feed, encrgy,,

'y paper pulp. Readers should apprecrdte that although “the methods are;

cataloged mdependent]y in th.lS report in many—perhaps most-s:tuatlons

other weed-control techmques) rnay be the best way to benefit from the

] ‘weeds while -still mamtarmng a waterway’s value for navrgatlon ﬁshmg, etc. o

. U/smg a single method often encourages those: weeds that are’ unaffected by, s

_ Or resistant to, the method. The new weeds may produee more serlous and .-

s bicnnit p . 1ESS. tractable problems. S R
' . Though the technigues descnbed in thrs report have been selecte for their -
- apphcabrllty in less- deve10ped countries, many are relevant ‘to mdustnahzed
countries. -Both types of . country face a future in whlch food productron wi]l

systems such as waterways A |
Thrs report purports only to be an mtroductory rev1ew of it

aquatlc weed utthzatron
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providing their technical adv1sors Wlth the: detalls they need.

For the convenience of -the reader, each topic is presented ina separate
chapter arranged in the following order : .
. Desenptron of the techmque and of its advantages
« Limitations and special requlrements B

¢ Research needs - :

e Selected readings (stgmﬁeant reviews, general artlcles)

» Research contacts (individuals or organizations known by panelists to -
be involved in relevant research and who have agreed to provrde readers with
further mformatron if requesteﬁ) R : :

However the subject matter of Chapters 6 (Other Herbrvorous Ammals) 74
(Harvesting), and 14 (Aquatic Plants for Food Miscellaneous Uses) do not
lend themselves to this format, and thése. chapters use a different style. .

' Photographs are’ provided to give nonspec1ahst?aders who scan the report I
_ a sense of ‘its: contents; a summary of each chapter is-given on page 2; and,

in each chapter, the early paragraphs are nontechnical and discuss the
technique and™ts apparent advantages. In most chapters the later paragraphs -
contain more technical information -of the kind needed by researchers and
technical personnel to decide on the chapter’s relevance to their country’s

'__speciﬁc situation a.nd needs In this way it is hoped that' the repor't can

In its discussion of the utilization methods, the- panel. 'took heed of -

. “economic parameters but could not consider these in specific detail. Attempts
"_to estimate . future cst in the vastly different -ecoromic and ecological -

environments of the several dozen countries beset with .the problem of
aquatic weeds would have bogged down the discussions, as would considera-

tion of 'pohtlcal' institutional, and social factors. Accordingly,'"':tiﬁsmreport,-- s

confines itseif to a technical overview, ‘leaving to the reader the task of
weighing the technical prescriptions in light of his country’s resources and -
capabilities. Readers should recognize that some of the techniques described
may prove difficult to apply successfully to specific weeds in individual
countries, Adaptrve research by local scientists may be needed to achieve
success. Reading lists and a list of contacts are given so that readers may
explore for themselves the relevance and adaptabrhty of the techmques to
their specific location. '

"The panel is indebted to Dr. John Gerber and Suzaﬂne.Parker for handimg: _' j_' o -
local meeting arrangements in Gainesville, Florida. The report was edited and’._. e

prepargd for publlcatron by F. R Ruskm and Donna W Sh.lpley
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The menace of wa.\] er weeds is reaching alarmmg proportions in many parts of
the world. Water is ar important resource, angd aquatic weeds affect it
adversely by blacking canals and pumps in irrigation projects; interfering with
hydroelectricity production; wa#ting water in evapotranspiration; hindering -
boat traffic; increasing waterborne disease; interfering with fishing and fish
culture; and clogging rvers and canals so that dramage 1s rmpossrble arrd
floods result. - J
This is a global problem, but it is parttcularly severe in tropical nations

where warm ‘water and increasing numbers of dams and irrjgation projects

foster aquatrc plant growth. Furthermore, the problem is worsened by 5; %

increasing enrichment of natural waters by fe__rtllrzer runoff and by nutrients -
from human and agricuitural wastes. In India, large irrigation. projects have .
been rendered useless by plants that block canals, reducing water flow by as’
much as fourfifths. Subsistence farmers in the wet lowlands of Bangladesh
annually face disaster when rafts of water hyacinth, weighing up to 300 tons

per hectare, are floated over their rice paddies by floodwaters. As the floods. - .

recede, the weeds remain on the germinating rice, killing it. Panama Canal

___engineers have estimated that the canal would be nnpassable wrthm three .

years without continuous aquatrc weed control measures.

. As aquatic weeds spread, they disperse the water snails that éauseuww ”

sch.rstosormasm the insidious, deblﬁtatmg dlsease prevalent in many develop~ o
ing nations. These snails live on the dangling roots of floating plants and ride
along as wind and current float the plants around. In addition, aquatic plants
foster malaria, encephalitis, and other mosquito-bome drseases because small,
sheltered pools perfect for mosquito- breedmg are formed between the
. floating plants , g .
And yet, in a sense aquatlc weeds constitute a free cwp of great potentlal :
value—a highly productlve crop that requires no tillage, fertilizer, seed, or
cultivation. Aquatic plants have potential for exploitation as animal feed
human food, soil addmves, fuel production, and wastewater treatment.- :
As the serious negative 1mphcatlons of the presence of aquatic weeds are .
becoming more widely reeogmzed scientists, engineers, and govemment

“». administrators are beginning to take action. Unfortunately there is:no simple
way to reduce the infestations. Herbicides -that ki]] aquatre weeds and -

® o
1 s
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5 T .
mechanical devices that*harvest them. are thé only methods used in the
developed countries. Both are’expensive, and many developing countries must
spend 3sarce foreign exchange to import them. Even when they do, ‘c'li“enﬁcal .
_dfd, mechanical methods=often prove almost 1mp0551ble 1o use beuuse of dit- '

flLUJ ies ot eqmpment mantenance and: access to remote or swampy areas.-
nicals may also adversely affecmvlronment and the masses of
deuaymg organic debris that they produce’can interfere with fish production.
This report explmes an alternative: the éonversion of aquatic weeds to
tood fertilizer; paper and fiber, and energy. A summary of - the topics -
discussed follows. T

Y

Q]

I o

+

The Grass Carp

A quigk-growing tish that lives on plants, the grass carp, whose meat is highly
pnzed, prefers succulent submerged aeeds {which are dlfﬁcuk% to control by

. conventional techniques). Although thé grass carp is native to cool-water
rivers of China, it thrives in warm tropical waters and may attain a weight of .
over 30 kg. Natural reproduction seldjfim ‘occurs outside its native range, but
the fish can be reproduced artificially./(Chapter 1) f& .

" United States: The water hyacmth A floating aquatic plant from Braz1l that is now
classified as a weed in 52 nations. (F. W. Zettler)




Thailand: The mtert\}med rnat of water hyacmth stems makes a waterway vutual.ly
impassable to-boats. {N. D. Vietmeyer) - _ v

2l

Other Herbivorous Fish - - . o . T

The feeding habits of many tropical ﬁsh are barely known A W1de rangmg
search for fish that eat plants and algae: ‘tould locate species with important
futures as aquatic weed control agents. Among .known 'species.cited :as.
deserving research and testing are Tilapia spemes South Amencan sﬂver dollar
fish, and the silver carp. (Chapter 2) ' X oo LR TR eE ey

ta
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Tl'l%_-,-_" ] ) ﬂ trg;al rglasmmals are exeeptlonally proﬁcrent at
clearing” ' als*%ey Emany" k]lograrns of weeds daily and will

" consume many. d1fferent specie til .their breedmg and husbandry -in

" captivity can be developed, ‘they will only be yseful-in-their native- Latin: ...

American and West African countries, and then onl'y if they are protected and
conserved. (Chapter3) =~ . T e

. _ A
Crayfish ¢
Among the least exploited edible freshwater organisms, these close relatives
of the lobster bring premium prices as gourmet food. In the state of
Louisiana, crayfish ar%rmed on a large scale in rice fields where they feed
on aquatic weeds, small aquatic’ orgamsms and the stubble left after rice has
been harvested. (Chapter 4)

Ducks, Geese, and Swans

If carefully managed, these common herbivorous animals can clear aquatic
weeds remarkably well from ponds and small waterways In so doing, they *
provide meat and eggs. They are particularly prormsmg for small farmer use
in developing countries. (Chapter 5) s

& -
Other Herbivoroys Animals

. Many animals live on plants, but‘there has never been a systematic study of
how o graze herbivorous ‘animals productively on aquatic weeds. Animals
worth testing include capybara, nutria, donkeys, pigs, and- sheep. Recent re-

search suggests that, if carefully-managed, water buffalo wx]l feed on aquatrc
plants, such as water hyacinith. (Chapter 6) : :

rA

—

Harvesting -

The wet, often marshy environment where aquatic weeds grow is extremely
difficult to harvest; however, some ingenious de‘mes have been developed to
_doit. A few are shown plctonally (Chapter NN L

"ﬁ .. L3 . ! ’ ’ ) ..- R R

Dewatering 1

High moisture content is the single most important_'_-d'iffererioe“ between

aquatic and terrestrial vegetation. Ty pically; aquatic weeds contain only 5-15-. ©
percent soltd matter. In"order to transport or use ﬂwmmmm -fe.cds_. or m L

. . . . P . .
. 4 . " .. . " r
‘! +
v
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Thailand: A fisherman near wﬁ.ﬁxon attempts to find a few square meters of weed-free
water (o set his net. The same scene can be viewed throughout Southeast Asia. (N. D.

Vieuneyer) . : . . . S

N .

w

Sri Lanka: Water hyacinth can’get so thick that it can be walked on. As in other parts of
the world it interferes with the use of waterways for washing, drinking, ‘and.transport.

(N. D. Vietmeyer) . C S S e e

£
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development, {Chaprer 8)

'T‘ - ) '

Soil Additives .

reriidizer is in critically short supply in many developing LOUIILI),pS Many
Caquatic weeds contain * appreciable quantities of . nitrogen,” phiosphorus,
potassitm, and other fertilizer ingredierits, Because of this, aquatic weeds
applied to farmland beaefit crdps. In addition, they improve soil texture,
which' is vitally important in sandy, lateritic, dnd heavy clay sods—all of
which are widely distributed in developing countries. {Chapter 9)

Processed Animal Feeds

Fresh aquatic weeds usually have too much moisture to be efficient
teedstuffs. Furthermore, many are not palatable to the major breeds of cattle
and sheep. Pressing out some of the water and ensiling the residue is a =
promising technique for use in developing countries. Ensiled water hyacinth
~and other aquatic weeds Have been relished even by cattle used to hlgh grade
diets. {Chapter 10)

L=

Egypt A deep dramage canal at Glzeh filled with f‘loatmg aquanc grasses. (N D
Vletmeyer)

4
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INTRODUCTION AND SUMMARY I ' 7

Puip, Paper, and Fiber o | R ' -

’
- . -

In 'Rum«mia, pulp and paper are produced onra la.rge-scalé from fibrous,.

reed-like aquatic weeds; it other parts of the world, aquatic weeds are used '_

for thatch, furniture, mats, haskets, etc. Pap"ms (source of the first Pdperh}ge'f"

“'.'.., .

wrising materials), cattails, -and bulrushes. remain neglecied but prumismg,,
FESOULLTS. tCthm l!)

Energy . - - .

In & propect in Mississippi the National Acronautics and Space Adminiétration:_.f-".

(NASA, the US, space program) is fermenting water hyacinth to methane
gas. This experimental project offers a method by which aquatic weeds could
be converted to valuable fuel. (Chapter.12)

Wastewater Treatment Using Aquatic Weeds - s

Compounds containing nitrogen and phosphorus are common pollutants in |

waterways: They also happen to be major ingredients in fertilizer. Some

-, aquatic weeds can extract these materials from water and iacoiporate them
Cinto their own structure. Researchers in a number of taboratories. have—

recently found that fhese plants can be used Lo treat sewige effluent so that
dissolved nutrients are-recovered for reuse. Experiments are now-under way

J',

to purify municipal’ sewage, industrial wastewater, and pig-farm and dairy

wastewater by growiftg aquatic plants in them. (Chapter 13)

Kenya:. Floating “island” of papyrus and -other emergent aquauc weeds at Kisumu

harbor. By blocking boat traffic and disrupting fishing such islands cause senous' '

problems m many of Africa’s waterways. (East African Ral.lways Corporatlon)

"
L TE

w
&




Cl

MAKING AQUATIC WEEDS USERFUL

L

Zambia: When the luke behind the Kartba Dam began to fili in 1960, thc w,ilu fern
Salving molesta expanded Ltp[ostwl} acruss the waleg surface. By 5967 theLwccdf

covered an estimated 1,000 km®, a fifth of the area of Lake Kariba, ua-. of the fargest

man-made lakes in the world. 4

?. - ‘I ) »

Aquat}c Ptam:s for Food, Miscellaneous Udes I .

Only one aquatic plant is widely used as a food crop--rice. C hmesé water
chestnut, watercress, and gther lesser known species seen worth ereased
exploitation. (Chapter 14) : 5

Background

The aquatic weeds dtscu:.sed n this bool( {flowering species, for Lhe most
part) are generally classified as floating, submerped; or, emergaent The .
plants most widely recognized by the public as weeds are the floating

types, such as water hyacinth (£ichhornia crassipes), water lettuce (Pistia i

stratiotes), and.salvinia (Satvinia spp.). The roots of these plants ha.pg in the
water and are not attached to the soil. ' P

Weeds that grow below the water surface dare called submerged Often they -
form a dense wall. of vegetation from the -bottom to the water surface. ~Many
submerged weeds are known, but hydn]la (Hydrilla verticillata) and v}atc{
mitfoil (Myriophyllum spicatum) are two of the most notorious.

i

T . .
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" +Kniplipg, E. B., §. H. West, and W. T. Haller,
potential, and nutmnre content f water hyacinth. Soil end Crop Science Soczery of_-- T

.o tWolverton and McDonald, 1976.'(See- Selected Rea(;lmgs) A

INTRODUCTION AND SUMMARY fy o 9

I *
L

Rooted weeds that extend above the water surface are. termed emergent.

. Cattails (Zvpha spp.), papyrus (Cyperus papyrus), the bulrush (Scirpus
'species), and the reed (Phragmites communis) are of this type. Detailed -

" information about these and other aquatic weeds can be obtamed from the
selected readmgs listed at the end of this chapter. '

?

Productivity . T N ._______,,;...:.'.;;:-—-—-

-Aquatic ‘weeds are often more produetwe ‘thai terrestnal pla.nts Water

hyacmth <for example _is-one of the most prolific plants on earth. In one
experiment, two parent plants produced 30 offspring after 23 days and 1,200
at the end of four months.* Stands of 470 tons of water hyacinth per
hectare, and Weight gains of 4.8 percent per day have been measured.f When

grown on sewage effluent, the water hyacinth’s productivity can become -
enormous: Growth rates of the order of 800 kg of dry matter per hectare per -

day have been recorded.f '

Chermeal Compos:tlon

The composmon of aquatic weeds is dominated by a huge preponderance of

. water; the dry.matter content is very Tow; generally from 5-15 percent. By
comparison, terrestrial forages contain 10-30 percent solids.

The low level of dry matter -has been the major deterrent to the

" commercial use of harvested aquatic weeds. In order to obtain one ton of dry

" matter, 10 tons of most aquatic weeds must be harvested and processed; for

- the water hyacinth, which is usually only 5 percent dry matter, 20 tons mqst

be hafvested apdiprocessed just to get one ton of dry matter.
~In contrast to terrestrial plants, air canals in many aquatlc plants form a

Iarge gas-filled intercellular system. These air canals __accumu_late the oxygen of =
photosynthesis and conduct it throughout the entire pl'a,nt' particularly to, the
roots, which might otherw1se dle in the often oxygen deﬁcxent water or_

- bottom mud. _ :
The chemical composmon of a species of aquatic plant is markedly
affected by 'thé “aquatic environment in which it grows ‘Watet supports the
weight of submerged aquatic. plants so. they don’t develop fibrous stems.

Floating plants and emergent plants require more_,___skeletal strength in their

*Reported in Holm et al. 1969 (See Selected Readmgs )

Florida Proceedings 30:51-63.

v

"A!x-.\..

1970. Growth cha.ractensucs, yield
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aerial parts and have more fiber. than do most submerged plants. Floating
plants have spongy leaves and stems for flotation. - -

£ .

Nitrogen Content

" Aquatic weeds are generally between 10 and 26 percent crude protein (on a
dry-matter basis)—a range $imilar to that found in terrestrial plants. In water

hyacinth, water lettuce, and hydrilla, at least 80 percent of the total nitrogen. = =" .77

" is in the form of protein. In other species the percentage is probably similar.
Individual amino acids are present in amounts like those reported for land |
forages of similar crude-protein content. But the levels of methionine and )
lysine—generally considered the limiting amino acids in plant proteins—are .
often lower than in terrestrlal CIOPpS. .

.

o

o i
Mineral Content . - ¢

Ash content of aquatic weeds varies with location and season much more
than it does.in land forages. Sand, silt, and encrusted insoluble carbonates
from’ the watefrof[en‘ account for much of the mineral content. Although silt
can be washed off the plants, in practice it represents part of the chemical
composition of the harvest. The amount of minerals varies, from & to 60~
~percent of the-harvest-{dry weight), dependmg on the waterway s chennca] o
content and turbidity. :

Mexico: Water hyacinth covers a lake at the Presa Ehdé,fnéé.r Tula (B. DPerkms) .
’ ’ " N t . -ﬂ. ) . : B :




L
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INT RODU(‘T!ION AND SUMMARY . g

‘The amounts of pho;phorus magnesium, sodium, sulfur, manganese,
copper, and zinc in aquatic weeds growing in nature -are-generally quite
amul.lr o IhObe in terresm.ll plams However aquam pla.ms are oiten richer

]\noun to concentrate such mmerajs to very hjoh levels The amounts of .111' o
mineral elements can be exceptionally high'in dquaul. pldnts STOWI in sergE‘ o
or agrieultural and industrial wastewater. : . -~ '

Miscellaneous

Some aquatic plants have carotene and xanthophyll pigment concenttations
that equal or exceed those of terrestrial forages such as alfalfa. These

. pigments are imporiant ingredients in pouliry rations,
- Pesticides have been found in aquatic plant samples collected when the
waterway had been recently treated with herbictdes or insecticides. Also,
traces of cyanide, oxalaie, and nitrate have been found, but at levels nat .
grossty ditferent. from terrestrial grasses. No evidence of toxicity to mice,
sheep, or cattle hs yet be.én&ound inywater hyacinth or hydrilla samples.

An aquatic weed’s composition nonetheless mirrors the chemical composi-
tion of its waterway: If mining, industry, or natural rock formations add
toxic minerals to the water, the weeds downstream can be toxic, even though

" the same species upstream are not..

q
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botany and ecology of aguati plants, both freshwater and marine. Contains absiracts
of revemd-publications.)

Journal of Aquatic Weed Managememnt_ | formerly H\cacmﬁf Controf Joumaf] Pt'ibhsh_ed
snnually by the Hyacinth Control Society, P. O Box 2237, Fort Myers, Florida ~
33302, USA. (A society devoted to the management of. aquatic weeds with several
hundred member:. from more than a doden vountries.) ,

Littte, E. C. S.. &d. 1968, Handbook of Gtilization of Aquatic Plants. Plant Production
and Protection Dms:on Food and Agnculture Organization of the United Nations,
Rome. 123 pp. [Ordering number PL:cp/20]

Mitcheil, D. S., ed. 1974. dAquaric Vegelation and its Use and Conerol- United Nathl‘l’S
EdumuonaL Scientifie, and Culturaj Organization, Paris. 135 pp. '

Natonal Coungil for Research. 1976_ Aguatic Weed Management: Some Prospecrs for .
the Sudan and the Nile 8asin. Khartoum, Sudan. S7 pp. [Available mthuu( charge,
s p. 173 for ordering information. |

Nauonal Science Research Council of Guyana. 1973, éomc Prospects for Aquam Weed
Managemens in Guyang. Georgetown, Guyana. 39 pP- [Anjlablc without charge, sec
p. 172 for ordering information. |

PANS (Pese Articles and News Summaries). Pubh:.hod by the Centre for Overseas Peost
Research, College House, Wrights' Lane, London W8 58), [ngland {Often teaturu
articies relatng 1o aquatic weeds in developing countries.)

Ratchanes, K. 1972, Waper Hyacinih Abstracts. Published by the Applied S¢ientific
Rescarch Corporation of Thailand, 196 Phabony othin Road, Bangkhen, Bangkok. 9,
Thailand. 119 pp. (A collection of 159 db«;tmcts‘ of water hyacinth articles up lo.
1970.)

Sculthorpe, U, D, 1997, The Biology of Aquam, Vauu.far P!amg, Edwuard Amold _
(Publisherst,’Lid., London. 610 pp. _'

\.ushm‘:\ C. K., and 1. Rzoska, 1976. Aquatic H«’eeds in bourh Last Asig. Dr. W. Junk -

Pubh:.hvzn P.O. Box 3713, The Lagw The Netherlands. [ Price: Duu.h Guilders -

no "

Vietmeyer, N. D 1975, “The tﬂ:auufu! bluc clcvﬂ {water hyacmlh) Namraf Hf.\tory_'_'"" Comnms

%{ag&' ine 83:64-73.

W olverton, B. C., and R. (. Mul)uu.xld 19?6, Dog’ l!waste waterwwﬂs._ New éc.t-e:'m.tsf.

TIGI3y: 318324,




Part |




1 Grass Carp

~

The Chinese grass carp (Creriopharyngadon idella Val .)* is a fast growing fish
that feeds voraciously on many aquatic plants and grows to weigh as much as
32 kg. In several countries it is how being tested for aquatic weed control. It «+ =
- hts-pmven to be-an exceptionally effective control agent for submerged
weeds in some parts of the United States.- For example, in 1970, when grass
carp were first introduced, an estimated 20,000 ha of pubhEFiKESmnt-ameL
submerged weeds in. the state of Arkansas; in 1975, the state govemment
determined that no mtestanons of problern magnitude remamed in these .
walers T e R e __
The grass carp converts aquauc weeds to valuable food Already -
commercial fishermen in Arkansas are beginning to market the grass carp; it -
T ——has mmwﬂw d is now recognized as a tasty o
" commercial fish. Grass carp fillets are an-excellent source of nutritious.food.. . -———"77
On a dry weight basis, they are approximately-86-percent, &udem_ ek
_ percent on-a-wet weight basis). The flesh is whité, firm,-flaky, and not oily: '
The grass carp feeds primarily 'upon submerged plants but will also eat
such small floating plants as duckweed. Overhanging tertestrial plants and
bank gras.ses may be consumed when preferred plants are not available. The,
grass carp’s teeth are located in its throat and; to feed, it must get the plant
'material to them. Plants that are eaten usually have stems and leaves :mmllf,n :
enough to fit lengthwise down the fish’s throat; broad- leaved plants and
plants extending above the water surface are not normnl_ly eaten. Submerged : o
weeds consumed by the grass carp irtclude hydsilla, water milfoil, chara,.. .
* Elodea canadensis, Potamogeton spp., C‘emtoahjmum demersum and most
other submerged plants that are serious weeds. ' S AR
Active” feeding begins when water temperatures rise above 10 C wnth an' BRI
“ optimum feeding temperature of near 26°C. Grass carp grow fast, Under _
optimum conditions they ‘may attain an edible size (1 kg) in one year; =
thereafter, growih increases of 2-3 kg per yeargn t'emper-ate zones andupto. . .-
A .

' . *Known in the United States and the USSR as the “wlnle amur.>— Lo
T T T Information supplied by WML Bailey (wfm’tm¢°ch 1)

*
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Grass carp feeding on. aquam weed. The mh can ieed only on the ends of plants,.as the
teetit uqz.d 1o macerate the plarlt tissues are located in the throat. (Wu.d Research
Qeeaniz. ation)

]

4.5 kg per year in tropical regions can be attained. Weight increases up to (ig
per day have been measured for grass carp feeding on hydrilla in Florida. *

Wl this rapid growth.-grass carp quickly consume stands of aqu.mc
weeds, Small fish, less than 1.2 kg, may eat sever.ﬂ timestheirbody weight of
plam material daily. Large fish, under favorable conditions, consume their
body weight daily. The digestive tract-is short, only 2-3 times the*body
length. Only about 65 percerft of the plant materiai ¢aién is digested. The
remainder passes through undigested and is excreted as dense pellets. In
' L\pcnnwnla! ponds 50 kg of fresh hydrilla was consumed for each kilogram

“of Tish produced. In the absence of aguagic weeds, grass carp can be fed on-

terrestrial plants; in Malaysia it is’ common prac{lce in the mtenswe culture of '_

grass carp to feed them napier grass. :

Weed control is rapidly achieved if more than 75 fish per hectare are
present. Lower stocking rates reduce the rate of weed control, but result in
farger, more valuable food fish. Quite apart from weed control, the grass carp .
can be cultured for food. Yields of 164 kg of fish per hectare in temperate .

*In reviewing this chapter Lee Chan Lui {see Research Contacts) reported that *In
Malacca iv has been conclusively established that grass carp can. grow from fingerlings
(20 g) t0.2-2.5 kg in 6 months. Once this size is reached the fish can grow approxnmately' }
| kg per month for the next 6 monihs, i.e., the fish can reach a size of 8-8.5 kgina
vear. It's without doubt one of the fastest (if not the fastest) growing fish in the world.”




if judged desirable, new stocks can be added'f -
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zones and 1,300 kg per hectare in tropical ‘weed mfes{ed waters have been
obt"medb This is usually done in 1:rolj.’n.ultureP in which several different fish
species are grown together, each living off a dskfterent food in the pond. This
is Jmp}y des-.,rlbed in a recent book * B :

néts, huop nets, dﬂd seines. Thev are very agﬂe and trequently leap over
capture nets. They can also be caught with il traps, hooks baited with
vegetation, of the tish pm:.on rotenone. %{

Limitations o ' \

When inrroduced tnto a new counwry, grass ¢

pese parasites and diseases. Thev should also be tested™No determine any
adverse effecrs thev might have oh native aquatic animal life.
few weeks after - hatching, grass "carp are not herbivoroud, - They- eat
zoaplankton and other mjcroscopic animals. It is not until the { y become
fingerlings that they begin- feeding on filamentous algae and small Stems of
tender plants. In some parts of the United States and other countries, sigh as
New Zealand, it has been argued that the fry might eat the eggs or frysof
mative or sport tish, such as trout and bass, and reduce Lhelr populations.

of late 1975, however, there was little ewdence that this occurs. Nonetheless, -

some governiments have objected to the U'llfl)du.(,thn of grass carp because

they fear that it may spawn excessively and advcrsely affect recrealnonal’.
fishing for trout, bass, and other sport fish. Projects are pow under way in .-

F_I_orida' and in New Zealand 1o test for such adverse effects. -Among
researchers it is generally believed that the fears are unjustitfed.t

Research inte grass carp genetics has recently led to -methods for -
producing Tish of the same sex. Although at the preseat time these are miofe - -

expensive to produce than fish of mixed sexes, when ntroducing grass carp (o
flew, countries and waterways it i far safer W use them. Since no
reproduction can vecur, the fish will die out after one generation. T‘his permits
a trial introduction: if judged undesirable, the fish can be allowed to die out;

In most waterways outside 1its native China the grass carp has failed to-

Spawn nalurally; however, it did spawn at least once after introduction into

*Bardach, et al. 1972, iSee Sclecfed Readmg&@
+Some have reparted that grass carp benefit other fisiPbyTemoving weeds aru:l recycling

‘nutrients, but one paper from the Societ Union [ Vinogradov and Zolotova. 1974, (See

Selected Readings)| records that the grass carp seriously reduced fish prodm.tmn in fish
farming, and enhanced the growth of undesirable plants. .

_ ilnformation supplied by J. Stanley. (See Research Contacts.)

Y

should be m;nalhr.
maintained in quaranrine, and only released when knowino be free of serious

uring the first
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5"I'hc “Bois ¢’Arc,” Arkansas, USA, was [illked with submerged weeds (Cersrophyilum
deemtersum) when grass carp were added’in 1971, ...

the Volga, Ui, Terek, Amu-Darya, and Kubon Rivers, as well as in the
Kara Kum Canal in the Soviet Union, the Tone River in Japan and the Balsas
River and Bodegas Lake system in Mexico. To date, these are the docufmented
cases of the grass carp’s reproducing naturally outstde China. It therefore
seems unlikely that the tish will spawn extensively and thereby become a
pest. "' . )
Untif recently, in fact, researchers reported difficulty in spawning the grass
carp artificially. Now, however, the léch-'niques have been developed and, at
least in Arkansas where several mlﬂloq, fry kre produced, each vear, artificial l
spawning is routine.
S (rass carp fingerlings must be carefully protected duwlg reanng since they
. are vulnerable to predators andrhegvy losses can occur. »

As a food fish, the grass carp has a disadvantage: Although it has fewer
bones than many edible fish, it does have mtramuscu[ar bones and must be
tidieted skillfully. -

Grass carp grow poorly on plants that are low in nutrlems They alsoeat =~
little and their growth rate slows in waters where the oxygen content is low;

nevertheless, they can survive highly eutrophic waters. Furthermore,, they .
grow poorly when the water temperatire drops below 10°C. -, - SRSRERE R
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. Fnree yvears later the same lake s weed-tree, (W M, Bailey)

.

Once released into large waterways g?ass carp, because they eat aqualtic
Cyegewation, are noteasy to catch by usual hook-and-line techniques.

Even when released into warm, placid waters where they are unlikely to
reproduce, the upstream and dowrstream reglons must alse be considered, for
if contiguous waters approximate the grass carp’s natur a) habitat, the fish,
may be able o repraduce there. :

Although water byacinth, salvinia, and other prublem wecdqthdl tloat are
somelimles caten, they are not preferred, and the grass carp .is not'a
satisfactory agent for controlling them. Neither is it good for controlling tall,
hard, emergent’ aquatic weeds, such as cattails—though i’ the plants are
deliberately cut off below the water line, the grass carp wdl kill them by
eating all new shoots as they form.

- . - t

.o

e e e e S . et . \

[n the past de{.ade the grass carp has been introduced into. a store or more
countries, and there is now much experience and knowledge to be shared
among the researchers invoived. Technical assistance agencies could greatly

Research Needs L .. .
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advange understanding of this herbivorous fish by sponsoring a conference at
which the different experiences could be compared, lessons drawn and the
resulis published.

The main barrier to the wholesale release of the grass carp in some
countries has been .the uncertainty surrounding its p0351ble effects on other
aquatic animals. Increased research is needed o see if indeed there are any
adverse effects. '

The fact that natura reproduction-is not mrﬁ&HB—HQPiCQJ—F&giOMY---—w e

tndicate that the fish need$ a distinct change in seasonal temperature to
initiate spawning. Research on this and other factors that control grass carp

* reproduction  i§ urgently needed. The information gained will provide
administrators with the technical mhnderpmnmgs necessary to judge the
wisdom of introducing the fish to a new waterway. :

The grass carps practical yield potential is still unkngwrn, and research is

needed to determine stocking rates and disease and predator control, as well

. as the plant species and environments that raise its growth and productivity -
to a maximum. oo '

Grass carp harvested by
gill acts from Lake Green-
lee, Arkansas, USA. (W. M.
Bailey)
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' Research Cont&cts

Grass carp have been mtrodu:,ed into a number of developing countries in- rccent years.
For information readers should contact tocal govemmenl agencies wlth resp0n51b111ty for
inland waterways and fisheries. A
Agricultural Research Center, 3205 SW 70 Avenue Fort Lauderdale - Florida 33314, o ‘
USA ¢(D. L. Sutton} Gk
‘Biological Faculty, Moscow State University, Moscow, USSR (G.: V. leolsky) : .
Central Infand Fisheries Research Institute, Barrackpore, via Calcutta, West Bengal lndla. . :
Central Intand Fisheries Research Sub-Station,.Cuttack, Orissa, India _ .
- Commonwealth Institute of Biological Control, lndum Station, Be]lary Road, Bangalore'-___-
560006, P. 0. Box 603, India .
Cooperative, Fishery Unit, Department of Z.oology, University of Maine, 313 Murray '
Hali, Orono, Maine 04473, USA (1. Stanley) ST
Depa.rtment of Botany, University of California, 143 Robbins Hall Davls Cahforma
95616, USA (R. R. Yeo)
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N Department of Fish Culture; Insntute of Intand Flshenes Zabieniec near Wa:szawa
05-500 Piasecznos, Poland (K. Opuszy nski) _
! Department of Fisheries, Louisiana State University, Baton Rouge, Loulsmna ?0803
UsA (L "W, Avault, Ir.) -
Department of Zoology, The Umwersnty of Oklahom'h. Norman, Ukla.homa 73061, Usa
{H. P. Clemens)
Directorate of Fisheries, Lahore Pakistan : _
Fisheries Division, Arkansas Game. and Fish Commission, PO Box 178, Lonoke
Arkansas 72086, USA (W. M. Bailey)
Fisheries Division, Department of Agriculture, Lami, Fljl Islands T
Fisheries Division, Food and Agricultural Organization, Vla delle” Terme de Caracalla,:
OOIOO Rome. ltaly (T. V. R, Pillay)
Fishenies Division, Joint Commission on Rural Ret.on:.(ruutmn 37 Nan Hai R ad, Taipei
{107}, Taiwan, Republic.of China
Fisheries and Hydrobiological Research Section, P.O. Box 1756, Khartoum, Sudin (T. T.
s George) '
Fisheries Research Statien, Batu Berendom, Malacca, Malaysia (Lee Chan Lui)
linois Natural History Survey, Kinmundy, lllinois 62854, USA (D. H. Buck)y
Indo-Pacific Fisheries Council, FAO Remonai Office, Mallwan Mansion, Phra Atll Road,
Bangkok, Thailand
The International Center for A.qum.ulture Agncuituml l:xptnmenl Stahon -Asbum,. ...
‘Alabama 36830, USA (E. W. Shell)
‘Polish Academy of Sciences, Experimentat Fish Culture Station, Golysz 43422 Chybie,
“Poland (). Szumiec)
Regional Center for Tropical Biology (BIOTROP), *PO Box 17, Bogor, Indonesia (8.
Partoatmodjo. Director)
Roval Tropical Institute, Amsterdim-oost/63 Mauritskade, The Ne{herland\ {A. H.
. Pieterse)
Southern [inois University, Carbondalu Hinois 62901, USA (W. M, Lewis)
---Warmwater Fish Culturad Laboratories, Fish FFarming l\pulmentdl Station, Stultgdrl,
Arkansas 77160 USA (M. Ma:[m} -
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of vegetation they consume or remove are described in this chapter.
Fish that control aquatic weeds are classified as follows:.. -

- ® Grazers, if, like the grass carp, they eat stemns and tohage

o Mowers, if they devour ‘the lower pomons of aquatic plants and thus
cut them down. _
o *Roilers and roorers, 1f they stir tHie bottoin sediments while foraging for
food or preparing nests, These fish either roil up soil and fine debris, cutting
otf the ligHt that the plants need for photosynthés'is'and ‘growth,or they
“root out™ the plants and thus destroy them.

» Algae feeders, if they consume moss-like filamentous algae

e Plankion j‘eeders if they fﬂter ﬂoa tmg, microscopic algae from the

water.

Except in the Orient, the study of herbivorous fish is in its infancy. The
work so far has focused on just one or two species, and there has never been a
comprehensive analysis of a wide. variety of. plant-eating fish ‘to-determine
their relative advantages and limitations. Nor- his.a oﬂough survey been
made of all herbivorous fish to see jf poténtial weed{ﬁ I?al spe(nes have gone
unnoticed. Such research is exciting and, impogtaht, foi™hot only ¢an it help
solve the aquatic’ weed problem, it can also ljelp to make. better use of the
earth’s limited resources. A food chain that grows. fish on plant life rather
than on higher orgamsms for example is a more efficient way of providing

A aumber of herbivorous fish species in addition to the grass carp are being
tested as aquatic weed control agents. A few that are notable for the quantity

food It is not 1mpract1cal to wsuahze that the now- undesnrable vegetanon_

plammg and cultunng the plants solely for fish food
Herbivorous fish,have an important, bt yet underexplmted role in fish

farming using the polyculture technique. In this method pioneered- c»en_tune_s_'?'

ago in China, fish species are selected for the different types of food they
consume; then -they”are put in the same pond together. The combination

~-makes-use-of each-of thefoaﬂ-typcswm}abieﬂﬁfh&pend—wd-ﬂaummnnzen

~ the amount of fish food grown. Polyculture- systems. often combme grass’ carp

'i_‘
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- occasionally omnivorous, tilapia .are principally herbivores. Some - prefer

——————edible; can be useful itself ARGtheN o . .Q;:techmque is. based on

»
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(see Chapter 1) wnh sﬂver carp (see below), an algae feeder common carp
{see belou.) an omnivore; and a zooplankton feeder. - '

Tilapia-

Tropical l’owiand“ﬁsh common in Africa and the Mi.ddle' East, tilapia have
been .important food - sources for millennia. The fish Jésus fed to the
multitude over 2,000 yed_rs ago are suppased. to have been tilapia. Although

_higher plants, some filamenious algae, some plankton,.while others consume

. #arious aquatic fauna. Several species are voracious feeders and are used to

control/weeds. "
Tﬂaé;a are prolific and hardy, and can be cultured in stﬁgnant dfﬁxes and

pits fat}l to other useful fish. They are cheap and easy to breed, grow rapidly,

and their flesh is much valued as food. With little help, Afm‘:an and Asian

peasant farmers have quickly leamed to cultifé™ them in- small-scale -

subsistence and corhmercial enterprises. There are few compdmble herbwores

among the world’s fish. ' - .
Tilapia are essentially ‘tropical fish, but they can-live-igder a w1de variety = .

-of conditions. Mary species are littie researched and almost nothing is known

of their potential for utilizing aduatic weeds. Some of them may give better

_ resubts than the species that have been spread widely through the tropics.

Because different species of tilapia will-mate and produce hybrids, the. fish

may eventuaﬂv be -bred for desirable characteristics. Many tilapia- corsume

the larvae of midges and mosquitoes, both of whlch#spread disease to man, = . .

and they reduce the mches between piants that protect the larvae from other : '

g_edators -

witerway becomes overpo stunted hsh 00 small for e.'aifrng, resuit“= —
Techniques for, ke Lons in bylance are known but require

skill to use suCcessfufty Yhe most effective metiod is to add a .
predatory fish to the wate a??' T }us ti‘ en pre L On the young tilapiaand,if =~ =, |

“the tlapia’s -unusual geneucs Ctosses between cies surprisingly can
produce hybrids of one sex only At least three Crosses usmg d;fferent specxes .
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Young Tilapig-=illii féeding on stem.of water milfeil. It prefers aquaUc pl:mts but will
also consume filamentous algae. (R. R, Yeo)

Potential but as vet unexploited sites for tilapia reariné are weed-infested
wastewater lagoons and other enriched ponds. Most tilapia tolerate such. -
nutrient-rich waters and different species can graze the’ weedsrﬂgl‘mkton or
filamentous algae that grow there. N S

Tilapia zillii L

Primarily herbivorous, this species genetally feeds on aquatic plants, but it
will also consume midge and mosquito larvae. Native to the Middle East and
Africa north of the equator, it has been found to be a satisfactory weed-
control agent in irrigation canals in the United States. Tilapia zillii fingerlings
“are now reared in geothermal waters and stocked in weed-filled canals in the
Impetial Valley of Southem California at the rate of 2,500 fish per hectare.
Over half a million were stocked in 1975. They completely ehmmated sub
merged weads in the waters where they were placed *

Many Tilapia zillii die in Southern California’s cool wmter others become
lethargic and easy. prey for predac10us ﬁsh They rmust be” Testﬁeleed each_

problem Triap:a Zillii are edlble and are farrned for food in East Africa.

Tilapia rendalli -,

T:!apta rendalli (of{en referred to mcorrectly as Tdapla melanoplewa) occurs
naturally in rivers of eastern and southern Africa including the upper Zambe21

ad
{
H

*Information supplied by W. L. -Hauser. (See Research Contacts.)
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Tilapia rendalli {C. Philippy}

" Limpopo, Congo (Zaire), and in Angola. The fish is now cultured commer-
cially -for food throughout Africa. It is a herbivore that prefers submerged
aquatic plants, and, like the grass ¢arp, is an efficient grazer.

» Tilapia rendalli will consume an established stand of vegetation in
one season if stocking rates of 2,500-5,000 young fish’ per hectare are used.
A lessgr number of Fish are used to keep regrowth suppressed. These fish are
prolific breeders, capable of reproducing when 2-4 months old and, if the
water is warm, they spawn every 3-6 weeks after that. The large numbers of

. fish produced convert large masses of plant material into fish flesh. Indeed;. -

they often become excessively stunted by |dl.,l\ of food und may never reauh a
size suitable for human consumption. However, if the population i
controlled, Tilapia rendalli may rea{.h 30 cm and welgh 0.7 k. :

 Tildpia guineensis ,

_"'Tluis estuarine tTapla Trom West' }ifnca-forrgma}-}y.—c{asﬁﬁed 1368{—[—%@{—1—)!—38—— e

T:lalp:a melanopleura) is one of the few salt-tolerant fish that feed largely on - e
 plarlts (macrophytes). Although it is most at home in brackish waters (25-75 R

percent seawater) it-can be found in the sea and can be kept in freshwater for
cqonsiderable penods Above 5 cm in length Tilapia guineensis feed predom,p-

nantly on terrestrial vegetation washed into estuarine areas. ThlS ﬁsh may be_

__‘c
|
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Female Java ulapm (Sarorherodon mossambicus), which eats lgrge quantltles of -
Tilamentous algae. The lesh is edible, {R K. Yeo)

.

a valuable :md under- reuovmzed species for gstuarine and bracklsh-water
culture.* :

3

Sarotherodon mossambicus

- This species (formerly called Tilapia mossambicus, and commonly known as -
“Mozambique tdapia” “Java ‘tilapia™) corsumes filamentous algae and’
‘plankton, a usetul charactenstlc because _filamentous algae (such as
Enteromorpha spp.) provide a prime mosquito-breeding habitat by sheltering
mosquito larvae from predators. The Java tilapia can be stocked with a
larvae<cating fish (e.g., the mosquito fish Gambusia aj:f inis) in an integrated
algae- mosquito conirol ‘program, 1t can also be stocked in rice fields (after__
the rice Has emerged) to feed on'the red alga {Euglena sangumea) and other,... -

“atgae that rob ricg plants of nutricats. S '

Sarotherodon mossambicus are edible and;, in 'Puerto 'Ricos,"males "h:'i_'ve B
grown to weigh as much as 2.7 kgt _ ‘ \ Sk L
[n 1957 it was reported thdgt on one 1,400- ha sugar plantation in Hawaii
the costs to control aquatic weeds were reduced to virtually nothmg by using -
Sarotherodon mossambicus. Seventy‘ five thousand ﬁsh each 7-10 tm long, '

were released Into the 1rrigation, chanmets. Beforetheywere: refeased;algae
-and weeds were removed by usmg chemicals and, glven this- start the ﬁsh _

*Information supplied by I. Payne. (See Réséhrch'Coht‘acts.) R
tInformation supplied by R. R. Yeo. (See Research Contacts.)

:‘_._;P




a0 e

S | ' _ MAKING AQUATICWEEDS“U’*SEFSE "

Sitver Dollar Fish. Mylossoma argenseum eat large quantities of aquatic plants (such as
Potamogeron spp. showp). They often graze the stems close to- the root zone cultmg ofI‘
_ the bulk of the plant, which then decays and dms {R.R. Yeo) .

X . . T,

P . : A

~were able to suppress thé regrowth. The initial cost was-"$3'-000 compared )
with a previous $5,000 annual cost for control using herbicides. The annual
cost for wg_ed clearance in the subsequent years was quoted as $25.* :

" Sarotherodon niloticus < ‘ o SRR A

The Niletilapia (formerly known as Tdapta mloncus) consumes iarge amounts

of .filamentous algae, such as Pithophora.spp. Stocking rates of 2,500- 5 00{)-

per hectare in ponds will control this algaé. Th,ey will canUme some hxgher'_

plants, but not enough tocontrol them. . g
; _

kd
- . . o L i

'Sisver Do-lijaf._Fiéh- I - w

' o tr@velmg in sch@als consume . large quantltles of submerged aquatlc vegetzr-
" tion, including many pondweeds Silver dollars are mowers; they frequently , :
bite. off the weeds at. the base of the stem close -to- lhe roots ‘The' mass of---

a

*H M. Hee. (See Ressarch Centax;_ts.) o

LY}
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loose. vegetation floats to the surface; there, the silver dollars usually graze it
later or leave it to accumulate along the shoreline where it decays. Dense
growths of vegetation are rapidly removed from.ponds when the fish are
stocked at rates of 1,200-2,500 fish per hectare. Little is known of their
potential vield or value as food, other than that they occus in large numbers

and are sought after and relished by the people along the Amazon River. -

They grow to a length of 13 cm and are related to and resemble the piranha
{Serrasalmus spp.); so much so that they are sometimes mistaken for this
dread carnivore. Their bright silvery color and small’ scales enhance their
- attractiveness as food and as bait for other fish. Harvesting techmques are
“similar to those used fo catch tilapia.

Silver dollars become active grazers in warm waters, 21-35°C. In
. temperate countries heated facilities are needed for over-wintering; tempera-
tures less than 16°C are fatal. : :

Considerable research is needed on silver dollars to 1dent1fy the weeds they

consitme or shun; the techniques for spawning, culturing, and managing them;.

“their valué as food";'a.nd their sensitivity to adverse water quality.

Silver Carp _ e e

A silvery, shad-like minnow from China, the silver carp (Hypophthalmichthys
molitrix Val.) is a short-bodied fish that consumes only microscopic algae, It
has extremely fine-meshed gill rakers, which strain its planktonic food from
the water. It will also eat such processed foods as bean meal, rice bran, and
flour. A large, rapidly growmg fish, silver carp can grow to weigh 15 kg.

This species is an important source of protein in’ the People’s Republic of
China and other Asian natiofs. As such, it is bred extensively for food.
Several thousand fish per hectare cait be grown in highly enriched ponds or

lakes. The silver carp does not reproduce in lakes or ponds but may spawn in___.--

rivers that meet its specific requirements. It is easily spawned amﬁcm’ﬂ}' using
hormone injections. ) A

e

from the water. (W. M. Bailey)

4

Silver carp, a h:m:ly tish that filters and consuines large quantities of microscopic algae
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Silver carp can survive in eutrophic waters, and with an increasing number
of—Eutrophjc waterways worldwide, they havé an’important futilre‘ Becduse
fish farmers often suffer great losses of fish- stock caused by heavy algae
blooms, the —a]gae-eating capability of the silver carp is important to conven-
tional aquaculture. The big head carp Aristichrhys nobilis also displays these
desirable churacteristics. A similar planktonseater Megalobrama bramia is used
in place of the silver carp in South China and in Indochina; the sandkhol carp
“Fhynnichthyvs sandkhol is another similar fish-often cultured in Malaysia.

"
Miscellaneous

A few other weed-eating fish' that appear to have’ potential for converting .
aquatic vegetation to useful fish flesh are described below.

Tawes : e

_ _ — Netshigh-quality Tood | ﬁsh the tawes (Barbus gonionotus) will eat some
aquatic weeds (though it is not very effective.at controlling them). 1t is used
- in Southeast Asia for controlling fitamentous algae and for aquaculture.

'Cornrnoh Carp

The' common carp (Cyprinus carpio), though an omnivore and pnmarlly a..
scavenger, will feed on:filamentous algae (including. species-of Pithophora,
Rh:zoc!omum and C?adephora) ard, to a lqmted extent, on lugher plants

_the bottorm ntud Tooking for msect la:vae a.nd other small animal life. Rooted

weeds have been cleared by stocking at a rate of 130-250 common carp (15

cm long) per hectare. Only a little of the vegetatlon is eatén; the rest
decomposes. Common carp are hardy, they tolerate wide differences in  ~
lemperalure and salinity; and they can be easily spawned and cultured. The . -
Israeli of mirror strain, in particular, is a prized food in rnany parts of the -
world

Tamliaqul and Plrapmnga

Two fish, Colossoma bidens (tarnbaqm) and Mylossoma bidens (plrapltmga) :
widely distributed in the< Amazon River- Basin, are attractmg -attention -
in Brazil. They are thought to have great polentlal in pond culture. Both hass
‘much commercial ‘value in the -Amazon’ regidn and both are large
Tambaqm may attain lengths of I m and welgh 20 kg, plrapltmga gro




+ . Payne, L. 1975. Tilapia—a fish of culture. New Saenmf 67:256- 8. ". '

" about 1,700 per hectare.

Sterba, G. 1963. Freshwarér Flshes of the World. _Vnkmg P'ress, New York,
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about haif that size, At tthentecoste Fish Culture Research Station in Ceard

" State, Bmzd tambaqui show a hrgher annual production than any other ﬁsh

tested.
Both fish eat zooplankton and phytoplankton but they will also eat

* vegetation, particularly fruit. P1rap1(mga readily feed on ba.nanaskpleces of

watermelon, guavas, cucumbers, fresh corn, beans, and bean shells. They are.
hardy fish, resistant to handlmg and seining, afid if the dissolved oxygen
drops to extremely low levels of below | ppm, they can sumve by gulping
air!

Spawning techniques and methods for rearmg F ingerlings remain to be
wotked out for both fish.

Amancan Flagﬁ__h_ T

The American flagfish Jordanella floridae is a small fish growing to 6 cm.’
Schools of these fish consume large quantities of filamentous a]gae and the
soft parts of submerged plants. They tolerate low temperatures. Little is

known of the potential of this fish, for utilizing aquatic vegetation.

a

Goldfish

‘Some-large strains of the common goldfish Carassius auratus, widely Used as

an aquarivm pet, will eat vegetation. They will consume filamentous algae
such as Pithophora spp. and can give: good algae control when stocked at

Selected Raadmgs

A comprehensive bibliography® of phytophagous ﬁsh is avaitable fmm the Depa.rtment of
Fish Culture, Poland (sce address helow)

Tilapia

Ba.rdach I.E, I H. Rythcr and W. Q. McLamey: 1972, Aquaculmre The. Famunq and
Husbandrv of Freshwater and Marine Orgamsm Wlley-hltetsmence, New York,:(See
particularly pp. 350-84.) i

I
t

P

Silver Dollar Fish *

o

Yeo, R, R. 1967, Silver dollar ﬁsh for- bwlaglcal cont:ol of submersed aquanc weeds
Weeds 15:27-31. e _ - ;

Y

...... . R e e NN
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Yeo, R: R. 1970. Progress and potential for biological weed control with fish, pathogens;,
competitive plants and snails, pp. 450-63. In Background Faper First FAO\‘
International. Conference on Weed Conmrol. {Copies available from author, see
befow.] -

. Silver Carp

Bardach, J. E.. J. H. Ryther, and W. Q, Mu.L'u'ney 1972, As mted under Tilapia. {See
particularly pp. 75-120.)
o Chiang, W. 1971. Studies on feeding and protein dlgestl.blll.ly of a:lve_Lm;p—nyptF’"‘
@_ . phthalmichthys molitrix {(C & V), Bp___&&l-ﬂ——hr‘ﬁf?iénes Series #ll Joint
(‘nnlm_!sggn on Rural Resomstraiction., -Taipei, Taiwan, - h
. _—Meors;STL and T. V. R Pillay. 1962 Handbook on Fish Culture in the !ndoPacrfc.
Region. FAO Fisheries Biology Technical Paper 14 Food and Agricultural
Organization of the United Nations, Rome.
Lin, S. Y. 1969, The feeding habits of silver carp, bighead and mud carp, pp. 49-66. In
Fishertes Series No. 8. Joint Commission on Rural Reconstuction, Taipei, Taiwan.
Opmzynskl K. 1968, Carp polycu]ture with plant-feeding fish. Grass carp (Cteno-
pharyngodon idella Val.), and silver carp- (Hypophthalmichthys molitrix VYal.).
Bulletin de I" 4cadenue Po!onms'e des Sciences C1, XV1, No, 11. : .

Common Carp

Bardach, J. E, J. H. Ryther and W, 0 McLamey. 1972. As cited under Tllapla (Sce
pzu:tu.ula.tly pp. 75-120.)

Steffens, W. 1969, Der Korpfen —(The Carp). A. Slcmscn Verlag. Wittenberg Luthersudt
Germzm Democratic Republic. 156 pp.-— - —-

v ~ Research Contacts ’ e ' | >

: Tiiapia'

‘Biofogy Depastment, Umversnty of Cahforma Rwersnde, California 92502, USA (W. J.
Hauser) .

Department of Diological Studies, L.mc.lin:stcr Poly(echmc Coventry, England {I. Payne)

Division of Biological Control, University of California, Rwemde Cahfonua 92502
USA {E. F. Legner, R A, Medved)

- Estacion de Aquacultuta Tropical, Temascal, Qaxaca, Mexico

‘Fisheries Division, Leuisiana State University, Baton Rouge, Luutsmna ?0303 USA (.
W. Avault, J1.) !

Fisheries Research Station, Batu Berendom, Malacca, Malaysia (Lee Chan Lul)

Kekaha Sugar Co. Lid., Kekaha, Hawaii 96752, USA (H. M. Hee), . :

TFainan Fish Cutture Sftatlon, ',I-'mwan Fisheries Research Instltute Taman Clty, Repubhc
of China {Taiwan} :

Tilapia Internationy Assocnanon 2'{ Avenue E. Cambler, Brussels, Belglum

_Si'lver Dollar Fish .. .\ .:..

" Department of Botany,” Unwemty of Cahforma, 143 Robbms Hall Davis, C'a].lfomla

95616, USA (R, R Yeo) . ai

\.'J_. N

I
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‘Auburn, Ala.b.;ma 36830, USA (R. Q. Smitherman) i
Zabienicc near Warszawa,

Aubum University,
Department of Fish Culture, -Institute of lniand Fisheries,
05-500 Paseczno, Poland (K. Opuszytiski)
Fish Culture Research Station, Dor, Israel
as Game and Flsh CDmr[llelOrl P.Q. Box 178 -Eonoke;

Fisheries Divisivn, Arkans
Arkansas T2086 (W. M, Bailey)———

——FH-IIHUIS"W.TFURIW!OT)' Survey, Kinmundy, llhno;s 62854, USA (H. Buck)

* Silver Carp

~ "

_. Tambagui and Plrapr{mga
Convenio DPAN, USAID}SUDENE;‘DWOCS Rue Carolos Vasconseloa 1418. Fortaleza,

v

Ceara, Brazil
Fish C u!mre Rese:m:h Station, DWOCS Pen tecoste Ceard, Brazl]




The manatee, or “sea cow,” (Trichechus species) is indigenous to 4r{r_apical

e

Ea

couniries.” A large, warm-blooded, air-breathing herbivore, it is fa dacile,

_retiring animal that has been suggested as a weed control agent for tropical
“nations of Central and South America, the Caribbean, and West and Centnal

Afnea. -

But the manateg is threatened by extinction. It is one of the world’s more -

endangered marine mammals—closer to extinction than many whale species.
It cannot be removed from the wild :md used for weed conlrol there are not
enough individuais left.

Conservation and research are desperately needed to ‘relieve the treat of
e\tmcuon 1f curient” p0pulat10ns can. be presérved Jancl restored and if -

 valuable hldes for man.

. Advantages o A

Il

The manatee can live in both fresh or salt water and is often observed in

estuaries. Strictly vegetarian, manatees prefer succulent submerged species
but, if denied these and hungry enough; they will consume almost any type

day. An adult manatee, exceeding half a ton. and 3{m in length posmbly

“consumes 20 kg of wet vegetation each day.

Manatees readﬂ);ic_lapt to conﬁnement and, in Guyana, captlue manatees
have been keeping ornamental p pools in Georgetown’s Botanic Gardens clear
of aguatic vegetation for. almost a century. In-addition, more thap. 50 °

manatees have been introduced into Guyana's irrigation canals, reservoirs, and -
dramage systems for weed control In some they have been very effective. For

o

- of water plant as well as many terresirial grasses and leaves that come within -
“reaéh. They may consume as much as a twentieth of their body weight each

-
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Martatee nibbles aquatic gruss, Florida, USA These warm~b100ded tropical mammals
edt farre quantities of aguatic weedsand have been used in the Republic of Guyana and -
in Surimam o keep capals clear of weeds. Yet, at present, manatces are close to
gxtinction and they cannot be used’ elsn:where until their conservation and husbandry is
.u.hle\cd (N. D. Vietmeyer} r

‘e:\amp[e in the Georgeiown Water and Sewerage Works, two manatees (each

2 m long) were intraduced in 1952 to a canal (7 m wide and 1,500 m long)
with a.massive growth of submerged weeds. In only 17 weeKs they had ,
cteared it completely.* In.the 24 years since thengnanatees 1Rve been used to
keep this water (the city’s municipal supply) weed-free. ¥ ..~
Manatees are a potential source of protein if a feligble program of captwe

- propagation with eftective enforcement of laws prote‘ctmg wild populations

can be developed. Alternatively, restoration and careful management of wild
populations could produce @’ “Harvestable - surpius For protem and - other
purposes, such ag'weed control. : :

Manatees may be more appropriate for controlling weeds in.canals’ rather-
than lukes or rivers—~a confined waterway allows better control and
protection. Manatees may live as long as 50 years, and Guyana’s experience
shows that a few animals can maintain canals weed-free for decades. Though -
large, manatees tend to remain, passive and immobile out of water and thus

can be transported safely. They can Sumve in-water that i is fresh bracklsh or -

saline, acid or alkaline, muddy or clear.- . TR

*A.llsopp 1960. (See Selected Readmgs)

$National Seience Resea.rch Council of Guyana. 1974, (Sce Selected Readmgs)
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Limitations

The number of manatees in some countries may be adequate for the animal
to be used in small-scale local weed contiol programs, buf it is on the ¢
international and U.S. lists of endangered species and protected in most
countries where it exists. Nowhere are there populations large enough to
support an export trade o nations that would like to iniroduce the animal.

Hunting manatees as a source of meat. is. wasteful;- undesirable: and
irresponsible, The few wild populations known to exist are inadequate ‘to
support any significant harvest levels for this purpose; artificial propagation
has not yet been achieved; and any inadvertent stimulation of a commercial
market for manatee meat would drain the already depleted wild stocks
disastrously.

M.matees rarely breed in captivity or semi- captmty The reaséns are
unknowa, but are perhaps related to a nuiritional deficiency, confinement-
induced stress, or inadequate space in which to move about. In addition, they
evidently have a slow reproductive rate and deductive speculations suggest.
that tife gestation period may be about 13 months, while cow manatees
.probably breed no more than every 2 years. In most areas manatees are 0

grown ma.natees
Three weeEs later the sut rgcd weeds were enurely consumed and the emergent
plants had been cleared to the eline. (P L. Sguros) -

~ “ . : . -
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“rarely seen that to citch them alive is difficuli, expensive. dind damaging 1o

the wild populations. _

Protecting the manatee may also prove unexpectedly ditficult. 1n narrow :
canals, manatees may be vulnerable, since in confined areas they can be easily
hunted owing 1o their regular breathing and feeding habits. They drown if
trapped in nets and culverts, unable to surface 'to breathe air. Waier “':.
tempeniture is tmportant if the animals are removed from their tropical
environment: Below 18°C manatees may dié from complications, inctuding
pneumonia. This restricts their use to ,truly tropical waters. Animals
introduced into confined waterways in semi-tropical areas, such as Florida
and upland Mexico, were unable to escape lower water temperaturgs during

- cold. weather and died, presumably due to the cold. Manatees require

waterways at least 2 m deep (though they will enter shallower sections to
feed). In navigable waterways they can be damaged or injured by barges or
futally wounded by boat propellers. Because of their size they may overtum
_ fast- mowng buats or water skiers. .

Lf ued for weed clearance, care must be taken to balance the number of
manaices with the growth of vegetation that the Sanal can sustain. In most
cuses, 4 weed mfealatlon must.be reduced by some other method and then
just emough manatees added to keep the regrowth n cheu,k
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4

In open water, the manatée may not“[Te—abte—ro conﬁol—aﬂ—aquatlc weed .
species by itself. It may have to be used in conjunction with gther methods to
remove any massive growths of vegetation.

Research Needs. . - o .
Too little is known about-manatee reproduction. Comprehensive physialogi-
cal_or endocrinotogicat afid behavioral studies are needed to understand and
accelerate the animal's breeding. These studies are needed before any captive
breeding programs can supply-animals for weed control projects. Other basic
biological information is needed ‘as well. For example, we must learn the
nutritional and environmental requirements of the animal. To ensure

_reproduction and normal health of captive animals it is necessary to
understand better the process of digestion, osmo-regulation, respiration,and

* the blood -system. Furthermore, we must identify and control diseases,
predators, and parasites that -affect manatees. These "data are needed for
captive manatees but will also. be mva.luable for the preservation and
restoration of the femaining wild populations. .

ResedrcRhis also needed on the status of the populations in the 40
countries where the amrnal exists, and protective legislation, sanctuaries, and
senforcement of existing laws may be needed. Many administrators need to be -
made aware of the potential value of manatees. As in Guyana, a manatee
‘pond il a public place may be used to educate the public about the ecologlca.l

significance and national importance of this gentle, friendly creature.

The ecological impact of manatees on theif environment, especla]ly' in
restricted areas, needs site-specific studies to- assist management decisions
pamcular]y for areas in which the waterways are needed for transportation,
recreatlon , fishing, water supply, etc.

Selected Readings

Allsopp; W. H. L. 1960. The manmatee: ecology nnd ‘use for weed‘control- Namm
188:762. ¥ -

Allsopp, W. H. L. 1969. Aquatic weeds conttol by manatees: its prospects and problems, C
pp. 344-51. In Man-Made Lakes, The Acera Symposium. Ghana Umversaty Press,
Accra.

Bertram, G. C. L., and C. K R. Bertram. 1973. The modem Sitenia: * their distribution £
and status. B:oiog:ca! Journal of the Linnean Society 5(4):297-338.

National Science Research Council of Guyana 197dg An International C‘enrre for
Manatee Research, Georgetown, Guyana. [This report describes the uses of manatees
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A gourmet’s delight, lobsters command extraordinary prices and are the basis
for large commercial fisheries and a flourishing international trade. Lobsters
live in the sea, but in most countries freshwater counterparts are common in
sireams and lakes. Most of these belong to the genera Orconecres, Procam-
barus, and Cambarus and are known as “crayfish,” “crawfish,” “‘freshwater

{obster,” etc. These animals are usually about 10-18 cm long but, like, lob-

ster, have Iarge and edible taiFmuseles. Boiled in'salt water, they are a deﬁ-
cacy. Frozen crayfish tails are becoming a valuable éxport-from-mapy coun-
tries including Turkey and the United States.-

Although held in esteem and produced commercially in some Euvropean
countries and 1 few areas of the United States, crayfish are a greatly
underexploited food source. Only a few tribes in New Guinea use them
extensively: yet, for those tribes, they are a major protein source.*

Crayfish are native to alf continents except Africa and Antarctica. Over

- 300 species are known. A few are exclusively herbivorous. They appear

promising for aguatic weed control and utilization. Orconectes causeyi, a
species native to the western United States, has been used experimentally for
weed control and was effective against pondweeds (Potamogeton spp.).t

-+ Orconectes nais has been shown to control aquatic weeds in Kansas. Beyond

that, little is known about the herbivorous species.

- Most crayfish are omnivorous scavengers but readily become vegelanans if
necessary. Some of the plants they eat can be noxious aquatic weeds. In some
ponds in the United States certain weeds are now. delibermtely planted for
crayfish food, In general, crayfish should be thought of more in terms of an
available crop associated with aduatic weeds, not as a weed-control agent.
Crayfish live in shallow waterways, and some are well-addpted to warm .
tropical conditions. They tolerate wide ranges of soil type and water
temperature and quality. Only a few spécies are well-known and the following

discussion is largely based on Procambarus clarkii, the red crayﬁsh an . -

omnivore that is widely farmed in Louisiana.,

The young grow rapidly and mature in- 6 months, reach.mg a welght of

40-45 g, To grow the large spemmens that brmg the h.lghest prices- rnay take .

*Bardach et al. 1972, (See Sele ted Readings.) : . o
tDean. 1969. (See Selected Re dhf:gs.) : - - ECl

b




. it
The red crayiish {Procambarus clarkify thut s farmed in beds of aguatic weeds in
Louisiany and Arkansas, USA. Although these gomnivores do not preter plants, they will
consume’ 3l vegzetation available (o them -including water hyacintli-il there is notliing
better to eat (a situztion that commonly occurs when their populations are very dense)
{Cities Servide Ol Company) .

4 - .
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8- 14 months, however In California and Louisiana, they are grown in
" flooded rice fields as an incidental crop. The crayfish live mainly on the
aquartic weeds that grow among the rice.* When the tields are drained for
__harvesting the rice, crayfish congregate by, the thousands in the depresswns

that are the Last £ dry and can be scooped up by the Bucketful ~————  —— -—

Some growers cultivate cray{ish intensively in rice fields, and harvests of
more than halt” a ton per hectare have been achieved. Once established, a°
crayfish population can be self-sustaining if some egg-carrying females are
returned to the waterway at each year’s harvest.

The ted crayfish is the species that has been most mtenswely cultured but
other species show promise for aquaculture including Orconectes limosus
ratinesque (tor rgudd)’ and polluted waters) and the disease- resmtant Cali-
lorma Lravngb fac ifasracus !emuscu!us

3 Y
Limitations

The adverse effects.crayfish may have on other aquatic life are littie known.
However,” omnivorous species will feed on fish egps and fish fry. Thus,
introducing omnivorous crayfish to a new area may possibly harm traditional
fisherigs. Local cravfish species should always be the jrrsr tested, both as a
wild crop and i -managed farming. .o S

If nonindigenous crayfish are introduced, their potential impact must be
thoroughly studied under strict security before™ they are released into the
aquatic environment. o

Imported crayfish have become a problem in Japan and in Hawaii where
some rice and taro paddy dikes have been weakened by their burrowing, This
behavior is typical of Procambarus and can be-avoided by using other species: .
Also the adult crayfish eat tender shoots of newly germinated rice. ™ B

Crayfish shosdd not be introduced into regions of West and Central ({‘ma
where the river blindness disease is prevalent, The Simulium fly that transmits
the disease sometimeés attaches its larvae to the backs:of river crubs; it is
possible that crayfish would be similarly used. .

Annual draining is essential in water systems that become infested with
predaior fish. Unless these flsh are removed they will rapldly consume the
young ciayfish, *

Crayfish avoid tough, woody, aquatic weeds and find many floating
aquatic weeds inaccessible. They do net conirol or utilize such weeds as
catiails and water hyacinth. - ' . S : T

*The crayfish are too small to eat the crop when the paddies- ark ﬂooded and. the rice ,
planted, and by the time the crayf |sh mature the rloe plan ts are too.fibrous, and tall to Ee T
eaten, . ] -




On a crayiish farm workmen set out traps amang the weeds. Crayfish crawl inside the

~ baited traps, which are periodically emptied. Some fastgrowing aquatic weeds, preferred
by the crayfish {e.g., alligator weed 4 lternanthera philoxeroides and water primrose) can
withstand much grazing and are deliberately planted as crayl"sh forage. (Cmes Service
~ Qi Company) ;

A serious complication in ocrayfish culture is the crayfish plague,
Aphanomyeces astaci, a fungus that is lethal to alt species, éxcept those from
North America. Recently Pacifastacus leniuscultis was introduced to northern
Europe from California and is rejuvenating the former crayfish _industry. .
which was devastated when native species succurnbed to the plague.
Actually, North American crayfish carry the plague but, for. reasons yet un- %\
known, it doesn't quite penetrate their carapaces. Because the fung'us they \

* emry will decimate native species, North American crayfish. must not be in- \
rroduced to new regions. Pollution is another threat. Crayﬁsh are easily killed .
by synthetic chemical’ pollutants (chlorinated pesticides, industrial wastes,
insecticides), which may enter the waterway upstream without the knowledge_
of the culturist. Crayfish aré also relished By camivorous: fish; birds, snakes,
turtles, etc. Protection is sometimes needed; the simplest technique is to
provide a few -dense stands of aquatic vegetation within which the crayfish
~can find shelter. Somes specles may need a rocky bottom for shelter and
spawning. . : : -
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These freshwater relatives of shrimps and lobsters are a traditional food in France and

" Baltic countries. When boiled, they turn lobster-red and as a gourmet's deficacy rival their \\
-marine counterparts. (Ray Utt, Cities Service Oi] Company) ' B
i . o _ II"\‘
Research Needs - ' Sy

Indigenous crayfish species that appear suitable for cr'ay.ﬁs.h famu'né exist m _
rmost copntries, except in Africd. These should be studied first and local . --
biologists encouraged in: this research.. One particularly promising species is

=
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1961-1963 1964 1965 1966

Sketches of three shallow lakes in New Mexico, USA. The shading shows the extent of
submerged -aquatic- weeds (species of Poramageton, Myriophyllum, Elodea, Cerdto-
phyllum, eic.). The decrease in weeds was caused mainly by the native crayfish
(Orconectes causeyi); neighboring lakes that lacked the crayfish remained weed-filled.
" Many of the weeds were cut off close to the soil; the leaves and stems floated away and
decomposed. (Reproduced from Dean. 1969. See Selected Readings) . .
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Asracopsis gouldi, a giant crayfish from the state:fof Tasmania in Austra[i\a

that reaches 40 c¢m long and weighs about 3.5 kg Another giant, Asracus."..___

madagascariensis, is found in the rivers of Madﬁgascar and may prove even

more suitable for tropical countries, A worldwide, search for edible-size

herbivorous craydish is needed. Among the species, some afe ILker to prove
good food and valuable auuatu: weed control agents. - . : ¥

The food habits of crayﬁsh including their acce:pta{lce of various aquatlc
plants; practical iechniques for rearing and harvestmg crayfish; and the

effectiveness of crayfish in removing vegetation under different aquatic *

situations—such as rice and taro paddies, ponds, ca.na.ls ‘or reservmrs atl need
thorough review and a.nalysl§

Adiaak af +ha ficl x
wigcn o1 the Ciayiidny is niot eaten DECEBSE MOS

@
e
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the carcass I, high in calcium and; nitrogen, both valuable tertihzer'

ingredients. Research is needed to determme the qsefulness of the carcass in
crop production and in animal fe&d, e Hr-

In some locationsverayfish aré harvested fron’n’ rice paddles asa supple-
mental food crop and are considered benefigial, while -in others they are
considered pests, of rice paddies. Studies are needed to ‘determine the éffects
crayfish may have on rice production. Wuhout such studies there is
potentially great danger in introduting Procambarua clarkii 10 Asnan and
South American rice-growing areas.

.A\.
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Ducks, geese, swans, an other waterfow] forage on vegetation, controlling

taade M 1
weeds on the banks of '.vu.»w.'ays and often clearing aquatic weeds and algae

frem small lakes, ponds, and canals, These animals have not been considered
aquatic wead control agents. However, in Hawaii, 65 Chinese White goslings
were placed in & 1-ha pond, completely covered with'dense paragrass
(Brachiaria mutica) and cattail (Typha spp.) that annually grew 1.8 T above
the water. Despite the failure of mechanical and chemical controls to manage
the weeds for several previous years, the geese cleared them out in' 2% years.*

Ducks and geese are small, easily managed grazing animals, well-suited to
aquatic areas and wet marshy land. They produce nutritious eggs and highly
prized meat. Completely at home in shallow, productive waterways, they are

.patentially impnediately applicable o aquatic weed conmirol -in developing

countries.
With their waterproof feathering, ducks and geese are well-adapted to high
rainfall regions, and ducks in particular are an excellent fowl for hot, humid

climates. Both animals readily adapt to captivity and can be raised in

small-farm culture. TG raise ducks or geese as opposed to raising larger
animals requires little investment. They are readily availablé worldwide, and

their nuiritive and management needs are well-known. They are excellent

foragers and may {find all lhetr own food or need only a minimum of

. supplements. In the right areas they can be raised’ by farmers to provide an

additional income with little extra work.
Domesticated ducks are .zjready rdlscd throughout the tropics, notably in
Asia, especially in aqbatic weed- -proue, riverine areas, but their effect on the

weed probiem is seldom considered. Yet 5-8 Muscovy ducks per hectare will:
control duckweed and some other aquatic plants. Coots AFulica spp.) have

controlled water hyacinth growing on sewage lagoons.in the United States. In
South Aftica, as well, they are reported to eat the plant.
Geese are raised for their meat, which finds a ready market. Goose- farming

is partlcularl_y importadt in Central Europe. For tropical developing countries,

however, two breeds are known that could be more widely used: Chinese

geese (White and Brown varieties), which are large birds (ganders can weigh .

*Ross, 1971. {5ee SéfeC'l 58 Rgadih_g_sj’__
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over- 5 kg) that are 2lready raised in Southeast Asia; and Egyptian geese,
which are about 1 kg lighter but are hardy birds and active foragers.

Geese provide a farmer not only with protein but also with lazge amounts
of fat and goosedown: Although sometimes messy, they cause little trouble
and require little expense for they range freely without restriction, feeding
themselves and returning of their own accord. However, in some areas, fences

" or 3 caretaker may be needed. Though they cannot digest cellulose, they are

-

-almost entirefy grazers and eat both terrestrial and aquatic weeds They alsg
grub for underwater roots, wl'uch is important because few other animals .

uproot aquatic plants.

The use of swans to control aquatic weeds;s rare, Yet, in 1967, 100 mute
swans were added to Nissia Lake near Agras in northemn Greece. The lake was
being used to produce hydroelectricity, but the turbine inlets were clogged

with aquatic vegetation. The swans (mostly unpaired singles) were first placed

near the inlet area; they cleared it within- a«few weeks. They were then:
distributed about the lake. _ .
~ The principal types of vegetation in the lake were reeds, Potamogeton

"spp., and chara (a submergent alga). The swang ate the young shoots and

pulled the plants up to eat the tender roots. The'chara was too deep for the

swans to eat, so 60 pair of diving ducks (Netta rufina) were obtained to

attack this problem. ¢ -
Nevertheless, in the main body of the 900.ha ]ake the swans were less

successful: Weed growth, bolstered by mumglpal wastewater, proved too .’

Ta

B

.

fertilized by sludge. from-1- ]:ilg-manure methane generator (see Chapter 12} (N. D.

- Mieomeyar} - . .
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great for them to have any appréciable effect. By 1976 the swan production
had multiplied to perhaps 400 birds but was still inadequate to noticeably
reduce the dense weed infestation. '

Each winter the swans and ducks attract to the lake thousands of.
migrating waterfowl, including large numbers of coots, which also help -
control the weeds. But they all le.we belore summer when the weed problems
are inosi severe.

The management of the swans is relatively srmple One wing is ehpped to
prevent them {rom flying away. The large lake provides plenty of vegetation,
and no feed is given (in fact, they will not forage if they are fed). An

‘advantage of swans over the other waterfowl was that they apparently needed

no grain-{o: supplemem their dlet of weeds

tood in Europe— beeause of a reluet.mce to, ]u]] lhem their ﬂesh isastastyas O~
that of other waterfowl. In. addlllon they have a fine down, 2.5-5 cm, which .
can be woven into cloth. o : 2
While other swans might also be used for control of aquauc weeds,-mute '
swans are the easiest to breed, producing about six young per year per pair.
However, their initiaj cost is high (the equivalent of about US$150 per pair
in Central Europe). | .
[r seems mist likely that waterfowl can conifol aquatle weeds notlcubly
only in small bodies .of water such as farm podds in a larger waterway the
number of birds needed to *solve the weed problem makKes “their-use. .. . _
impractical. Nonetheless, even here waterfowl icould be used to supplement’
other weed control efforts such as the use of herbwqrous fish or mechameal
harvesting. i - : - _
The birds can clear submersed weeds only in waters sha.l.low enough for -
them to graze the plant back severely so that its growth is retarded In deeper '
waters their grazing will have littls effecl on weed growth . .
Probably geese are best used tp ¢ontrol grasshke aguatic weeds. They may
be inelfective on the broad-leaved ty pes. -

[ imitations _ ;‘E o "\.,.?'i"""\‘

Ddu:ks geese, and swaris may need a diet supp'lement' (e 8., grain) if'th'ey g'ra'ze'

These birds can defend themse]ves well but ducks in partlculﬁr reqmre the
added protection of a fence. They may require shade in hot countnes, for )

_ they do nog adapt well to hot arid condmons

1
a*
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, In its- rice -paddies, the  Tahsia Coimuiie, Wi o Canton "I scuthern China, uses

. 220,000 ducks to eat and control insects, weeds, ahd the snails that transmit
schistosomiasis, a dreaded Eamsitic disease. The ducks eat the succulent weed $eedlings
but shun the rice plants. They reduce weeds in the paddy by half, so that the rest can be
removed by hand: no herbjcides are necessary. After the ducks weigh 1 kg or so, they are
marketed. This method allows the commune to greatly reduce ifs use of pesticides, and
over 600 people are employed to herd the ducks through the paddies and to pen and
feed them at night. (H. Beemer) _ '

I:°
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The. trees show the boundary of this 100-m widé pond near Waialee on the Island of
Ouzhu, Hawaii. §t was 1 source of krigation water until taken over by-emergent aguatic
weeds. Conventional weed control proved costly and unsuccessful; however, 5-wéek=old. . .
goslings were added early in 1966 when this photograph was taken. . ..

. Two years later the pond was clear. Even the foreground bank grasses had been
cleared, though shrubby weeds were shunned. The geese themselves are an attractive

"addition. (E. Ross) “
F]

W

As both ducks and geese select out the most palatable plants in a given
waterway, the remainder may have to be removed manually, mechanically, or
by some other means. Geese, for example, prefer the young, tender shoots so
an effective program may include an initial cutting or harvest. After that, the
geese could be employed (o control the new growlh _

If not carefully managed, ducks and geese can become pesls For. somie - .
crops (especially grains) nelghbonng their waterway. Where sanitation is poor,
salmonellosis sometimes decimates ducks, geese, and swans, and t]us dlsease
can be lransmuted in their meat and eggs to humans.

F)

Research Needs

ki) . :
« - Using waterfow] to weed waterways is a novel concept..In order to develop it
further, aquatic weed researchers should -enlist the collaboration of profes- - _ s
sionals that have experience with waterfowl: local farmers as well as poultry = ..
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Mute swans have been used to control submeged weeds. ln 1967 100 swans were
stocked in 3 weed-filled lake near Agras, Greece. The population is now ledbhbhl.d and
increasing. The swans do not c.onuol cattajl. (. Ehrlich)

¥

and botanical scientists at local universities, and govemmeni research
. organizations. With such collaboration, some of the followmg areas of the
concept may be tiluminated: :

. "Whiclh of the more important aquatic weeds are consumed? In what
guantity? .

¢ What level of diet supplementation is necded?

« What local ingredients cap be used o make up a diet?

o What stocking levels are Tnceded to control dlt‘ferent aquatu. weed
species? | : - o !

. What are the most appropriate specues of waterfow[ to use for clearing-

the different weeds‘?

In general, manage_rheﬁl systems must be developed for handling the

different breeds or species of ducks and geese to ensure successful weeding. In
addition to supplementai feeding, -fencing and ‘wing-clipping need to be
studied. The need for:partial clearing to provide access to the pond and the
management of blrds in brackish water also require study. When sufficient

0
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knowledge has been coliected, it is possible that commercial techniﬁﬁues.‘can
be developed for raising dueks and geese on aquatic weeds. 1f so, it seems
likely that research could identify breeds that feed on many of the problem
weeds in aquatic habitats in developing countries. : -
The mute swan seems to withstand hot, as well as freezing, thmdtes and
should do well in tropical areas, but this needs more testing.: Studies to
increase. egg production are needed, and studies on the use of artlhcmi
_incubation may be useful, o e
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Many umiversities have a departml.nt of animal or poultry science that should know
about the culture and management of thise birds. M
. &L




6 Other Herbi\?orquS'Animéls

| Though some herbivores may eat only portions of an aquatic plant—the leaves
of water hyacinth, for example—in‘doing so, they reduce the fecundity of the
plant and open its tissues 10 pathogens and parasitic infections. This chapter
~ identifies some ierrestrial herbivorous animals that -can use aquatic plants for
" food. The animais are not in themselves effective weed control agents, but -
' _they contribute a measure of weed control by grazing on aquatic plants.
Fl

Water_Buffalé

The water buft'u]o Bubalis bubalis is found throughout the Asian tropics and
m hmu 1h.m ’%O Loumrtes in the Mediterranun basin, Soulh Amc.rica and
oA robust ammal .md is more resistant to water~mduce_d dlSC_dSES, such ‘s fool .
" rot, than cattle. Also unlike cattle, water buffalo can feed under wateron .
submerged aguatic weeds. During floods in Brazil’s Amazon region, they have
been known to- dive 2 m deep to feed on the vegetation. :

The friendly water buffalo is a good domestic animal for small farmers in
developm" countries. It provides milk, meat, hides, and work power, and the
techniques for managing it are well established. ' :

~ Although preferring terrestrial prasses, the wader bulTan w:ll graze dquauc
vegetation. Initial observations ‘in Florida have revealed that {ree- ranging
water buffalo consume the shoots of cattail, leaves of willow -trees (Saliy
spp.), and water hyacinth leaves. Little is known about their nutritional
requirements, but the ‘animal appears to grow on poor-quality, nutrient-
deficient végetation such as-is often-found. in aquatic.or -swampy.dreas..In . .
Flosida they have consumed Cogon grass (Impemm cy!mdnca) a tall coarse _

trog:ca[ grass with razor-sharp edges,

Feeding harvested aquatlc weeds to water buffan is'a prermsmg techmque
In experlmems

buffalo diets on 4 ldfgﬁ scaie we must leamn more about the nutrienit content
" of individual species Of aquat:c plants and the nutrients. needed as .
supplements. . _ . _ -'g
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Cattde cat semi-tguatic bunk pradses and commonly wade§nto waterways to crop the
Retves ot water hyacineh and ogker cntervent and {loating agiiatic weeds. (8. D. Perkins)

A water buffaje feeding on caise semi-aquatic plants in 2 swampy area near Bangkok,
Tharland, The bultalo is now Eaining new esteem worldwide because of igs ability to live
in such wet conditions and 10 grow well on vegetation that is low in nutriests. Watel,'
butfalo may consume the Water hyacinth directly, especially the flowers and young
leaves, However, because of the plant’s high water COI‘N.I..T!I. the amount copsumed is not
sibstzntizl, (5. D. Yietmeyer)
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Capybara .

Capybara are large. brown, tailless, semi-aquatic rodents that live in tropical
Canrral angd Dt

1 h ﬁmpr{ﬂ-.: Thp q{'\ll']‘l ﬁmﬂfll“ﬂn Pﬂ f]'lﬂrl HU!?‘ A7, f 'ID"I(‘
LRI LG QI IR TR LN, i ~a Q01

Avdrochoeris grows to be the size of a small pig, i.e,, up to 60 l\g i weight
and 1.25 m in length. The Panama capybara Hydrochoerus isthmius grows 1o
ubog.nf half that size. They are: also known as chiguire in Colombia and
Venezuela and carpincho in Argentina and Uruguay. Capybara swim and dive
readily and are fully at home in the water. They live along river and lake
banks, in freshwater marshy areas, and are occasionaily found on islands in
river mouths, where the water is saline. Grasses and many aquatic or semi-

aquatic plants make up the bulk of their vegetarian diet. During a drought _

they will feed on weeds, such as water hyacinth.

Capybara are readily tamed and may be worth domesticating. Research
into capybara husbandry and management issnow under way in Venezuefa »
and Colombia. Each male mates with 2 or 3 females, in many cases producing
5-8 young per year. When confined, they may well be able to utilize aquatic

* weeds as part of their diet. This area of research should be encouraged. N

A bicycle rickshaw loid of water hyacinth, collectéd for cattle feed in Patna, [ndia. -
During dry seasons in Bangladesh and West Bengal, water hyacinth is hand-harvested and
fed directly to cattle, sheep and goats; they grow poorly on it, but it is the only green
vegetatlon available. (Weed Res-earch Orgamzanon)




Water hyvacinth
“ growing  neaiby @
pre Carming ares will
be harvested for pig
leed.  One  animal
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1.5-2 kg o tresh
pianis  per day.
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Sheep grazing; the verdant }nﬁrsh&s of the Danube Delta in Romania. (A. A. de ta Cruz)

Capybara flesh is edlb!e.. but 1s not considered a dehcacy It has an unusual
flavor; however, natives of South America eat it regularly. Thy curiously
pat{erned uapybara lude is valuable’and ns often used in South America for
making soft, pliable gIoves and-purses. . '

Cipybara should not:be introduced mto areas outsme thctrJldlwe habunts
They can become peslb and wﬂ] mvade crops such as malze nce LdSSdVd -

{ manioc), melom and sugarcane
. .

Cm -

.- ! . . LI

-

Nutria . S R
Another amphibious S:)uth Amencan rodent that I.wes in and around
freshwater; streams and ponds is. ‘the nutria (Mycocaster -GOYPUS. ‘Mol.),. also.
called. co}’pu The nutria feeds ma.mly on aquatlc plants mcludmg some
problem weeds : : .
A robust reddlsh brc:wn muskralhke anu'nal the nutria can grow to be 1

 m long anjd weigh 8 kg. It is a prolific breeder with webbed hind feet and. a_

soft, but dense, underfyr that is used in ‘the fur trade. It __h_?ﬁ___lQ!!g._bﬁgn.._.
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Lven sunbaked warter hyacinth is consumed by donkeys near Khartéuin, The Sudan.
Lacking gther herbage 1or much of the year, donkeys on the Nile River bank support
themselves an the desiceated residue from previous harvests of aguatic plaats. (N, D.
Yiemeyers o :

domesticated. [ts) pelt was so much in demand a century ago that it was
introduced into llurope imd North Atherica. Some animals escaped and are.
now constderedr pests because they compete Wl[h native wﬂdllfe damage
crops, and erode canal banks. K : :

Indeed, nutria can be as troublesome in waterways as the black rat (Rarrus
ratiusy is on dry land. The nutrig should never be introduced into new-regions
until extensive ecological smdres are undertaken. In New World developing
countries where it now exists, however, research on nutria management may
* help reduce aquatic weed infestations and provide fur and meat. Nutria are
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- Growing gn wastewater from a Florida dairy farm, a vigorous stand ol waiter hyacinth is
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heavily grazed (Toreground) by nutria. (L. N. Bréwn)
K '

caten in many parts ol South America, and the animal offers an efficient
method tor converting aquatic weeds'into food.

Nutria feed heavily on duckweed, Though they graze only on fresh tender
roots and water hyacinth leaves, they nevertheless reduce the plants vigor
and spread. : _

Woody plants found along the shoreline are relished by nutria. Cattails,
bulrushes, and reeds are cut to the ground and the soft lower stems and
starchy rhizomes devoured, This can greatly reduce the weed problem,

: )

s

Selected Readings

Water huffalo

Cockrill, W, R., ed, 1974, The Husbandry and Hea!rh offke ‘Dorestic Buffalo. Food and " -

Agricuiture Or‘unuauon Rome. 993 pp.

Capybara

Ojasti. 1.~ 973, Esrudio B:o?ogtco def C‘Jugmre a C‘ap:bara Pondo Nacionat de
investigaciones -’\L"l'(:lpccua.nﬂs, Caracas 275 pp.

!
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Nutrta . .

Brown. L. N. 1975, The adaptable nutria, Forfda Wikflife 28(8):24-6. [Reprinis
available from the author, see address below, |

Ehriich, S 1961, L'Elevage Ju myocastor en colonies, pp. 185-278. In Theorte et
Pratique de UFlevage du My ocastor. Editions JEP, Paris, I'tance,

Fhelich, S, 1964, Stwudies on the influence ol nutria on carp growih. Hydrobiologia
23196210 et

Warkentin, M 1968, Observations on the belavior and ccojogy of - the Tuiria in
Louisiana. Tulaae Studies in Zoology and Botany 15(1):10-17.

Research Contacts

Water Bufialo

W, Ross Cockrill, Caseila Postale 27, 0005 2 Cerveteri, Roma, ltaly '
Department of Ammal Science, University of Florida, Gainesville, Florida 1"’60i USA
1h. Fo Hentges, C AL Robey)
Center lor Tropical Agricutture and [nternational Programs (Agriculture), Unive ersily of
Florida, Gainesvitle, Florida 32601, USA ¢(H. L. Popenoe) .
o ) .
Capybara . . ) e
e
- Institute of Ecolegy, The Rockhouse, University of Georgia, Atheas, Gcorgiu‘ 53190,
USA I, B. Goiley) :
Universidad Centrai de Venezuela, Apdo. 59058, Caracas 104, Venczuela t]. Ojusti)
Universidad Centeal de Venezuely, Instituto de Produucmn Animal, Maracay, Venezueby
tL. (Jﬂnmlu.l ] .

Nutria

,B'tolum'uz Sciences, California Polytechnic State University, San Luis Obispo, California
93407, USA (L. N. Brown) -
S, Chrlich, 612 Riverview Drive, Apl. Bl (_olumbm Ohio 43702, USA
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7 Harvesting

. : . ;

Removing aquatic weeds from the waterways and.selling or utilizing them to
defray the cost of removal is an appealing coficépi. It would result in
weed-free  watenways while providing an - extensive vegetation resource
(especially advantageous”in developing countries where forage and fertilizer
are in short supply). Additiondl - advantages of harvesting over other
approaches (o aguatic weed management include the following:

* possible, but not yet proven, low nel cost; -

« reduced dependence on foreign etchmge“(}urvestmg reduues the need
for imported chemical herbicides); .

" adaptability to labor-intensive techniques as well as o cdplta]dntenswe

techniques;

« compatibility with fish (hdrveslmg can be controlled o le.m, enough
vegetation to benefit and maximize fish production); -

= compatibility with terrestrial crops growmg near lhe walerway (unllke

some herbicides); Pt

+ ability ‘to be introduced rapidly {o give quick aru:l predlctablc removal‘ -

of weeds from specified areas (unlike with biological controls);  *
 ability 1o remove pollutants from the WdlCI‘Wdy (see Cha.pter ]3) and

L) produuron of useful materials. . AR _ e
. ‘ih i, o

Aquatic plants. are h;uves’ted fram a site-at the. w:itcr's edge or with a
self-propelled, floating harvester, Shoreside harvesting requires that the plants

float to the harvester. Rooted species must be uprooted or mowed and then

- moyed to the hirvester by boat or by wind and current. Plants can be hfted

from the water by hand, crane, rnechamcal CONveyor, or pump.

Mabile harvesters are usually expensive: machines that sever, hft' émd carry'

_plants to the shore. Most are intended foi- harvesting submeérged -plants,
though some have’ been designéd or adapted to harvest ﬂoalmg plams or the'

mowed tops of submerged plants.
Handling the harvested weeds is a prob[em %anSportmg the, pla.nts is

difficult and expensive because of their enormous water content. Choppers.

are often incorporated into harvesting machinery designed for aquatic plants.
Chopping makes the plants much easier to handie and reduces their bulk to

1 '

67

.
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_ less than a toufth of the ongumi voiume L[Edll\’ simplifying transpoctation, -
~ processing. and storage.

Some examples of te;hmques tor - hajvesting aquatic plants are shown n
the Lh.’.‘.pIEf illustrations, - = ‘

. . Lo

Hand harvesting may supply enough feed or 5011 dmendmem for smdl.[ tarms Bcua Lakc
St L;mka {N. D. Vu:tmever) - w

a o]

A rapa Lh;eaded through cork floats, or a cham cf barrels can- be used as ba 1ers to -
retud(;__he spread of water hyaanth (V Myers) @7 4 __—f;-jf‘
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A baom 1oross o fowing river can divert floating aquatic plants to the shore where they
et be harvested. Desizned oy University of Wisconsin students, this system collects and
removes weeds from g narrow lake upstream. Many of the weeds are rooted and are
mechanically mowed, towing them to float to.the booh, (R G, Koegel)

A smiall mowing boat, particularly suited to cutting.feeds and other emergent aqyatic
weeds. (Krinke and Kriiger G.m.b . H., Langenhagen, Federal Repiiblic of Germany) ™

i




Specially designed for harvesting water hyacinth, a “clamshell” bucket improves the o
ellwiwney of a dragline removing the plants from Lake Alice, Gainesvilte, Vlorida. n thé
United States the so-called “Florida airboat” {background) has given aquatic weed
warkers the sbility to mancuver in swamps and weeds. Thrust forward by 4 backward}
facinge ateplane propellor: the arboat can move cqually well aver weeds and water. (L. O]
Bagnally : : : :

Tractor-powered, mobile harvester for water hj-faci,nth ar ofﬁer_ floating éduétic’ 'wée_clsf
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Cutterbars for muwi
tfor pushing the tl'['iﬂ"‘v"«’#‘l:l "fF'gBta'{LFEI'I'ﬁ m mom ate usutﬁy a
{Alr-Lae lndu:.me:.} '




I.arge, complete ﬂoatmg h.uwsters fi ¢ submafged aquaut. pldnts are. lmpressn’e but
expcnswe and have modcsi capacaty {

thenws it i




- - An cxp,erimen‘ml--]iar-vester_-' litts, -breaks; -and-'{l';;rows water-hyacinth by grasy
nism from damage by sudden onderwater abstructions. (R, G

Kaggel)} '

ing .and puiling on aeria

l-parts of-the glants, prgtecting 1he high-speed

o
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Recem.‘rv flotauon shocs havé bcen made for recreatmnal yse. They can greatly help -
workers inspect and move amund in aquatu: weed patf..hes (N.D. \hetmeyer]

?

£
I E“

Seiectedﬂeadmm T s : o ’ _
Br)ant C. B. 1973, Control of aquatic weeds by meuhﬂmmal hmmmg Peaac'lde
Atticles and News Service 19:601-5. U
Deutsch, A., ed. 1974, Some Equipment for Mechanical C’onrro! af Aquartc Weeds: - . =~
- . international Plant Protection Center, 18 pp. | Single copies available without'cost to =
T noncommercial weed rescarchers. and educational institutions in deveiopmg nauons
from IPPC, QOregon State University, Corvallis, Oregon. 97331, USA.} L
Koegei, R, G., H. D. Bruhn, and D. F, Livermore. 1973, Improving Swface Water e
Conditions Through Control and Disposal of Aquatic Vegemrwn Phase 11972,

S Phase 4. 1973, University of: Wisconsin; Water Resotrces Center, Madlson, W|sconsmi '
- _ 33706, USA. 8

Livermore, D. F., B. G Koegel, H.D. Bruhn,-S. M S% 2 s, Aigidlic
Plant’ Hanesrmg Deyelopment of High-Speed. Harvesrm and Proceﬂmg and
Utitization of Harvested Vegeration. Water. Resources Center, Um\remty of WLSC ]
sin;, Madison, W»scons:m 53?06 USA. - = : o
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Liveymore, D, b and W, E. Wunderlich. 1969, Mechanical removal of organic
production (rom Waenvays, pp. 494-319. Em:a.c.a}:naoz Caugses, Consequences,
Correctives. Natioral Academy of Sciences, Washington, D C. [Price: $13.50}

Fl

Research Contacts
Uiﬂ:::_.i o .:,.::_.:_m._”mmsm,_:....a_..__aw. Undversity of Florida, Gainesville, Florda
oll, Us ,.; {). Bagnal’
:r:a._ Pepartment ot Naturzl Resources, n rown Building, 202 Blount 5t., Tallahassee,
- Florida 32304, USA 1A P, Burkhalter) . .
sarasota Weed & leed, 1833 North Washington Boulevard, Sarasota, Florida 33530,

L'SA (). R, Leach) .
University of Wisconsin. Madison, Wisconsin 53706, USA (R. G. Koegel, H. D. Bruhn,

and D b Livermore)
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%

As noted previeusly, aquadic plants may contain as lictle as one-sixth the
amount of solids in land grasses. This 15 the main reason why they are not
now harvested and used. Too much material has to be handled to get any
useful amount of solid. When used as feed, for eaample a massive 95 kg of
water must be excreted by an animal for every 100 kg of fresh water hyacinth
eaten. In order to make hay from aquatic planis, as much as 90 kg of water
must be evaporated for every 100 kg of whole aquatic plants laid out to sun
dry. and this must occur so rapidly thar mold and decay do not ruin it (an
impossibility in humid or cool climates).

Aquatic plants can be dewatered, however. About half the moisture is on
the surface and some 15_1005&[)/ contained in the vascular system. This water
can be removed relatively easily by lightly pressing the plant.* The press-water
squeezed out contains only about 2 percent of the plant solids and often can
be retumed directty to the waterway without causing pollution.

bven with halt the water removed, aquatic vegetation may still be much:
wetter than terrestrial grasses. In order to reduce the moisture further, heavier
pressing is required. This process can yield a product that is comparable to
rercestrial forage grasses in moisture content (see figure page 80).

Depending on plant species, press desigit, and operating conditions, the
water removed can carry with it 10-30 percent of the plant’s solid matter,
15-35 percent of the protein,.and up to 50 percent of the ash (for the most’
part silt and mineral encrustations caught on the plants). Roller-, belt-, cone-,
and screw-presses have all been used to dewater and remave nutrients from
vegetation, with varying success. All types are available commercially, but
usually in° heavy, durable designs that are unnecessarily complex and
cumbersome for pressing aquatic vegetation. Lightweight experimental screw
presses (suitable for use in developing countries)?haye been designed. For
example, a small screw press of simple design (see illustration page 79) has
been constructed at the lfniversily of Florida. With its 23<cm bore, this press
weighs between 200 and 250 kg. Complete with power plant, it can be carried
by truck. trailer, or barge to remote logations, and can press up to 4 tons of

b

*Although the term “pressing” is widely used to-describe the process, pressing alone
fiberates little moisture and the vegetation must be “chewed,” sheared, or macerated
beiore the warer can be pressed out.

i




DEWATERING

Hw.esteﬁ trom a small pond near (_-eoruewwn Guy:ma water hyncmth‘is fed to a small _ o
‘dewatering press. The pressed product contains less than half the water of the fresh =

weeds, With addition of 4 lawn-mower-type chopper, lhlS small press can process 4 tons
af Water nvacinth 2ach hdur#(N. D. Vletmt:} er)

Lhopﬁtd water hyacinth per hour. Such presses are companble w1th 2
program of manual harvest and with the small-scale negds for animal feed in

cural areas of developingcountries. In addmon these presses can probably be
manufactured in the country itself.

1
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‘Limitations

WATER

FRESH WATER HYACINI"H

. (95%!-&)

With 39 '95 pc cent w:afer 'mnx:m fresh squa'm weeds | se,ldm
feed or most wiher purposes. Mechahival presses can squeere the hgﬁk m‘ the walst uut
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rnmsm PRODUCT.
(70% w-lel"monl]

leaving a produss suitable i'm mmulu@ ietb uw!’ui pmducﬁ

Estimates of 'water hyacmth pressmg-¢osts range from‘ S$S 00 to 510 00 f
dependifig greatly -on mathine [cvst, machine wse,
tion time, and labor costs. Lessllﬁim‘t 4 horsepower

ve a ton of water), Ez&:!mg to an &;ergy wost in the

per ton of dry matter,

hours is requnred to remo

A\
. "\ .

‘\

United States of $2 25 per dry ion
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- aquatic plants is under tonstruction a1 the Nmnmi Space. [I‘whraui&gy Lab-
- wratories.” Depending on !tha weather, it will be cupa Fd

of newly harvested waler

oy
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E'ligh miETIre Con| tent;

solid content is setumed to the
_potentially valuable nutrients and may pollure the water,
- however, it will be less than the pollution cansed by weeds _
- {e.g., chemical) that leave all of the vegetation in the waterway 1o rof,

Feyacinthy in 36130 howes &m &ic&urn pagrz 853 |
Diying squatic plants whth- conventional fueh-heatet)
mpmmwﬁ bwauu af the

be used for il

ing 16-18 tony

wawn it wmm:; :
In ffmrast_ cases,
eantral methods -
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£

Solar energy is being -harnessed to dry aqualic weeds in experiments at the Nauonal
Space Technology Laboratories near Bay St: Louis, Mississippi. This system is connected
10.a process that farms water hyacinth on sewage efﬂuent (National Space Technology
. Laboratones) .

;Research Needs = . N - _ S

Dewatenng aquatic wkeds offers such promise that engineers in reglons that . - .

have aquatic weed oulbreaks are encouraged to build an¢ test pilot-scale
presses. !

The subject of Juice recovery is one ‘for research; wsmve rcsults Wlﬂ

improve the eftlcnenqu of mechanical dewatering of aqualic plants. Though in .

the juice the solids .uq very dilute they may have some profitable-uses-

Combining mechﬂpcal dewatering with solar drymg isa promlsmg avenue : .
-faf research. SR : E

: : &
Selected Haadlngs -
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and D. F. Lwerrnorc)

Western Regional Research Labonlory U.s. Mmem ol' Agriculture. 800 Buchanan
Street, Albany, California 94?06 USA(G. O. Kohler)
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Mineral tertilizers are too expensive for many farmers in developing countries, _
- yet there s a greater need now than ever to increase food production. As an Lo
- alternative, the 1974 World Food Conference and more recently, the Eood -
-and Agriculture Organization of the United Nations (FAO) have stressed the
- urgency. of reassessing Organic. feruhiatlon This includes green manurmg and
cofnposting; aquatic weeds can be used in both'processes. _
_quatu weeds ¢can be used as green manh\fe through a snmple protr:t:ssw the .
under or buried-by hand in shdﬂow troughs ‘As a mulck; Tlfey‘suppfeseweeds _____
reduce evaporation, and reduce rainfall runoff and the erosion it causes. The
problem with this method is that the plants are bulky and difficult to handle
and large amounts have to be transported.

Compost is decomposed animal and plant matler for use as garden‘
tertilizer and soil conditioner. Composlmg is an ancient practice known at
least since biblical times, but only in récent years have aquallc weeds been. = - . -
used; and then onlyNsporadically. Nonetheless, the few experiments con- o

.. ducted to date show that the process is one of the sunplest and most useful
techniques for using these weed pests. : )

The weeds are harvested angd spread out at the water s edge for a day o ..
two. Then the wilted plants are made into 2 pile with some soil, ash, and a '
little animal manure. Microbial decompaosition begins spontaneously and the R
resultant bacteria and fungi break down the lipids, ‘proteins, sugars, starches, o o
and cellulose fiber. The piled composting mass retains heat- ang $0 encourages -, o
microorganisms to multiply. Although compost can be made¢ in the absence. - .
of . air (see Chapter 12), the niost common techmque involves frequent ]
turning of (he pde to maintain. aerobic. condmons -Tropical- temperatures-'-
( especially the warm mghts) mstepl‘ decomp051t10n Warmmg occurs and

only special heat- lovmg bactena and fungi sun'ive Others that are pathogenlc____'_ _
to humans and animals are killed, as are weed seeds and parasite eggs. In the o o
L ~rotting mass the fibrous weeds decompose, shrink, -and crumble mto an e
'~ earthy-smelling, dark-colored, soil-like compost. - Y L
; Some developing countries have “a fong tradition; of usmg compost ‘made
frorn other waste matenals Compost raises 5011 fertﬂlty a:nd 1mproves yields, © "o

.
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but’ most o,( all it improves soil quahty {by improving soil aggregat;cm and
_-stabl,hzmg the soil structure). It increases the soil’s capacity -to absorb, and -
storé water (particularly Lrnportant in ‘sandy soil); it enhances aeration and _
favors growth of soil microbes ”(partlcularly important in heavy, clayhke B
suﬂs), spread on the soil suzface it. reduces - “evaporation, “ergsion,. soil
‘ aggregauon and Crusting (pa:ncuIa:ly 1mportant in the latentnc soils, wxdely
J roughout develo;nng oountnes) and it Lan help retum saline soils. to
pl’bducuon B N
; Compost fits a r.eed in the deve:opmg worId where cormnerc1al fernhzer is —ﬁ
_'expenswe labor cheap, unplements simple, and soil structure and water -
retention "a problem. Compost is easily made’ usmg manual Jabor without
expensive equipment. Compostmg can be done on a small or large scale. The
fact that compost requires much foisture makes it an ideal use for- aquatlc o
weeds—the weeds do-not - have: m be dewatered (see Chapter 8) except by-a: oo
few days’ wilting in the sun a2 great savmgs over other uses- in terms ot‘ cost -
and equipment. - S
- The microbes that produce Tormipost need nutuents (especml]y carbon and

appropriate range, ;e less than 30) especmily 1f they have been growmg if G
nutrient-rich waters. They areialso low in llgnms the plant constnuents that T
. miost resist composting. ke R
One report from ‘the Phjhppmcs has descnbed the successful use of dned :
water hyacmth as a bedding matenal for cultwatmg mushrooms { Voivana. 3

Spp. )* -

Limitati’ons".'_ s :
=« Although wmpost md green manure improve sof qua&liw, the imprwnmm

. is less than’that obiained from mineral fertilizers. This,is because compost

' usually contains 1.5-4 percent nitrogen, 0.5~ 1.5 spercent phosphorus, and

' 1-2 percent potassium, whereas. minleral fertilizers are severalfold more
-2 - concentrated. (However, s thought ‘that *25-30 percent-of' the mmeral
' fcruhzer numents leach to the. groundwater and are. lost to the_ crop-)

: becorne avmlabie (Th::s maya be. an advzm‘_;______
avaf}abﬂny of mtroge throt




To make c;ibmposl the Home Ga:dcns Division of the Sn.Lanka Departmcnt of

- ash, carth, apd cow manure). Shown here are the compost piles, and the tools required

as 12 daysﬁ Each moath over 80 tons of compost ard made € and sold {under- &hMm.m.L
name I\ASQALA MENIK or “garbage gems”). (V E. Da]padado) SR

¥

é

| ' R _ -_
than fer";.hzer and, because it has a iower conoentration of plant nutrients,

large quantities may be needed. Since it can be time-consunting and expensive

Agriculture/uses chopped water hiyacinth and city refuse (together with small amourits of

to make them. Using simple; abor-intensive techniques the compost is-made in as little - et

to ‘T‘PP*' composting is most attractive fn areas where Jabor is cheap and

:'.-ough aquatic s#c'eds need not be dewatered "ompostmg must be'"j:" et
efully to a\rmd waterloggmg and resultmg aeroblc.cqndltnons,___

N ',."

| .the fe
-tpe mat




' them {o be as’ goo as G%mn peat 'moss,* bt anothetz from Flarida:reports ,

-mlor, poss:bly due ﬁo a mang&nesc 1mbalance? e o ,q' -

Instead, horticub{urists, ag,ronomtsts and agnculture extensnon W
~'should undcrtake trtals using i*ocally awlable aquatlc weeds and_

- '*Rodnguez ef i, 1973 (SeeSelecmd Readmgs 3o
# Conover and Poole. 1974 (See Seiected Readmgs )

bows on roof tops. md in small backy,nrds The vege tahles :odueed atea cheap 3ource o
of nourtshmg food. (V. E. Dalpadadu) oL T o

A . ' ': “ ' o
drwd by spreading as a thin layer so that it can bc thoréugtdy madmtcd by e
the sun. 3
Compdstmg water- hyacmths presents ‘a. pwblem TLe 'ﬁber is not_ _
degraded. Composted: water hyacinth roots, however, have been usedas. g

propagation mediu for houseplants. An article from1 Puerto Ricofeports.

~
S

that,.in the root medidm; houseplants grew well but ldcksd thmnorma:l grcg:n [ "'

1
l -z . + I ) [ . . RN A
mh N ’ v ..;.'.. . , . ‘ i PR S AV

Little ¢ of. no basic msearch is needcd on the compostmg of aquatne weeds~ he
processes and tec iniquesare well known from their-use mth otheér mateua 5

' o




SOIL ADDITIVES

In a r.c_zng..ﬁt.onﬁmcoz in :ﬁ United mr:ﬁ. ﬁmﬁmvos Ea& Ea rmmn _muu Zo::.

‘Washington - Boulevard, Sarasota,
 chapped, lightly pressed {for ease in‘handling).and :cnwaa 19 an unysed stretch,of T0ad;

\Here it is piled and 2fy several months to compost, The nnoaci finds a ready marketas’
a pear mass subsiitute. z_Eu..:am use it-to EEE_?EE :ua& uoa and’ _go.:nw Ena:::..

for g LoﬁSm wmmmrnom C

1]

w rwmr_d

Florida 33580, USA) water hyatinth is harvested,
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e - - X434 to the soi} on the left of the p:cture compost made from aquatic weeds resulted b
in a vigorous 1mprovemem in plant growth. (R G Koegel) . -

2

T Seiected F!eadmgs

Bagnall, L. Q."1973. Use of han'esled weeds, pp. Xil-1- Xil- 19 In An Evaluation of
Aquatic Weed Control Methads for Po"wer Piam Cooling Reservoirs, Florida Power
and Light Ce., Miami, Flofida; USA,

: Bagnall, L. O., T. deS. Furman, J. F, Hentges, W. J. Nolan, and R. L.Shtrlcy 1974, Feed
’ and fiber fmm effluent-grown water hyacinth. In Wasrewarer Use in the ‘Produétion;
of Food and Fiber-Proceedings, Environmental Protection Agency Technology'
Series  EPA-660/2-74-041, National Technical Information Service, S°prmgﬂeld
Virginia 22161, USA, .

Composr Science: Journal of Waste Recycling., Published bimonthly by Rodale Préss -
Inc., Emmuaus, Pennsylvania 48049, USA, (Oftcn features articles on compnsjng. _
Nontechnical, in style.) .

Conover, C. A, and R, T. Poole, 1974, Inﬂuencc of medm and feruhur r&(es on
_Agleonema ‘Fransher’. Proceedings of the Florida Stete Horticultural oc:ety
§7:431-35, [Copies available from C. A. Conover, see address below. | /

- Council of Scientific and Industrial Research, New Delhi, 1952. Eichhnornia mssapes-
Utilization: manure, pp. 132-3. In The Weaith of India, Raw Materia)s Vol 1. -
1952. (Appears as abstract:No. 62 in-Ratchanee, K. 1972. See listing below.) - '

Dalpadado. V. E. 1976. Mimeographed information describing compost ﬁmkm\g from'

Tcity sefuse, aquatic weeds, and other waste materials availabje ; 4n- developing

countries. | Available from the Home Gardens Unit, Sri Lanka, see [sddreds below.] :

- Foogd and Agricultural Organization of the United Natjons. 1975 rganic Maierigls as . .
reidizers. Soils Bulletin No. 27."Food "BIY‘A‘srﬁ:ul'terrg z4tion of the Umted

Wations, Rome, B .

Golneke C G 1973. Composting. Rodale Press Inc., Emmaus, Innsylvama 18049 -
USA. :

Kamal, L A., and E. C. S. Little. 1970, The potential utlhzahon of ‘water hyacinth for' '
ho:uculture in the Sudan. Pest Articles and News Summaries 16(3):488-96. : e

. ; Karim, A. 1948. M:croblolog:cal dccompcmtlon of water hyacmth - Soil Sc:ence" T
e 66:40L-16. B

¢ Little, E. C. 8., ed. 1968. Handbook of Urdtzcudn of Aqya!fc Plants. l’lant Productlon...-.
and Protection Division, Food. and Agriculture Organization of the United Nations, = .

., » Rome, 123 pp. {Orderin’g number PL:cp/20] Abstracts of 5 papers from India- =
descnbmg lhe ‘use of water hyacmth for compast and muip:h bl gwm N pages
11-17. -

Poincefot, R. P. 1975. The Baochemun'y mud Hﬂkﬂdmxy o i’."ﬂmmﬂm The

Connecticut Agricultural Experiment Station, Mew Haven, Connectivut D5508) USA. -
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Ratchanee K. 197? Water Hyacinth A bstrac rs—Pubhshed—b:'%pphed- Sc—lem:lﬁe Researth S
Carpomtmn of Thmland 196 Phahonyothin. Road, Bankher; Bmgkoﬁ_s* """ Th alla.nd S

. 119 pp.. : .

" Rodriguez, s. .I C Rne:a—Lopez, and A. Santiago. 1973, Pexformance of As,oamgus' '
sprengert and Dracaena sanderiana in different pottmg and rooting media, Journal of -
the Agriculiural University of Puerto Rico 36 3}4 [Coples availabl¢ from S.J," !
Rodriguez, see address below.} - S e

Singh, 5. B, 1962, Preliminary experuments on the relame manqul values. of .some .
aquatic weeds as composts, pp. 141-5. In Proceedings, 10th SessmmlndctPamﬁc o
Fisheres Council, Seoul. Sectiori 2. Reprinted in Little; E. C. S. ed. 1968. Handbook‘“-‘:___ :
__of Vulization of Aquatic Plants, pp. 8"-—6 F ood and Aggculture Orwamzauon of the

United Nations, Rome, )
. il - *\._\ B coL T :

o

“ "Raearch Contacts

. Amculq.l.ral Experiment Stanon, Umvemty of- Puerto RICO P. O. Box H RlO Pledra.s, e
Puerto Rico 00928 (S. J. Rodrighez-Ortiz, J. A. Arroyo’ Aguxlu) : .
Agricultural Research Center, . University oft F‘londa Rt 3 Box 530 Apopka Flonda _
32703, USA (C.A. Conover) . . -
Aqueduct and Sewage Aulhonly, Box 706, Bo. Obnero 'Stanon Santurce. Pueno Rlco' _ '
00916 (A. E. Sepubveda): - - e
Department of Agriculivral Engmeermg Uruvemty of Flonda. Gmm:svnlle Flondn
. 32611, USA (L. O.Bagnall) .
Faculty of Agriculture, Umvemty of Khartoum, Shambat Sudan (l A Kamal)
Home Gardens Unit, Department of Agriculture, Colombo, Sri Lanka (V. E. Dalpadado) - = .
Hortenshne, Charles, . Dcpanment of Soul Scnence Umvermy of Flonda. Gamesvnlle
- Florida 32601 .
_ Litthe, E. C.'S., “Aroha,” No. 1 R D Kerikeri, Auckland, New anland o
Mechmal and Agricultural Ensmeenng Division, U:mrersuy ol' W:sconmm, Mndnson
‘Wisconsin, 53706, USA (R. G.-Koegel) : '
-:Sanitary Engineering Research Laboratory, .Umvemty of __gh.l'onua‘ Richmond F:eld ST
Station, 1301 S. 46th Street, Richmond, California 94804, USA (C, G. Golueke) SRS S
Sarasota Weed & Feed, 1835 North' Waslungton Boulevnrd Samota F!unda 335980 oL
USA(J. R. Leach) . S




e 10 Processed An-im.eil__ FeedS h

Many-- types of vegetauou that humans ﬁ.nd mechble can he converted mto
' meat, milk, and wool by ruminants - (cud-chewmg animals, such as cattle, ' ]

',sheep, and goats). It is therefore reéasonable to .considér aquatic and = |
semi-aquatic plants as- potential rum.mant feed, particularly as cattle, water .
buffalo, and other animals are known to graze the: leaves of floating aquatic ~ . *
weeds (see Chapter 6) and some senn-aquanc plants. The meat and milk
produced by these animals is needed by peoples in developing countries, who. .
get only a fourth as. much dnimal protein-per day as those in the rest of the"' o
world, partly due to animal feed shortages. - = o SRR s

As mentioned in the 1 troductlon and- Summary to thls report aquatic-
weeds are usually betwee‘b?m and 26 percent crude- protem (dry matter _
basis), which is equivalent to, or higher than, that of forages. The leafy parts .

. of aquatic plants, such as duckweed and water hyacinth and some submerged ]
weeds, contain .25-35 ‘percent protein, which is -exceptionally” high. The === "
individual amino acid constituents are present in about thé same proportlons L
as in land forages of similaf crude protein content; however, the levels of =
methionine apd-ly me—generally conmdered the limiting armno acids in p]ant Sl
proteins—are often‘lowerthanmhzghquahty terrestrial crops. j’$ A

. Nevertheless, many agquatic plants have not been analyzed for amino acid
content and “that some may be surprisingly gmd is sugpested by 2 Iysine
-cnnteut in water hyacinth equal to that found in milk* _

o, The. weeds differ widely in fber conkent, Submerged weeds arg Euw in_
- fiber because the witer slpports thelr weight, but foating and emergent |
weeds (except the tiny duckweeds) need fiber as a skeletal support, Reeds,
cattails, and other, tall weeds contain extreme amounts of fiber, The fiber
centent of such aquatic plants makes them potential subsiitmes for hay, -
cottonseed hulls, and other roughages eaten by ruminant animals, -~ -

. Some’ submerged aquatic weeds, such as hydrills and water ra‘élfmi m.”

.+ particularly rich in carotenes and mmhephﬂls and could become riew
'~ ‘sources for these mmmmmiiy valuable pi;mems, whneh many wuntnes m:td
o to p-orultry ranons . . - .

~ *Taytor and Robbins. 1968, (Ses Selected Readings.)
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- »Anuwar-bin Mahmud, 1967; Hora. 1951;and. Villadolldandl!unas. 1953 (SeeSelec. d. v

| a suitable feed. In Malaysia, fresh water hyacinth is cooked with rice branand. . s-

_to animals have failed.T The fmlure is apparently due to two featuresuthe .

.success, .any program to utilize aquanc planls must overcome. these two

tannins, and du.oumanns are at times preseut lheyr also occur in many
terrestrial torages, and ingeneral aquatic weeds do ot appear to be any more . o
hazardous as feedstufTs than conventional forages. L

Nutrient composition is a guide to a feed’s value, but hlgh dxgestlblllty is S
crucial if the nutrients are to be available to the animal. The: dlgesnblhtles of
only a few aquatic weeds are known. For water-hyacinth the- prganjc matter
digestibility by rumen microbes of the fresh whole plant, leaf, peticle, and
submerged parts were 55.7, 50.8,58.7, and 51.2 percent, respectlvely, in‘one
experiment. This indicates that, for a roughage, the nutnents are, satlsfactonly
available 1o ruminants. -

In Southeast Asia, some nonruminant ammals are fed rations contammg
water hyacinth (see 1llustrau0n page 59). In China, pig fan'ners boxl chopped
water hyacinth with vegetable wastes, rice bran, copra cake, and salt to make

fish meal anid mixed with copra meal as-teed for pigs, ‘ducks, and .pond fish.
Similar practices are much used in Indonesia, the Philippines, and Thailand.* \
Despite these promising beginnings, many attempts to feed aquatic plants

high moisture content of aquatic weeds-and their high mineral content. For

Ry

n = .

Moqsture Content ’

In thenr fresh state, most problem aquanc weeds are as much as 95 percent T f
mmsture The hlgh moxsture content and consequcnt bulkmem makes aquatlc R

“in order to mak&anunal feeds. from the huge quantltles of aquatu; wecds _
that occur it many- countries, methods for reducmg fhe moisture “content e
must be used. These are discussed in. Chapwr 9. Several approaches are. known ael
for makmg feedstuffs from dewatered aquatlc plants NN ;

o Weeds, partially dewatered by choppmg and. pressmg, can. be fed—'. /I
duectly to livestock. Surpnsmgly, t}us has seldom bcen tned i developmg /
_ | c/

e =

Readings.)
+See, for exa:mple Hosam 1959 and Loosh et a} 1954 (Sbe Selecied Readmgs,)

duckweed




and swine - uould use parual]y dewatered aquauc weeds in their dnets when
forage or other ‘nourishment. was. not readily available. This is partlcularly".
. likely during dry seasons in such countries as Sudan and Bangladesh.- . |

» Partially - dewatered weeds can be sun-dried to hay, Rapid- spozlage
makes ‘this difficult to do in the humid tropics, but. it appears a promjsmg
technique for tess humid climates. o

» Partially dewatered weeds can be' further dried. using. hot air to yielda ..
stable product that will not mold when stored. It can also be ground into a
meal or pelfeted for bulk hand]mg ‘This: energy-mtenswe method lS hkely to -
be of little value in developing countries.

e Partiafly dewatered aquatic weeds can be ensﬂed In this ‘process, -the _
weeds are preserved by organic acids produced in fermentatlon The weeds =
Jare. placed in a sifo, and the naturally occurring bacterla ferment the plant B |

" “components_ to produoe lactic acid and. other organic acids. This process takes. ... .
about 20 days. hx“tensxve experiments in Florida have shown'that pressed- ST
water hyacinth produces a palatable, digestible, and nutritious silage thatis -

- readily accepted by cattle and sheep. The first large-scale production of water S
hyacinth silage occurped in Flarida in 1972. Tt was made ifi barrel-sized silos,” S
in a fullsized tower silo, and insstacks piled on the bank of 3 waterway, No ~  _

. fundamental problem# were encountered. For successful ensiling, the mois- _
ture content of the matedal must be less than 80 percentwotherwme it tums .
quu:d and foul-smelling. But water hyacinth silage can be made successfully -~ -
using material with an185-90 percent moisture content— the hyacinth fiber ©
retains water remarkably well; water does ot separate to cause anaeroblc SR
conditions, - L
. Ensiling aquatic wecds could becomc pamcularly 1mp0rtant in humld-_-___-______ e
troplcal and sabtromcal :egmns where it is difficult to make l:xay Because ., .
"~ silage is bulky, silos must be located near the. aquatic weed: supply and also, if
possible, near the market' of animals to beifed. Stack or. tower silos.cian be
bullt on most sites wga;dless of the Jevel ‘of ‘the. water table. One :
advantageous locatmn for a sfo rmght be near a Iag(%n where water hyac:mth o
~Jor other aquatic plants are grown to remove pollutants from wastewater (see
. Cha,ptter 14},
' * Agquatic weeds can be preﬁerved by addmg commercla]ly avail
-pfeservames to: the silage, ' Preservatives containing spropionic; ‘acetic,
t'orrmc acids 3PPhcd und:er carcfu‘il}’ mpemsed condltlons to de‘w lzte- '

- :"bactena :md mobds aml kr.zep thc femmntanfm' tempemtnze with
range. Acxd-presemd sﬂages made from water h inth




ey




_ MAKING AQUATIC WEEDS U'SEFUfL

94 .
Lgrowing on sutrent-rich wategs make much better feed than dwarfed water
'I*.;,facr'mn pianis, which usually m\te long roots encrusted with silt and carbon-
-"*;_a;‘h:. s, |

Even the mineral content w;thm the plant itselt affects: tts feed value. ln
2 \.Jfrmefm i T orlda the mlmrdl Lontenls uf six aquatic weeds (including

magnesium. copoer, zine, and _anganese were present in about the same
concentrations as they dre incjand torages, however, sodium was 10-100
times -igher, iron-4-19 times- higher;. and ‘potassium-3-6 - times higher.
Caleium was also higher.* Part. of the reason why aimals refuse to eat farge L
‘guantities of such aquatic plants is thought to be the overabundance of these
Aidnerals-am .u‘IIﬂ'cll getting omly 10-20 percent aquatic plants in its diet
would b2 receiving ifs full requirement for these minerals. A mineral
* tmbatance may result if this levet is exceeded. .
The feed value of an aquatic weed is sue-dependent’ the mineral content
reflects the dissolved minerals in the waterway “‘In general, however, while
aguatic weeds can be used to wgplement animal- feeds ‘they cannot -,ompnse AR
the entire dier because of the h,@& mmeral comtent. , ,

* : . Y

Limitations - . R N L

" Traces of peqtfudes have becn found in samples of aquauc plants
sensequently, the plants must be tested for, pest1c1de residues before being
piocessad into animal feed. Rtmgiucs are not likely to cause a p:ﬂblem unless
the plants had been chemically freated 1mmedlately prior to harvesting, or-are ]

growing in an 1g:1cultural aresa-athat receives regular apphcatlons of»msectls--'

cides. : ' : :

Canals and w&tqrways iha
waste may contain pu-thx&gtm
waters should be screened Fon

- diets or being handled by'm L

Success in ensiling depends en’ achicving successful fermentation. Most -~
plants must first be chopped and- packed. firmly -into-a silo ‘ar stack. Thenin. = - -
order that fe/mentation proceed, carbohydrate must be _prcsent in_sufficient

e-xw-sai’z-ve}y pﬂi‘r‘mﬂ with inims] or ;h:aaman |
peteria, Aquatic plants harvested from such
rmful bagteria before being used in animal *

__“._?'qﬁamm for the T Tmmgmwtm “Aqumatiz weeds are often iopw in fermentable
carbohydrate, and feed ingredients high in starch or sugar must be mixed with

- the plants as they are placed i the silon Anquatic weeds with o high moisture T
vontent may require the addition of absorbent materials, such a5 dried =
industrial .mill by-prcgd\u‘ttzs.. orida, dried witrus pulp and sugarcanme

¢

)




*studies to develop superior harvesting and processing rnethods {see Chapters 7 o
~and exploratery projects taunched to test the use of aquauu plants as sources ,
of supplementary minerals in animal diets. Research is needed on the - #',;ﬁ
- domestic animals and fish. These measurements should be ma

" hyacinth, because it may be best to use them sepamtely, if Lhe mmeraL

preliminary dewatering, greatly simplifying the process. - v

tesearch avenue i to test the aquaculture of aquatic plants sefected
- specifically for-their feéd-value.-A-fascinating account of such an approach is
‘given by D. W. LeMare (see Selected Readings). He describes how, in the

REC T
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molasses have been added to water hyacinth pressedsresidue as sources of =
carbohydrate and absorbent. By-products of the rice, grain, and sugarcane

milling industries and waste cassava (manioc) are all potential substitutes.

Reseafch. N:eeds _'

R

Nutritional m\ebttgauons of .111 aquatic pldnts having potenml as ammal feeds _ .
should be initiated. Priority should be given to the ﬁoatmg pl.mts that may be” - U7
consumed in their natural state, such as duckweed grazed by geese and water _
hyacinth leaves grazed by ruminants {see- Chapters S and’ 6). Studies of* I

autrient content and digestibility should be accompanied by engineering - - ot

and 8) that produce faultritious, palatab]e digestible feedstuffs. :
The quantities of morgnmc minerals in aquatic plants need to be measured

digestion, absorption, und metabolism of these minerals by vario ys 5peues of :
pdrts of the plants, for example on the leaves and on the (Gots of water

coatent varies widely. : -' B
Research is needed on methods of ensiling quldtlL plants with indigeno(s

materials that provide carbohydrates for fermentation, If highly absorbeD '

additives could be found, water hyacinth might be used for silage wnthout any

Nitrate, cyanide, oxalate, tannin, and dicoumarin Lom.entratlons shouldbe
investigated in planis that have not yex been tested and in new water soure.es -'
for those thal have. ' : ;

Thé amino acid composition 4nd el waﬂ conlt‘:nl 0{' va
aquatic plants should be determined. Their effectiveness
various farm animals and fish should be evaluated. The a
wall content* should be checked for seasonal changes’ an
fertility of the water in which the plants are grown, _

Almost all the research on feeding aquatic plants to anlmals has, focussed_; o
on available weeds. Many of these are not good animal feeds; and a promising - i

?Speé-i__es: of

ects of the .'

1950s, businessmen near Penang (Malays;a) developed an intensive farming .. Gl
system that lagooned all animal manuse and grew water spmach [pomoea--' o
aquama in the nutnent ru:h waters {see illustrations page 124)

¥
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Waur spinach can be used as anlmal fee*d dlreutjy wnthoui dewatermg,er A
ens:hng indeed it can be used as a green vegetable for hurnans (see Chapter o
- 14). 1t also. makes good food for herbworous fish (such~ as those descnbed in
- Chapters 1 and 2). ‘
Other edible plants descnbed in Chdpter t4 may also make useful aquatlc
crops for animal feed, but local species should always be sought: aquatic .
' plams should not be mmroduced into new areas. The nsk of. the:r becommg-- :
,v.%'ﬁis i5.-£00 grt’ar’ e o e

1 : . -
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- and swamps the world over, ofteh- unpedmg agncuiture H shmg, recreatlon 2

Tal, grasslie, emergent aquati plants cover an

wildlife, and nawganon For decades these weeds have w1thstood destruchon . e

.and fiber. As ;ynthetlc materials become mcreas;mgly expenszve' in the future,

o The Ccmmon Reed

pregram to- preduce pu&p a;r’ect L

inland. PTmung paper, cellophane, cardbosrd, und various synthetic fibers are s
‘derived from this pulp. The raw reeds and pulpmill wastes yield a vasiety of "

furfural, alcohol, and fusel; imsulation material; and Fertil

S g_wfw the temperaie and subtropical egios
* part of |
' mtrmmbie _
 rewd-filled wetland can be mmed 0a mwma wmhom drammg it md
_- airermg s Lhﬁraf:fttr IR .

usuaﬂy grow in pa.re stands and have been harvested d’or centunes for food o

thesg aquatic plzmts may. be used for Lhose purposes agam SR S o

[

cellulme derwntiws fmm m:: [t mon ]
reed Phragmites communis. Mote than 60 percent of the huge {4,000 km?)
delta of the ‘Danube River 1s covered in thgmm’s In 1956 the government ~
began to farm and use it, and’ now the reed beds are careful]y managed and
theu productivity improved. . SR

The reeds. are harvested, stored, and transported wlth machmery and
tecluuques designed specmlly for lhe marshy {errain by the- Banubc Delta' S
institute, at Tulcea, . - . / "

Harvested reeds are_converted Lo pui il at lﬁrm&a, a shmt dimnce;

other products, notably vemented reed bocks and compressed - fiberboard;
ilizer, With an anmml

hmest of about 125,000 tons, ﬁfrmmg uf the. bmube reeds h,as become mai .
to the Romanian economy. - | o~
Exrensive stands of Phragnrites mmmunu RrOW on Eake marmim &hruush

= 3 il ] i"g WUEH‘L{ {gx‘&pj 1 '_j___ HUREIR....
h Africal. In some areas tiwy cause ‘massive and ssemingly
bieris. The Romanian example illustrates to the world h




'Hanrcstcd stems of the cotnmon rf

processing plant i Braiia, Komania: Annualy;

céuuio'se .

Ly

ed awamng haulmg by barges KO “the
Sapproximately 120,

Ut ulj IUDH

is, harvested and processed yiiding 89,000 tons of dfy pulg. in Lu:oPE. reeds have been
- harvested Tor centuaes to provide” rwl thatch ar\d other. construction’ m.alermls (A A.

d; tx Cruz) i
|

The Rom.mtan syslem ol rccd farming is based on- ﬂie Teed
production cycle, The reeds are harvested in wmter after they hive-s .
ot their leaves. Then withdut fur|ther attention (e.g., plowmg, fertﬂlzauon or.

chemicat ‘treatment) they are .
'underground ‘thizomes. dqrmg q

An elaborate gatherm_g -and
inctudes three types of harveste
for harvesting swampy (areas, |

- harvesting floating i-s_l.ands‘),-_'ﬂoai
 The air<dried reed reportedly y
. Braila factory pays $85 per tof
reflecting the government/s parti
pulp is mixed with wood pulp to
the paper that is made fr0m it.
The common reed can, produc

leff to grow back naturally flom their

he spring .and summer. At present, only'_é o
2,500 ha of 190 000 ha réedlands i is ‘harvested each year. " '

:,'|“

transporlanon system is --maind; mcd
'S (traclors fcr hnrvestmg dry lan

ields 60 percent of unbleached pulp. The
1ncrease the te-ar strength and the

tchmg,_fcms,_nnd_wmd breaks. Itsistems are

§ natumi
,hed most. -

Iauboats:j
mg quarlers for crew and ﬂeets' fbarges,_ N
n for-raw - reeds—high by-world jtandards, ...
al subsidy of the project. Most of, the feed_..» -

e many other products For centufles it has'”

-

suﬂ used in basket work;|as ﬁrewood fishing rods, and weaver's spools; and T
ruments. AlsG; its- roots are adlble and: the--- - -
used in salads in Indochina and the Soviet Union. - -
marsh Arabs”. Of soutf\em Iraq

as mouthpwces for musical inst:

tender reportedly are
- {Kirgi vmce) The #A
S [

"dan

tribe or







e &

construct houses out ol mexgmnes They feed the young 1ender shoots 10

Ccattle.. - Ceee L L o
Reporteul\ thgm:ms is rlth in . pentosan sugars and can be used to

produce turtumj {nodes and sheaths yield 6.6 percent, and the underground
is over 13 percent), which is tmportant for making Lompressed Tfiberboard. .

(see Chapter 13).

new waterways and must be rigorously controlled. They invade rice fields,

used them as man-made islands in Mexican akes and swamps. (The stems_
wege cut and arrrmged to torm huge carpets over The mtﬁl“nd“oﬂ heaped—el’t
top to form a garden.)

Botagically, cattails are species of Typha md sevefal species differing httle
in physical characters are found in fresh and brackjsh shallow waters all over
the world. Of all wild plants, cattails have been -called the most useful :
emergency Tood source; amd traditionaily they have: been lmporta[nkfeeds to
native peoples. The rootlike. rhxzomes contain a firm core tha is eaten raw,-
roasted, or boiled. It is pungent, ﬁbrous, and rich in an edible starch, Wth.h.
can be separated from the fiber as a flour. It is said to contain as much
protein as com or ricend more carbohydrate than potato; one hectare of
 cauails can yie}d over 7,000 kg of rhizomes. In times of food scarcity, several
nations have considered- cattail thizomes a source of starch’ and the seeds a

PULP, PAPER, AND FIBER ' ' S (1)

el - =1 . . :
o hou.se Lonb[[U\.UOHﬁPﬁf@' mar&*ﬁwmmwwmﬁm ysm‘.w

gattéi:l ' | T e T e T
Cattails are weeds that present $erious problems. Fast growing, they invade
* other irrig&ted"agrk,nutural lands, farm ponds, lakes, and canals. The Aztecs - "

source of ediblg-oil and animal feed. Young cattail -stems can be eatcn in_

P

Ll

salads or 3s a green vegelable even the yellow pollen isedible, -~ .=
Perhaps the L&[lalls greatest eCONOMIc: polentlal however w as 8 source

charactensm:s or the quahty of its pulp, but. cattall stems and leaves_scem
suitable for paper-making. A set of-books publlshed’ in 1765 containing pages
of catlaﬂ paper is still extant; m 1853 cons1derable ﬁmoums of cattall paper

. Blcachmg would fiot be -v . '

R e

leaves yield a soft fiber that has been usedsin mhts baskets, chair seats, and
- Other woven articles.: ‘Because they swell when wet; the leaves are: reportedly

. our supply of whichris dunnnﬂungéuﬁfnrshomge oﬁvrwmnals Cattaﬂ . S

good for caulking cracks in houses, barrels, and _bpats _A sa_mplc of the ﬁh__er SR
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' was d‘:spland at the Amsterdam Expomtmn in, lb?b At that time a- French
- company -was formed to manufacture textiles from it. _There was much en-
thustasm for cattail leaf fiber in Germany and i Romania during World War i
and in Russia in the early 1950s. . .
’ In 1948, French scientists developed methods for hzmrestmg cattad leaves >
ssmare loaexpensive. Today, however with: do-ailicips NSy S

T =

_ Twood. pulp, research - tov reduce the cost. of harvestmg cattaﬂs seemns
st ——wyeranted. There are: Bnmﬁ?atemsm chemical and mechanical: meamrei*
:  extracting catiail t’tbér and a German patent on a meehamcar process: Stems.__, {

and Iaea\es together can be ehermt.ally treated with sodlum hydromde to

pereent and one specnes Tvpha glauca can produce 7-10 tons per hectare

anngally. . i

Recent studies in Mexico show that: woven cattail leaves coated wnth
- plastic resins have potenual as place mats, buildin ng-siding, and- roof tiles. The
‘esulting product s said to be at least as strong as fibergliss.* The cattail _'
e _ekmt will absorb nutrients from wastewaters {see Chapter .| 13) and cattaﬂ»q; _ e
stands could serve tor effluent disposal whxle providing a. source of t.elluloae

pulp for industry. -

—
e
Mt

L Papyrus
The pupyrus reeds C yperua papyrus and Cyperus annquomm forrn vast stands
in swamps, in shallow lakes, and along stream-banks throughou:f Africa
- Cultivated in ancient times in the Egyptian Nile delta, papyrus gave its name
o the wrumg rrmenal paper made from lts stem ln “use- by 3500 BC.,

i torda q-epeﬁeeeeepe fape
on a wire screen from a- water suspensxon) came into v
years ago, but.ﬂ._toqk the name. of t_he ha_lf-__fe_rgort&n pa_
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-

Today the papyrus plant is” considered a “scourge, Omething to be .
e destroyed! ln some -Albrican waters (for example Lake Victoria, the While . .
C Nile, the Congo, and the Okavango swamp) large clumps detach from the land N Ao
and form floating.islands that juggernaut around, obstructing navigationand - .

water flow. Kisumu Hatbour on Lake Victoria, Kenyd, is fonstantly plagued_ .
with tloating papyrus islands. (Seep.7.) dle i
 Harvesting papyrus for commercial use is seldom if ever senously-
considered today. Yet, with a growing world--shortage I‘of pulp.and-paper;...
regearch could perhaps turn back the cloek and make] papyrus a valuable -~
respurce for Africa once more. Uganda, for example, hagfabout 6,500 km? of -
permanent swamp, much of-it-covered in.papyrus. Thé ‘potential- ebbnomic,_m B O
exploitation of this eu)system has génerated much eg HIOversy: with_some - -
' proposmg to. drain it and raise cattle or pond fish; an oth.ers proposmg to'_ o _;
leave it in its-natural condition and crop the fish and p: pyrus that grow there:..:..il.-..i.. L

nazuraﬁyr B y ‘ o

Today however there are many dlfﬁCllll]ES to. be Lz‘vercorpe before use of
papyrus wul be economlcal * Hﬂrvestmg 1s a problen and is expensive, _the o

*These are detgllecl in a genera[ly pesmmlstm report by
Readings.). . . S
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2

4 In 1§ jhshppmes water hyacmth petioles (leaf stalks} dre woven mto baskcts and purses
The blade (lamina) is cut ofl and the stem 1 un,g up to Ary. .
i . + -

3 ]f . . _ .. . L . T
.|' o

- i ﬁtuh— Depithing is “therefore a. kty technical problem in papyrus
utilization. On the other hand, the pith is|not a problem in making hardboard
ang, because it is rich in hemicellulose, mdy have commercial value itself. .. - o
'ff]"'hough shorter than those of softwpods, papyrus fibers are about the * "~ /"
e T length- as eucalyptus wood fibers; jwhich are used in papermaking in- )
[ ralia. The pulp can be used as the main constituent in writing ‘and -
p,hmmg papers but not for wrappmg papérs because of its low strength, The .
ajor pulping chemicals all success.fhl’ly pplp. papyrus, and-because-the stems O
\ave no nodes (unlike straw, bamboo," dr ‘reeds); the pulp is free of hard -~ | -
articles. Even rayon—grade pulp has b n produced The pulp can be-

a 'siju"r't‘:'é‘ of p.ulp and paper, énd* :
Howeven, at the Umversnty of

f o -
Water hyacinth has often been proposed as
some‘ SUCCEesSes have indeed bcen reported'




- . The dned petmics make tough reﬁhant produtts that are solt to thc tou‘ch Thaugh
prudu\.:mn "has begun only recently, the demand -is now-vutpgcing ‘the s.upplyxof S,
hyacinth. (Information. supplied by Departmcnt of Home Economics, Vigayds. State
. College of. Agriculture, Baybay, Leyte, Phlhppmma) {D. L. Plucknelt nd N ‘D.

Vietmeyer) ) . A

A3

conditions, have failed.* Moisture clings to the fiber and: the-pulp cannot be - _'.-__ |
drained or dewatered by the usual papermaking rollers. [L’ater hyacmth does. . i
not therefore Idok promising as an ifimediate source of pulp - o ;f
Mat rush, or “soft rush” {Juncui effusus) Nouriskies in shal]ow pools amfi' _
- marshes of warm- -temperate and subtropical climates, 1t has loog been af _ J' '
wetland crop it Taiwan, C hlna Korea, and Japan. It is Known to-have been
* grown: in Japan as ¢arly as the 19th century AD. In 1970; the' J»apanese
harvest amoumed to 120 millfon, kg of the dried stems _whlch are;used for . | - .
ﬂOOI maumg ) U DU __r_ P '_: ]/_;___
Thestextile . screwpme Pamdanus recronys forms dense thlckets on the * o
borders of lagoons and- rivers in Southeast "Asia and the Pacnfic ls}ands
- Clumps occasionally break off and ffoft 10 other shores. The leaves are used |
for weavmg mats, sacks hats and baskets These prodtlcts easﬂy cleane 'by

reveénue for the people of Oceama

*Lnfmmauon supphed by W I. Nolan




A fmwﬁflﬁ basket -

. made ¢f fiber from )

the '“textdc“ Pgr.
danus,” an aquatic
_plant-of the Paafic -

- Islands. Baskets like.

this .3re being ex- |

/ ported {rom - Niue

7 Islaod ro the United
7 Sutes and  other
S cotntries. - (J, Mor-
R fc_m).
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TED

Warer hyacinth might one day provide a new.source of energy.* In a I

ingredient in natural gas, which is used worldwide as fuel and is a major item -
in international trade. . . - :

‘weeds within their borders, th:s potenual energy . sourge deserves Further o :
_reseaffhandxesuﬂg————----- T et - . e

out all air, they prodicce a biogas composed of about 70 percent methane and T

 utilization that does* not mqmﬁs émrat

—_— ) B o Q‘ ’ ! B <o

12 Energy

pioneering effort of great significance, researchers at the National Aeronautics’

" and Space Administration (NASA) are workjng on conv’erti.ng water hyacinth R -

and other &qudut. weeds into @ UlUgdaS tich ]Il mcmdnc mcmane 15 '[Ile ™Tain

The recovery of fuel from aquatic weeds even 1f on a small scale has,'
igteresting jmplications, especially for rura:l areas in developmg countnes‘ As
many dcvelopmg nations have an apparently inexhaustible supply of aqtatic

Aquatic wee(s are -..onvened 10 blogas by capnallfmg upon one of natme 5
processes (0 decomposing waslesw»decay by -anaerobic bactena Methane-
producing bacteria sre common in nature (for instance, in the stagnant;__'._
bottom mud of swamps, where théy produce bubbles of meéthane known Bs, v

“marsh gas™). [f they are cultured on water hyacinth in a tank, sealed to keepf_-;__._. :

30 percent carbon dioxide t : " :
The high moisture content s:af aqmuc wc:;ds is an ad\zmlage in Ltns o
process: It is needed for fermentation, This § F 1

f'fomm hectare er pmdasx mé&ﬁ‘ B
of waler hyacinth {(dry-weight basis) yiel:
average mcthme conlmi of &9 ;mg;f:m __




eqmpmem the carbon momde must be removed and—unless producnon i
large—it may not be practical to-use bxogas as a fuel for engines. -
Although anaerobic dxgestxon has been used for about 70 years to A
transform sludggy in sewage - treatment plants, it is attractmg increased
attsniion and research activity today. Several thousand digesters (au'-tlght
tanks that permit the growth Of anaerobic. bactena) are in operation around
the. world, notably in India, China, Taiwan, and Korea. These, however, e
process. animal manure of human. wastes- mixed ‘with vegetable waste. Itis - * -/
little known that thhout any arumal manure; aquanc weeds can be dlgested'--
to methane, Q3 : : »
Methane-producing bactena riust be nurtured they require such nutnents

- as nitrogen, pbtassium, and: phosphorus. The work %t“NASA has shown that

water hyacinths provide these elements in ‘the qyantities and proportions’ L
adequate o good growth of the bacteria and for go‘od gas production, . R
The production of biogas removes carbon from the ferment, but there is S
littie toss of the other elements. These. remain as a hqmd shudge that is itself |
an orgam,c fertlhz.er and so;l condmoner equwajent to. compost (see Chapter 9)

. \.\. ’ . B T —
i R . o O L
e

Limitations: ~ © - e

- Fermenting ‘aquatic weeds to methane may be accomplished ‘without B
" dewatering, but the weeds usually have to be chopped or crushed to- make -

them more avadable for bacterial attack. Although simple, cheap equipment

- can be used for fermemauon chambers, they must be constructed and

>y

_substantia] amount of carbon dno)ude a nonﬂamma’ole gaﬁ_that' dﬂutes the

- . mainfained with care. Methane-produmng bacteria cmnot sumve if oxygen is S
< present in the culture medium, and the air that is introduced when the =
. chamber is loaded with weeds results in a lag before anaerobic digesuon can Lo

begin, During this lag, which can be up to HJ days, thé
aerobic bacterid, which produce: carbon dloxxde not’ methane With the _'
oxygen gone anaerobit bacteria take over, but blogas always contalns a

- heating value of the methanc

Blogas productlon is not fast. The bactena rrmst be g;v"e’p 'e* 10-—60 days o
may be needed Furtherme the mmal statt- up 15 siow-_hecause the baclena ”

eas;i}y “upsetl It takes skﬂ.’t and. commual supemmon to mmntam meth:m
production. The foﬂomng factors must be wnﬂdercd :
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Tenperature: “axuuum production - oceurs al 32-36°C. In temperate’
regions some heating may be needed, but generally in climates that foster
. ' aquam weed growth the opumum temperatures can be reached, especially if. _
o © . the digester is in the sun. The temperature must be kept relatwely-_ -
o constant—farge fluctuations can distress the bacteria. , Coeedi
. Nutrienes: The teedstock must contain adequate nttrogen for bactendl o
- growth. The relative amount of carbon present should not exceed 30 times
(the amount of nitrogen. Carbon to rmrogen ratios between 20:1 and 30 l are -
. best. Luckily most aqu;atlx. weeds are'in this range. : - c TR
Mixing: For maximum gas production, the ferment must be stlrred or .
amtated at least twice daﬂy to break up surface scurm. - ' ‘

z

. Experiments for convesting water .hyacmﬂkéto reg ety -into-fuet— b the sealed ™
" metal tanks the hyacinth is fermented anaembmaﬂy (w aur istexcluded Small amounts S
of stagramt bottom-mud from 3 neighboring pond infested with water_hyacinth “eed”
- the fermentation - with me{hane-produqng bacteria. These ‘then convert the watei
' _ hyacineh into 4 gas rich i methane ~the major. mgredxem fn 'w:ral gas, a_fuel
wsed for cooking, brt'anng. -elecuricity generatw.. . ' :
. experiments the gas i collected and measuréd g;w glsas tank_& an "o.ttlc '
estimgated’ that the amo%m of water. h}acm-th th_' canbcg:rom. ; :
, comverted. to. 70,0600 m” of meth&ne gasy currently -worth abe
i Sta£e$ FNational Spaae Technoﬁagy Labomwr"._- - A




- aquatic weeds in 2. biogas generator that are. relevant to developinig country DU
situations. : S
Research Needs ’ e

. have shown initial promise as feedstocks. for methane-producmg bactena but : S

Acidity: Durmg ‘digestion, acids can accumulate and suppress the bd(.tena

sometimes lime or other alkali may be needed to neutrahze them. '
Biogas must e handled carefilly: Methane rr_u‘.‘red wirh air is exp!osfi"e;_ I _
So tar there hawe been no assessments of economic feasibility of using - - -

-

The conversion of aquatic weeds to biogas has been tried in only a few
laboratories. It is- new and largely untested under condxtlons usually
encountered in developing couatries, but the results’ are. potentially so
important that process engineers should test out the systemin weed-infested
developinig countries worldwide. Some particularly relevant locatlons appear
1o be the People’s Republic of China, the Republic of China, the Philippines, -
Thailand, Malaysia, Bangladesh, India, Sti Lanka, Sudan, Zaite, Zambis; =~ %
Guyana, Panama, and Mexico. India, in particular, is a promising test location -~
for not only does it have aquatic weed infestatipns, but Indian engineers are
among the most experienced at designing and testing biogas generators, .
Plants such as duckweed, water milfoil, hydrilla, alligatar weed, and algae '

research still needs to be done to leam their true value. -
Much research IS needed lo reduce Ihe fermcntatlon llme anci to optumze

ywlds . _ o 1

It is ret.omrmnded that engmeers demgn a small~mzed water hyacmth

should

e use a maximum of matarmls mdlgenous to developmg countnes,
* require only simple maintenance; %
 be cheap and easily constructed;. '
v be safe and foolproof to opcrate
Methods and eqmpmcnt for coﬂectmg, stormg, and hand!mg iogas .

developing Lountry s:tuauons are also mcded ; SRS
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© 13 Wystewater Treatment
. .Using | Aquat i_'c: g _Wefe ds

Raw sev.age conteins c.omp{ex organic and morganu. rmteimls mcludmg
proteins, urea, amines, celtulose, -fats, carbohydrates, and soaps; [ blologlcal
a¢wage treatment facilities bactera, fungi, zooplankion, and dlgae degrade
and use these complex materials, resultmo in an effluent rich in nitrogen, - -
potassium, phosphorus. and ‘other glements. The treated waste has usually
been discharged into-the nearést lake or river with little. thought of the
consequences: today, however, the growing world population and an:
increasing  demand [or an improved eavironment make belter djgp
mandatory. ~ : :
Recently, researchers have discovered that, some dqudlu Kedb Can T
‘scavenge inorganic, gnd some organic, compounds from water; The weeds =~ =
absoeb and incorporate the dissolved materials into their own structure.
Efftuent refovated by -the plants is stripped of its pollutants and, when
celeased into waterways, causes less énvironmental damage The pia.nt cullure
units c,iean water so r.xpldly .md effecuvely lhat they re

! produce , in most situations, suitable ior re-use i erlgatlon ancl industry.
(See a.compamon NAS report More Water for Arid Lands, cited on page
172.)-Furthesmore, the plants themselves can be harvested and used, thus TS,
providing additional benéfit.’ “The- lechmque can also be used for treatmg S
:ammat manure and other farm wastes. :

tordﬁek}pmgwunums__hjs could becp_@hc extremely 1mportmt bjnrates
ammomum compounds, phosphales”and organic carbon-discharged from— :
sewage treatment [lacilities—are: nutnegts often needed in agriculture. The = . .
. first two are the primary ingredients in fertilizer, -which. today costs
developing countries increasing amounts of precious forelg:n exchange to
_'nmport Fert]lIZ'CI' manufacture is energy . lntezmve ‘and—this mcreasmgly
expensive.. For many riiral” farmers, the price. of the.. forelgn product’is’
-.pml'ubmve Aquauc p!an ts prcmuse to prowde an mdlgenous sourcg_pf cheap____

mﬂst e
This fertilizer recow:{y metth is o
is led 1S shallow ponds planted with
harvested regularly, each time leavidg

iae




.r_'Ss;L C.ﬂlam;. T and- B—Wagne: 1966 (Rzlmmed 1970} Sewaxe Lagoons for ;

that the water puntlcanon bewmes a ccmtmual process Altematlvely, the
plants may be allowed to grow for an entire-season and then harvested—

pethaps even after draining the pond. This method is versatile and can'be - .
scaled for village, farm, or small municipality. It can be used to treat aw

astes from households and food processing (sugar, pmeapple citrus, “otato B
fish, etc.) can be- purified by this process toa.

" ﬁ“age or raw farm wastes but. they should first be tagooned or diluted *
W

In addition, aquatic 'weeds can. be used to pamal[y slnp traces of

potentially harmful,” or “oderous, agents from ‘drinking water including
cadmium, nickel, mercury, phenol, and potential carcinogens: The: aquatic .
" plants remove and concentrate these elements, which may become 4,000-:
20,000 times more concentrated in the plants than in the water, One research

effort is now undey way to see if aquatic plants can proﬁtably recover s:lvcr e

- gold, and othey precmus mctnls from ore-refining wastewaters.”
“An aquatic weed water-treatment system can be inexpensive to build and

maintain and, if it is situated so that gravity delivers the wastewater, has =

virtually no energy costs other than for planting and harvesting the we¢ds. In

on the nutrients in the wastewater. The harvested plants can be used as
described elsewhere in this report to feed herbivorous fish, waterfowl, cattle,

and swine (and perhaps goats.and rabbits, t00), or to provide raw malenal for - .

making procmsed ammal feed, wﬂ addmves, rriethane gas and other.

products o
Not all aquatic plants are equally adapted for growmg on wastewaters

Many of those that seem to grow bést are common weeds, for example; the ;

- COMIMON reed Phragmites communis, bulrush Scirpus lacusrns “water hya-.

cmth dmkweeds (Lemna spp and Sprrodela spp ), forms of e]odea (Efodea

-y

- The vigor that makes it one of the world s worst Weeds appeal‘s to make thc B
. —wawr——hyaemth rdeal fer-—wafer tregtrmnt Several reseaxch gmups in the

ississippi (populatm 2,500) by th,e Nanonal Space Technology Labora

Dezdopmg Cow:mex Departinerit” of Hhusmg and lrban ]:l-m:.lopmen{ (Waﬂnngton, -
. D.C. M__é::\)_l_geumd*uethods Exchangz #62 35 PP: . o :

s bemg “farrmd ona 3.6ha sewage lagoon servmg , the. cnty of Luoedale ot

' ";"a senst (he€ planis are an agriculitural crop UfﬂIIﬂTg‘SIﬂm' energy and growing-

N ok
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lm,oorwd and then pumpod mto a series of channeh (shown' here) The sdﬁtroplcnl"" LT ]

cimate and rich nutrients ip’ the wastewater produce huge crops-of water hyacmth : ' o
- * biomass. Designed to help the waler hiyacinth extract the maximup quantities of | p -

Autrients, the 1-m deep channels also facititate’harvest of the plants. Once harvested, the =

vegetation s processed into animal feed (see Chapter 10), fuel, und fertilizer lsec Chap-

e (1 PsnuomIS'Q‘.iCc ffmg}“h‘abﬂfﬂ'lﬂfﬁ} B T S PP

e

tories_., (-.-1'\U.S. govemment'facilily operated by NASA). The:Um'vcr'sity of
Florida and the Texas State Department of Health Resources are also treating
sewage w;th water hyacinth on an expenméntal basis. During warm weather

in these ‘Subtropical southern statés, water hyacinth can incredse at a

‘ p}wnomenal rate of 15 percent surface area per day. Atsthis rate 20-40 tons
' of wet water hydcmth could be harvested per hectare per day, removing, the
nitrogenous waste of over 2,000 people and the phosphorous waste: of over |

.. 80O people.* R
Uudcr ideal LOHdIthHS waler hyacmth hds recovered the fol]owmg ©o |

b T T Amount Recovered
Element kg/ha/day) 7

e« Nitrogem- - .. 2244 : | S
: ' . . Phugphoms i _ETT— .'.".:;_".'_'.'.'_f'_::;i'_"'_"“. T e ——_m,-_'.. R—— __m_,

" "Pbtassium 2244 LTI

. _Calcwm o ... n22 . N T

. Sodium_ . R I S

s formation supphed by B c. wohmom . _. o | ey o -- o | f) :




Al and spread thew roOtE through the gravel, WasTewater s Spread, over the -

‘percolates downward. Dissolved organic and inorganic maten::zls absorbed by. - 7

Wat?{; hy a.unthdms doubled El; area every 6—? days dunng tha growmg f
$2ason. in Flonda (March—hovember)., When sewage was passed. through d
pond at a rate of 2.2 rm.[hon liters pes ha per day ("00 000, gallons per acre
nitrogenous. compounds. am:l 40 percent of the phosphorous compﬁunds in _
days. . N

Water hyacinth culture reTmoves algae and fecal bactena greatly Tef
suspended maitér, and removes odomausmgcompounds Reporte The/s :
sultant effluentiis clear, odorless, and contains little nitrogen; some pt:(os S
phorys remains tiecause it is removed more slowly than nitrogen. Part o the

. ‘per day)* water hyacinth growing in the pond removed 80 percent of th/g

) tmprovement in »kater quﬂhty is caused only ‘mdlrectly Ry the water hyac th:

“zooplankton), that feed on bactena and it shades the lagoon and r?ducgs'-

wind and wave actlcm, thus helpmg smpended matter to iettle out o

[ *

Ermmmmm-mmod . -é. e

U U B

water treatraent process that uses reeds and bulrushes to purily/the water.
The untreated wastewater first- passes through a bed of g.ravél" pped with
sand-in which common reed is planted. The reeds quickly grow to be 2-4m.

nso o MAxlNo..&QuAr.lc}\’-EEDS-USEEUL;---:f. L

. The Max. Planck Institit of West Germany J_i;;._.d_gggicip@dﬂ_'and__:'./-&Lelﬁed T )

surface of the bed, and solid particles are trapped on the sand as'the water

the reeds or decomposed by the microorganisms in the gravél. Since leaves, . =
stems, and roots of the common reed have’ air passages in
transporied down through the plants and outward from the, roots to the soil -
to supply, the massive needs of the microorganisms. By creating 4 route for

rapid tr&risport of oxygen to deep portions of the bed, the plants inciease the ' B

efficiency] of the breakdown of organic material. As skudgé accumulates on

the surfaqe of the bed; the reeds put DUt new roots from alomg.(hie base bf the _-
" stern. These roots aid in_digesting the studge and slow the ratc of sludge,. '

build-up on the surface of the bed.

The water then flows to the srté of the sccond stage of the pmcess a.' ’
gently sloping bed of gravel letcd with the bulrush (ch'pus Iacusm,g) As o

em, oxygen is * -
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WASTE‘WAT - 1Y

In Florida duckweed (Lemna spp.) is grown on a scwage lagoun I"loaung barmrs
(kngths of plastic pipe seaked at the ends) are used to stop-the wind from-dispersing the-
pants. A simple net is Cused to harvest the plants: about half the area \;rnhm the barriers

& left unharvested each time. The planis grow back to fill the 37-m” area within two

days. Yields have averaged the equivalent of over 1,200 kg/ha/day or over 60 kg of dry _
matier pet hectare pec day, Grass carp.(see Chapter 1) grown in these lagoons to feed on ..

i the duckweed _haye praduced, | kg of fish flesh for every. 7 kg of weeds consumed. The

porentist for raising herbivorous ammals on squatic plunts in wastewiter mncusnswry
great. (D L. button) ' - o '
_—

© A similar system developed in the Netherlands also uses long ditches,
largety because. they can be maintained mechanically, 1n- - this system,,
however, no gravel is used, and the plants are rooted in the bottom soil, Tht;
water flowing theough the: pé'hd is purified by microorganisms; the nutrients
dtssojved in the wastewater are absorbed by the plants and by the B

| | | . FEETES—

N

LR

*microorganisms. It is believed that the phants function mamly by prowdmg
g .,
costs For using. their aquatic prant method are reported (o be only a sixth and—"_‘-_—’

altachmcrrt sités for the microorganisms,that purify the sewage.*

Under Dutch conditions.the initial investment and the annual operatmg

a.fourth of the equwalem costs for an actwated slu ge plant thh the same
capacity® - _ o

’.____'dg Joqg. 1975, {See Selected Readmgs)




.:’

L8 i -

- water hyacinth, they have very high moisture contents, . = &

. Submerged aguatic weeds can extracl numents from wastewaler as well as

Mm Method

. %i Like the water hyaciath, duckweedg f]nat on water and cxtrac;t nut nts
Hrony it. Species of Wolffia, Spirodela, and Lemna show promise for Punfyms Lo

120 e T -MAI\"ING--AQUAT!CWEEDS USEI-"‘U},_’.'

l

sThe water lemng these units is. cle,g;, neutral (about pH 77, and w1]l not
exert an oxygen demand on ithe receiving waters, thoug,h it may. conlam
dissplved’ nitrogen and phusphorus ‘The reeds -and‘ bulrushes . are harvesled
perlodn.ally The fiber, of these ;ﬁlants is valuable (see Chapter 1 l) o . ‘-.\-

. kA
| o - ey

Submerged PlaﬂtMethod \1 :

" Aoating and emergent planls but, these ‘plants grow well only in oxygenated
water and_therefore “cannot be lfsed 10 treat wastewaters where microbial
degompomuon can create anoxic conditions. lnstead ‘they are best used after

—the organic wastes have been decelmp-osed to sotuble inorganic. materials, At - L

this stage. pathogens, parasites, anditoxic substances have beets removed.and a

“varety of herbivorous :aquauc ammals aré able. to live. The grass carp

{Chapter 1), various hﬂbworous ﬁshes (Chapter 2), the crayf‘ sh (Chapter4), - .
~ard Watesfowl (Chapter 5) are. examples To these ammals the submerged . -;

weeds are a succulent food that they convert into meat more efficiently than [ .
_ more fibrous plants like water hyacinth and reeds. Large-scalé experiments in’

Sarftee. Ealifornia, have demonstrated that fish ham:stcd trom such ponds aref ' -

"~ safe for human consumption.” * e
Because they grow underwater, s&bmerged weeds are dlfﬁcult to harves

~ mechanically; herbivorous animals act 4§ harvesters, but stocking rates havedo .

_be carefully balanced -to avoid decimating the wceds and reducmg then' o

" nutrient-removing ability. _. .

“Two submerged weeds of tropical and subtroplcal reglons that grow well in- .

heavily fertilized water are hydnlla and Ceratophyllum demersum.

e

\water, Smafler than water hyacinth, they are easily skimmed- fiom, or floated ..

\off, the water surface. They contain less fiber than water, hyaclnth and- are
‘re&dily consurned by ‘herbivorous fish,,  pouliry, ducks, geese, and’ other:
:waterfowl They ‘may also make good- ruminant .and plg feed though hke-_-"_:._-"__

AL the Louisiana State Umvermy duckweeds are- now ----bems Elfown _e&-f"-l---
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- Duckw ecd\ are discussed i t_r'ﬁ‘m’r in P{ppeTﬁi"?*(T

=

+

L imitati-‘bns

The use of aqu.uu weeds for wastewater treatment is still eipenmenml
Except for the emergent plant method, the techniques require shallow- ponds
in which to grow she weeds in some focations land for such a purpose may! be

. .puﬂubtmelv expertswé Lagooning waslewaters is not universally dLCEPIGd'
. safe for publu. health; however, lagoons have been used traditionally in A,sla__-'
and modemn research has shown that, if carefully managed, they are safe and

peshaps ;nore gffective than convennona] wastewater treatment for remowﬂg

pathogenic bacteria, parasitic-worm eggs, protozoa cysts and eggs, and heavy-

metais. On the or.her-hand if mismanaged, the lagoons can become odorous

and mosqmto—ttﬂcd they can seep. and pollute groundwaters, and can fail to R

kill pathogenic; bacteria.

In’using' :.m.h sewage treatment techmques. there is poiential hudrd from-

“pathogens, toxic heavy metals, and carcinogens. Care, quality. control, and

public health safety measures must be enforced. The role of aquatic weeds s

to remove Inorganic nutrients from freated wastewaters; they should not be
harvested and used if they have come in direct contact with raw sewage.
If used where wastewaters contain’ pesticides, heavy metals, or industrial.

wastes, the planls must be disposed of saﬂely In. lhe NASA wastewater'-' "..

-

- and- goats—inside—falls-into- a-pond—to-fertilize-a—crop of-aquatic-plants.Harvested
regu!arlv the plants provide feed for the-animals: Stimple systems like this that harness
i 514 08 aze COMMON iy Southeast Asia. (H. Popénoe) k

In Taa Chau, a rural area of Vaetnam. barns are built 5o’ the manure from the sheep.
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Courtesy of Amenican Society of Agri- _ T

culturai Enginecrs) _ ' i, ¢ S v
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treatment project, water hyacinths contalhmg such compounds are fermented

to methane gas (see Chaptet 12). . '

To achieve satisfactory recovery of phosphorus and mtrogen the amounts”
in the wastewater passing through the pond should not exceed the capacity of
the wegetmon*to absorb the numcnts dunng the residence time of thq water

" in the pond.

Slight mrbulenee in the water & necessary for a rouonable rate of nutrient
removal; in statwnaxy water, nutrients in the top layers are depleted and "
plant . growth slows. Turbulence also improves the oxygen -content and .
distribution and facilitates the growth of bacteria, zooplankton, and-other '’

- organisms that help break down organic wastes., .

Care must be taken to avoid anaerobic mdiﬁon;mﬂwmaﬁﬁlleir
treatment ponds. For éxample, g float g W .at that completely covers , L
the- water surface reduces natural aeratidn of the water as well as the sunlight
needed for photosynthesis by algae and submerged plants that also oxygenate

“regul#rly harvesting the weeds and th

s_urface,, or by stocking the plants on J;YMI efflu

maintaining free water 7
from pmdous water -




Aquatic weed wastewater treatmenls could make exuellent research pro;ects . -
for biologists and spnitary engmee:s in developing countncs ‘There is much -

& . . . ’ .. . N -

Wastewater s puntu.d as It pcrcolatcs through beds Qf' thv: bulrush Swpus E
Elburg, the Netherlands. (C. D, McNabb) o :

treatment facilities (that is, saturated wi__lh oxygen and free of matter that will - ’
absorb it from the water), anaerobic conditions can be avoided. .-

Research Needs .

yet ‘to leamn, and the concepis dumu[md eisewhere cun be ‘modified 1o fil
local weeds and local needs. The Lcr:.hmqum meed much ingenuity but donol -

require complicaied - technology, greal Expense, o tmported equipment,
Aquatlx plm{s gppropriate For treating wistewster are air&ﬂ:ﬂy availahle in

T most countries-—aguatic wevds sholld 'newr e irtrowdiced po @ new- t‘r:mmry S

L

* or area:{ They are among the must permicious weeds on earth.

. cnergj;f fas through baog!ts producnon) and the prﬁductlon Of meat _by feed-_. o

" systems dcscnbe«d hcre 10 get “the maximum _energy, iﬁr, and pmtbln':’"'
_recovery that is*” bie--yea '

Resn?afch is:needed to optmuze the design and management of the systems . .' o
to get] maximum ‘hufrient recovery year»mund ltf"sl‘_lould deal with “the
tecovefy. of nutrients that can be used directly as’fertilizers, the tecovery of

ing the weeds to aguatie | herbivores.or terrestnalannmls

Research is also needed to optmuzc the design and management of vancms;_' :
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The Bayan Lepas Farm near Penang (Maliysia) was organized mthl: :‘-19'-5_0"_5'- 10
combine pig-rearing with fish-farming and vegetable-grewing: -Heart of  this intensive:
s}$t’¢m is the. laggou swckcd with herbivorous fish . (grass carp Chap

; " produ: t+ha pond (k=1
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methods for harvesting, handlmg, and processmg the weeds efﬁcnently and
profitably. - ¢
. Little research has been done on food production systems in which B
- animals can feed directly onthe- plants.in an. integrated-. Qlymﬂmte,some _____ _
animals that should be tried are herbivorous fish (see Chapters ls,anﬂ 2) N
{reshwater clams, and ducks, geese, and swans (see Chapter 5). In addmon S .
~ dombinations of these animals with others that live on deffitus, zoopla.nkton S
molluscs, etc.. are also well worth research; in combination they can use a,ll of @
the foods available in 4 wastewater- lagoon. : : s R
It is likely that mosquitoes or other vectors that carry dlseases may use the R
weed-filled lagoons for breeding. In any given;area, studies should therefore ek
~ be conducted to determine the extent of this nsk before the system is put L
into wide-scale use. ’ :

. &,

e
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Svsrern NAsA Techmeal Memorandom TM-X-727260 [Copies available trom the
Natonal Space Tevhnolegy Labratenes, HJ\ St Lows, Missisappt 39520, USA

Wplverton, § U, and RO MeDend 1973 Warer Hvacmris for Upgrading Sowage
& fogoons o Meet ddvanoed 1t'uaf(- wialer !‘rmmzc‘nr Stundards. Purr [ NASA
Techmcal Memorandum THM-X72729 | avadable as above ] . !

Wolvertan, B C* R O, MyDonald, and § Gordon. 1975, Warer Hyactiths ard tiligator
Weeds ror Fingd Filtronor of Sewusge, NASA Lechncal ¥Memorandum TM-X-T2724,
Avadable as above -

o
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48823, USA (. D. McNabby )
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14 Aquatic Plants for Food,
Miscellaneous Uses

o

’\Luw" y @I&ﬁl‘s TR t‘iﬁ'ﬁiﬁd s fresh waters, but except for rice, none
has | ﬁge% subject’ol- u.on-.entrated research, Though a few aquatic plants
are fiarmed. most are produced in native cultures by traditional methods.
Modermn technology has seldom been applied te the cultivation of aquatic
plarlts. a grossly neglected area of aquaculture: Fish, shellfish, and crustaceans
recdive much atrention w hllt. the production oi edlblc aquatic plants receives

,,.-wq—

\1;111 ally none.

lp the near future, as btl}geoning populations torce us to utilize marginal
agritultural areas, squatic plants may be cultivatéd more inteasively. In most
parfs oithe world there are swamnplands and shallow ponds totally unsuited
to yonventional tish culture or agriculture. Man's present policy toward such
are.i:. is to Jdran and - "develop” them tor uses4that are not in accord with their
nature  tor homes, industry, recreation, or agriculture. There is a pressing
need to find techniques that will allow us to use wetlands as wetlands.
- Cul:rlwatmg aquauc plants 1s one possible way. This chapter highlights a few
speries that. with research, could become more important aquacultural crop
plapts. :

Bome of these plants are pernicious weeds. They should never be
intioduced 10 new locations or encouraged to spread in old ones. They are
tm.]uded tor the benefit of those areas that already have them and would like
to fee them used productively.

Aquatic plants can provide three types of food: foliage for use as a green
vegietable: grain or seeds that provide protein, starch, or oil; and swollen
fleshy roots that provide carbohydrate, mainly starch. Examples. of all three
folllow‘

Wéter Spinach (/5omoea aquatica; also known as /. reptans)

o

AgtrOpical trailing herb of muddy stream banks and freshwater ponds and
mi_'lrshes.' the water spinach is native to India, Southeast Asia, Taiwan, and
sopthern China. where it is cultivated mosi. It has been introduced success-
| N
iF . ’ -
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A whitesstenuned vanety of water spnach (Upomoca aquutical for sale n a Hong Kong
tarket 11 A Gntrighs)

Waier spinach growing in flooded fidlds in Hong Kong. (D. A. Griffiths)

* . b
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“Watercress | (Nasturtium off:crnal
nastumum aquat:cum and Ror;ppa nastumum aquat:cum )

" *Bardach ot al, 1973, (Sée sele'ctgd_méadi_ﬁgs';) |

AQUATIC PLANTS FORSFOOD, MISCELLAN (EOUS USES
.- .
fully to FIJ] ‘Hawaii,; and Florrda [ls fresh young teaves and stems are used as
a vegetahle, boiled or cooked in il, especially u‘lunng summmer months when'
other leafy crops do npt ZIOW: weﬁ 1t is also used for pickles. It is very popular
in Hong Kong and LOfnanES about 15 percent of all the vegetables produced
tor the local marketsQ‘MuLh is also used as fodder for pigs, cattle, and fish
' Farmers favor water spinach beeahse it is easyto grow, has relatively Ic
labor reqhirements, and-can be. harvesled irregularly to fit- the marke: :--_-ln
Hong Korlg, the \,ultwatlon of water spinach hasi been perfected and, ‘with
heavy " fertitization (usdally in the form of mght soil applied 2 3 trmes a

- week), annual yields may be as much'as 99,000 ki per ha. :
Water spiftach seedlings germiniaté anid grow poorly underwater; the seed is

usually inated and grown the first 6 weeks on 3 dry portlon of the field.
Then the’ field is flooded to a depth of 3+5 cm, the soil trarnpied to hquld
mud, andgthe cuttings plantéd in’it. They root pidly and require little-
further a;mﬁtwn No weeding is necessary As the ciop grows, the depth of
water is increased to about. 15-20 ¢m. Water control is essentlal In order to -
conserve fertilizer, water flow is lmlted for 12 hours after fertilizing. Some"
stems are seady to harvest only. 30 days after plantmg Ten or more ‘such
harvests may be rnade in a season. '_

Protein content ol the fresh plant varies from 1.9 to 46 percent
carbohydrate averages 4.3 percent. It has been estimated that “a' 1 ha pond,
in a tropical region with a year-rounid growing season, planted with no ing
but this species, could armu'gjly produce 770 kg of protem and 1,059 kg of
r.arboh)drates or considerably more usable food than ma y commercially .
profitable fish ponds.’* The ‘leaves are good sources of rals, especrally
iron, and vitamins A, €, and E: -

In Malaysia water spihach has been grown as an aquatlc (‘.‘rop for ammal
feed (see page 95 and lllustrallon page. 124) _

-+ : 4

._'..’t

Watercress‘{' i$ a herb of the mustard famﬂy natlve to Europe and northem -

Asia. It has also been widely cultivated- in temperate and subtroplcal reglons

of the world ‘and is grown at coo] altitudes in troplcal zones. Prized asa

frbsh-salacl herb or as a clookecl green avegetable it rs a nch source of n'on,

g'rows submerged floatmg, or - spread over mud surfaces It 1s usua]ly

iKnown in Great Britain as “cress.”
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also known as Rad:cula
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Harvesting watercress on the Sumida Farm near Honolulu Hawaii, (USDA ‘Soil,-

Consgrvation Service, Hzonolulu. Hawauii)

cultivated in beds floeded with flowing Water up to 10 cm deep. These beds
“can be built adjacent to springs, artesian wells, clear flowing streams, or canals
“and the water diverted to them in small channels or pipes. Rapid growing, the
plants can reach 30 cm high and be ready for harvest in 30-60 days. The tops-

are cut off below water level and are soon replaced by new growth. Three or .

four crops are obtained before replhntmg In-the wﬂd watercress. perpetuates
itself year after year.

If the water is polluted ‘watercress can’ become contammated with -

amoebae and is dangerous to ‘eat’ raw. Where this- 1s a posmblllty, the
. watercress must be washed with dlsmfectant - o

L AR

Other Aquatic Plants Grown as Leaf Vegetables ~ -

- A few, little-known, aquatic plants are reported to be use'd.as green veg’étébles‘. L
in small areas of the troplcs—they have seldom, if ever, been produced*j k

elsewhere, -

 Neptunia oleracea (also known as N prosrrata) is a curious plant w1th . :
- feathery leaves and stems made buoyant by .their spongy white covering. Ite
floats on still or slow flowing fresh waters of southern As:a Afnca, and S
tropical America and tends to invade irrigation ditches. It is ‘grown in fanks <
in Thailand and. Vietnam,; and the fresh. plant is sold in markets_.a_s.a}_ S




tich i m protein; for the plant is a legume.)

In Java, young plants of Limnocharis flava are a “common. and
"much—estecmed vegetable ‘purportedly’ /not adequately appreciated else-
where.” Favormg wet matidy places and shallow water, it occurs wild from”

". Mexico and the West 1fdies to Peru and Brazil. lntroduced into tropical Asia.

.. before 1870, it has become thoroughly naturahz.ed throughout Malaysia. It is

cultivated. mmnce padches and marketed as a fresh vegetable especially to

provide incomé if the rice crop is not successful. The young leaves, stems, and

flower clust&rs are cooked_and' “ten_, Old-plants are plowed into the rice™
fields as green ma “The

contain 1-1.6 per : ¥ :

{ th bides'is an aquat;c fem that i common]y found wild”™

fte. paddles, and. alpng ditches throughcmt much of tropica]

._..,that s used for
_'fD Vu:tmeyer)

juicy. ’loﬁng 3 Sl; are cooked and eaten -There is no available |
" literatize on the pruductmty or food value of tJns aquatic crop (It may be.

_readﬂ_y grazed by cattle Y_oung leaves._
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and subtropical Asia, the East Indies, and Oceanii. The new. fronds, jusj |
- uncoiling (fiddleheads), are widely eaten, raw..or cooked. The entire plant, -
except the root, may be cocked as-greens *No mformatmn is avmlable on 1ts : _
food value. |
QOttelia alismoidey 3 submergent plant, as only its flowers appear abovei -
the water, [f7R" “in shallow lakes and slowly ‘moving streams from'
Australia to Egypt as well € in southern ltaly. It invades rice fields and 1sf o
encouraged in fish ponds to maintain the water quality. The. entlre plant,
except the roots, is gathered and cooked: as a vegetable and is said to have . ,
excellent flavor. In Thailand the leaves are valued for seasoning rice. No-____, v
information is available on its food value, which should be mvestlgagéi | SRR

. Floating Rice (Oryza satfva)

a

" L. : Hay-one Dwep
uriand matye ch bk Meifiate watee
regioma ragung . wmter depin Qo

——— P el T
* Ta nd_s_qmn_hafl' rices . Talf riges | Lo tices

" Sowse 18 " '

Water too deep for comrennonal nce often occurs in- deveiopmg countnes Bangladesh N
. India (the Gargetic Plain, West Bengal ‘and Assam), Thailand, Burma; Khmer Republic, .
Vietnam, Indonesia, Gambm, Sierra Leone, Niger, Nigeria, and Mali already plant large.
areas of floating rice in‘areas prone to deep flooding. The International Rice Research
» Institate (IRRT) has recently announced that “ylelcl breakthrofxghs are: posmble" :
the ﬂoatmg and medmm-deep rice varieties.” New ]:mes of ﬂoatmg nce are now 'emg-;
tested in several Asw.n and Arncan countnes (IRRl) LA et

SR




F T v&Heys and- - del:tas of Ba_ngvlgdesh .dodia, Burma, Thailand, the Khmer .

_ Republic, Vlemam lndones.m and "parts of Afrrcahmthes&maa_tm: water

ww o =depth during.the growing season can be as much as 6m—to0 deep for stzmdard
rice varieties, parm #larly the new hjgh yielding, semi- -dwarf ones. ' :

Farmers usuaHv broadcast thﬁ?se)eds in dry or moist sod before the heavy e

—— g

elongzue keepmg the leaves above water. _ ------ =
Floating rice is sometmles harvested _from boats: o areas where the water- S
recedes before harvest, a ta.ng,led mass of stems and curving shoots is left . SN
. behind. Research on floatmg rice is still in its- mfancy, and ‘this rice yleids = :
somewhat like unimproved ‘ponventional rice varieties. > o \ Lo
Though in 1975 the International Rice Research lnstntut&aﬂpounced that- B CER
i vanetv (1442.57) can elongate as flood waters rise by as much as 180 cm, \o
and can “produce up to 3 tons per ha in conditions where traditional tall plants o
are destroyed, nonetheless; varietal improvement has been: limited to selectlon-
of a few existing varieties. There is an urgent need to 1dent1fy the faciors that
limit yields, to screen-and- classify germ plasm, and to sélect the most
appropriate strains for genetic xmprovement There is also an urgent need for
better cultural practices. ‘ :
The plants are often completely submerged for up to 30 days by
‘unpredlctable l‘loocls in areas*where water control 1s poor Flood tolerant

.......

e -
Az

. e

¢ .

Farmers in figlds of deep water or “ﬂoatmg“ rice near the Deep. Water Rlce Expenment
- Station, Hablganj, Bangladesh. [lntematlona.l Rice Research lnstltute) "
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Harvesting wild rice. (U.S. Department of Agriculture)

- Wild Rice (Zizanja aquatica)

Wild rice .is a broad-leaved grass that abounds in marshes, in shallow ponds, .

and on stream banks of southern Canada and the northwestern United States. -

For many years the rice-like seeds have been gathered from the wild and

marketed at high prices as gourmet food. Only in recent years has wild rice

been successfully cultivated. This development may make it possﬂ:ole to

introduce it to suitably high elevations in troplcal ZOnes. - -

Wild rice grows naturally in fresh water abcglt 1.m deep and the frultmg

- stalk may become 3 m tall. In “order*to-avid- -crop loss, the heads are

traditionally bent over and tied down lothe stalks just prior to seecl maturity,

The seeds mature over 2-3 weeks in late summer and early autumn:and drop.

quickly, so they must, joe harvested Without delay: This is done by beating the

heads to make the ;&eeds fall*into a boat. -Large, self-pmpe]led harvesting Lo

... .machines are .used in Canada. After sun-drying-the- seeds-fora day, the hulls PR
are loosened by threshing and separated by fanning.” _
' Wild rice is relatively high in vitamin B, and its easy dngestlbﬂlty makes It
suitable for mdmduals with gastric problems.’ When green, it needs no-
cooking; bollmg water is sunply poured gver it, Dned it must be cooked for

~ one-hour, i : ol

A closely related spec1es (Z:zama caduc:foha also known as Zzzama R

latifolic) is cultlvated in Japan, Chma and Vietnam,

S
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Lotus (Nelumbo nuc:fera also known as Neldmbium specmsmw)

tians ate the seeds (carpels) raw and grouncl ‘them to flous that waﬁnade into ..
bread. Today lotus is widely cultivated in the Orient and the seeds and roots
(thizomes) used in a variety of cooked and fresh dishes. ' :

The lotus’is grown from rhizome “eyes” or from seed. The rhlzomes can _
be ha.rvested m under 9 months, _and y1elds up to 4,600 kg per_‘ ahave been -

Chinese populations the world over there is a constant de,mand for lotus
roots. Both dried and -canned, -the rhizomes sell for high prices. Protein
content is about 2.7 percent. The thick, cylindrical roots—-60-120 cm long
and 5-10 ¢m in diameter—have longitudinal air channels 50 that the sliced
root looks like Swiss cheese. The seeds are eaten raw, cooked, cand1ed, ground
to flour, or canned (after peeling and removing the bitter émbryo). 'In dif-
ferent parts of India the flowering stems and young fmuits are also eaten.
The lotus is also cultivated as an ornamental in many ‘countries. It is grown
in ponds from India to Japan and in Hawaii. It grows luxurianily in standing
water and in mud. Little land preparatlon (weedmg only) or cultivation is
requued : :

Gathermg Iou_ls for food, Stems, seeds _and young leaves are ed:ble (U S Department of )
Agriculture) , S . : . .




. protem 1. 5 percent)

i United. States

-
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A crop of Chinese water chestnut in the southeastern USA o

Fl

Chinese Water Chestnut (Eleochans dulcrs also known as E
tuberasa)

‘Long valued a5 a vegetable dehcacy throughout the’ Onent the tuberous root S
(corm) of the Chinese water - chéstnut -is now "an lmportant ‘ftem in . ¢
international commerce. It brings high- pnces in foreign markets and is a i
common ingredient in chop suey and in Chrnese meat and fish dlshes *. Flrm' '. R
In China they are wrde]y eaten like fresh frurt _ _
~ The Chinese water chestnut’ plant (also known as “matat”) is: cultlvated in
flooded fields ofi in rotation with paddy’ rice. The. water cliestnuts are . - o
produced in large quantities on- underground roots (rhizomes).-Small “seed” =~ .
tubers are first raised in nursery beds’ then, like rice, transplanted to the field, . .
‘which is soon flooded and left. Six. months later, the field is drained and thef"'ﬁ i
 tubers. harvested; yields. can exceed: ? tons per ha. In the Pe0ple 3 Repubhc of
" China; Taiwan, and Hong Kang many ate then peeled, canned, and exported o
- Like-other root crops they are hlgh m carbohydratet (30 percent) and lowiin - B

*'I'he kemels ‘of the spmy Fruit of the ﬂoatmg' nosa and
“natans (also Known as T b:f:orms) are “also- sold as: water. ehestnuts. T btspmom
'(“singhara. nut”): is native {8, and\cultivited slightly. in, India. T, natd ;
cultivated in ‘most of eastern Asia . It has become a pesttlentl wee in the e_ tern
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. The underground corm (tuber), a staple food in the Orient, is said to be as nutritious ' Yo
'as a potato, but retains its crunchy texture when cookeds Raw, watgr chestnuis have a
sugarcane and coconut flavor and some food  scientists’ Toresee a much greater use-of L
water chestnuts in-soups, casserolea, stuffings, and candics. Recently, new processing ' \
technology and harvesting machines have been developed that could make water chestnut
info a mew agricultural crop in the United States and olher counlnes (W G. Murray, .
U. S. Department of Agriculture) . . :

in 1976 the U.S. Department of Agriculture achieved breakthroughs in
water. chestnut cultivation including the development of new, high-yielding,
sweel-tasting strains and of mechanical water cheslnul harvesters:* -

Taro (Co!ocasra escu!enta)

Taro is a tropical crop that is commercmlly explonted in on.ly afew countrles Ll i
It can be grown under swampy conditions or in flooded paddies like rice. It -~ |
produces tuberous roots with a nutty- ﬂavor that can. be used. as a rice-or - -
potato substitute. Though a particularly promismg crop. for aquatic situa-

tions, taro receives little research support. Its.promise and- research fieeds are i
detailed in a companion report Underexpio:ted Trop:cal Planrs w:rh S
Prom:smg ECOHOUIIC Value 1' e ]

. Swamp Taro (C yrtosperma cham:ssoms also known as C edule)

 Grown mostly in the 50“"-11 Pacific ad in some parts of Indonesna and the_"'
: Ph]hppmes swamp taro isa troplcal root crop that deserves w1der recognit

Leeper, R. ). Reynalds Tobacco Co., WmstonvSalern North Carolma 27102
' TNatlonal Academy of Sclenees 19?5 (See Selected Readmgs)




-H,at\rcsung giant swamp taro, Pila Laguni_a; Philippincs. This. 2%-ycat37:|ld specimen

)rk'!dcd

.an ednble o0t (oorms and connels) wenghmg 21 kg An adjacent plant 2 years qlder S
ylelded 79 kg of edible roots. (D L. Plucknetl) ]




© *Kay. 1973, (See Selected R%aqings.j'_ o

and testing in new focations. It is a harcly plant that grows wnh little ot no

care in fresh or brackish swamps "and. withstands (looded and shaded -

conditions unsuitable for most other food crops. It produces enOrmous corms -

that can weigh over 100 kg. (The largest recorqed was from Ponape,
Micronesia, weighed 130 kg, and required. twelve Tn to. lift it.) Like the
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rubers -of cossava, taro, yams, potato, and other root crops, the swamp taro -

tuber is fibrous, rich in-starch but low in protem (O 1.4 percent). It is-eaten
cooked as a vegetable br made into flour.
Swamp taro is one of the few plants that can grow prodtrctwely on coral

“atolls. In the Gilbert Islands, the people dig pits or trenches down to the mud”

at ‘the freshwater level, set the young. plant in the miud, and weave 2 iarge

basket around it. Into- this they pack soil, sand,__ coconut leaves, animal :.'

manure, and almost any organic refuse. The giant corms produced in this’

man-made mini-swamp can take-several years to mature. In the Solomon

, lslands the crop is grown in coastal marshes:Seme cultivars may matufe in 1
_or 2 years, but others have an acrid flavor lf harvested in Ies:rthanZ 3 years

o mg period of 5-6 years. The plants do best in slowly toving water les&than

I m deep. Corms can be stored in good condition for one month in cool, dry
storage. |f scalded, chopped, and sun-dried they can be kept for several
months. If eaten raw the corm is acrid and irritating; only after peelmg and
thorough cooking (boiling or roastmg) can 1t -be safefy eaten. ' :

' Arrowhead {Sagittaria m‘fol{é; also known als'--S.-- sineqs;';é) -

These robust emergent aquatic plants, with leaves thie shape of arrowhgads,
produce eight or more underground stems, each with-a corm on the end. Each

white, or buff-fleshed, corm is roughly the size of a Chinese water chestnut. _'

(see page 13?) They are boiled' and ‘used like ‘potato. ‘In swamps through- -
out tropical and subtropical Asia S. rrifolia grows wild or semicultivated,
and its corms are a.constituent of several Japanese and Chmese meat dlshes
The corms also make good pig | food . e

The, composition of arrowhead corms SUggests ‘that thlS crop should be

~ much more widely used than at present. Recent literature records the protem o
‘content as 5-7 percent,* more than twice the average value of such other

root crops as potatoes, yams, and taro. In 21 countries (mcludmg Bangladesh,
China, Hong Kong, Korea, Japan, the Phﬂlppmes, Taiwan, Thailand, and
Vietnam) .arrowhead is .reported as. a-serious .-and. wxdesprcad weed. If

exploited, it could contribute to ‘the food supply and nutrltlon of those g

countries. S R

|
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Aquatic plants have 1mportant esthetic uses. Tlns water ga.rden m Bogor lndonesna, is
beauuﬂed by blossoms orNymphaea rubra (E. S. Ayensu) : B

Arrowhead grows fast Seeds or small pxeces of corm that are planted in
/\ fertile swamps, flooded rlce fields, or ponds are ready for harvest 6-7 months .
: later. Arrowhead - requires no care or cultivation. Yield mformatmn 1s not-
I. . avallable but the plant is consxdered prolific. o

Escaping into nearby wet areas, arrowhead spreads freely and can qulckly .

become a pest. It should not be introd: uced to new areas outside its current -
distribution. S. sagittifolia, a species _cIosely. related to S. frifolia, is found in. -
Europe and parts of the Americas. It also may have potential as a crop.

O R

. Azolla Species ,/w"/

- o Lt - o . T . e B o

- Azollg is a genus of small ferns that gro_\v':-f]cjating on watéf;-Thé Azolla
growth rate is large and experiments in India ha»’*_éﬁ shown _‘_t'_h:it';_,dﬁ;f_mg‘__:rits-fﬁ:-.-=.—--




b |
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The microscopic alga Anabera azolla, which grows in the leaves of the water férn Azolla,
is both a source of feriilizer and of fuel In nature the aiga fixes nitrogen.from the
atmosphere and makes it available to the Azollg in the form of ammonia, a common
fertilizer ingredient. Indeed in Asid Azollg is often grown jn rice paddies as a source of

-fertilizer, Recently in laboratory studies researchers have found that the alga can be

made to produce hydrogen [rom water. Although still small scale these results suggest
that one day the Azolla/Anabéna ‘symbiosis may e | haruessed as a source of hydrogen
lor fuel. (U.S. Deparlmenl of Agriculture)

growing season, Azolla pinnata can double its wéight in less tﬁan 7 days.*

Although a serious weed in Europe, ‘South Africa, and other areas, Azo/la has

been reported useful for contro]h.ng mosqmtoes and other weeds (by blocking -

the water surface) and for feeding poultry, swine, and ducks.

But perhaps Azolla’s greatest contribution to developing countnes can be o

as a green manure, especially for rice. Farmers in Thai Binh Province, the

most intensively cultwated area in northem Vletnam dellberately cultwate

h R
. -- . e
i -

*Gopal. 1967. Contnbutwn of Azolla pmnara R. Br to the produ&imty of temporary _

ponds at Varana51 Tropical Ecoiogy 8:126-30.

e
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/

While advanced coumnes wage war oon hyacinth;-peasants in the Far East have lea:ned to
turn it to advantage. In the Philippines and Bangladesh observant fishermen noticed that
fish are attracted to the fringes of hyacinth beds. So they create their own and rig them
with a net to trap the fish. A circle of bamboo stakes seeded with a 'plant or two is
enough. The floating circlets of lush greenery this produces makes a picturesque sight.
But they are effective fish traps; crustaceans, small-fish, and algae haven among the
myriad hairlike roots that hang in the water. These attract edible-sized fish, which the .
fisherman periodically catches by sweeping. his net berpath ﬂoatmg plants (G Gerster,
Photo Researchers, inc. }

B
B—

Azolla pinngta in rice paddles It is reported that in these fields nce ylelds
are 50 percent higher than normal (or more)* o
A blue-green alga," Anabena gzolla lives in cavities in the Azoila leaves lt S
" fixes nitrogen from the air and excretes nitrogenous compounds into the leaf - S |
cavity from which the Azolla can absorb them. The alga provides not only
M3 own nitrogen needs but also those of the Azolla, its host. Acgordmg’ T0 -
“one report, the method for capitalizing on this in Southeast Asia is to
/. stock a corner of the rice paddy (at transplant _JngA:trﬁe'fwlm Azolla and to_ _' _
“ fertilize it with pig manure, straw, ash, etc. “ﬁle mat of Azolla then expands .
-until aH the paddy between. ‘the growing rice plants’is covered witha. ‘thick
mat.of it. In the.summer’s heat the Azolla decays, releasmg mto the paddy
the mtrogen its alga has 0bta.med from the air. 7 :

.

"'Ga]ston 1975 (see Selected Readmgs) Sunstov, A A 1962 Zemledehc v Demo__”
kraticheskoi Respublike Vetnam. (Agnculm;e-m_tha Democratw Repubhc’ of Vietnam}
Zemiedelic (Mosccw} 12: 74-9
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. .
TR

A vegetable garden flo.mng on aquallc weeds, ﬁlle ]..aka. Burma. ln Burma; Bangladesh,
and Kashmir land-pooc {armers create floating gardens by scooping bottom muck onto
floating mats of aquatic plants. Sometimes the gardens have to be a.nchored wrth
Inmboo poles lest they float to the nerghbor S place

. Leaning from canoes, the farmers plant and’ tend: vegetables in f‘loatmg gardens. The
nutnem-laden bottom muck and the surfeit of “ifrigation™ pravide theri bumper ¢rops. -
Floating agriculture of this type was the ‘mainstay of Aztec culture in. Mcxrco before

- Europeans arrived. (W. E. Garrett [e] Natlonal Geographlt Socrety)
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- Recently it has been cllsco\.rerecl"l that dnabena azolla uses hght energy
not only to fix nitrogen from air, but also to release hydrogen from water.”
This is reporlecl 1o be the first known. -photosynthetic system for. producing -~
hydrogen from water that is stable. in air and that requires only witer as a

- hydrogen source. In nature the fixed nifrogen cumbm*'s with the hydrogen t& L
form ammonia that fertilizes the host 4zolla fern. But in:the laboratery the _v\- B
 alga/fern symbiosis gan be-diverted from producmg ammonia to producing ...~ '
hydrogen gas. Although only small-scale expenments have been conducted so
far, this is thought o' be a promising biological method for producing - .
- hydrogen on a large scale. And because hydrogen ylelds more -energy (om—
weight basis) than any other nonnuclear fuel, this is a potennaﬂy unporbant O
finding in these days.of dwmdlmg petroleum supplles - . '_-_; * A

l

Spirulina (Spiru!ina-p!arensfs and S. maxima)
Although spirulina is a microscopic alga and does not truly fit the selectlon

critedon for this report, it forms large, dense aggrc"atlons that can be oo
harvested as if they were h]gher ‘aquatic plants. Harvested splrulma can be o
concentrated by draining off the ‘water through 3 simple bag made of’ mushn
Sun-dried cakes of spirulina are: already used as food in Chad and Mexico.
More details of spijulina’s promise, “limitations, research needs, and. hterature
are givén in a companion. report, Underexp!oxred Tmplcal Plants with .
Prom:smg Economic Value. 1 : :

'Ba.tclach J E., J H. Ryther, and W. O. Mol..amey 1973. Aquacumtre The Farmmg rma' -
Husbandry of Freshwater and Marine Orgamsms. Wlley-lntersc:ence New York 868

’ Pp.
Edie, H. H., and B. W C. Ho. 1965 Ipameea aquanca, as a vegetable crop m Hong Kong.
Econom;c Botany 23(1):32-6.
.Herklots, G. A. C 19?2 Vegetables in Soutk-Easr Am Hafner Prass, New Y?rlc pp
156-9.
- Satpathy, B. 1964, Kalalm sag (!pomoea reprans) a new addmon to our greens Indwn :
: Farmmg 14(8) 12, 16, o . -

.

*By J. W Newton, Us. Depamnent of Agnculture ARS Northem Regmnal Resea?ch
- Center, 1815~North University Streét, Poona, Illinois, 61604, USA. - SR
1'Natlonal Academy of Sciences, 1975 (Sec Selected Readmgs) S
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Watercress .

He:k.lits G A. C. 1972 Vegetabies i South-ﬁhsr Asia, Hafner P‘:ess, New York, PP

' ]

: 143-8.. ..
Za:ge D.. 1965 Growing Heafrhy thercress Agricultural Extenslon Leaflet #9 i

Diyision of Agriculture, Department of Resources and Deveiopment Trust Temtory PR

.. of [the, Pacnﬁe Islands, Saipan, Mariana; lsla.nds 2pp . AR

Other Aquatlc Plants Gro?rn as Leaf—Vegetables

.' Ne;vtunm oleracea o i - P S ‘ﬂ
Therg is no available hterumre on the productmty or food value of thls aquauc crop.
Limmchans ﬂava kL o

: Ochse J. J " and R. C.. Bakhmzen van den Brink. 1931. Vegetebles of the Durch East
Indies. Dega.rtment of: Agriculture, lndustry and Commerce of the Netherlands East’
Indies, Buitenzorg, Java. pp. 88-90. |

van Steems, C:rG.G. ], 1954, Butomaceae Flora Malesiana Ser.1(5): 113—20

Ceratop rens Spp.
Brown, w. H 1951, (See listing below ) pp 45-6

Otreha aksmoxdes

Backer, C.’A. 1951. Pontedesiaceae, F?ora Malemna Ser 1(4) 255—61 : B EA

Brown, W. H. 1951. Useful Plants of the Philippines. Vol. 1. Technical Bulletm 10 B
thPpme Department of Agriculture and National Resources, Manila; pp. 88-9 P

de Hartog, C, 1957. Hydrocharitaceae. Flora Malesiand Sex 1(5):381-413. - & ’

- Subramanyamy; K. 1962, Aquatic Angiosperms: A. Systematic Accotint of Common _
Indian Aquatic Angtospenns COU]‘IC]] of Se:enhfic and Industnal Research New_'_ S

' Denu, India,: 7 _ B L

o

I Y U N T S

Informatmn can be. obta.med from the Intematlonal Rlce Research {nsmute, PO Bex.'"- e
- 7933, Manila, Philippines. (The IRRI Reporter Volume 3, 1975, deals exciuslvely w:th:-.- .
: ""Z.'ﬁoatmg rice.}. Other infoimation sources are . Bangladesh ‘Rice ‘Reséarch - Institute; .-

" GPC Box No. 911, Dacca, Bangladesh D1, Ben. Jackson,. e,’o Mlmstry'bf Agnculture,
o IBangkok Thmland and the Huntra |Deep Water Rlee Researeh Cente 'I'ha.lland N

W||d Rlce s : _.

merock D, C and M. D Mlller 1959 Wda‘ R:ce Leaﬂet116 Agrlcultutal Exte"

Semce, Umvers:ty of Cahfomla. Daws, C‘ahforma 95616 USA . ._' .
Steeves T A, 1952 Wlldn '
6(2} 107-42,
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i
i

Lotus ' o !

1 Kay, D. Ef 1973. Root C‘rops Tropical Products lnstltute 56!62 Gray s lnn Road /
London WC1X 8L, England pp. 89—92 I S
C | A
ro ? L
P
‘Chinese Water Chestnut ¢ \i

Groff, G. W. 1950, The: iitroduction mto the United States and the culture of l:feocham .
dulcis, the Jmatai’ of Chma Proeeedmgs Florida State Homculrura!‘ Soc:ery e i
63:262-5. |- ;

Hodge, W. H. 1956. Chmese Water chestnut or mataj— apaddy crop of Cl'una Economtc i } L

sBotany 10(1):49-65. i _ _ .'. g

Kay, D. E. 1973. (See hstmg above.) pp. 43~9 P ' T B

Malik, H. C. 1961. It pays to grow Singhara and Bhen. fmdian Fan;img 11(8):23-4 ;
[Reprinted in Little, E/C. §. 1968. Handbook of Utilization of Aqliaric Plants, Food
and Agriculture Drgamzatlon of the United Nations, Rome. pp. 98-100. 1 ' '

Mendoza, A, M, R, 1962 There’s money in water chestnut. Coffee and C'acao Jauma!
. 510k 216 ;

e . o

|
. §!
Taro ' .1; o p o '. - - .- ‘

National Academy of Sclences 1975. Underexpio:ted Tropzcal thrs wm‘: Prom:smg
Econamic Value. pp. 37-43. [For ordering mformancm see p. 1’,-'2}

G!antSwarinaro T

Barrau, J. 1959, The. sago palms and cther food plants of marsh dwellers in the South.
Pac:fic Istands. E’conomic Botany 13(2):151-62, [A swamp Araceae wnth edlble|
tuber— Cyrtosperma cham:swms (Schott) Memll PP-. 159—62 ] _ : i -

Kay, D. E. 1973, (See hsung abave,) pp. 139-43. - - L LF

__Ashton R. J a.nd R. D Walmsley 1976 The aquauc fem Azo!fa

Massal, E., and . Bartau 1956. Food Plants: of-:he—Smu}LSza fslands Techmcal Paper'

94, South PacnﬁcIrCommmsmn Noumea, New Caledonia. .*
i Plucknett, D. L., ed. 1970. Tropical Root and Tuber Crops’ Tomorrow, Vol 1 Coll‘ge of K
: Troplcal Ag;nculiure Umversnty of Hawau onolulu, Hawau 1?1 pp .

Arowhead. | .

Herkiots, G. A, C 1972 (See hstmg above}pp 494-6
Kay, D. E. 19'?3 (See hstmg above)pp 13-5 '

Azolla

symblom Endeavour 35 39
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i . .
1

184{10):10-11.
35(1) 17-35.

J . .
! . :
] : ) i

Sparulma '

_Nationai’ Academy of Sclences 19?5 (See llstxng above)pp 162-8. - - . :

: | .‘

i | LR

' - | .

N 1

. " E

. I -'—

! N .

: ! .

. 1 L

i b "

) Moore, A, W. 1969. Azolla lelO and agronomic s__lgmﬁcanﬂce‘ The Bora-mcaf _R_ewew E

Galst n,. | A W. 19?5 The water fern nce connecuon Natuml H:srory Magazme I

g
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Duckweeds and Thelr Uses

F

'ThJS report has not detaﬂed mdmdual weed species but the duckweeds are so o
ubiquitous, so pronnsmg, and so neglected as crop. plants that a note on them . LT
-seems justified. Found in fresh waters worldwide, duckweeds are tiny, fragile, -+ -
. free-floating, aquatic plants Their veg‘-_tatwe reproduction. is rapid, and they -
«cluster in colonies, forming across the water surface a scum that sometimes’
becomes a minor nmsam.e in irrigated crops, farm ponds slow-ﬂowmg canals '
and small hydroelectnc facnhtles S
Duckweeds belong .to four genera: Lemna, Sp:rodela, Wolffia and = =~ T
Wolffiella. About 40 species are known. None have distinct stems or leaves .. < -~
but consist instead of flattened, minute, leaflike, more or less oval “fronds”a -~ ]
few millimeters across. Many lack roots, while- ﬂowers (tare in many spemes)'___ L
are so small as to be nearly invisible to the naked eye .
' Among the most ﬂgorously growing plants on earth, some specles (e g o o
Spirodela ohgorh:za, Spirodela polyrhiza, and Lemna minor) have ‘been . - .
known to double their numbers in three days or less. It. hag been estimated - ©
“‘that with its phenomenalureproduqtlon rate, an initial. 6.4 .cm® (1 in. 2) of ]
Lemna minor would, in 55°days, cover almost half a mectare (1.2 acres) RS
Duckweeds are ooilected in vast ‘quantities and used as' manure or fodder- -
. for _cattle and: pigs in troPlcal ‘Africd’ “India; and Southeast Asia."Reécént
tegearch results attest to the value of this tradltlonal techmque and indicate

-

X

rthat duckweeds may have' nnpdrtant ‘potential “for ‘a variety of -uses.

thfoughout much of the tl‘(‘.’tllplcs and subtr0p1cs Although relatwely few have
-.yet been made, analyses suggest that the nutritive. value (for both- ammals and.'.
hurnans) of .duckweeds exceeds that of most. agncultural crops The protem:. :
content 13 hlgh and the pfotem is nch - ammo aclds that arem mally.
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Human Food' _ o : IR

tlt’ob‘ﬁa arrh:za is the smallest duckweed indeed it is the smallest ﬂowermg
plant on earth: a floating, rootless plant the size of a pin’s head. Yet it has
been used as a vegetable by Burmese, Laotians, and the people of northern
Thailand for many generatlons ‘The species also occurs in India. The plant’s :

‘Thai name khai-nam means “eggs of the water” and refers to its oval shape. It -~ ¢ .
is a nutritious food: Analysis has shown it to be (dry-welght bams) 20 petcent ' s
protein, 44 percent carbohydrate, and 5 percent fat. Regarded as a “poor
people’s” food, khai-nam is a potentially significant source of nourishment

“that has not been widely recognized as such or exploited outside of Thailand.

Villagers in northern Thailand cultivate Wolffia arrhiza in open rain-fed -
ponds. The prolific plants are harvested every 3-4.days during which time the
few unharvested plants multiply into a thick, yellowish-green mass of plants .
at the water’s surface. (In the laboratory Wolffia arrhiza has been found 1o -
double its numbers in' 4 days or less.) Longer intervals between harve sts, ylelcl

- abrown, dead plant that is unattractive and less valuable.

The weekly yield of fresh, ma:ketable plants (averaging 4 percent dry
matter) averages 0.68 kg per m? per week. In the climati¢ conditions of
Chiengmai in northern Thailand, khai-nain remains in its edible vegetative
form between November and July and its inedible form between August-and

gOctober. The. calculated annual yield is 265 tons per ha fresh weight, or 10.5
tons per ha dry weight, which means that Wolffia arrhiza produces more dry .
matter than conventional vegetable crops grown in Thalland * S I

' 'Ammal Feed T _ _

- Duckweeds are refished as food by herbxvorous ﬁsh ducks, geese swans and )
other wild fowl, and—as noted already-—-by cattle and pigs. Recent results of
feeding duc’kweed to poultry, though “still prehmmary, 1ook pronnsmg

~ Research aimed at harnessmg duckweeds as agncultura.l crops is in its mfancy, )

" but experiments are bemg conducted at. Louisiana State. Umversnty w1t.h
species of Spirodela grown on lagoons used'to dlspose of wastes from’ swine
and dairy cattle. These nutrient-rich wastewaters yleld plants with excep- - _

~-tional-protein coriteént: 37-45 percent (cf: alfa.lfa___l? percent soybeans, 37
percent and cottonseed meal; 41 peroent) ' R

*Information on Wolﬁia_e&}ifzo euppﬁed by MGMoGarry (See Resea:ch Co tacts;) .
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Typical analytical figures follow:

£

“Constituent = - " Percentage (dry weight)
" Nitrogei " . 6-7 percent
Phosphorus 1.4-3 percent
Potassivm - 1.5-3 percent
= - Caleium’ 1 percent
: . --Ash. o " 8-14 percent
- R - Fiber L : 7=-10 percent
' . Fat = - " 4-6 percent

Metabolizable energy [958 calories/kg
The high nitrogen value (6-7 ‘percent) rivals that of inorganic fertilizers,
+Which are normally only 8 percent nitrogen, and makes spirodela attractive as
a fertilizer. But the low ash and fiber. contents and the high protein seems to
make it an ideal candidate for animal feed. Recently in fertilized outdoor
ponds in Louisiana, Spirodela oligorhiza and Spirodela . polyrhiza have
doubled their biomass every 3 days, produgcing the equivalent of about 500 kg -
of dry matter per hectare per day during the growing season (9 months). If -
this were harvested each day, crude protein produced annualily by 1 ha of
duckweed would equal that now dbtained from about 60 ha of soybean.* - -
' The few analyses that have been made show that ducﬁweed is richer than_~ =~
alfalfa in lysine and arginine (two amino aclds unportant in a.mmal feeds) but
_ shghtly poorer in meﬂuonme ' : : - :

Ty

Wastewater Treatment

- Specfes of Wolffia, Lemna and Spfrodeld show promlse for use m racovérmg

- enables-a colony of duckweeds to absorb cormderable quantmes - -

During the growing season in the southern Unitéd States, doublmg nmes

. for Spirodela ohgorh:za range from '3 to 7 days.: Calculations based en .

_~ doubling time of 7" -days (i.¢.;, 7 .days to. double. i blomass) show . that--'-'-_'
: -'Sp‘zrodeta oligorhiza growing on.a l-ha lagoon will remove “the- mtrqgen-

- phosphorus;-and-potassium of-207- dajryfcows occupymg a ml.lkl.llg parlor

'hours per day and fed standard U.S. rations, "

Doublmg times of 5 days have been recorded. for spemes of Le) _

.. on.a wastewater lagoon in subtmplca] Lomsiana Monthly ylelds gt e7an ed'

from 17 to 6.7 ‘tons per ha (dry welght) dependmg on the

o "Informatlon! on Sptrodela grown ‘oni. fann-wast_e.lagoons supphed b
F Research Cc;ntacts -} : : .. -

!
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" ““hand, could: prowde much forage for-dotnestic animals.

harvest by skimming the surface: with' a rake or net. (In Louisiana -~ y

TR

'APPENDIX A DUCKWEEDS AND THEIRUSES .. . .. .. . _ 151 . o

’

At a dairy near Baton Rouge, Louisiana, wastes from. a milking shed are washed into a” .. . .
neighbaring lagoon planted. with duckweed {Spirodelz spp.). The plants can aid in’
purifying such lagooned wastewaters by absorbing large quantities of nutrients; In © .
experiments at Louisiana State University duckweeds are being imixed. into ‘poultry, '
swme, and cattle-. Iathl‘lS to tes_t their SI.Iltabl.lll_y as feed mgrcdlents (D D C_ulley) ’

.a\rallablhty Crude protem content approachad 40 percsnt 011 a dry welght .

" basis. ‘
In truly tropical climales it is likely that tloublmg times of 3 days can be o
achieved. (In laboratories doubhng times as low as f6 hours have been -
“recorded.) Under_such-conditionsa ‘small farm pond easdy harvested by:_- R

Floating, without any attachment “to the soil,. duckweeds are easy" to_-_ A

experimental, pond&e' now being | buﬂt in whmh the water level can be ralsed:.'fl-
to float the duckweeds off the surface d trou drair '
away the water; the animals will then eat the fresh weeds ng}]t out 0 1

trough )
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(Chapter™3), lagoons with duckweed provide a breeding place for' mos.
quitces. Generally, however, a full cover of duckweed suppresses mosqutto
breeding,. and harvesttng should be done so that large areas of shallow ogen
“water do.not remain for more than a few days. :

Year-tound duckweed-growmg is limited fo tropical regions. ln cocuer .:-*r

areas plants grow vigorously only during warmer months. g /

 Like other aquatic plants, duckweeds contam much” mmstyre (90—-95
percent), ‘and handling and transporting them in large quantlttes is dlfﬁcult .
and expensive. Sun-drying is practical in areas where humidity and ramfa]l/are
low; mechanical dewatering has riot been attempted systematically.

Some samples of Lemna. contain large amounts of oxalic acid; tl-us may -
prove:to be a widespread ogcurrence, thereby lmutmg the use of Len{na spp
in;some animal feeds: - : d/

Sexual reproduction’ is rare in- du..kweeds almost all - teprg uctton is
vegetaiwe On a waterway all samples of a duckweed are usuall descended
from the same original frond and have the same genetic makeup ., they are

[ -----hdones) Wlule thelr ablhty to grow fast absorb nutnents fand w1thstand

‘same plant that are growmg in other areas. Tltus=results m one region may

T © not be replicable in another unless the same clone is used / e
Research Needs o e

' \ Small size. makes duckweeds easy to. cultute and a favorite “organism for
biological study. Although hundreds of scientific ‘articles are available in the - °

literature, these deal almost exclusively witk the detailed biology of a mere
‘handful: of common species.  Lesser - known. _duckweeds occur .in. many

" developing countries, 'and good research opportunities. exist for testing
indigenous species for growth rate, chdmlca.l content, nutritive value, ability ?
; to clean up wastewaters and palatab}hty to domestlc ammals waterfowl and

o fish.- - '

Do Desplte the biological htetatute vutua]ly nothmg is known of the use of

[ —-—duckweeds as food, feed, femltzer or-in wastewater treatment. In addttlon

: techniques for - plmthﬂMvestmg——md_hmldhn _duckweeds

have: not been perfected. There - remams much room for ingenutty an'

methodtcal research. J,-"- : ST o

the duckweeds Lemna mmor and Leqma msulca coneenttate boron at ]east .
e ...10 ttmes more than- other aqvat:c weeés growmgmth them ina pond Slnoe- T

:.U u
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boron is essential for some crops (though toxic to others) the unusual -
capicity of the duckweeds for scavenging boron might be useful.

This ability to concentrate metal§ may be an important avenve for
duckweed tesearch with commercial potential. Saniples of Lemna minor
harvested from the American River in California have been found. to
. absorbed aluminum from. the .water to .such .an. extent that.-1-.kg- of the
duckweed contained as much aluminum as 660 000 liters of the water in
‘which it was growing. (Furthermore, manganese w concentrated 461,000-
fold, iron 307,000-fold, titanium 102,000- foldf copper 79 OOO-fold ~and
_cobalt 26,000-fold).* - ;

In order to realize the. duckweeds’ patent]al as benefi cza] crops,*’strams
will have to be selected for rapid growth, fof quality as end- -product (e.g.,”
animal feed), and for other qualities. The plants must also be made 1o flower )
“and set seed in order to obtain the necessary genetic variability. Methods have
been developed for only one species, and wider success poses a consuierable
.chalienge to plant and agncultural scientists, S o |
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LARRY O. BAGNALL is an associate professor of agricultural engineering at
the Uhiversity of Florida, Gainesville, He received a B.S. in agriculltural-
\JllEulUUlulE! llulll ‘Flvldallll-llsl-ull Stﬂt\.r Ullj.'\-dbll.y LI.J. 195? dlld d. Ph D fJ.UI.I.I
‘Cornell University in 1967. He has been a member of NAS panels that
participated in workshops on aquatic' weed problems in Guyana, the
* Sidan, and Egypt. Also he has built présses for dewatering aquatic weéeds_ .. . ... .
in-‘Guyana and Bangladesh. His research area is forage ha.rvestmg and
processing, with specialization in aquatic plants. - o

WILLIAM M. BAILEY; JR., is the Special Projects Coordmator and o
Supervisor of Fish Hatcheries ‘for the Arkansas State Game and “Fish »«
Commission. “He 1eceived~ a B.S: in biology -from Arkansas State o
University in 1967 and did graduate work at the same University and at
Mississippi State University. He is certified as a fisheries scientist by the:
Amencan Flshenes Soc:1ety He, Jomed the staff of the- Game_and_l?}slr—*—

amficl‘al reproductlon techmques for grass -carp and conducted  field
studies‘on the use of cdrp in lakes for weed control. In 1972 he won the - o
Rochester Prize for Scientific Information for his paper entitled. “*Arkan- o
sas” Evaluation of the Desirability of Introducing the White Amur for - o
Control of Aquatic Weeds.” He has written several publications on grass~.
carp and related topics. In 1976 he mtroduced grass carp to Egypt and o T
advised the Sudanese government on their Brass carp program: o
HOWARD W. CAMPBELL isarésearch zoologist in the U.S. Fish and: Wﬂd.hfe-. T
Service, As Chief of .the Gainesville, Florida, field station of the National -~ -
" Fish and Wildlife Laborafory, he has responsibility for du'ectmg the Fish -
" and Wildlife Setvice’s sirenjan (manatee and dugong). research program;- ..
and for supervising a wide range of endangered SpeClBS and’ erm.ronment :
programs in the southeastern United States.. He received, his’ B.A.
~zoology from the Unlvemlty of Fiorida, arld his M.A.,. and Ph.D. i ecology L
from the University of ‘California af Los Angeles. He has served-,-’-on thy
TE e -faculty of the University of Flonda 25a pnvate ecologlcal consul :
' © as.a staff biologist for- the Office- of Endangered Species andTnternatlon :
Act1v1t1es in Washmgton D C He holds pomtbns on: the conservatlo

s
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DUDLEY D. CULLEY, JR., is Alsociate Professor of Fisheries in the-School
of Forestry and Wildlife Management at Louisiana State Unwersny He '

. recéived a B,S. in 1959 from Milisaps Co]lege M:Ed. in 1961 from the.
Umvers:ty of M:ssrssrppi M. S in 1963 and Ph.D. in 1968 in zoology from: . .. .
Mississippt- State Umverslty 'He is an expert in water pollufion blO_lqu,__-' e
_aguatic ecology, and amphﬂnan biclogy. Cusrent- research interests mclude_ o
‘the recycling of aniinal wastes into animal feeds and energy and the use of
‘aguatic plants in waste treatment. He is cu.rrently serving as an adv:sor to .

T e -'----theflnshtute of Envu'onmental Stuches and the Ofﬁce of Water Resources -

dutles at the university have included water pollutxon blology, 1chthyol—. o
ogy, and ecology of aquatro plants. :
THOMAS deS. FURMAN i a professor of civil engmeermg and professor of' _

. environmental engmeenng scxences in the College of Engmeenng of the
University of 'Florida, Gainesville. He recewed a B.S. in Civil Engineering -

' from The Citadel in 1936 and an M.S.E. in Sanitary Engmeermg from the.

. University of Florida in 1950. He is a registered professmnal engineer in
South Carolina and Florida and: isa dlplomate of the American Academy .
of Environmental Engineers. He has served as a design. consultant to
fUmMerous engineering firms and is currently a Director of Water and Air . ’

_ Research, Inc., in Gainesville, Florida. His expertme_heun the-area-of — —
_ Lo --Water and*wasten‘*ateﬂeetron treatment and chsposal wrth specral_ :
. emphasis on the problems of small commumtles . o
- -... ... JOHN F. GERBER. is the Director of the Center for Envr.ronmental ngrams' . L
B -and Natural Resources in the Institute of Food and Agricultural Science at
the ‘University of Floncla, Gainesville. He taught for ten years in the.
Department of Fruit. Crops before . being named Asslstant Dean for_
Research at the same mstltutlon He received-a B.S. in 1956, an M.S. in
1957, and a Bh.D. in soils in 1960 from the Umversrty of Mlssoun He isa .
slneexahst in agnculturally related env:.ronmental problerns (melndmg_-.- :
 ture, f1elds in whrch he has pubhshed extenswely .
CLARENCE G. GOLUEKE is a Research B:ologxst lll “at the Samtary-'.t_.._ o

. Engmeenng ‘Research. Laboratory and lecturer in the Dmsron of Sanitary . - .

~ Engineering at the Um\rersrty of Cahforma Berkeley He recewed anAB.
in zoology from St. Louis Umvers1ty in 1939,'a M.A, in plant’ ecology S
from the University of Illinois (Urbana) in 1941 and a Ph,D in mycology-_
from the University of California (Berkeley) in '1953. He is.a specialist m_". o
biological waste treatment and on the technologrcal aspects of agricultural .1, -
and municipal solid wastes management He serves as a. consultant to the’ N

U S, Envuonmental Protectlon Agency ‘on solid: waste management __and:rs_'

" on the editorial anfa'iif “thiree technical: Journals :
. J AMES F. HENTGES, JR,, is 2. prot'essor of animal science in the Collegé of

FR— - Agriculture.- and—rummantuanﬂna}—nufﬂtlomst—m—the—amcnltml—exp_
) : ment stat1on of the Instltute of Food and Agncultural Scrences, Umversuy
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- of Florida, Gainesville. He received é B.S. in animal science at Oklahoma
State University in 1948 and a Ph.D:in “biochemistry-animal science at the -
University of Wisconsin in 1952, Currently, he supervises beef cattle and. .
water buffalo research at three research farms in Flonda and ieaches -

) undergraduate graduate, and continuing educatlon c rses. He"was a

member of: the NAS panel that in 1973, part;cnpated ina workshop O e

aguatic weed management,_, and utilization in Guyana. In 1975 he was

chairman of the NAS panel -that participated-in- workshops on aquatic-

weed. problems in the Sudan‘and in Egypt. His expertise lies in the fields of

reminant animak nutnnou, -physiology, and enterprise management, SR
RICHARD G. KOEGEL is an assistant professor of meghanical and”

* agricultural engineering at the University of Wisconsin, Madison. -He .
~received-a-B.S.-in mechanical engineering and agriculture at the Unwers:ty '

of Wisconsin in 1956, an M.S. in irrigation and draifiage engmeermg frﬂm—-—n—

Utah State University in 1962, and 2 Ph.D. in agricultural en_gmeermg from
the University of Wisconsin in- 1971. He has worked in agncu.ltural
engineering in South Vietnam angd the nger Republic as well as in the

United States. At present heis part of a multidisciplinary téam conducting a- .- - .

project on. harvesting aquatic ,weeds and converting them into soil
conditioners, conversion mto protem concentrates for food, and fcrmenta-'-' :
tion to methane. '
- CLARENCE D, McNABB is.a professor of llrrmology in the Departmcnt of.
Fisheries and Wildlife at Michigan  State University, . East Lansing, -
-Michigan. He received an A.B. from "Loras College in 1951, and an M.S:
and a Ph.D. in botany from the University of Wisconsin, the latter in 1960, -

A portion of his research is concerned with the role of. aguatic, plantsin-. . . - g
lakes that daily renovate up to 2 million gallons of - wastewater from the- s
Michigan State University campus. He. has studied aquat:c weeds and their ... . ...

utilization in North Amenca, lin New Zealand, at the Max Planck . Institute - _
in West Germany, and in South America, He has served asa. consultant to. .
government agencies and industrial corporations in the United States, -

JULIA F. MORTON .is a research associate professor of biology and Director. .. ...

of the Morton Collectanea, University of Miami, which is'a research and

information center_ devoted to economic. botany. She received her Ph.D. . ... ..]

from Florida State University in May 1973 and was elected a Fellow of the

Linnean Society of London in November 1974, She is a member of the . o

Council for Agriculturdl Science and Technology, the. Society for .

Economic Botany,. the | Flonda -State Horticultural . Soc:ety,..and the . .

American Socigty of Pharmacomosy She is the author of 60 papers and 6 '

‘'books on botanical and horticultural subjects and a contnbutor to.others, -
She has conducted extensive field studies for the National Institutes of .-
Health and the Department of Defense,, has. served as”horticultural =~

development consultant ‘in troplca] Amenca and since: 1954,¢has been :
_consulta.nt fof the Ponson Control Cente:_ hof: Florlda '
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_ th)nda 'r_eeewed a B.A. from the Uruversnty of RlChmond in 1958 an,
M B from Virginia Polytechnic Institute in-1961, and a Ph.D. from the
. University of Hawaii in_1966. He is a specialist in bmloglgal control of

weeds, particularly aguatic “weeds: He has conducted biological weed.

P

controt research in” Europe (1965-1967), in ‘Argentifa (1967-1971), and ~/

in Florida (1972-present) and is currently a member of the USDa

Southern Region Advisory Group on Biological Control of lInsects and .

Weeds. He has served on NAS panels that participated in workshops on

aquatic weeds in the Sudan and Egypt, and he i, involved in a continuing

project with the Sudanese-German Water Hyacmth Control Project in the
Sudan.

HUGH POPENOE is a professor of soils, agronomy, botany, and geography,
Director of the Center for Tropical Agricuiture and International Programs
{ Agriculture) at the University of Florida, Gainesville; and the Director of
the State University System of the Florida Sea Grant Program. He received
his B.S. from the University of California at Davis in irrigation and Ph.D,

in soil science {rom the University of Florida. He is a specialist in. tropwal -

land use and ecology and has served on numerous commlttees to various

government sagencies and private institutions, mcludmg the Amencan T

Society of Agronomy; Gulf Universities Research Consortium, Latin
American Scholarship Program of American Universities, Foreign Area.
Fellowsh;p Program, National Association of = State Universities and

Land-Grant Colleges, Council of Sea Grant Directors, Sea Grant Assocna-

tion, and the National Academy of Sciences. _
ERNEST ROSS is a professor of animal science at the ‘University of- Hawau,
Honolulu. He received a B.S. in poultry science from the Unwemty of
. Arizona in 1946, and an M.S. in 195] and a.Ph.D. in 1955 in poultry

. nutrition from the Ohio State ‘University. Although the major thrust of his-
research: is concerned with the nutritional value of- tropical feedstuffs, he -

has varied interests. These-include the nutrition of prawns, sea turtles, and -
geese. He has pioneered the dehberate use&of geese to control aquatic
weeds., -
DAVID L. SUTTON is an associate professor of” agmnomy‘narfthe USDA
Agricultural Research Center at the University: of Florida, Fort Lauder-
" dale. He- received 2 B:S. from Berea College-in-1963; and an'M.S. in 1965

and-a Ph.D. in 1968 from Virginia Polytechnic’ Instltute and_State -
University, Blacksburg He is a specialist in-biological’ and: ehe;mcal control -

of aquatic weeds, and has writien numerous articles, He is*Editof of the. o
Journal oquuanc Pfant Managemenr and senres on the edltorml board of'“ s

Aquatic Botany.
BILLY C. WOLVERTON isa- semor scnentast W!tl’l NASA s National Space -
Technology Laboratories at Bay St. Louis, MISSISSIPPI 'He received 2 B.S.

-in chemistry from Mississippi College in 1960, with three years of: graduate e

-studies in biochemistry anﬁ”mmrobnology at the Umversny of MlSSlSSlppl
“and one year of graduate:work in marine’ blology at'the’ Umversnty of West

F 1onda He was a resea.rch chem1st W"lth the Department off Defense from ' S
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"

1963 to 1971 and has extensive experience in environmental effectsifrom. )
hazardous and toxic substances. He has conducted extensive research in -~
the .utilization of vascular aquatic plants for removing pollution from
_ . waterways and for producmg energy, food, and fertilizer. -

'RICHARD K. 'YEO i5 % fesearch' botanist for. the Agricultural Research
Service of the U.S. Department of Agriculture and is located in the Botany' .
Department of the University of California at Davis, Cahforma He
received his B.S. in 1950 and M.S. in 1952 in wildlife. management and
botany, respectwely, at Mlch.lgan State Universﬂ:y He obtained his Ph.D.
at the University of anesota in 1960, ma]ormg in agronorny-sods ‘He
has been with USDA since 1957 and is an-expert on managing undesirable

" aquatic vegetation using blologlca] chermca] and mechanical techniques.
He has been a member of NAS workshop pa.nels on aguatic weed problems
in Guyana, the Sudan, and Egypt, and he has been involved in mtroducmg
new aquatic weed controls to Africa.

NOEL D. VIETMEYE_R,..._s.ta.ff ~officer. for this study, is a Professional
Associate of the Natlonal Ac'ademy of Scnences A New anlander with a
now works on innovations in sgience that are important for developmg I
countries. He has studied thé dewatering and utilization of aquatic weeds
5 since 1967 and has been staff officer for workshops on aquatic: weed :
"~ problems in Guyana and in the Sudan, as well as fora workshop in Guyana L
‘on the use of manatees for aquatic weed control. v -
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- las bombas en los proyéctos de irngacion; interfiriendo. la produccién de
* energia hidroeléctrica; desperdiciando el agua en ‘la evapo-trampuacmn

" creciente enriquecimiento del agua causado por.las. fugas de fertilizantes y

Introduccién * ' .
La amenaza que representaf-las hlerbas acuatlcas estd llegando aproporciones =
alarmantes en muchas partes del mundo. El agua es un recurso importante,y .

las hierbas acudticas tienen en €l un efecto adverso, bloqueando To's canales y

obstaculizando el trifico de botes; aumentando las enfermedades propagadas. .
por el agua; interfiriendo la pesca y los cultivos de peces; y obstruyendo tos
rios y canales . de moda que su drenajé se hace unpomble y resultan .
inundaciones. :
‘Este es un problema’ generahzado pere reviste .caracteristicas. partlcular-_ E
mente severas en los paises tropicales en los que el.agua més cdlida y el .
nimero creciente de represas y de proyectos de irrigacion -fomentan e
crecimiento. de plantas. acudticas. El Prablema se agrava mds todavia con el

nutrientes vegetales procedentes de desperdicios humanos y agricolas. En la
India, grandes proyectos de irrigacion han sido inutilizados por las plantas qhe -
obstruyewlos canales, disminuyendo el ﬂl.l]O del agua hastaen cuatro quintos .
de su caudal. Los granjeros dé s -tierras bajas humedas de gladesh tienen -
que enfrentarse cada afio al desastre pmducrdo Po masas de Jacmto _
acudtico, que pesan- hasta ‘150 toneladas POr acre, que se-ciernen Sohre-sus.
plagtios de arroz, Jmpulsadas por. las .Qundacmnes Cuando las. aguas o
finalmente se retiran, las hierbas quedan- sotre el arroz'que estd germinando; - -
sofocdndole. Los ingenieros del ‘Canal de Panaméd han estimado que seria

" imposible pasar por el Canal en el t€imino-de tres: aﬁos sfno tomaran’ de":
- modo continuo las medidas. de control de malezas

©qué Causan la esqumtosormaszs, tina’ enfermedad msndzosa y deblhtante que

prevalece en muchos paises en vias de desarrollo, Estas babosas viven sobre las
rafces colgantes de la hierbas y son transportadas por ésm tmp'uisadms prn:vr 1
viento, y las cgn_e_ntg _Adgm_ag, _IaLplanla — acudtics - '

por los mosquitos; puestg que los charcos peq\Jenos ¥ proteg:dos, perfectos’_
para la reproduccién de-los mosquitos, se forman entre las plantas flotantes..

Sin embargo, en ciertosentido, las hierbas acuticas constituyen uncultivo
gratuito- de un gran valor potenc:al un chltivo altamente productivo ‘que no,
necesita mano de obra, ferhhzantes, snernbra © c%{secha ‘Las plantas acudticas’

4
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~ accidn al respecto. Desafortunadamente no éxiste ninguna manera sencilla de |

 desperdicios orgdnicos en descomposicion que producen pueden mtﬂ'rf"r'., la

La Carpa ' S ' - L -
. 3 :

- Un pez de-rdpido desarrollo que se alimenta de las plantas la carpa preﬁere

" técnicas convencionales) convirtiéndolas en camne altamente cotizada. Aunque . v

‘H;_‘““_\Oios Pece$ Herbl‘vbros.

~ de’ Tas - regiones troplca]és Una in

Manatl’es (Vacas Mannas) o S -11._ i ..:-5_‘7'"&‘—&33
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tienen potencial para ‘su- éxplotacién como alimento para los animales, como
alimento para la gente, como aditivos para el suelo, para produccmn de .
combustible y para el tratam:ento de aguas de deshecho. L

En la medida que las serias implicaciones de orden negativo de la presencm
de. las hierbas acudticas son mds ampliamente reconocidas, cientificos,
mgemeros y administradores gubernamentales estin comenzando a tomar

reducir las infestaciones. Los herbicidas que-matan las hierbas.acudticas y los

medios mecanicos son casi los Uinicos métodos utilizados en los paises en vias N

de desarrollo. Ambos_medios son costosos y muchos paises en vias de - ..
desarrollo deben gabtar sus divisas escasas para importarlos. Inclusive, cuando =
los. importan; a menudo es imposible utilizar, fos métedos quimicos y

mecédnjcos debida a Jas dificultades de mantenimiento ¥ de acceso a las

regionas lejanas o pantanosas. Ademads los productos quimicos pueden tener

un. efecto adverso en el medio ambiente, y las grandes cantidades de

reproduccion de la fauna acudtica.

Este infogme estudia una alternativa: la uhhz.acnon de las hierbas acuatlcas_ g
para su conversién en alimento, fertilizantes,: papel y-fibras, y energia, A ¢
continuacién se presenta un resumen de los pnnmpales puntos discutidos.

s

las hierbas sumergidas suculentas (las- que son dificiles de controlar usando

la varpa es originaria de los tios de aguas heladas de Siberia Rusa y China, ' - ¥
media en las aguas tibias del trépico y- puede llegar a pesar 40 kgs. Su | - :
reproduccion natural es limitada fuera de habitat nativo, pero se-le -puede
reprodur:lr artificialmente. (Capltulo 1) '

bre los- habltes de ahmentamon de muchos peces_:-
tigacion de . ampllo alcance sobre las.:
especies herbivoras podria localizar aquéllas qlmrﬂfﬂmpgrtanc:a para el
control de hierbas acuiticas. Entre las especies citadas que ameri .
estudiadas y probadas estin las especies Tilapia, ei. “dolar de. plata"‘ de'”-":._:';..'_
_América del g_rﬁagatpa_plamadab(ﬂapxmlo 2\ - - s

Hay poco co:nocu’i'ﬁe:__

.'Estos marmfercis del troplco cam extmtos son. excepcmnalmente ef‘ cxentgs—

en la eliminacién de las hierbas’ de los canales. Comen diariamente muchos
kilogramos de hierba"y ‘pueden consuimhr -muchas _e_sgeg:z__es diferentes. _l-_la_s_t_a_
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que se pueda desarrollar su crianza y reproducr:ion en cautividad, solg podran
ser Gtiles en sus paises de origen en América Latjna y Africa Occidental, y
entonces$ Gnicamente si se les protege y conserva adecuadamente. (Capitulo 3)

§ | o

_Langosnnos : o . . 7

Entre los organismos comest]b]es menos- explotados estos parientes cercanos * .
de la langosta son -altamente cotizados como plato de gastronomo. En el -

Estado de Lou151ana los langostinos son reproducidos en.gran escala ‘en los—

planties de arroz donde se alimentan’ Qe las hierbas acuaticas, de los rastrojos N
restantes después de_la cosecha del™ arroz, y de pequefios organismos .
acudticos. (Capitulo 4) C

Patos, Gansos y Cisnes

Si se les maneja cuidadosamente, estos herbivoros comunes pueden eliminar
- == potablemente las hierbas acudticas. Al hacerlo, proveen carne y-huevos.
Constituyen un potencial prometedor en especial para el uso de pequefios
granjeros en 'paises en vias de desarrolio, (Capitulo 5) '
._1\ . . *
> : S : i
- ‘Otros Herbivoros ' '

Muchos animales viven de Tas plantas, pero nunca se ha llevado a cabo un
estudiot sistematico sobre los animales herbivoros apacentados productiva- -
mente con hierbas acuiticas. Entre los animales que merecen ser estudiados.
estdn las capibaras, las/nutrias, los burros, cerdos y corderos. La investigacion
efectuada sugiere que si se le maneja cuidadosamente, el bifalo acuatico
puede alimentarse con plantes acudticas, como_el jacinto acudtico. (Capitulo6)

- Cosecha - _
“Los campos cenagosos infestados geﬁ“eralmé\nte de hierbas acuiticas son muy

~ dificiles de cosechar, sin embargo, se han desarrollado algunos mednos
ingeniosos para hacerlo. Algunos de ellos se ilustran. (Capltulo ?)

Dehum;dnfncacubn e e \

- EF alte-—sen%emde de—humedad—eﬁrumca ﬂﬁewnmz de—nrayor unportaqcm
“———._.entre la vegetacion acudtica y la terrestre. De ordinario las hierbas acudticas "
- contienén solamente del S al 15% de sélidos. Para transportarlas o usarlas para
" alimento animal o para ot‘orpmpos_tos debe eliminarse previamente gran’.
contenido de humedad. Los métodosque act“ahnentu:,s__an en desarrollo son
la eliminacién del agua por medws mecamcos o medlante j secadcual sol.~
{Capitulo 8) . :

—
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Adltlvos de' suelo - -I-:: o _ : ".‘ T et

Los fertilizantes estin cnhcamenta en escasez en muchos palses en vias de - _
~desarrollo. Muchas hierbas acuaticas tienen cantidades apremables de nitré- - .
~ geno, fésforo, potasio y otros ingredientes de los fertilizantes. Adems, las - S
. hierbas acudticas utilizadas como. fertilizante pueden emplearse para mejorar- . ... -
la textura del suelo, lo’ que es de vital importancia en ‘suelos arenosos, de -
laterita o altamente arcillosos=los que estan amphamente distribuidos en los.
paises en vias de desarrollo (Capltulo 9 3

Allrnentos Procesados para Animales

. Las Iuerbas acuancas frescas tlenen usua]mente demamada humedad para;j_.
‘utilizarlas eficientemente como forraje. Mas atin, muchas no son apetitosas “-..
para las principales razas de ganado vacuno y para los cameros. Extrayendo < -
parte del aguy y y-ensilando los residuos constituye una técnica prometedora
para su uso enlos paises en vias de desarrollo. El jacinto acuitico ensilado y .
ofras hierbas acudticas han sido aceptadas ain por ganado habltuado a. dletas
de calidad. (Capltulo 10) - . -

Pulpa, Papel vy Flbras

En Rumania, se produce pulpa y papel en gran escala extraidos de las h.lerbas A
acudticas fibrosas, de.tipo como-carrizos; en. otras. zonas -del ‘mundo; se '
utilizan las hierbas acudticas para empajar, para muebles; esteras tejnda;,
cestas, etc, El papiro, del que se ongmo el pnmer material paremdo 4l papel -
para escribir, y el junco estin sin que se les conteda m‘xportant:la pero son
recursos prometedores. (Caprtulo 11} e :

 Energia - _ ’ ' oot oo
En un proyecto en Mississippi la Administracion Nacional de la Aeronduticay =~~~ .~
-del Espacio (NASA, el programa. espacnal de los E:U.A)) esta fermentando el -
jacinto acudtico para producir metano. Este proyecto expenmental ofrece un
método mediante: el cual las hlerbasx acuétlcas pudlesen convertlrse en -
combustlble (Capltulo 12) A :

.lllrl-

..:Tratamlénto de Ag s de Desg:_)erdmm o L

. Los compuestos de mtrogeno ¥ fosfero 3on agentes contamma.ntes comunes de
. las aguas: al mismo- tiempo son los p’nnc:pa]es mgredlentes de los fenﬂjzantes
. Alganaz hie
. im.mpurarlq;
* de laboratorios han encontrado’ r;clentemente que estas plantas pueden usarse”
' .~para el tratamﬁnto de las aguas de desperdlclo de modo que los nutne tes

itk pmpaa estmcmrn Lus mwcstigaﬂums £n un bue '
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disueltos en ellas puegden: recobrarse para s reciclaje. Actualmente se estan

" tealizando expenmenfbs para’ purificar las aguas cloacales municipales, las

aguas de desperdicio industriales y de granjas de crianza de cerdos ¥ Iechen as,
reproduciendo en e]las p]antas acudticas. (Capftulo 13)

;

" Plantas Aéuéticas.para Alimento, Usos Misceldneos .

' Solam planta acuatica es utlhzada ampliamente como cultivo con
\wenncms—d arroz. El castafio acuético chino, ¢l berro y otras

especies menos conocidas aparentan ser dlgnas .de aumentar su explotacion. -

(Capitulo 14)




‘Resumé en Frangais

Introducéion

La menace que représente la flore aquatique prend des proPoftions

- alarmantes dans de nombreuses régions du monde. L’eau étant une ressource

vitale, les plantes aquatiques ont sur elle une incidence particuliérement
ficheuse : elles bloquent les installations de pompage et les canaux d'i 1mga-
tion, elles génent la production ide houille blanche, elles contribuent a
I’évaporation par la transpiration, elles entravent la na\ngatmwr les cours

d'eau, accroissent les risques de transmission de maladies dont Y'eau est le -

vecteur, elles contrecarrent la peche et la pissiculture et, obstruant les riviéres

et canaux, elles s’'opposent a l‘écoulement des eaux et sont la cause

d’innondations.
Se posant a I'échelle mondiale, ce probléme est pa:tlcuherement aigu dans

les pays tropicaux ou la tiédeur de ’eaun, ’'aménagement croissant des riviéres
et une irrigation accrue encouragent la prolifération des plantes aquatiques. 11

est encore aggravé par un enrichissement incessant des eaux naturelles grace -

aux apports d’engrais dus au ruissellement et de matiéres nutntwes provenant
des activités humaines et agricoles. Aux Indes, d’unporta.nts réseaux d'irriga-
tion ont été rendus inutilisables par la croissance des plantes aquatiques qui,
en bloquant. les canaux, ont réduit des quatre cinquidthes 1’ apport d’eau. Les
exploitants de subsistance des terres basses du Bangladesh sont tous les ans au
bord du désastre quand des amas flottants de jacinthes d’eau, _pouvant peser

jusqu’a 300 tonnes 4 ’héctare, sont apportés dans leurs riziéres par lesteaux '
en crue. Les plantes laissées sur place par la décrue; étouffent:le riz em train -

de germer, Des ingénieurs ont estimé que le canal de Panama ne seraft plus

navigable au_bout de trois ans safs une lutte Permanente contre lenvaiusse- o

ment des herbes a&athues
Des gastéropo

élisent domicile sur les racines flottantes des plantes: aquathues qui, voguant

au gré des venis ei des flots en éte dent laire de dispersion a mesure quelles” = :
se thultiplient. En outre, par les pe tes mares abritées qu’elles forment entre’ - .
elles, lieu d’élection pour la reproduchon des moustiques qui en sont les -
vecteurs, elles encouragent la transmlssmn de malad:es comme le paludmme et' :

- 'encéphalite.

Et pourtant, il favt reconnaitre que 1a flore aquathue constitue une -
culture gratuite d’une grande valeur potentielle : elle ne demande ni labours -

aquatiques ve‘cteurs de 1a scl'nstosoxmase cette maladle o
insidieuse et” débilitante qui sévit dans de nombréux pays en devel()ppement o
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. nl“"eugrais ni semences ni culture. Elle offie de grahdes possibilités en matiére
-de fourrage, d’alimentation humaine, d’amélioration des sols, de productlon

Ces. mamm:feres troplcaux herbwores en vcne d extmctmn ont lif Capacué_.-_'- L

- en outre, ils s attaquent a plusneurs especes Tant qu‘1l ne-sera p possxble..,.

'Larnantlns SRR é

de combustible et de traitement des eaux résiduaires.

A mesure ql.leJ lon reconnait les aspects négatifs gaves de la présence -
dherbes aquatiques, les scientifiques; les ingénieurs- et les responsables
gouvernementaux commencent a prendre les mesures cormrectives qui
s’imposent. Maﬂleureusement la Ilutte contre cette prolifération n’est-pas .

simple. Les herbicides et les moyens mécaniques sont pratiquement les seuls

procédés en usage -dans-les pays développés. Ils sont onéreux, et les pays en
développement doivent consacrer a leur importation leurs maigres ressources’
en devises. Méme dans ce cas, les procédés chimiques et mécaniqués sont
souvent inutilisables en raison de la difficulté d’entretien et de I'inaccessibilité
de certaines régions ou des zones marécageuses. En outre, les produ1ts :
chimiques peuvent avoir une incidence ficheuse sur I’environnement et les
grands volumes' de substances organiques en decomp031t10n qui en sont le
tésultant ;peuvent entraver la plscmulture

Le présent rapport étudie une solution éventuelle : la transformatlon des .
plantes aquatiques en aliments, en engrais, en papler et fibres et, enﬁn, en -
énergie. Les pnhc1paux points suivants y sont examinés : N

La Carpe Herijore o S ' _ : -

Poisson 4 croissance rapide qui se noursit de plantes, la carpe herblvore
préfére les hérbes charnues immergées, contre lesquelles il est difficile de
lutter par 1es moyens classiques, les transformant en une chair partlcuhere- _
ment appreciee Bien qu’elle soit originaire des eaux froides de la Sibérie et de. . -
la Chine; elle; s’accommeode dés eaux tides des tropiques et certains individus
peuvent atteindre jusqu’a quarante kilos.. Comme elle se reproduit mal hors

“de son mﬂxeq natif, il faut recourir 2 I'insémination artificielle (chapitre 1).

Autres Poussons Herhlvores

On connait mal les habltudes ahmemalres dun grand nombre- de pmssons.’-_'_" =

tropicaux. |Une" large campagne ‘de recherche sur_les espéces herbivores .
pourrait pahnettre de-découvrir celles qui présenteraient un intérét indépiable:,
pour la lutte contre la flore aquat;gue On cite parmi'les especes qui mént_en_ a
un effort de recherche et d’ expenmentatlon les Tlapms le dollar d arge "

exceptlonnelle de débarrasser les voies d’eau de leurs herbes aquathues La™
consommation Joumahere d¢ ces animaux se traduit par dlzames “de’




o

RESUME ENFRANGAIS .-~ =~ = 167

d’assurer leur reproductlon et leur elevage ils n auront a utlllteﬂque dans leur "
“habitat naturel : les pays d’ Aménque du Sud, -d’ Amerlque centrale et

_A’Afrique si, toutefois, des mesures spéciales sont apphquees en vue de la
o protectnon et de la consewatlon de 1’esgece (chapltre 3)

: . '::",-‘I'"* % - E

.

Ecrevasses

compter ce crustacé, proche parent du homard, et que les amateurs payent un

bon prix sur les m?rEhes Dans ’Etat de Louisiane les éerevisses font I objet .~

d’une culture & grande echelle dans les riziéres ol elles se nourrissent de .

chaume de riz, de plantes et de petits organismes aquatiques (chapitre 4).- '
. : | B . ; ..

Canards, Oies et Cygnes

En s’y prenant de la bonne fagon ces oiseaux herbwores :
grand secours pour la lutte contre les herbes. aquathu s. [Is. fournisserit

prometteurs pour les petlts explmtants des pays en develoPpement (chapltre S)

Autres Animaux Herbwores o o RERT '

étude systémathue n'a encore été -faite pour savoir si la:flore aquathue\.

{Hydrochoerus capybara) une loutre, la:nutria, ainsi que ! des smges, des porcs -

buffle d’eau pourrait, dans de bonnes conditions, se nournr de plantes
- aquathues la jacinthe d’eau en partltuher (chapltre 6) R T

Récolte | . : _ S : :
La récolte est e)ttremement chfﬁcﬂe dans les zon:}ﬁw:écageuses genéralement-'-: D

|
|
i
I

' des dlSpOSltl_fS mgémeux dont quelques -uns sont

M

strés (chapltre ?)5_

R

DéSthrataﬂon . _ .. o | .. i..;l-': e

~ La seule dnfference‘ unportante entre les'vegétaux terrestnl.s et aquat;que vest -
“la forte teneur en eau de ces dernjers. Ii ne contiennent en ‘effet que 5315
~‘pour cent’ de. matiére solide. T} convient’ donc de les déshydrater pouren.
_ perrnettre le/ transport ou lemploz comme fourrage .Des procedes de=‘-_

'étu de (chapllre 8)

Parmi la faune commestible la moins exploltee des eaux douces il faut -~

également une bonne chair et.des oeufs. Ces volatiles sont particuliérement o

1l existe de nornbreux animaux qul s nuumssent de. plantes fiidis “gucune’ e

pourrait leur servir de/fourrage vert. Parmi ceux qui méntent d’étre étudiéson . . L
compte notamment un rongeur-amphibie d’ Amenque du Sud;-le capybara - -

et des moutons. Des travaux de recherche récents lalssent i -penser que Je. - -

~". envahies de plantes aquatiques. Toutefois, pour:la faciliter,.on a mis au. pomt'--




. poss:bﬂlte de tirer du- méthane de la jacinthe d’eau par fermentanon Le -

_cours d'eau. Ce sont également les comgosants principaux. dés. engrais.
~etdeles assumler Un grand nombre de chercheurs ont récemment découvert

o re51dua1res, Jes nuiriments.en- SOhlthIl étant. amm récupérés en reemplo es
‘essais sont actue]lemcm en cours sur-la punf cataon des eaux usees d’ori
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Adjuvants des Sols _,’{_

Dans'demombreux pays en développement les engrais font sévérement défaut.
Beaucoup de - plantes aquatiques contiennent en quantité -appréciable - de
'1 azote, du phOSphore -du -potassium et.d’autres substances fertilisantes. Au -
“surplus, et ceci esi extrémement importani, on péut les employer i
'amendement des sols sableux, latéritiques €t fortement argileux qui se
retrouvent partout. dansl ..... pays en voie de aeveloppement (chapltre 9y '

Fourrage Traite pour Ammaux

A Yétat frais les plantes aquathues ont en general une trop forte teneur en
eau pour foumnir un bon fourrage. Au surplus, les principates races de bovins.
et dovins se refusent & consommer la majorité d’entre elles. Leur déshydra-.

“tation-partielle et leur ensﬂage pourait produire des résultats avantageux dans )
les pays en developpement Clest.. ainsi que la jacinthe d’eau et d’autres

végétaux aquatiques sont deverius grice d ces méthodes, fort appréc:és du
bétail habitué i des rations de quahte (chapltre 10) ’

Pulpe, Papneret F|bres S ) S ]

En Roumame on produit- de la pulpe et du papler a pamr de plantes ‘.\.”'.

de ces vegétaux comme chaume pour les toits, pour faire-des meubles dela
spasterie, de la vannerie, etc. Le papyrus, I'ancétre du papier, et-lacanne de. .. o
jonc (typha) quoique encore négllgés representent une ressonrce mtéressante

(chapltre 11). . C

Energie
La NASA, dans un de_ses laboratoues de I'Etat -de Mlssmsnppl etudle la

projet n'en ¢st encore. qu’au- ‘stade expérimental mais. il offre une:méthode. -
permettant la conversion de certams végétaux aquathues enun combushble
précieux (chapltre 12) : R

Traltement des Eaux Usees

Les composés azntes et phosphores sont Tes pollutants les plus courants des

Ceértaines plantes aquat:ques ont la faculté d’extraire-ces substancés-de. ’eati-




'-'nzs'um-:s'umm;us-’"":‘ B T - I

) urbame industrielle ou agncole partlcuherernent les . porchenes et les
“1a1tenes, en y falsant pnusser des plantes aquanques (chapntre 13).

Flore Aquathue dansé Allmentatnon Usages Dwers o

"Une seule plante ‘herbacée aquathue le riz, est largement utillsée comme
culture vivriére. Une chataigne d’eau (Eleocharis tuberosa), le cresson et
d’autres especes moins connues semblent menter une explmtat:on plus

poussée. (chap:tre 14). - : . - T
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term applications feasible in ‘areas offering realistic “promise. (French-
language edition will be available in early 1977.)
20. Systems Analysis and Operations Research: A Tool for Policy md.-
Program Planning for Developing Countries. 1976. 98 pp. Examines
utility and limitations othA;‘OR met]:iodology for developing couniry
application and means for acquiring indigenious capabilities. -
21. Making Aquatic Weeds Useful: Some Perspectives for Developmg
.Countries. 1976. : .
"Guayule: An Alternative . Sou:ce of Natural Rnbber Descnbes a
little-known bush that grows wild in deserts of North America and pro-
duces 2 rubber ‘virtually identical with that from the rubber tree. Recom-
mends funding for guayule development. '

]
=~

Related Publications
Other reports (prepared in cooperatlon w1th BOSTID) avallable from the

 above address are: .

. .National Technical Information Servlce To order, send report title, NTIS

An International Centre for Manatee Researéh 1975.- 34 pp. Describes the
use of the manatee, a large, almost extinct, marine mammal, to clear aquatic.
weeds from canals. Proposes a research laboratory to develop manatee
reproduction and husbandry. Published by the National Sc1ence Research
Council of fguyana. ) A :
"Ferrocement, a Versatile Construction Materm.l lts mcreasmg use in Asia.
~1976..106 p. Report of workshop with the Asian. lnstltute of Technology,
Bangkok, Thailand’ ‘Surveys-applications of ferrocement technology in Asia -
and the Pacific Islands. Includes. construcnon‘crﬁgram_sxlg_g water tanks;- L
roofs, and boats. Published by Asian Institute of Technology. ﬂm_h‘““““—h-——ﬁ_____
Aquatic Weed Management: Some . prospects .for the Sudan.and the Nile . ....-. . .
Basin, 1975 57 p. Report of a 1975 workshbb 'viifh'the Sudanese National'

_,Resea.rch Council of Sudan. o
Natural Products for Sri Lanka’s Fut}ue 1975 53 p- Report of a wnrkshop o
with the National Science Councﬂ of Sri Lanka. Identifies neglected and un-. -

.-conventlonal plant products that can mgmfmantly contribute to Sri-Lanka’s - R
"economlc development Pubhshed by National Science €ouncil of Sri Lanka.. .

--"The followmg o'at-of-prmt BOSTID reports ‘are avallable onIy from the“""""“-'

- Accession Number and amount mdmated Pay by NTIS ].'}epos:t A;eoounl;"_f
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check or money order. U.S. orders without prepayment are billed within 15.
" days; a 50¢ charge-is-added. Foreign-buyers- must enclose paymenf plus u.s. .
. §2.50 handlmg charge per item. Send order to: 1

*.  National Technical Information Semce '
Sprmgfleld Virgmla 22161 USA

1. East Pakistan-Land and Water Development as Related to Agncul:ure
January 1971. Reviews World Bank proposed action program in land and
water management. NTIS Accession No. PB 203-378-44.25. B

. The International Developmeqt Institute. July 19’?1 57 pp. Endorses
concept of new sciencebased technical assistance agency 4§ SUCcesser (o
AID; examines its character, purposes, and functmns NTIS Accessmn
No. PB 203-331, $4.25. "

.3. Solar Energy in Developing Countnes PerSpeétwes n.nd Prospects March :

1972. 49 pp. Assesses state of art; identifies promlsmg areas for R&'D,
_and proposes mukt;purpose reglonal energy research mstltute for devel-
oping world. NT"IS Accession No, PB 208-550. $4.25.. o
4, Scientific and, Techmcal Informanun for Developmg Countries. Apnl
1972. 80 pp. Examines problem of deveioping world’s access to scientific
and technical information sources, provides rationale for assistance’ m
this field, and ‘suggests programs for strengthemng information infra--
" structure and pfomoting mTormanon transfer, NTlS Accessmn No PB
210-107. $4.75.. : : T o
6. Researc‘h Management and Techmcal Entrepreneu.rshlp A US, Role in :
lmprovmg ‘Skills in DeVelopmg ‘Countries. 1973. 40 pp. -Recommends " "
initigtion of a systematic program and mdlcates pnonty elements N TIS R
Accéssion No. PB 225- 129/16AS. §3.75. ' RSN
‘9, Mosqluto Control: Some Perspeéctives for ge\relopmg Countnes 19§3 63
PD. Exammes blologxcal -gontrol- alternatives-to conventlonal pestlcldes
evaluates state of : knowledge and research’ potentlal ot‘ several ap— -

S proaches NTiS Accesgion No. PB 224—749IAS 425 e

T ——— 12, Rool‘mg in Developing Countries: Research f l'_N' w Technolognes 19?4

oo 74 pp. Empﬁasrzes-the—needior resega.rch onilow cost Toofs, partlcula:ly

B M

- using materials aveu.lable in developmg mTe?
' 234-503/AS. $4.75. - /| : ,
13. Meeting the Challenge of lndustnahznthn A Feambtlsty Study for /N
International Industrialization Institute. /1973: 133.pp. Advances’ concept

of an independent, interdisciplinary researc wJ,rlstltute to illuminate - TEW-
pofncy options. confrontmg all natmns JfNTI ‘Accession No, PB.228-348

8- Accessmn No‘ -PB'. o

_ from the Nanonal Techmca]ﬂormahon Servnce 3is
'Projects from Jojoba: A Promlsmg New. Cro
Describes the chemiistiy of th Stainéd .
shrub Stmmond.rm chmenxlfﬂ;’TlS Accesswn No PB 253 126/AS $3 7
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Repom in Preparatlon Iworli’ngmles) e ,' s

-BOSTID will fill- Tequestsforsi.nglé coples of reports in preparatlon ‘upon

publication. = .~ . "
5. The Role of U.S. Engmeermg Schools in Fore1gn Assmtance Actmnes
19. Methane Generation from Human, Animal, and Agncultural Wastes.. Vo
' 23. Remote Sensing for Development. _ : R | -
24. Appropriate Technologies.for Developing Countries.. oyt o ‘ S
25. Little-Known Legumes with Promising Economic Potential. . - B
26. Leucaena leucocephala: New Forage and Tree Crop for the Tropics.. o |J o




' ORDER FORM

- Please indicate on the i'abels be!ow rhe names of colleagues, msmuuons S
libraries, etc., that might be mterested in receiving'a copy of Makmg Aquatic ' / ]
. Weeds Useful: Some Pempectnres for Developmg Countries. -~ ~ s
- Please rerum this form to - ' ’ o r

Cormmission on lnternauona] Relatxons (IH 215)
Nahonal Academy of! Sc:ences—-Natlona.l Reseal'ch Cou.ncﬂ
-2101 Constitution Avenue :

Washington, D.C. 20418 USA
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