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For over a decade, the Nat1onal Academy &f Sc1ences—Nat1onal Research. -
Councﬂ (NAS-NRC), through the Commission on International Relations
and its Board on Science and Technology for Intemational Development
(BOSTID), has devoted attention to the application of scientific and technical
resources tb problems of in rnatlonal economic and social development.* In
1970, BOSTID established an Advisory Committee ons Technology Innova-
tion- (ACTI) to assess new” scientific and technological developments that
might prove especially apphcable to problems of developing countries. This -
report was produced by an ad hoc panel-of" that committee, the Pamel on
- Utilization of Aquatic Weeds cornposed of botanists, engineers, and animal
scientists, which met in Gamesvﬂle Flérida, in- November 1975. i

The problem that the panel considered was the vast mfestatrons of aquatic . ,

plants that burden waterways, interfering with navigation, 1rr1gat10n dlseaset
and insect contrql fisheries production, and water qgahty G

~ Aquatic weeds have always eyisted, but in recent de ades their effects
have been magmﬁed by man’s mor mte SHVES 2

wastewaters and mtroducmg aggre sive plant spemes 1nto new locatlons
These plants, among thé most prolific on earth, grow luxunantly in the
tropics, weigh hundreds of tons per hel
a nation’s development efforts. Erd ) ,
impossible,-and_even reasonable controt§g difficult. Turning ‘these weeds to
productive use would be desirable, but only limited research has SO far been
- carried out. - . : ' gy

This report examines methods for controlhng aquatic weeds and usmg

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

less-developed coungries. It emphasmes techniques for converting weeds for
feed, food, fertilizer, and energy production. It examines, for example,
biological control techmques in which herbivorous troprcal anlmals (fish,
waterfowl, rodents, and other mammals) convert the troublesome plants‘
" directly to meat. ' ~
*These activities have largely been supported by the U S” Agency' for Intemetlonél :

Development (AID). This report was sponsored by AIDs Office of Scrence ‘and o
Technology, Bureau for Technical Assistance. ,
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In many srtuatrons use- of the’ aquatrc weeds w111 contnbute marked}va

- their control thus, most of the methods d1scussed;epresent potential coﬁtﬁ?l';,

- techniques. HriweveP thb', s”'xztot a. report on .aquatic w‘eed gontrol- per se: -
Many of the technlques descriped w1ll make little visiblé difference to massive
aquatic ‘weed infestations; furthermore, there is no discussion .bf herbicides, i
or of such biological controls as inseets and’ pathogens that kill the plantbut - -
_.do not produce a useful by- product This is not to demgrate such techniques.  ~ .
Indeed, in any aquatic weed control program that aims for leng-terrh control, :

they w, ; almost always be needed as ad]uncts to a utilization p program. There .

is, h er, extensive literature on control techmques and the panel felt that
it could best serve by reporting on what has thus far recelved far too little ~ *
attention—the productive use of aquatic weeds, arine and estuanne plants ‘
arg excluded from the discussion, and algae aretnot stressed, o
“None of the techmques ‘described is a panacea; none i
aquatic weeds from infested waterways. They should be* as usgful tools
in an integrated system of _weed management in Wthh ifferent control =
techniques complement. each. other and produce a “usable" 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. :

ble t6 eradicate . .

The advantage of weed utilization over chemical arid many blologlcal weed
controls (e.g., insects and® pathogens) is the productlon ‘o‘l‘\valuable end
products ‘meat, eggs, fish, edible vegetation, fertilizer; animal feed, energy,, =

Fy paper pulp. Readers should apprecﬁte that although “the ‘methods arez -
cataloged mdependently in this report, in many-perhaps most—s1tuatlons ae
cotftbinations of several methods (or comblnatlons of weed utilization with .
other weed-control techmques) ‘may be the best way to benefit from' the
‘weeds while still mamtarmng a waterway s value for nawgatlon ﬁshmg, etc
Usmg a single method often eencourages: those weeds that are’ unaffected by,

o or resistant to, the method. The new weeds may produce more serlous and"

= Vkv, dess tractable problems A et :

: - Though the techmques descnbed in th1s report have been selected for therr l

~ apphcabrhty in less- developed countnes many are relevant to mdustnahzed;_

'/ countries. Both types of country face a future in which food productlon will

need ‘to depend more and more on the effectlve management of natural\;’ o

systems, such as waterways. it

This report purports only to be an 1ntroductory rev1ew of i

2

aquatic weed utrhzatlon

&




* specific situation and needs. In this way it is hoped that the report can
providing their technical advisors with tie details they need,

" economic parameters but could not consider these in specific detail. Attempts
s to estimate . future cost in the vastly different economic. and ecological

&

For the convenience of -the reader, each topic is presented in a separate
chapter arra’nged in the following order: : -

e
Desenptron of the techmque and of its advantages
Limitations and special requlrements o
Research needs : :
Selected teadings (31grnﬁcant reviews, general rtrcles)

e Research contacts (individuals or organizations known by panelists to -
be involved in relevant research and who have agreed to provrde readers with
further information if requesteﬁ) N

e o

However, the subject matter of Chapters & (Other Herb1vorous Ammals) 7o
(Harvesting), and 14 (Aquatic Plants for Food Miscellaneous Uses) do not
lend themselves to thrs format and these chapters use a dlfferent style. .

a sense of 1ts contents; a summary of each chapter is. glven on page 2 and
in each chapter, the early paragraphs are nontechnical and discuss the
technique and%ts apparent advantages. In most chapters the 1ater 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

introduce decision makers to. aquatic weed utilization while at the same trme

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

environments of the several dozen countries beset with sthe problem of
aquatic weeds would have bogged down the discussions, as would considera-
tion of pohtrcal institutional, and soc1a1 factors. Accordlngly, this report——
confines itself 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 drfflcult to apply successfully to specific weeds in individual
countries. Adaptwe research by local scientists may be needed to achJeve\
success. Reading lists and a list of contacts are given so that readers may
explore for themselves the relevance and adaptablhty of the techmques to
their specific location.

The panel is indebted to Dr. John Gerber and Suzaﬁne.Parker for handhng“ .

local meeting arrangements in Gainesville, Florida. The report was ed1ted and:_
prepargd for _publication by F. R. Ruskin and Donna W Sthley
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The menace of wa,{} er weeds is reaching alarmmg proportions in many parts of
the world. Water is an' important resource, and aquatic weeds affect it

LI

adversely by blacking canals and pumps in irrigation projects; interfering with

hydroelectricity productlon wafting water in evapotranspiration; hindering
boat traffic; increasing waterborne disease; interfering with fishing and fish
culture; and clogging rivers and canals so that dramage 1s impossible agld
floods result. : J
This is a global problem, but it is partrcularly severe in tropical nations

where warm water and increasing numbers of dams and irrigation projects . -
foster aquatlc plant growth. Furthermore, the problem is worsened by
increasing enrichment of natural waters by fertilizer runoff and by nutrients
from human and agricultural wastes. In India, large irrigation. projects have |
been rendered useless by plants that block canals, reducing water flow by as’

much as four-ifths. 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 rmpassable w1th1n three
years without continuous aquatlc weed control measures. :

. As aquatic weeds spread, they disperse the water snails that éause
schrstosomrasrs the insidious, deblhtatmg disease ‘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-borne diseases because small,

sheltered pools perfect for mosquito . breedmg are formed between the :

floating plants

And yet, in a sense, aquatlc weeds constitute a free crop of great potentlal E

value—a highly productrve crop that requires no tillage, fertilizer, seed, or
cultivation. Aquatlc plants have potential for exploitation as animal feed
human food, soil additives, fuel production, and wastewater treatment.

As the serious negatrve 1mphcat10ns of the presence of aquatic weeds are

Introduction and Summary

becoming more widely recogmzed sc1ent1sts engineers, and government_ : .

administrators are beginning to take action. Unfortunately there is no simple
way to reduce the infestations. Herbicides that kill aquatlc weeds and -

i

®
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mechanical devices that”harvest them are thé only methods used’ in the - S
developed countries. Both are’expensive, and many developing countries must
spend Ysarce foreign exchange to import them. Even when they do,:c'h“emical : "
Trd,mechanical methodszoften prove almost imf)ossibl(gy to use because of dit- '
ies of equipmenf]maimenance and access to rerﬁoge Or sSwampy areas. -
4nicals may also adversely affecf—fﬁe_—q_ﬁyironmer"l‘t,'an'cl the masses of
decaying organic debris that they produce’caqi interfere with fish production.
This report explores an alternative: the conversion of aquatic weeds to
food, fertilizer; paper and fiber. and .energy. A summary of the topics -
discussed follows. e

¢
£y

The Grass Carp

A quigk-growing fish that lives on plants, the grass carp, whose meat is highly
przed, prefers succulent submerged %ee},ds (which are difficud to control by
conventional techniquesj. Although the grass carp is native\to cool-water

rivers of China, it thrives in warm trog’ical watetrs and may attain a weight of :
over 30 kg. Natural reproduction seldgﬁmfocc’urs outside its native range, but

the fish can be reproduced artificially.(Chapter 1) /\5 -

i

United States: The water hyacinth. A floating aquatic plavmt'from Brazil that
classified as a weed in 52 nations. (F. W. Zettler)




Thailand: The mtert\:?med mat of water hyacmth stems makes a waterway vutually‘
impassable to-boats. (N. D. Vietmeyer)

™
&l

Other Herbivorous Fish : :

The feeding habits of many tropical fish are barely known. A wide- -ranging
. search for fish that eat plants and algae’ could locate species with important
" futures as aquatic weed control agents Among’ known species cited as
deserving research and testing are Tilapia spec1es South Amencan sﬂver dollar .

fish, and the silver carp. (Chapter 2) v e o
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., Manatees - -
L ‘\’ (YRR .

consume many. dlfferent spec1e
" captivity can be developed “they w111 only be useful-in-their native- Latm# el
American and West African countries, and then orﬂ‘y if they are protected and
conserved. (Chapter 3) L e .
. , "

' .Other Herbivgrous Animals -

-

5
\

til .their breedmg and husbandry -in

Crayfish .. St

'

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’ organisms, 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

many kﬂograms of weeds daily and will

weeds remarkably well from ponds and small waterways In so doing, they ~

provide meat and eggs. They are partlcularly promrsmg for small-farmer use
in developmg countries. (Chapter 5 5

&

2

. Many ranimals live on plapts, but these has never been a systematic study of

how to 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 w111 feed oh aquatic

plants, such as water hyacinth. (Chapter 6)

Harvesting -

1

The wet, often marshy environment where aquatic weeds grow is extremely

difficult to harvest; however, some mgemous dev1¢es have been developed to.

A

doit. A few are shown pictorially. (Chapter 7

. . - > *
® 3 R : : T

Dewatering !

High moisture content is the single most 1mportant dlfference between'

aquatic and terrestrial vegetation. Typically; aquatic weeds contain only 5-15.. |

percent solid matter. In"order to transport or use them in animal feeds or in

7




Thailand: A fisherman near Bangkok attempts to find a few. square meters of weed- froe
water to set his net. The same scene can be viewed ::ocwsoi mo:E cast-Asia, (N, D,

Vietmeyer) o .

&

~ )

Sri hmbrm” Water hyacinth nms get so z:ow that it can dm walked on. >m in other vmim cm
the world it interferes with the use of im:&ém%m for émm:Bm.,aHExEm“ Ea ﬁm:mvo:..,
(N. D. Vietmeyer) .
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other pmduhtsv much of the water must first be removed. Pressing the water
. e Ty O ? & [ g

i ¥ L
development. (Chapter 8)

Soil Additives

Fertilizer 5 Cf‘itiéz’aﬁy short supply in many developing wunu:gas Many

aquatic weeds contain *appreciable quantities of nitrogen, phosphorus,
potassium, and other fertilizer .ingredients, Because of this, aquatic weeds
applied to farmland benefit crdps. In addition, they improve soil texture,
which is vitally xmpor{am in sandy. lateritic, dnd heavy clay soils—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
feedstuffs. 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 high-grade
diets. (Chapter 10)

A
>

Egypt A deep drainage canal at Glzeh filled with floatmg aquatlc grasses. (
Vletmeyer)

o




- into their own structure. Researchers in a number of laboratories have—

= , . :‘ : . K
AND SUMMARY R 7 ‘

NTRODUCTION

Pulp, Paper, and Fiber | B L B

- ) s

In Romania, pulp and paper are produced onsa large .scale from ﬁbrc\ms,,
reed-like aquatic weeds; in other parts of the world, aquatic weeds are used
for thatch, furniture. mats, haskets, etc. Papyrus (source of the first paperlike
wriding materials), cattails, -and bulrushes” remain neglected but promising,
resources. (Chapter 11) . : "

En@rg’y . o ‘ .

In a project in Mississippi the Nanonal Aeronautics and Space Administration, /
(NASA, the U.S. 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. (ChaRterl_lQ) |

Wastewater Treatment Using Aquatic Weeds - . .
Compounds containing nitrogen and phosphorus are common pollutants in -
waterways: They also happen to be major ingredients in fertilizer. Some
agquatic weeds can extract these materials from water and,.iaco*fpora'te them

recently found that these plants can be used to.treat sewage effluent so that
dissolved nutrients are recovered for reuse. Experiments are now-under way
to purify municipal’ sewage, industrial wastewater, and pig-farm and dairy
wastewater by growifg aquatic plants in them. (Chapter 13)

Kenya: Floating “island” of papyrus and ‘other emergent aquatic weeds at Klsumu
harbor. By blocking boat traffic and disrupting fishing such islands cause serious
problems in many of Africa’s waterways. (East African Raﬂways Corporatxon) :



- l A - ! /}{.

s ) ‘ ! MAKING AQUATIC WEEDS USEFUL

3

Zambiz: When the lake behind the Kariba Dam began to fill in 1960, the water fern
Selvinig molesta expanded explosively across the watey surface. By X967 tlw‘rwged :

covered an estimated 1,000 km?, a fifth of the area of Lake Kariba, one of the uu*;.mt

man-made lakes in the world, /‘f :
‘ 3, T

Aquatic Plants for Food, Miscellaneous Uses

i
I
I

H

Only one aquatic plant is widely used as a food crop-rice. Chmesé water
chestnut, watercress, and qther lesser known species seem worth 1mreased

exploitation. (Chapter 14) ; |

< s ' 1
|

Back ground t

The aquatic weeds dtscussed in this book (flowering species, for the most

part) are generally classified as floating, submerged; or, emergent The .

plants most widely recognized by the public as weeds are the floating
types, such as water hyacinth (Eichhornia crassipes), water lettuce (Pistia
stratiotes), and salvinia (Safvinia spp.). The roots of these plants hang in the
water and are not attached to the soil.

Weeds that grow below the water surface are called submerged Often they -

form a dense wall- of vegetation from the -bottom to the water surface. “Many

submerged weeds are known, but hydnlla (Hydrilla verticillara) and %Q

milfoil (Mvnophyllum spicatum) are two of the most notorious.
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Rooted weeds that extend above the water surface are termed emergent.

Cattails (Tvpha 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. ' :

@

Producfivity . ' e o e ;l;;,.,_,;. -

- Aquatic weeds ‘are often more produetxve ‘than terrestrlal plants Water
hyacmth,jor example,-is-one. of “the most prolrﬁc plants on earth. In one
at Lhe‘ end of four months.* .Stands of 470 tons of water hyacmth pe.r
‘hectare, and weight gains of 4.8 percent per day have been measured.t 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.I '

Chemlcal Compos:tlon ‘ ‘ , : ' E

'mx.,..

The composmon of aquatic weeds is dominated by a huge preponderanoe of -
. water; the dry-matter content is very low, 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 mgst A
be hafvested apdsprocessed just to get one ton of dry matter. - =t
- In contrast to terrestrial plants, air canals in many aquatic plants form a e
large gas-filled intercellular system. These air canals eccumulate the oxygen of
photosynthesis and conduct it throughout the entire plant particularljy to, the
roots, which might otherwise die ‘in the often oxygen deﬁcxent water or -
- bottom mud. - ’
The chemical composmon of a species of aquatlc plant is markedly
affected by the aquatic environment in which it grows. ‘Watet supports the
weight of siubmerged aquatic plants so they don’t develop fibrous stems.
Floating plants and emergent plants require more :skeletal strength in their

4

*Reported in Holm et al. 1969 (See Selected Readmgs) e L
" tKmpling, E. B, S. H. West, and W. T. Haller, 1970. Growth charactenstlcs, yxeld

potential, and nutritive content qf water hyacinth. Soil and Crop Sczence Socrety of

Florida Proceedings 30:51-63.
. » tWolverton and McDonald, 1976. (See Selected Readmgs) Lt
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aerial parts and have more ﬁBerAthan do most submerged plants. Floating
plants have spongy leaves and stems for flotation. .

& s

Nitrogen Confgent

“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:

" isin 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 similgr crude-protein content. But the levels of methlonme and
lysine—generally considered the limiting amino acids in plant proteins—are

often lower than in terrestnal CIops. .

s

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 water often_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 8 to 60 ..
~percent of the-harvest{dry weight), dependmg on the waterway’s chermcal 7 S
content and turbidity.

Mexico: Water hyacinth covers a lake at the Presa Endo, near Tula. (B.D. vPefk'in,s) ’

¥
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IN"I‘RODU(T!ON AND SUMMARY - o . : il

‘The amounts of phesphorus magnesium, sodium, sulfur, manganese, *
copper, and zinc in aquatic weeds growing in nature -are generally quite
similar to those in terrestrial plants. However, aquatic plants are often richer
in_iron, calcium, and -potassium -than {and forages, and some species are
known to concentrate such minerals to very high levels, The amounts of all )
mineral elements can be e\@pnenaﬁ‘y iuvh in aquam plants grown in sewage A |
or agricultural and industrial wastewater. - o

Miscellaneous

Some aquatic plants have carotene and \.mthophvll pigment concentrations

that equal or exceed those of terrestrial forages such as alfalfa. These

pigments are important ingredients in poultry rations.

- Pesticides have been found in aquatic plant samples collected when the

waterway had been recently treated with herbicides or insecticides. Also,

traces of cyanide, oxalate, and nitrate have been found, but at levels nat .

grossly different, from terrestrial grasses. No evidence of toxicity to mlce

sheep, or cattle hs yet been¥ound inywater hyacinth or hydrilla samples.

An aquatic weed’s composition nonetheless mirrors the chemical composi-
rion of its waterway: If mining, indus"try, or natural rock formations add
toxic min ls to the water, the weeds downstream can be toxic, even though

“the sgn- species upstream are not. \

2

Selected Readings

Aquatic Boreriv. Published by Elsevier Scientific Publishing Company, P. Q. Box 211,
~ Amsterdant, The Netherlands. An international scientific journal dealing with applied -
and fundamental research on submerged, ﬂoatmg, and emergent plants in-marine and -
» freshwater ecosystems,
Boyd, C. E. 1968, Fresh-water plants: A p@ztesnual source of protem. l:con‘armc Botany
22:358-68, s &
Boyd, C. E. 1972, A bibliography of mw:ut in the unlxmuom of vascular aq at\ic plands,
Econormic Botany 2674~ 84 , :
Bristow, -}, M., 1. Cardenas, T. M. Fullerton, and J. Sicrra,” 1972. Malezas Aquaticas
(Aquatic Weed&) '("oiombicm Agricultural Institute and the [ntemational  Plant
Protection Center, Oregon State University/Agency for Intémational Development.
(Copies available from Instituto Colombiano Agropecuario, Apartado. Aereo 7984;
Bogotd, Colombia, and from Intemnational Plant Protection Center, Oregon State
University, Corvallis, Oregon 97331, USA.}
Burkhalter; % P, L. M. Curtis, R.-L. Lazar, M. L. Beach, and ], C, Hudson eds. nd'
Aquatic Weed [demtﬂcatwn and Control Manual, Bureau ot Aquatic Plant Research
. and Control, Florida Department of Natural Resources, Crown Buxldmg, 20&8‘10&:11"‘ -
Steet, Tallahassee, Florida 32304, USA. [Price: $2.50.]

“the World. Dr. W. Junk b. \AfwPubhshersi The Hague, The Nethe.riands 56l’pp
Holm, L. G., L. W. Weldon and R. D. Blackbum 1969, Aguatic weeds. Sczence '
£66:699—709. ,
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Infoletrer. Puohxned monthly by the International Plant Protection Center; Oregon State
University, Corvallis, Oregon 97331, USA. (A newsletter containing information on

wead _science; including new contrel techniques, upwmmg conferences new
mthih arions, ete Qriented to nesds of developing countries.)

[zq[emmwrwl Associgtion of Aquaric Vascudar P!ant Biologists Newsletter. Avallable c/o
Dr. C. Peter McRoy, Institute of Marine Science, University of Alaska, Fairbanks,
Alaska 99701, USA. (A newsletter containing much technical information on the
botany and ecology of aquatic plants, both freshwater and marine. Contains abstraus ‘

. of recenepublications.) -

Journal of Aquatic Weed Management [formerly Hyacinth Control Joumal] " Published
annually 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 mfmbem from more than a doden countries.) ,

Little, E. C. S., &d. 1968. Handbook of Gtiization of Aquatic Plants. Plant Produatxon__
and Protection Division, Food and Agriculture Organization of the United Nations,
Rome. 123 pp. [Ordering number PL:cp/20]

Mitchell, D. S., ed. 1974. Aquatic Vegelation and its Use and Control.- United Natlon’s,
Educational, Scieatific, and Cultural Organization, Paris. 135 pp. ‘

National Councjl for Research. 1976. Aquatic Weed Management: Some Prospects for .
the Sudan and the Nile Basin, Khartoum, Sudan. 57 pp. [Available without charge,
see p. 73 for ordering information. | *

National Science Research Council of Guyana. 1973, Some Prospects for Aquatic Weed

gement in Guyeng, Georgetown, Guyana. 39 pp- [Avuldble without charge, see

. 172 for ordering information. |

P4 \? (Pest Articles and News Summaries), Pubh;she/d bv thf Centre for Overseas Pest
Research, College House, Wrights' Lane, London W8 587, Ingland (Often features
articles relaung to aquatic weeds in developing Lounmm)

Ratchanee, K. 1972, Water Hvacinth Abstrgets. Published by the Applied Scientific
Research Corporation of Thailand, 196 Phahony u;thm Road, Bangkhen, Bangkok 9,
Thailand. 119 pp. (A collection of 199 abstmct:ﬁ c)f water hyacinth articles up to.
1970.) -

Scufthorpe, C. D. 1967. The Biology of »4quau<,‘ chsr_ular Planls Edward Amold
{ Publishers),’Ltd., London. 610 pp. '

V.ushnm C. K., and J. Rzoska. 1976. Aquatic %eed& in bourh East Asig. Dr. W. Junk »

Pubmmm P.O. Box 3713, FheHaguc The thheriands [Price: Dutch Guilders
HD ~~~~~ N

Vietmeyer, N. D. 1975. The Bmuuml bmc dcvﬁ (watu hy.;cmth} Na?ural History = .

Megazine 84:64-73.

_WMW{WH B C., and R. C. M(‘L)thki F976, Don’ tiwutc watuwwds New Scientist,
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S 1 Grass Carp

The Chinese grass carp (Cternopharyngadon 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 now being tested for aquatic weed control. It - S ¢
- lras-preven to be- an exceptionally effective control agent for submerged
weeds in seme parts of the United States. For example, in 1970, when grass
carp were first introduced, an estimated 20,000 ha of pubhETaK‘TomameL
submerged weeds in the state of ‘Arkansas; in 1975, the state govemment '
determined that no infestations of problem magnitude remamed in these .
’ WKIEIST J" Lt
T The grass carp converts aquattc ‘weeds to valuable food Already
commercial fishermen in Arkansas are begmnmg to market the grass carp; it
‘basﬁmed%accew there and is now recognized as a tasty s
commercial ﬁsh Grass carp ﬁllets are an- Exceﬂentseumuutnttous joos:L R
__percentona- wetwerg‘ht basxs) The ﬂesh is whtte ﬁrm, ﬂaky and not oﬂy ‘ k -
The grass carp feeds primarily ‘upon submerged plants but will also eat A
such small floating plants as duckweed. Overhanging terrestrial plants and ‘
bank grasses 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 small
enough to fit lengthwise down the fish’s throat; broad- leaVed ‘plants and
plants extending above the water surface are not normally eaten. Submerged
weeds consumed by the grass carp irclude hydrilla, water milfoil, chara,.,
‘Elodea canadensis, Potamogeton spp., Ceratoghylium demersum and most
other submerged plants that are serious weeds.
Active” feeding begins when water temperatures rise above 10 C w1th an” ,
“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, growth increases of 2-3 kg per yeardn Vtemperate zonesandupto.
RY Vi :
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Grass carp feeding on aquatic weed. The fish can feed onh? on the ends of plants, as the
teeth used 1o macerate the plam tissues are located in the throat. (Wu,d Research
Ur».zmmtmn)

b

4.5 kg per year in tropical regions can be attained. Weight increases up»to Qg .

]

per day have been measured for grass carp feeding on hydrilla in Florida.*

Weh this rapid vrmv%h grass_carp_quickly consume stands of aquanc
weeds. Small fish, less than 1.2 kg, may eat several times their-body 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 percent- of the plant material eatén is digested. The

remainder passes through undigested and is excreted as dense pellets. In
experim«zmal ponds, 50 kg of fresh hydrilla was consumed for each kilogram

f fish produced.” In the absence of aquagic weeds, grass carp can be fed on-

'tefrestrml plants; in Malaysia it is"common practlce in the mtensnve 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
larger, 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
‘vialacca it hdb been conclusively established that grass carp can. .grow from fingerlings

(20 g) 10 2- 3 kg in 6 months. Once this size is. reached the fish:can grow approxxmately'

I kg per month for the next 6 months, i.e., the fish can reach a size of 8~8.5.kgin a

year. It's without doubt one of the fastest (if not the fastest) growing fish in the world.”>

b



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

\ /)
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zones and 1,500 kg per hectare in tropical ‘veed mfested waters have been
obtainéd® This is usually done in poly: ‘ulture in which several different fish
species are grown together, each living off a cﬁf erent food in the pond. This A
is amply described in a recent book.* | : h

‘Grass carp may be harvested from lakes ors “]»mms using gill nets, ;‘rgglmel
néts, hoop nets, and seines. They are very agile and frequemly leap over
capture nets. They can also be caught with f 1§h traps, hooks baited with

vegetation, or the fish pOIsOIl rotenone. I g

Limitations V' \ ‘ oo

When inrroduced inro a new country, grass c‘a>p should “be initiglly

mainrained in quarantine, and only released when know\r ro be free of serious

pest parasites and diseases. They should also be tested~o determine any
adverse effects they might have oh native aquaz‘ic animal life. uring the first

few weeks af(er hatching,  grass carp are not: herbivorouy. They eat

zooplankton and other microscopic animals. It is ‘not until the 3( become S
fingerlings that they begin-feeding on filamentous algae and small Sterns of

tender plants. In some parts of the United States and other countries, si¢h as _
New Zealand, it has been argued that the fry might eat the eggs or tryuoi

native or sport fish, such as trout and bass, and feduw thelr populations. A\

of late 1975, however, there was little evidence that this occurs. Nonetheless
some governments have obJeLted to the mtrodugtlon of grass carp bec_duse
they fear that it may spawn excessively and adversely affect recreatlondl
fishing for trout, hass, and other sport fish. Projects are. now under way in .
Florida and in New Zealand to test for such adverse effects. Among
researchers it is generally believed that the fears are unjustit“fbdj

Research into grass carp genetics has recently led to .- methods for -
producing fish of the same sex. Although at the present time these are more
expensive to produce than fish of mixed sexes, when introducing grass carp to
new countries and watuways it is far safer to use them. Since no
reproduction can occur, the fish h will die out after one generation. This permits
a trial introduction: if judged undesirable, the fish can be allowed to die out
if judged desirable, new stocks can be added’%
~ In most waterways outside its native China the grass carp has f_atl‘éd- to-
spawn na[uraﬂy; however, it did spawn at least once after introduction into

v

*Bardach, et al. 1972. (Sefe Selecfed: Readmgs,jw
+Some have reported that grass carp benefit other fislf by removing weeds and recycling
nutrients, but one paper from the Societ Union [Vinogradov and Zolotova. 1974, (See
Selected Readings)}] records that the grass carp seriously reduced fish producnon in fish
farming, and enhanced the growth of undesirable plants. ,

3 . sy
< B . e
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‘The “Bots d’Arc,” Arkansas, USA, was filled with submerged weeds (Ceratophyllum
‘dermersum) when grass camp were added'in 1971, . .

the Volga, lli, 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 docufnented

.cases of the grass carp’s reproducing naturally outside China. It therefore

seems unlikely dm! the fish will spawn extensively and thereby bewme a

pest. v
Until recently, i Fact, researchers {é:purltd ditficulty in s_pawnmg the grass

carp artificially. Now, however, the techmques have been developed and, at
least in Arkansas where several miﬂloq fry hre produced each year, artificial
spawning is routine. .

» Grass carp fingerlings must be carefully protected dmng rearmg since they
are vulnerable to predators and hegvy losses can occur.

As a food fish, the grass carp has a disadvantage: Although it has fewer
Howes than many edible fish, it does have intramuscular bones and must be

illeted skillfully. . "

Grass carp grow poorly on plants that are low in nutnents ‘They also eat
little and their growth rate slows in waters where the oxygen content is low;
nevertheless, they can swrvive highly eutrophic waters. Furthermore,g they'
grow poorly when the water temperature drops below 10°C.
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ee years later the same lake is weed-free. ( . M. Bailey)

F"\.

5 ’ | ,
Once released into large waterways grass carp, because they eat aquatic
vegetation, 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 downstream regions must also be considered, for

it contiguous waters approximate the grass carp’s natural’ habitat, the fish .

may be able to reproduce there.

Although water hyuacinth, salvinia, and other problem wccds[lhal float are
somelTMles eaten, they are not preferred, and the grass carp is not”
satisfactory agent for corntrolling them. Neither is it good for controlling tall
hard, emergent aquatic weeds, such as cattails—though if 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

ARY

Research Needs L .

— ettt NS “ o

In Lh& past deuade the grass carp has been introduced into. a score or more
countries, and there is now much experience and knowledge to be shared

among the researchers involved. Technical assistance agencies could greatly
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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
results 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 to see if indeed there are any
adverse effects. ' ‘ A

The fact that natural reproductionis not mmemn%mpnca#mg}on&may

indicate 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 mformatlon gained will provide

administrators with the technical underpmmngs necessary to judge the
wisdom of introducing the fish to a new waterway. :

The grass carp.s practical yield potential is still unknown, and research is
needed to determine stocking rates and disease and predator control, as well
as the plant species and environments that raise 1ts growth and productivity
to a maximum. T

g

Grass carp harvested by
gill mets from Lake Green-
lee, Arkansas, USA. (W. M.
Bailey)
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Selected Readings
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from author, see address below.]

Baker. G. E.. D. L. Sutton, and R. D. Blackbum. 1974. Feeding habits of the wh1te amur
on-waterhvacinth Hyacinth Control Journal 12:58-62. [Coples available from D. L.
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. Buck, D. H., R. J. Baur, and C. R. Rose. 1975 Comparison’of the effects of grasscarp + = .
and the herbicide diuron in densely vegetated pools containing golden spiners and - e s
“ibluegills, Progressive Fish-Culturist 37 4y 185190 ‘

Cross, D. G. 1969. Aquatic weed control using grass carp. Journal ‘of Fish Biology
1:27-30. .

The FAQO Aquaculrure Bullerin, Avmlable from Distribution and Sales SCLthl’l Food and
Agriculture Organizatibn of the United Nations, Rome. (Contains many references to
ongoing research with the grass@arp, mcludmv names and addresses of the researchers
themselves. ). -

Hickling, C. F. 1965. Biological control of aquatic vegetation. Pest Articles-and News.
Surmimaries 11:237-244.

Jahnichen, H. 1973, Die biologische Krayutung. Herausgegeben von « Institut fir
Binnenfischerel, Berlin; Ga:mdnbgmouam Republic.

Makeyeva, A, P, and B. V. Verigin, 1971. Use of the meéthod of pituitary m)eutxom in
the propaganon of silver carp.and grass carp. Journal of Ichthyology 11:174-185.

Nikolskii, G. V. (ed.) 1963. Fisheries Exploitation. of Phytophagous Fishes. Nauka,
Moscow. {In Russian)

. Opuszynski, K. 1972, Use of phy tophagous fish to control aquatic plants Aquaculture
5(1):61-73. (Elsevier Publishing Company, Amsterdam, The Netherlands). .

Sutton, D. L. 1974, Utilization of hydrilla by" the white amur. Hvaumh Contro[Journal
12: 66— 70. [ Copies available from author, see address below.] .

“Vinogradov, V. K., and Z. K. Zolotova. 1974. The influence of the grass carp on aquanc B
eCOsYstems. Hvdrob:ologlca! Joumal 10(7) 72-78. (Translated from-Russian)
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v ~Research Contacts

Grass carp have been mtrodumd into a numb{,r of developing countries in- recent years. -
k or information readers should contact local govemment agencies with responsibility for
inland waterways and fisheries.
Agricultural Research Center, 3205 SW 70 Avenue, Fort Lauderdale,: -Florida 33314,
USA (D. L. Sutton)
‘Biological Faculty, Moscow State University, Moscow, USSR (G. 'V ‘Nikolsky) X
Central Inland Fisheries Research Institute, Barrackpore, via Calcutta, West Bengal, lndla
Central Inland Fisheries Research Sub-Station, Cuttack, Orissa, India _
- Commonwealth Institute of Biological Control, Indian Station, Bellary Road; Bangalore
560006, P. 0. Box 603, India
Cooperative. Fishery Unit, Department of ZOOIOgy, University of Maine, 313 Murray
: Hall, Orono, Maine 04473, USA (J. Stanley)
Department of Botany, University of California, 143 Robbm& Hall Davxs California =
95616, USA (R. R. Yeo) sl
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Department of Fish® Culture, Institute of Inland Fishéries; Zabieniec near Warszawa,
03-500 Piasecznos, Poland (K. Opuszynski) ,
Department of Fishedes, Louisiana State University, Baton Rouge, Loulslaﬂa 70803
LSA (J. "W, Avault, Ir.) :
Department of Zoology, The Umver51ty of Oklahom}. Norman, Oklahoma 73061, USA
{H. P. Clemens)
Directorate of Fxshenes Lahore Pakistan
Fisheries Division, Arkansas Game and Fish Commission, P.O. Box 178, Lonoke,
Arkansas 72086, USA (W. M. Bailey)
Fisheries Division, Department of Agriculture, Lami, Fiji Islands
Fisheries Division, Food and Agricultural Organization, an delle’ Terme de Caracalla,
00100 Rome, Italy (T. V. R. Pillay) ;
Fisheries Division, Joint Commission on Rural Reconstruction, 37 Nan Hai R ad, Taipei.
(107}, Taiwan, Republic .of China .
Fisheries and Hydrobiological Research Section, P.O. Box 1756, Khartoum, Sudan (T. T.
) George)
Fisheries Research Statien; Batu Berendom, Malacca, Malaysia (Lee Chan Lui)
Hlinois Natural History Survey, Kinmundy, Ilinois 62854, USA (D. H. Buck)
Indo-Pacific Fisheres Council, FAQ Reglonal Office, Mahwan Mansion, Phra At]t Road,
Bangkok, Thailand
The International Center for A.qua:.ulture Agrmultuml h\pcnment Statmn -Aubummn,. ..
‘Alabama 36830, USA (E. W. Shell)
Polish Academy of Sciences, Experimental Fish Culture Station, Golysz 43422 Chyble
Poland (. Szumiec)
Regional Center for Tropical Biology (BIOTROP), *PO Box 17, Bogor, Indonesxa (3.
Partoatmodjo, Director)
Royal Tropical Institute, Amsterdam-oost/63 Mauritskade, Thc Netherl.mds (A. H.
_ Pieterse)
Southern 1linois University, Ca:bonddlc, Hlinois 62901, USA (W. M, anxs)
~Warmwater Fish Cultural Laboratories, Fish lannmg Experimental btatlon Stuttgart,
Arkansas 7 }60 USA (M. M&r{m)
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A number ot herbivorous fish spéciés in addition to the grass carp are beihg )

of vegetation they consume or remove are descrrbed in this chapter
Fish that control aquatic weeds are classified as follows:- -

o Grazers, if, like the grass carp, they eat stems and tohage

o Mowers, if they devour the lower pomons of aquatic plants and thus
cut them down.

e *Roilers and rooters, 1f they stir tHe bottom sediments while foraging for
food or preparing nests, These fish either roil up soil and fine debris, cutting
off the light that the plants need for photosynthesis and growth; or they

“root out™ the plants and thus destroy them.
o dlgae feeders, if they consume moss-like filamentous algae
e Plankion feeders, if they frlter ﬂoatmg, microscopic algae trom the

water. I

" Except in the Orient, the study of herbivorous fish is in its infancy. The
work so far has focused onjust 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- hﬁs&&oﬁough survey been

made of all herbivorous fish to see if potential weed-i;bfiﬂal species have gone
unnoticed. Such research is exciting and 1mporjiant for not “only ¢an it help
solve the aquatic’ weed problem, ‘it can also l?elp to make. better use of the
earth’s limited resources. A food chain that grows fish on plant life rather
than on higher organisms, for eprample, is a more efficient way of providing
food. It is not impractiaéal to Visualize that the now- undesirable vegetation

in ponds will be managed, like pastures in the future, even to the extent of — .

planting and culturing the plants solely for fish food

Herbivorous fish, have an important, but yet underexplorted role in ﬁsh o ,
farming using the polyculture technique. In this method pioneered- centurresf
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-ofeachof- thffcod—typewraﬂ&bieﬂﬁ%he—pen&—aﬂd—thusmaﬂm}zesﬁ

* the amount of fish food grown. Polyculture systems often cornbme grass carp

r.,;}
23
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*

(see Chapter 1) W1th 51lver carp (see below), an algae feeder; common carp.
(see beio@-.) an omnivore; and a zooplankton feeder ~

Tilapia-

Tropical Iowland fish common in Afnca and the Mlddle East, tilapia have
been tmport&nt food sources for millennia. The fish Jesus fed to the
multitude over 2,000 yedrs 3go are supposed to have been tilapia. Although
occasionally omnivorous, tilapia are principally herbivores. Some - prefer
higher plants, some filamentous algae, somg plankton,.while others consume

. «arious aquatic fauna. Several species are voracxous feeders and are used to
control/weeds.

Ttlaina are prolific and hardy, and can be cultured in sthgnant d&les and
pits tat?gl to other useful fish. They are cheap and easy to breed, grow rapidly,
and their flesh is much valued as food. With little hélp, Afr\i\c,anland Asian
peasant farmers have quickly learmed to culture them in small-scale
subsistence and corhmercial enterprises. There are few comparable herblvores
among the world’s fish. : .

Tilapia are essentially ‘tropical fish, but they can livevgdera w1de vanety
of conditions. Many species are little researched and almost nothing is known
of their potential for utilizing aquattc weeds. Some of them may give better

_ resukts 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- consiime
the larvae of midges and mosqmtoes both of whlchéspread dlsease to ‘man,

Techmques fO{ ke‘/ { ﬂapl agons in b< ance ° are known but reqmre :

‘ §s 4rré tl}/,‘ 3 O ' OSt !_.‘- 3
a?fhxs tHen pre‘f . '.

"‘—““—E(fbié can be useful itself. Anothg pepulatidn control techmque 1sBased on

the tlapia’s unusual genetics. Grosses between species surpnsmgly can

produce hybrids of one sex only. At least three crosses using different species

, ot tdapm have pioduced hybnds that are entlrely of the male sex. These can,

 weed controT‘

L ]
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.

Young Tilapig-zillii feeding on stem.of water milfoil. It prefers aquatic plants but will
also consume tllamcmous 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' weeds plankton or
filamentous algae that grow there. Ty T

Tilapia zillii | ’ | ;

Primarily herbivorous, this species generally 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 Southern California at the rate of 2,500 fish per hectare.
Over half a million were stocked in 1975. They completely t,hmmated sub-
merged WL:!LQ} in the waters where they were placed. *
Many Tzlapza zillii die in Southern California’s cool wmter others become
lethargic and easy prey for predacious fish. They must be rtestocked each
_vear.n tropical areas where year-round temperatures exceed 22°Cthisisno
problem. Tilapia zillii are edible and are farmed for food in East Amca

Tilapia rendalli e .

'l\

Tilapia rendalli (often referred to mcorrectly as Tzlapza melanopleura) occurs
naturally in rivers of eastern and southern Africa including the upper ZambeZI

i
i\ﬂ

!
i
]

*Information supplied by W. J. 'Hauser.'(See Research Contacts.)



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

_Tilapia guineensis .

WTI’U% estuarine nfapla from West Africa < \()Ilgulduy d‘aﬁﬁﬁe&—m

R S ; — - ;.___I
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Tilapia rendalli (C. Philippy) T

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 carp, is an efficient grazer.

, Tilapia vendalli 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

they often become excessively stunted by lad\ of food and may never reach a
size sultable for human consumption. However if the populdtlon is
controlled, Tilapia rendalli may reach 30 c¢m and welgh 0.7 kg.

Tzla\pza melanopleura) jis one of the few salt-tolerant fish that feed largely on-
plarits (macrophytes). Although it is most at home in brackish waters (25-75
percent seawater) -it-can be found in the sea and can be kept in freshwater for
cansiderable perlods Above 5 cm in length Tilapia guineensis feed predom;-
nantly on terrestrial vegetation washed into estuarine areas. ThlS ﬁsh may be
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Female Java nlapla (Sarothefodon mossambicus), which eats large quantities of .
Tilamentous algae. The flesh is edible. (R R. Yeo) ;

. - . E

N a valuable and under- regoomzed species for estuarine and brackish- water
culture * Y : . ;

4

Sarotherodon mossambicus

This species (formerly called Tilapia mossambicus, and commonly known as
“Mozambique tilapia” or “Java ‘tilapia”) consumes filamentous algae and’
‘plankton, a useful characteristic 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-eating fish (e.g., the mosquito fish Gambusia aj:fms) in an integrated
algae- mosquite control program. It can- also be stocked in rice fields (after‘
the rice Has emerged) to feed on'the red alga (Euglena wngumea) and othcrr‘._
Eiﬂdu that rob rice plants of nutrients. '
57 Sarotherodon mossambicus are edible and; in Puerto cho:,"males have
grown to weigh as much as 2.7 kg.f , . . C -
In 1957 it was reported thgt on one 1,400- ha sugar plantatlon in Hawaii
the costs to control aquatic weeds were reduced to virtually nothing by using -
Sarotherodon mossambicus. Seventy five thousand ﬁsh each 7-10 cm long, '
wereWased into the rrngation cnannels DCIUTE any weTe n:lcawu cugac
-and weeds were removed.by using chemicals and, given this start, the fish

*Information supplied by I. Payne. (See Research Confacts.) - ' ; .
tInformation supplied by R. R. Yeo. (See Research.Contacts.) - ' i

e »



- were able to suppress the regrowth, The initial cost wa‘s~"‘$3~000 compared

Silver Dollar Fish. M 'vlossoma argenreum eat'larg,e quantities of aquatic plants (such as.
Potamogeton spp. sho»@) They often graze the stems close to the rgot 3ong, cutting off
the bulk of the plant, which then decays and dies. (R..R. Yeo)

s

e

R N ; 3

=,

with a previous $5,000 annual cost for control using herbicides. The annual
cost for wged clearance in the subsequent years was quoted as $25.* /

y

Saro therodon niloticus <t

5
The Nile-tilapia (formerly known as Tzlapza niloticus). consumes large amounts
of nlamenfous algae, such as Pithophora.spp. Stocking rates of 2,500-5 000
per hectare in ponds will control this algae. They will LQI’ISU]’DC sorr\le hxgher
plants, but not enough to control them.

1

. - K N

'snver Dotiar Fish o

3

' tr%velmg in sch@ols consume large quantmes of subme‘rged aqu, i
tlon mdudmg many pondweeds Sllver dollars are mower '

3

*H. M. Hee, (See Research Con,tacts.) o

v
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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 yield 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 c¢m and are related to and resemble the piranha
(Serrasalmus spp) so much so that they are sometimes mistaken for this
dread earnivore. Their bright silvery color and small* scales enhance their -
attractiveness as food and as bait for other fish: Harvesting techniques are
similar to those used to 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 fo identify the weeds they ‘
consume or shun; the techniques for spawning, culturing, and managing them;
“their valué as food; and their sensitivity to adverse water quality.

Silver Carp . . R e J &

A sﬂvery, shad-like minnow. from Chma the silver carp (Hypophthalmzchthys
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 growing 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 nations. As such, it is bred extensively for food.
Several thousand fish per hectare can be grown in highly enriched ponds or
lakes. The silver carp does not reproduce in lakes or ponds but may spawn in P
“rivers that meet its specific requirements. It is easily spglwned art&ﬁcm’[r/ y using
hormone injections. ’ !

i

lever carp, a hardy fish that filters and consumes lzuge quantities of microscopic a]gae :
from the water. (W. M. Baﬂey) . -
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Silver carp can survive in eutrophic waters, and with an increasing number
of~éutroplﬁc waterways worldwide, they havé an'important future. Because
fish farmers often suffer great losses of fish-stock caused by heavy algae
blooms, the algae-eating capability of the silver carp is important to conven-
tional aquaculture. The big head carp Aristichthys nobilis also displays these
desirable characteristics. A similar planktonéatér Megalobrama bramla is used
in place of the silver carp in South China and in Indochina; the sandkhol carp
Thyanichthys sandkhol is another mmxldr fish often cultured in Malaysia.

.

Miscellaneous

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

Tawes ; e

___Net-a high-quality food | ﬁsh the tawes (Barbus gomonotus) w1ll eat some
aquatic weeds (though it is not very effective.at controlling them). It is used
/in Southeast Asia for controlling filamentous algae and for aquaculture.

Common Carp 7 . S -

The' common carp (Cyprinus carpio), though an omnivore and pnmarﬂyr a__
scavenger, will feed on . filamentous algae (mcludmg species-of Pithophora,

~ Rhizoclonium, and Cladephora) ‘and, to a limited extent, on hlgher plants
_the bottom mud Tooking for insect larvae and other small animal life. Rooted
weeds have been cleared by stockmg at a rate of 130~250 common carp (15.
cm long) per hectare. Only a little of the vegetation is eatén; the rest
decomposes. Common carp are ‘hardy, they tolerate wide differences ‘in.
temperature and salinity; and theéy can be easily spdwned and cultured. The -
Israeli or mirror strain, in particular, is a pnzed food in many parts of the
world

TamBaqun and Plrapmnga

Two fish, Colossoma bidens (tambaqui) and Mylossoma bidens (plrapltmga) :
widely distributed in the:. Amazon River Basin, are attractmg attention -
in Brazil. They are thought to have great potentml in pond culture. Both Bas
much commercial value in the Amazon regidn and both are large
Tambaqui may attain lengths of 1 m and weigh 20 kg; pirapitinga grow’




,k about 1,700 per hectare.
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about half that size. At the: Pentecoste Fish Culture Research Station in €eard
State, Brazﬂ tambaqui show a hxgher annual-production than any other ﬁsh
tested. . .

Both- fish eat zooplankton and phytoplankton but they will also eat

* vegetation, particularly fruit. Plrapltmga readily feed on bananas , pieces of

wateemelon, guavas, cucumbers, fresh corn, beans, and bean shells. They are,
hardy fish, resistant to handling and seining, and if the dissolved oxygen
drops to extremely low levels of below 1 ppm, they can survive by gulping
air! ' : '

Spawning techniques and methods fDr rearing - fingerlings remain to be
worked out for both fish.

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

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

©

Goldfish

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

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

Z

Selected Readings

A comprehensive bibliography<of phytophagous ﬁsh is available from the Department of
Fish Culture, Poland (see address below)

Tilapia

Bardach, J: E.,, J. H. Ryther and W. O, McLarney: 1972 Aquaculture The. Farmmgand
Husbandrv of Freshwater and Marine Organisms. Wlley-lnte{smence New York i(See
particularly pp. 350-84.) i

Payne, 1. 1975. Tilapia—a fish of culture. New Sczentzst 67: 256- 8 -

Silver Dollar Fish o : : R i

Sterba, G. 1963. Freshwater Fishes of the World. Vlkmg Press New York. :

Yeo, R. R. 1967. Silver dollar ﬁsh for bxologlcal control of submersed aquatlc weeds
Weeds 15:27-31. = 5
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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 Paper First FAO“
Internarional Conference on Weed Control. [Copies available from author, sec
below.} -

- Silver Carp

Bardach, J. E., J. H Ryther, and W. Q. MLLamey 1972. As cxted under hlapla (See
particularly pp, 75-120.)
S Chiang, W. 1971. Studies on feeding and protein digestibility of mlvej,m;p%h‘vpv' —
@ phthalmichthys: molitrix (C & V), lp'jﬁ,J»M’ln‘Fz‘SFenes Series #11 Joint
Commission on_ Ru::aLR—ee(mﬁT*nrtlon Taipei, Talwan : T

-

Regvon FAO Flshenesl Bmlogy Techmcal Paper 14, Food and Ag'ncultural
Organization of the United Nations, Rome, )
Lin, S. Y. 1969. The feeding habits of silver carp, bighead and mud carp, pp. 49-66. In r

. Fisheries Series No. 8. Joint Commission on Rural Reconstruction, Taipei, Taiwan.
Opuszyhski, K. 1968.  Carp polyculture with plant-feeding fish. Grass carp (Cteno-
pharyngodon idella Val.), and silvér ~carp - (f, vpophthalmxchthys molitrix "Val.).,
Bulletin de I’ 4cadenue Polonatse des Sciences C1. X VI, No. I1: : — ; I

Common Carp

Bardach, J. E., J. H. Ryther and W. O McLarney. 1972. As cited under Tlldpla (See
partu.ularly pp. 75-120.)

Steffens, W. 1969. Der Karpfen —(The Cdrp) A. Siemsen Verlag, Wlttenberg Lutherstadt,
German Democranc Republic. 156 pp.—- —

o 'Research Contacts N e
'Txlap|a
Biology Department, Umversxty of Cahfomla Rlvermde California 92502 USA (W. 1.
Hauser)
Department of Biological Studies, LancHester Polytcchmc Coventry, Lngland (l Payne) :
Division of Biological Control, University of: California, Riverside, California 92502 n ey
USA (E. F. Legner, R. A. Medved) 5 '

- Estacion de Aquacultura Tropical, Temascal, Oaxaca, Mexxco
‘Fisheries Division, Louisiana State University, Baton Rouge, Loulsmna 70803 USA (J.
W. Avault, Ir.) /
Fisheries Research Station, Batu Berendom Malacca, Malaysia (Lee Chan Lu1)
Kekaha Sugar Ca. Ltd:, Kekaha, Hawaii 96752, USA (H. M. Hee), - : :
Tainan Fish Culture S‘tzmon :Fm,wan Fisheries ‘Research Instltute Taman Clty, Repubhc :
of China (Taiwan) : i
Tilapia International Association, 27 Avenue E. Ca.mbler Brussels, Belglum

v

Sllver Dollar. Fish._

e e o : 5 : .

Depa:tment of Botany,” Umversxty of Cahforma, 143 Robbms Hall Davis, Cahforma
95616, USA (R. R, Yeo)

> N . 4. :
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Si!yer Carp s

Aubum University, Aubum, Alabama 36830, USA (R. O. Smitherman)
Depatiment of Fish Culture, Institute of Inland Fisheries, Zabieniec near Warszawa,
05-300 Piaseczno, Poland (K. Opuszynski)
Fish Cufture Research Station, Dor, Israel
Fisheries Division, Arkansas. Game and Fish Commissilon,l“P,.C),._BQLHS,—%:ﬂnUke,"
Arkansas 72086 L\Y'lj‘ul&y—),ll”’llj ) ) :
__MinoisNaTural History Survey, Kinmundy, Ilinois 62854, USA (H. Buck)

(A

N
- 3

_Tambaqui and Pirgfii{,inga , )

Conyenio DPAN, USAID/SUDENE/DWOCS, Rue Carolos Vasconselos 1418, Fortaleza, -
Ceard, Brazil - o 0 ’
Fish Cultbre Research Station, DWOCS, Pentecoste, Ceard, Brazil '
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The manatee, or “sea cow,” (Trichechus species) is indigenous to 4¢/tropical
couniries. A large, warm-blooded, air-breathing herbivore, it is /a docile,

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

Africa. - k

But the manateg is threatened by extinction. [t is one of the world’s more
endangered marine mammals—closer to extinction than many whale species.
It cannot be removed from the wild and used for weed control; there are not
enough individuals left. .

Conservation and research are desperately ne‘eded to relieve the threat of
ex[inction If'wrrent populations can. be preéérved and restored and if

rmght have wide use in the tropics as an aquatic counterpart of beefcattle a

,herblvore that grazes underwater pdstures dhd produces nutritious meat and

valuable hides for man. «

. Advantages - - — .

The manatee can live in both fresh or salt water and is often observed in
estuaries. Strictly vegetarian, manatées prefer succulent submerged- species
But, if denied these and hungry enough, they will consume almost any type

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

day. An adult manatee, exceeding half a ton and 3{m in lenglh pOSSlbly -
consumes 20 kg of wet vegetatlon each day. e

Manatees readﬂgﬁd&p} to con confinement and, in Guyana captwe manatees
have been keeping ornamental pools in ‘Georgetown’s Botanic Gardens clear
of aguatic vegetation for almost a century. In: addition, more than .50
manatees have been introduced into Guyana’s irrigation canals, reservoirs, and

drainage systems for weed control. In some they have been very effective: For

1

-
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Manatee nibbles aquatic grass, Florida, USA. These warm-blooded tropical mammals
edl large quantities of aquatic weedsand have been used in the Republic of Guyana and
in Surinam to keep canals clear of weeds. Yet, at present, manatces are close to
extinction and they. cannot be used ‘elsewhere until their conservation and husbandry is
achieved. (N. D. Vietmeyer) o

Vs

example, in the Georgetown Water and Sewerage Works, two manatees (each
2m lono) were intréduced in 1952 to a canal (7 m wide and 1 500 m long)
with a.massive growth of submerged weeds. In only 171_'weeks they had
cleared it completely.* In the 24 years since thenmanatees Hve been used to
keep this water (the city’s municipal supply) weed-free T |

Manatees are a potential source of protein if a feliable program of captlve
- propagation with effective enforcement of laws prote‘ctmg wild populations
can be developed. Alternatively, restoration and careful management of wild
populations could produce “a harvestable “surplus for protem and—other
purposes, such as'weed control. -

Manatees may be more appropriate for controlling weeds in-canals rather--
than lakes 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-freée for decades. Though -
large, manatees tend to remam passwe and 1mrnoblle out of water and thus

saline, acid or alkaline, muddy or clear.- . ’..;

*Allsopp. 1960. (See Selected Readmgs)
+National Science Resean,h Council of Guyana. 1974. (See Selected Readmgs )

ey
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Limitations

® N

The number of manatees in some countries may be adequate for the animal
to be used in small-scale local weed control programs, buf it is on the

intemational 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 to nations that would like to introduce 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. ' o

Manat/ees' rarely breed in captivity or semi-captivity. The reasons are "
unknown, but are perhaps related to a nutritional 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 tHe gestation period may be about 13 months, while cow manatees
_probably breed no more than every 2 years. In most areas manatees are SO

9

In 1965, 4 drainage canal in eastern
woody emergent reeds and cattails. T
gIOWN manatees. . . . ;
... Three weeks later the su
plants had been cleared to the

{0.8-km stretch of canal ‘were added 5 full-

ged weeds were -entirely consumed and ‘the emergent;
e‘lip’e. (P. L. Sguros) : :

~
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“rarely seer that to catch them alive is difficult, expensive, and damaging to
the wild populations:

Protecting the manatee may also-prove Lulexpectédly difticult. In narrow
canals, manatees may be vulnerable, since in confined areas they can be easily
hunted owing to their regular breathing and feeding habits. They drown if |
trapped in nets and culverts, unable to surface -to breathe air. Water
temperature is important if the animals are removed from their tropical
environment: Below 18°C manatees may dié from complications, including
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 temperatures during

s 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
fatally wounded by boat propellers. Because of their size they may overtumn

) fast-moving boats or water skiers. i

 If u$ed for weed clearance, care must be taken to balance the number of
manatees with the growth of vegetation that the Zanal can sustain. In most
cases, a weed infestﬁ_tioh must be reduced by some other method and then
just enough manatees added to keep the regrowth in check.
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.

In open water, the manatee may noﬂie?ib’rrto controka}]raqaatlc weed -

species by itself. It may have to be used in conjunction with other methods to
remove any massive growths of vegetation. '

Research Needs
Too little is known about-manatee reproduction. Comprehensive physiologi-
cal or endocrinologicaland 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 mvaluable for the .preservation and
restoration of the remaining wild populations. .

Researchh is also needed on the status of the populations in the 40 -

countries where the ammal exists; and protective legislation, sanctuaries, and
acnforcement 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 in a pubhc place may be used to educate the public about the ecologlcal
significance and national importance of this gentle, friendly creature.

The ecological impact of manatees on theit environment, espec1ally in
restricted areas, needs sﬁe-spec;ﬁc studies to- assist management decisions
particularly for areas in which the waterways are needed for transportation,
recreation,'ﬁshing, water supply, etc.

1

Selected Readings

Allsopp; W. H. L. 1960 The manatee: ecology and use foi weed-control» Nature
188:762. y

Allsopp, W. H. L. 1969 Aquatic weeds control by manatees: its prospects and problems

pp. 344-51. In Man-Made Lakes, The Accra Symposium. Ghana Umversxty Press,
Accra.

Bertram, G. C. L., and C. K R. Bertram. 1973. The modem Sirenia: thelr distribution
and status. Bzologzcal Journal of the Linnean Saciety 5(4):297-338.

National Science Research Council of Guyana. 1974s, An International Centre for
Manatee Research. Georgetown, Guyana. [This report describes the uses of manatees
to clear aquatic weeds frorm canals in Guyana and can be obtained without charge
from the National Academy of Sciences. For ordering information, see p. 173.] .. v
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_ Research Contacts

Center for Wetl.mds Umvers.lty of Florida, Phelps Lab, Gamesvﬂle FlorElzTBZEH TUSA
(K. C. Ewel, M. Lomolino). s

College of Biological Suence Umvemty of Guelph Guelph Ontario, Canada (K.
Ronald)

Division of Biology and lemg Resources, Rosenstiel Scl!rool of Marine and Atmospheric
Science, 4600-Rickenbacker Causeway, University. of Miami, Miami, Florida 33149,
UusSa (D K. Odell) »

International Development Research Centre, 5990 lona Drive, University of Bntmh
Columbia, Vancouver, B. C., Canada V6T 1L4 (W. H. L. Allsopp)

Miami Seaquarium, Rlckenbacker Causeway, Miami, Flonda 33149, USA (W. Zeiller,
Manager/Curator)

.National Academy of Sciences, 2101 Constitution: Avenue, JH215 Washington,. D.C.

20418, USA (N. D: Vietmeyer) )

National (oordinator, Manatee Research “Centre; ~Ministry _of Health, Brickdam,
Georgetown, Guyana (F. E. Mongul) . : Tt .

National Fish and Wildlife Laboratory, 2820 E. University Ave’ Gainesville, Florida
32601, USA (H. W. Campbell) - ) :

St. JohnsCollege Cambridge CB2 1TP, l:ngland (G.-C..L. Bertram)

_The National Science Research Councxl 44 Pere Street, Kitty, Greater Georgetown,

Guyana, South America (P. A. Munroe) . a
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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
streams and lakes. Most of these belong to the genera Orconectes, Procam-
barus, and Cambarus and are known as “crayfish,” *‘crawfish,” *freshwater
fobster,” etc. These animals are usually about 10-18 cm long but, like_ lob-
ster, have large and edible tail-muscles. Boiled in'salt water, they are a defi-
cacy. Frozen crayfish tails are becoming a valuable’ cxpﬁrtfrem -many coun-
tries including Turkey and the United States.~

Although held in esteem and produced commercially in some European
countries and a 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 all continents except Africa and Antarctica. Over

- 300 speci_és are ‘known. A few are exclusively herbivorous. They appear

promising for aquatic 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 vegetanans if
necessary. Some of the plants they eat can be noxious aquatic weeds. In some
ponds in the United States certain weeds are now deliberately 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 specres 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, reachmg a welght of :
40-45 g. To grow the large spécxmens that brmg the hlghest prices: may take :

*Bardach et al. 1972. (See Sele_cted Readings.) - . o
+Dean. 1969. (See Selected Reddings.) . o &
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The red crayfish (Procambarus clarkii) that is farmed .in beds of aquatic weeds in-
Louisiana and Arkansas, USA. Although these omnivores do.not prefer plants, they will
consume’ all vegetation available to them—including water hyacinth—if there is nothing
better to eat-(a situation that commonly occurs when their populations are very dense).
(Cities Servi¢e Od Company) : T ,

. .
B
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-14 months, how ever. In California and Louisiana, they are grown'in
ﬂooded rice fields as an incidental crop. The crayfish live mainly on the
aquatic weeds that grow among the rice.* When the fields are drained for
“harvesting the rice, crayfish congregate by the thousands in the depressions

that are the last to dry and can be scooped up by the bucketfal, -

Some growers cultivate crayfish intensively in rice fields, and harvests of

more than hdlf a ton per hectare have been achieved. Once established, a°

craytish population can be self- sustaining if some egg-carrying females are
returned to the waterway at each year’s harvest.

The red crayfish is the species that has been most mtensrvely cultured but
other species show promise for aquaculture including ‘Orconectes limosus
rafinesque (for muddy and polluted waters) and the disease-resistant Cali-
tornu (,[Zl‘/flb,h PUL ifastacus leniusculus.

2 . /\
Limitations

The adverse effects_crayfish may have on other aquatic life are little known.
However,  omnivorous species will feed on fish eggs and fish fry. Thus,
introducing omnivorous crayfish to a new area may possibly harm traditional
fisheriés. Local crayfish species should always be tlze fzrst tested, both as a
wild crop and in-managed farming.

If ‘nonindigenous crayfish are introduced, their potentral impact must be
thoroughly studied under strict security before” they are released into the
aquatic environment.

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 dt}}er species:
Also the adult crayfish.eat tender shoots of newly germinated rice. =~

Crayfish should not be introduced into regions of ‘West and Central Africa
where the river blindness disease is prevalent. The Simulium fly that transmits
the disease sometimes attaches its larvae to the backs-of river crabs; it is
possible that crayfish would be similarly used. .

Annual draining is essential in water systems that become infested with
predator fish. Unless these flsh are removed they will rapldly consume the
young crayfish. -~

Crayfish avoid tough, woody, aquatic weeds and find many floating
aquatic weeds inaccessible. They do not control or utilize such weeds as
cattails and water hyacinth. '

*The crayfish are too small to eat the crop when'the paddies’ ate flooded -and.the rice .. =
planted; and by the time the crayfrsh mature. the rice plants are too. fibrous and tall to Be T
eaten, : S Py -
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On a crayfish farm workmen set out traps among the weeds. Crayfish crawl inside the
baited traps, which are periodically emptied. Some fastgrowing aquatic weeds, preferred
by the crayfish (e.g., alligator weed Alternanthera philoxeroides and water primrose) can
withstand much grazing and are deliberately planted as crayfxsh forage. (Cmes Service
0il Company) .

A serious complication in crayfish culture is the crayfish plag\;e,
Aphanomyces astaci, a fungus that is lethal to all species, éxcept those from
North America. Recently Pacifastacus leniusculus was introduced to northern,
Europe from California and Is rejuvenating the" former crayﬁsh.industrv‘. \\,
which was devastated when native species succumbed to the plague. ..\
Aclually‘, North American crayfish carry the plague but, for reasons yet un- \
known, it doesn’t quite penetrate their carapaces Because the fungus they \
carry wzll decimate native species, North Amert an crayfish must not be in- - \ :
troduced to new regions. Pollution is another threat. Crayfish are easﬂy killed . A
by synthetic chemical: pollutants (chlorinated pesticides, industrial wastes,,
insecticides), which may enter the waterway upstream without the knowledge :
of the culturist. Crayfish are also relished by camivorous-fish; birds, snakes' g
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 speCIes may need a rocky bottom for shelter-and
spawriing. ‘ f : .
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These freshwater relatives of shri?nps and lobsters are a traditional food in France and
" Baltic countries. When boiled, they turn lobster-red and as a gourmet’s deflicacy rival their
marine counterparts. (Ray Utt, Cities Service Oil Company) '

Research Needs

Indigenous crayfish species that appear suitable for crayfish farminé exist in
most copntries, except in Africd. These should be studied first and local
biologists encouraged in- this research..One_particularly promising species is




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 Potamageion, Myriophyllum, Elodea, Cerdto-
phyllum, efc.). 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)

3 .
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Asracopsis gouldi, a giant crayfish from the statqfof Tasmania in Australia
that reaches 40 cm-long and weighs about 3.5 kg. Another giant, Astacus.-
madagascariensis, is found in the rivers of Mad(agascar and may prove even
more suitable for ‘tropical countries. A worldwide, search for edible-size
herbivorous craylish is needed. Among the species, some afe Ilkely to prove
good food and valuable muatlc weed control agents. B %

The food habits of crayfish, including their acceptance of various aquatlc
plants practical techniques for rearing and harvestlng crayfish; and the
effectiveness of crayfish in removing vegetation under different aquatic
situations—such as rice and taro paddies, ponds, canals or reservmrs—all need
thorouoh review and analysg

Ah af th sh
Much of the craylish is not ea

the carcass is, high in calcium ané& nitrogen, both valuable fertilizer
ingredients. ‘Research is needed to determme the usefulness of the Lcarcass in
crop production and in animal feéd. .o h.

In some locations«crayfish aré harvested from rice paddles as-a 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. WlthQth such studies there is
potentially great danger in introduting Procambarus clarkii to Asian and
South American rice-growing areas. :

=,
:

Selected Readings o

Abrahamsson, S., ed. 1972. Freshwater Crayfish, First International Symposibm on
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Aquaculture and related publications of the School of Forestry and Wildlife Management
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Avault, J. W., Jr., ed. 1975. Freshwater Crayfish, Second International Symposium,
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Dgan, J. L. 1969. Biology of the Crayfish Orconectes causeyl and its. Use for Control of
Aquatic Weeds in Trout: Lakes. Bureau of Sport Fisheries and Wildlife Technical
~ Paper No. 24. U.S. Government Printing-Office, Washmgton D.C. 15 pp, [Pnce
$0.25] ®

Fielding, J. R. 1966. New systems and new fshes for cu[’lure in the Unlted States. FAO
World Symposium on Warm Water Pond Fisk Culture FR VIII/R- Food ‘and
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Office, Washington, D.C. °
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Magnuson, J. 1., G, M. Capelh J. G. Lorman, and R. A. Stein. 1975. Consideration of
cray fish for mauophyg-, control, ppr66-74. In P L. Brezonik and J. L. Fox (eds.)
The Proceedings of a Swnpouum on Water Quality Management Through Biological
Control. Report No. ENV 07-75-1, Umverslty of Florida, Gainesville, , [Reprints
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Stellan Karlsson, Slmontorp, 5270 35, Blentarp, Sweden C )
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5 Duecks, Geese; and Swans

Ducks, geese, swans, and other waterfowl forage on vegetation, controlling

soade N tha hanlke n
weeds on the banks of waterways and often clearing aquatic weeds and algae

from small lakes, ponds, and canals. These animals have not been considered
aquatic weed control agents. However, in Hawaii; 65 Chinese White goslings
were placed in & 1-ha pond, completely covered with-dense paragrass.
(Brachiaria murica) and cattail (Typha spp.) that annually grew 1.8 m 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

“.potentially imvnediately applicable to aquatic weed control -in developing

countries.

With their waterproof feathering, ducks and geese are well-adapted to high
rainfall regions, and ducks in particulfir 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 nutritive and management needs are ‘well-known, They are excellent
foragers and may find all thelr 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 alrcady raised throughout the tropics, notably in
Asia, especially in aqliatic’ weed- -prone, riverine areas, but their effect on the
weed problem is seldom considered. Yet 5-8 Muscovy ducks per hectare will
control duckweed' and some othe# aquatic plants. Coots {Fulzc‘a spp) have
controlled water hyacinth growing on sewage lagoons.in the United States. In
South Africa, as well, they are reported to eat the plant '

Geese are raised for their meat, which fmds a ready market. Goose farmmg

is particularly important in Central Europe. For troplcal developing countries,

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

geese (White and Brown varieties), which are large buds: (ganders can weigh

*Ross, 1971. {See Sétectéa'tgéé dvﬁfg’s 3,,,‘,
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over-5 kg) that are already 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 large 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 a caretaker may be needed. Though they cannot digest cellulose, they are

-almost. entirely grazers and eat both terrestrial and aquatic weeds They alsq’
grub for underwater roots, which is important because few other animals -
uproot aquatic plants.

The use of swans-to control aquatic weeds is rare. Yet, in 1967, 100 mute
swans were added to Nissia Lake near Agras in northern 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 week$. They were then-
distributed about the lake. 4 _

“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 (NVetta 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 municipal wastewater, proved too .

S
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great for them to have any appreciable eftect. By 1976 the swan production
tad multiplied to perhaps 400 birds but was still inadequate to noticeably
reduce the den\s\e\\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 ledve before summer when the weed problems
are Most severe. :
The management of the swans is relatively simple“: One wing is clipped to
prevent them from 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 to'supplement their diet of weeds.
Mute swans mature-at about-5-7 kg“and, while not commonly used for

food in Europe—because of a reluctance to kill them—their flesh is as tasty as

that of other waterfowl. In addmon they have a fine down, 2.5-5 cm, which

can be woven into cloth.
While other swans might also be used for c,ontrol of aquauc weeds,-mute

swans are the easiest to breed, producing about six young per year per pair.
However, their initial cost is high (the equivalent of about US$150 per pair
in Cemm Europe).

It seems miost likely that waterfow! can conttol aquatlc weeds nOtICLdbly ‘

only in small bodies of water such as farm por/x‘ds in a larger waterway the

number of birds needed to “solve the weed problem” ‘makes their-use - _
impractical. Nonetheless, even here waterfowl could be used to supplement’“

other weed control efforts such as the use of herbxvorous fish or mechamcal
harvesting. ”

The birds can clear submersed weeds oﬁly in waters shallow enough for _

them to graze the plant back severel)// so that its growth is retarded. In deeper -
waters their grazing will have little effect on weed growth

Probably geese are best used tp control gmsshke aquatic weeds. They mdy
be ineffective on the broad-leaved types

Limitations ‘ / Lt

“will not §at the weeds -
These birds can defend themse]ves well but ducks in partlculér requlre the
added protection of a fence. They may require shade in hot countries, for '
_ they do not adapt well to hot arid condltlons

3
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In its- rice-paddies,  the Tf"xh
220,000 ducks to eat and control insects, weeds, ahd ‘the snails ‘that transmit
schistosomiasis, a dreaded parasitic disease. The ducks eat the succulent weed seedlings
but shun the rice plants. They reduce weeds in the paddy by half, so that the rest can be
removed by hand; no herbijcides are necessary:. After the ducks weigh 1 kg or so, they are
marketed. This method aliows the commune to. greatly reduce its use of pesticides, and

loyed to herd the ducks through the paddiés and to pen and

over 600 people are emp
feed them at night. (H. Beemer) . ‘ ) ,

sia-Commiinie;, Wesi of Canton 'in southern China, uses

0
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The. trees show the boundary of this 100-m wide pond near Waialee on the Island of
Oahu, Hawaii. It was a source of irrigation water until taken over by-emergent aquatic

weeds. Conventional weed control proved costly and unsuccessful; however, 5-week=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)

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 youﬁg', tender'shoots so
an effective program may include-an initial cutting or harvest. After that, the
geese could be employed to control the new growth. - ‘

If not carefully managed, ducks and geese can become pests for, some
crops (especially grains) neighboring their waterway. Where sanitation is poor,
salmonellosis sometimes decimates ducks, geese, and swans, and this dlsease
can be transmitted, in their meat and eggs - to humans.

e e . . L

Research Needs

Using waterfowl to weed waterways is a novel concept..In order to develop it

further, aquatic weed researchers should enlist the collaboration of profes- -

sionals that have experience with waterfowl: local farmers as well as poultry
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Mute swans have been used to control submerged weeds. In 1967 100 swans were
stocked in a weed-filled lake near Agras, Greece. The population is now LStthbh\.d and
increasing. The swans do not Lontrol cattail. (S. Ehrlich)

k4

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

° "Whigh of the more important aquatic weeds are consumed? In what
quantity?

¢ What level of diet supplementation is needed? : :

= What local ingredients can be used to make up a diet?

o What stocking levels are needed to control dlfferent aquatlc weed-
species? . - :

o What are . the most appropriate spec1es of waterfowl to use fBr clearmg-
the dlfferem weeds?

In general, manager"neﬁt systems must be developed for handling the
different breeds or species of ducks and geese to ensure successful weeding. In
addition ‘to supplemental feeding, -fencing and wing-clipping need to be
studied. The need for partial clearing to provide access to the pond and the
management of bifdsfin brackish water also require study. When sufficient 4
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knowledge has been collected; it is possible that commercial techniﬁuesucan
be developed for raising ducks and geese on aquatic weeds. If so, it seems
_ likely that research coutd 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, Lllmdteb and
should do well in tropical areas, but this needs more testing:- Studxes o
increase, egg production are needed, and studies on the use of artmcnal

. incubation may be useful.

Selected Readings

Ross, E. 1971. Biological control of pond weeds with White Chinese Geese. Hawail Farm
Sciernce 20:11-12.{ Copies available from author, see address below. |

Williamson, G., and W. J. A. Payne. 1963, An Inrroduction’to Animal Husbandry in rhe
Tropics, pp. 360-7. Longmans, Green and-Co., Ltd., London.

Research Contacts

Athanassios G. Stmotas, 8 Artakis Street, Kats Tumba, Thessaloniki, Greece
_Department of -\mmdl \unnce\s, Lmvemtv of Hawaii, Honolulu, Hawaii 96822, USA (E.
RO\\)

Department of Avian Sciences, Umvuslty ot (.xhlomm Davn “California’ 95616 USA—

(R. A. Emst) .

Department of Botany, 143 Robbins Hall, University of California, Davis, California
935616, USA (R. R. Yeo) i

S. Ehrlich, 612 Riverview Drive, Apt. BI, Columbus, Ohio 43202, USA

Public Power Corporation, 41 Solomou Strect, Athens, Greece (N. Brellas, Director)

Many universities have a department of animal or poultry science that should know

about the culture and maragement ol these birds. i

4
<

@ ) : .



6 Other Herbivorous Animals

Though some herbivores may eat only portions of an aquatic plant—the leaves
of water hyacinth, for exampie—in'doing so, they reduce the feeundity"of%he
plant and open jts tissues td pathogens and parasitic’ infections. This chapter
identifies some terrestrial herbivorous animals that -canuse aquatic.plants for
. food. The animals are not in themselves effective weed control agents, but -
they contribute a measure,of weed control by grazing on aquatic plants.

WaterBuffal()

The water buftulo Bubalis bubalis is found throughout the Asian tropics and

in more than 30 countries in the Mediterranean basin, South Anierica, and
~the Caribbean. 1t swims s well andis™ pcrﬁ—'cﬂyﬁn ‘home-in tropical swamps. ltis

a robust animal and is more resistant to water-induced diseases, such \s foot

rot, than cattle. Also unlike cattle, water buffalo can feed under water on

submerged aquatic 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
devdopmc countries. [t provides milk, meat, hides, and work power, and the
techniques for manpaging it are well established. :

~ Although preferring terrestrial grasses, the water buffalo will gral,e dquatxc
vegetation, Initial obmrvanona in Florida have revealed that free-ranging
water buffalo consume the shoots of cattuil, leaves of willow -trees (Salix
spp.), and water hyacinth leaves. Little. is known about thclr- nutritional
requirements, but the “animal appears to grow On . poor- quahty, nutrient:
deficient végetation such as-is often found in aquatic or swampy areas:In .
Flosida they have consumed Cogon grass (Imperata cylmdnca) a tall coarse _

',“trogtcal grass with razor-sharp edges. -
Feeding harvested aquatic weeds to water buffan ista prermsmg,techmque.
In experiments, confined water buffalo have’ readlly eaten ensiled waltéﬂrm o
- hyacinth plants (see Chapter-10). Before aquatic plants can be used in
buffalo diets on a large s;ale we must learn more about the nutrient content
of individual species of aquatlc plants and the nutrlents needed as
supplements. ~ \

g
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Cattde cat semi-aquatic bank grasses and commonly wade Wnto waterways to crop the
leaves of water hwumi and otber emerzent and floating aqgatic weeds. (B. D. Perkins)

A water buttalo feeding on s¢ semi-aquatic plants in a swampy area near Bangkok,
Thailand. The buffalo is now gaining new esteem worldwide because of igs ability to live
in such wet conditions and 1o grow well on vegetation that is low in nutrients. Wate(
buffale may consume the-Wwater hyacinth directly, especmlly the flowers and young:

leaves. However, because of the plant’s high water contmt the amount consumed is not
substantial. (N D Yietmeyer)
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Capybara .

Capybara are large, brown tallless semi-aquatic rodents that live in tropical

Central and South Amerca The South American cap har; Hvdrochoerus
oA LLvE AL [SES VY LA A 4 RiliNvArv Q. LA LAL Jullvll\.rull va wailda ll ulubl‘ witio

Ayvdrochoeris grows to be the size of a small pig, ie,, up to 60 kg in weight
and 1.25 m in length. The Panama capybara Hydrochoerus isthmius grows to
about half that size. They are- also known as chiguire in Colombia and
Venezuela and carpincho in Argentma 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 occasionally 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. Durmg 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 is-now under way in Venezuela
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. AN

A bicycle rickshaw load of water hyacinth, collected for cattle feed in Patna, India.
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 preen
vegetanon available, (Weed Research Orgamzatlon)
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Water hyacinth
growing  nearby g
plg farming grea wilf
be harvested for pig
teed. One  animal
may consume about
1.5-2 kg ot fresh
plants  per  day.
Sometimes  Safvinia
cmolesta and Hy-
drilla verticillara are
also  harvested  for
pig feed. (M. Soerj-
ant)
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Sheep grazing the verdant harsh‘es of the Danube Delta in Romania. (A. A. de la Cruz)

Capybara flesh is edible, but 1s not considered a dehcacy It has an unusual

flavor; however, native

~patterned eapybara hid
‘making soft, pliable gloves and-purses. .

Cdpybdrd should not
They can become pesl

(manioc), melons and SngdernL

Nutria |
Another amphibious S
freshwater, streams and

called: coﬂpu. The nutria feeds mamly on aquatlc plants mcludmg some

problem wjeeds.

A robust, reddish, brown, muskf‘ailiké animal, the nutria can grow to be 1 o
m long and weigh 8 kg.
soft, but dense underfur that is used in. the fur trade It has long. been -

MAKING AQUATIC WEEDS USEFUL

s of South America eat it regularly. le curiously
e is valuable and is often used in South America for

be introduced mto areds ‘otitside- thelmlatlve habltats
5 and wdl mvade crops such as maize, rice, cassava"*‘-~

»

buth Amencan rodent that lives in and around
ponds is the nutria (Mycocaster Coypus Mol) also

It is a prohﬁc breeder with webbed hind feet and a

L
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Even sunbaked water hyacinth is consumed by donkeys near Khartéum, The Sudan.
Lacking other herbage for much of the year, donkeys on the Nile River bank support
themselves on the desiccated residue from prcvmus harvests of aquatic plumx (N. D.
gvmmuux

f

domesticated. Itsi pelt was so much in demand a century ago that it was

introduced into I%urope imd North Asherica. Some animals escaped and are.

now considered’ pests because they compete w1th native wﬂdhfe damage

crops, and erode canal banks. - K
Indeed, nutria can be as troublesome in waterways as the black rat (Rattus

rattusy is on dry land. The nutria should never be introduced into new: regions

until extensive ecological szudzes are undertaken. In New World developing
countries where it now exxs[s however, Tesearch on nutria management may
help reduce aquatic weed infestations and provide fur and meat. Nutria are

b
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OTHER HERBIVOROUS ANIMALS ‘ 6

Growing an wastewater from a Florida dairy farm, a vigorous stand of water hyacmth is
heavily »mz;d (foreground) by nutria. (L, N. Brown)

R

eaten in many parts of South America, and the animal offers an efficient
method for 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.
R ’ 5‘

i

J

Selected Readings

Water buffalo

Cockrill, W. R., ed, 1974, The Husbandry and Health ofrhe Domesrw Buffalo Food and.
Agriculture Organization, Rome, 993 pp.

.

.

Capybara -

Ojasty, 1.~ 1973, Estudio BzoZOglco del Chigiiire o Capxbara Fondo Nacional de
Invemvacxonu -’\i!ropccuanas Caracas. 275 pp.

i,
vay
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Nutria , ‘ .

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

Ehrlich, §. 1961, L’Elevage du myocastor en colonies, .pp. 185-278. In Theorie er
Prarique de 'Elevage du Myocastor, Editions JEP, Paris, France.

Ehelich, S, 196+4. Studies on the influence of nutria on carp growth. Hydrobiologia
231962100 =

Warkentin, M. J. 1968. Observations on the behavior and ecology of-the nutria in
Loix;zsian:;. Tulane Studies in Zoology and Botany 153{1):10-17,

Research Contacts

Water Buffalo:

W, Ross Cockrill, Casella Postale 27, 00052 Cerveteri, Roma, Italy
D«,panmmt of Animal Science, University of Florida, Gainesville, Florida 32601, USA
. Hentges; C. A. Robey)
(mwr tor Tropical Agriculture and International Programs (Agriculture), Un 1vm1ty of
Florida, Gainesvitle, Florida 32601, USA (H. L. Popenoe)

>
o

C
apybara P

Institute of Ecology, The Rockhouse, University of Georgia, Athens, Gcorgiu‘ 53190,
USA (F. B. Golley) g

Universidad Central de Venezuela, Apdo. 59058, Caracas 104, VanLUle (J. Ojasti)

Universidad Central de Venezuela, Instituto de Producmon Animal, Maracay, Venezuela
(E. (JonzuleLJ )

Nutria

,Bliologic;xi Sciences, California Polytechnic ‘State University, San Luis Obispo, California
93407, USA (L. N. Brown) - ' ! “,
S. Ehrlich, 612 Riverview Drive, Apt. B1, Columbus, Ohio 43202, USA
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7 Harvesting

Removing aquatic w eeds from the waterways and selhng or ut11121nU them to
defray the cost of removal is an appealing concept It would result in
weed-free \\a[erwav while ~providing an extensive vegetation resource
(especially advantageous’in developing countries where forage ard fertilizer
are in short supply). Additiondl - advantages of harvesting over other
approaches to aquatic weed management include the following:

* possible, but not yet proven, low net cost; .

* reduced dependena on foreign exchange” (hdrvestmg reduces the need
for imported chemical herbicides); .

"o adaprtability to labor-intensive techmques as well as to capital- 1ntens1ve

techniques; :

« compatibility with fish (harvestmg can be LOH[FOUCd to leave enough
vegetation to benefit and maximize fish production); b

= compatibility with terrestrial crops growing near the waterway (unllke
some herbicides); [

e ability to be introduced rapldly to give quick and predlctdble removal»»
of weeds from specified areas (unlike with biological controls}; i

* ability to remove pollutants from the waterway (see Cha,pter 13’) and

e production of useful materials. G g

Aquatic plants: are harvested . from a site at ‘the water'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 harvester by boat or by wind and current. Plants can be lifted :
from the water by hand, crane, mechamcal conveyor, or pump.

Mobile harvesters are usually expensive machines that sever, lift, and carry
_ plants to the shore. Most are intended for- ‘harvesting submerged ‘plants, .
though some have been designed or adapted {0 harvest floating plants or the'
mowed tops of submerged plants. , - ; it

Handhng the harvested weeds is a problem ansportmg the: plants is
difficult and expenswe because of their enormous water content. Choppers
are often incorporated into harvesting machinery designed for aquatic plants.
Chopping makes the plants much easier to handle and reduces their bulkto

¥
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less than a foufth of the origimal volume, greatly simplitying transportation, - -
* processing, and storage.
Some examples of teLhmque;s; tor haj

the Lhdp[EF tustrations. . .

; .
-

Hmd harvesting may supply enough feed or 5011 Jmfendmem for small farms. Burd Lake
Sei Lank.a (N. D. Vietmeyer)

A rope threaded throu;gh cork floats, 'or a * chain of barrels can be used as bar ers to
EEEZId ;he spread of water hyacinth. (V. Myers) ,
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echanica

flowing river can divert floating aquatic plants to the shore where they

A DOoOm aCross a
n be harvested. Designed by University of Wisconsin students, this system collects and

from a narrow lake upstream. Many of the weeds are rooted and are
mowed, zllowing them to float to; the boo. {R. G. Koegel)

A small mowing bba[, particularly’ suited to cutting.reeds and other emergent aduatic
weeds. (Krinke and Kriiger G.m.b.H., Langenhagen, Federal Republic of Germany) ~

a3
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Specully designed for harvesting water hyacinth, a “clamshell” bucket mlprovcs thv
thowney of o dragline rnmmmg the plants from Lake Alice, Gainesville, Florida. In the
United States the so-called “Florida: asirboat” {background) has given aquatic wcud
workers the ability to maneuver in swamps and weeds. Thrust forward by & backw mL

gmg wrplane propellor; the airboat can move equally we [l over weeds and water. (L. 04
renall) ‘ .

’7‘:

Tractor-powered, mobile harvester for
(L. ©. Bagnalh
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Cutterbars for. mowing s bmc‘rgé«d aquatic weeds can
for pushing ‘the mowed vegetation to shore are usua
{Air-Lzc Industries) - - E -




complete floating harveste
¢ and have modest capacit




‘ater hyacinth by grasping .and pulling ‘on aerial:parts of the plants, protecting the high-speed

ter-obstructions. (R. G| Koegelj .- . : P :
e i : : - |




Recentﬁv fk)tatmn shoes have been made for recreanonal ause. They can greatly help/
workers inspect and move around in aquauc weed patches. (N. D. V, e

£

Sﬁiwad Readings

Br}& b B19730 €
Articles and News Service 19: 601 5 ‘ ,
Deutsch A-, ed, 1974. Some E mpment jor Mechamcal Comrol of A /uatzc Weeds."

; from IPPC Oregon State Umversxty, Corva ‘15 O egon 9 ,331,3USA?], o

Koegel, R. ' G., H. D. Bruhn. and D. F. rmore. 1973, Improving Surface -‘Water
Conditions Through Control and Dzsposal of Aquatic Vegetation, . ,

FPhase t1. 1973 Universi : in- W

53706, USA. '




HARVESTING 77

Livermore, D, P oand W, K Wunderlich. 1969. Zmn:wanm_ﬂmmaoé_ of organic
production from waterways, pp. 494- 519, Em‘::.cn\:gno:. Cauges, Consequences,
Correctives. National Academy of Sciences, Washington, D.C. [Pricer $13.50)

/

Research Contacts
Department of Agncultural m:mwsmn::m. University of Florida, Gainesville, Flonda

33611, USA (L. O Bagnall
Florida Drﬁh:,: nt of Natugzl Resources, :osn Building, 202 Blount St., Tallahassee,

- Florida 32304, USA LA P Burkhalter)
Sarasotz Weed & PFeed, 1833 North Washington Boulevard, Sarasota, Florida 33580,

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

and D, F. Livermore)

1
e




'8 Dewatering

4%

As npted previously, aquatic plants may contain as little as one-sixth the
amount of solids in land grasses. This is 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 emmple a massSive 95 kg of
water must be excreted by an animal for every 100 kg of fresh water hyacinth
eaten. In order wo make hay from aquatic plants, 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 that 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 surfiace and some is loosely 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 directly to the waterway without causing pollution.

bEven 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
terrestrial forage grasses in moisture content (see figure page 80).

Depending on plant species, press design, 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 per‘centvof 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 suceess. 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)éha‘ve been designed. For
example, a small screw press of simple design (see illustration page 79) has
been constructed at the lfniversity of Florida. With its 23«cm bore, this press
welghs 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

P .
*Although the term “pressing” is widely used to describe the process, pressing alone
liberates little moisture and the vegetation must be “‘chewed,” sheared, or macerated

before the water can be pressed out.
%




DEWATERING

L

Harvested from a small pond near (,eoroetown Guyana, water hyacxmh‘is fed to.a:small
‘dewatering press. The pressed product contains less than half the water of the fresh

1

weeds. With addition of a lawn-mower- type chopper, thls small press can progess 4 tons «
of wat ,‘ hyvacinth 2ach hour#(N. D. \/hetmeyer)

chopped water hyacinth per hour. Such presses '_'zimre compatible with a
program of manual harvest and with the small-scale needs for animal feed in
rural areas of developing-countries. In addition, these presses can probably be
manufactured in the country itself. :

]
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: 2 B T - Amount of water that canbe
N WATER : Lol lvmowd by d 'ﬁﬁm press

\\ . )
FRESH WATER HYACI{I’H ; : PRBSED PRPDUCT
B (%%mler)

(70% water removal)
Witﬁ”a‘"ﬂ‘i‘?‘ ‘?9'5 peuent wafer content fresh aquanc wceds can seld(j;l be used for ammal‘ \‘
feed or most other purposes Mechaical presses can squeeze the blTllk of the water out .
I«eavmg a product suitable f'or] convenmg\ mto usetul products. | | :

-

Estimates of ‘water hy acmth pressmgﬁosts range from‘ ; :

per ton of dry matter, dependmg greatly on machine Jc ‘,st, machine use,

' producmon rate, amortization time, and labor costs. Lesm an 4horsepower .
hours is reqmred to rem;ve a ton of water) leadmg to an e\ergy cost in the -

United States of $2.25 per dry ton. 'k

thin layer of the pl.ﬂ'
collector-heat transfer sy
aquanc plants is under ¢




DEWATERING ~ .

a

‘ Solar energy is being harnessed to dry’ aquatic weeds in experiments at the National
Space Technology Laboratories near Bay St: Louis, Mississippi. This system is connected
to.a process that farms water hyacinth on sewage ef t]uent (National Space Technology
, Laboratories)

: Research ‘-Needs B ' - A .

Dewatering aquatic weeds offers such promise that engineers in regions that
have aquatic weed outbreaks are encouraged to build and. test pllot scale
presses. |
The subject of jujce recovery is one ‘for research; posmve results will ,

, improve the efficiency of mechanical dewatering of aquatlc plants. Though in. .
.- the juice the solids are very dilute they may have some profitable uses. — faie
o Combining mechanlcal dewatering with solar drying is a. pronusmg avenue ,’ -

fer research: T

l . . . . -

) N A
Selected Readings : PRI RIS R L

it

Bagnall, L. O., J. A.-Baldwin, and J. F. Hentges 1974 Processmg and storage of watex
hyacinth silage. Hyacinth Control Journal 12:73-9.

Bagnall, L. O., T. W. Casselman, J. W. Kesterson, J. F. Easley, and R E. Hellwxg 1971 .
Aquatic Forage Processing in Florida. ASAE paper 71-536. Amencan Socwty_ﬂf_ .
 Agricultural Engxm’:ersL St. Joseph ch}ugan 4908S, USA. G , ..

&
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Bagnall. L. O., R. L. Shirley, and J. F. Hentges. 1973, Processing, Chemical Composition ..
and Nutritive Volue of-Aquatic Weeds. Publication No. 25. Water Resources Research
Ceater, University of Florida, Gaistesville, Florida 32601, USA. 55 Pp-

"Baird, C. D, and L. O. Bxgmll 1975. Selar Crop Drying in the Sunshmelstate ASAE -

paper 75-3004. American Socxety of Agricultural Engmeers St. Joseph, Mighigan, ™
49085, USA.

Livermore, D. F., R. G. Koegel, H. D. Bruhn, S. H Sy, and H. F Link. 1975. Aquatic
Plant Mdrvesting: Development of High- Speed Harvesters and Processing and

Unilization of Harvested Vegetation. Water Resources Center, Umyersny of Wiscon- -

sin, Madison, Wisconsin 53706, USA.

National Science Research Council of Guyana. 1973. Some Prospects for Aquatic Weed
Manggement in Guyana. 30 pp. [Copies avaiiabie without charge from the NSRC, 44
Pere Street, Kitty, Georgetown, Guyana, or from the National Academy of Sciences,
see p.-172.}

- ﬁ, el fimil”;t,\ Tt e L - .,‘,., - —_

Depanment of Agncultunl Engineering, University of Flonda, Gmnesville Florida
32611, USA (L. O. Bagnall)

Environmental Systems Development Team, ‘National Acronauucs and Space Admims-
tration, National Space Technology Laboratories, Bay St. me,;. Mm;sgppl 39520,
USA (B. C. Wolverton)

Rothamsted Experimental Station, Harpenden. Herts, England, ALS 23Q, UK (N w.

. Pirie)

University of W:sconsxn Madison, Wlsconnn 53706, USA (R. G. Koegel, H. D. Bruhn
and D. F. Livermore)

Western Regional Research Laboratory, U.Ss. Depamnent of Agriculture 800 Buchnmn
Street, Albany, California 94706, USA(G. O. Kohler)
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Mineral fertilizers are too expenswe for many farmers in developmg countries,

- yet there -is a greater need now than ever to increase food production. As an

alternative, the 1974 World Food Conference and more recently, the Food
and Agriculture Organization of the United Nations (FAO)- have stressed the

- urgency of reassessing organic. fertili#ation This includes green manuring and

cbmposting; aquatic weeds can be used in both processes.

_Aquatic weeds can be used as green manure through a simple process—«the
pi.mt> are either appilad to-the soil as a -surface mulch or they are plowed
under or buried by hand in shallow troughs Asa a mulch; Th‘ey‘suppfes&w&esls

reduce evaporation, and reduce rainfall runoff and the erosion it causes. The g

problem with this method is that the plants are bulky and difficult to hztndle
and large amounts havé to be transported.

Compost is decomposed animal and plant matter for use as garden_

fertitizer and soil conditioner. Compostlng is an ancient practice Known at
least since bibtlical times, but only in recent years have aquatic weeds been
used, and then only‘\Sporadlcally Nonetheless, the few experiments con-

ducted to ddte show that the process is one of the sxmplest and most yseful

techniques for using these weed pests.

The weeds are harvested and spread out at the water’s edge for a day or-

two. Then the wilted plants are made into aptle w1th some soil, ash, and a

little animal manure. Microbial decomposition begins spontaneously and the -
resultant bacteria and fungi break down the lipids, ‘proteins, sugars, starches,
and cellulose fiber. The piled composting mass retains heat ang $0 encourages

microorganisms to multiply. Although compOSt can be made-in the absence

of air (see Chapter 12), the nost common techmque -involves frequent o

turning of the ptle to maintain aerobic condltlons Tropical temperatures‘
(especially the warm nights) fostel decomposmon Warmmg occurs and
temperatures in the middle of the pile’may go to 70%C. At such femperatures .

only special heat- lovmg bacteria and fung1 survive. Others that are pathogemc '

to humans and animals are killed, as are weed seeds and parasne eggs. In the

rotting mass the fibrous weeds decompose, shrink, and crumble mto an

earthy-smelling, dark-colored, soil-like compost. - .

Some developing countries have a long tradmon of usmg compost made .

from other waste matenals Compost raises 5011 fertihty and 1mproves ylelds
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but’ most of all it improves soil qUahty (by unprovmg soil aggregatron and e

;stabr}rzrng ‘the soil structure) It increases the soil’s capacity to absorb, and

storé water (partrcularly rmportant in sandy soil); it enhances aeratron and
favors. growth of soil microbes /(partrcularly important in heavy, claylrke
soals) spread on the soil surface rt reduces evaporatron erosron sorl

roughQut developrng countnes) and rt can help return salme soils to

Compost fits a need in the developrng world where commercral feruhzer s

, expénsive, labor cheap, unplements simple, and soil structure ‘and water

retention “a problem Compost is easily made usmg manual labor without
expensive equipment. Compostmg can be done on a small or large scale. The

fact that compost requires much moisture makes it an ideal use for aquatic
weeds—the: weeds do-not havé to be dewatered (see Chapter 8) exceptbya -

- few days’ wilting in the sun, @ great savings over other uses-in terms of cost’

and equipment. . : r
‘ The microbes that produce compost need nutnents (especrally carbon and"'

adequate nutnents (t}ie rano“f carbon-—to- nurog\n wxaﬂy in the
appropriate range, i.¢., less than 30), especially if they have been growing in e
nutrient-rich waters. They are\also low in hgmns the plant constrtuents that .

~ most resist composting. b

One report from 'the Phrhppmes has: descrrbed the successful use of dned' o
water hyacinth as a beddmg material for cultlvatmg mushrooms ( Volvaria

spp.)* N '

Limitations ', :

2

| N : b

Although compost dnd green manure rmprove sorl quahty, the unprovezment'

: Compost mtrog\n is in orgamc form (par

‘ 1nto the soﬂ only gradually In about a year' h
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To make *ompost the Honm Gardens Division of the Sn Lanka Depmtment of
Agnculture’ uses chopped water hyacinth-and city refuse (tOgelhet with small amounts of

~ash;-earth, and ww nmnurc) Shown here are the compost piles, and the tools required

compost is ‘made in as little
bach month owe: BO tons of compost aré mads anifsot&(xmdex th&bm.mL
K or “garbage gems”). (V E: Dalpadado)

t ing and expenswe _
drezgs whe;re box is cheap and




Sold to urban d\hellms in Cgol mbo
bwov:s ;

processes and tec ruq
[rmead homcul unsts

4
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ion in the United States (Sarasota Weed and. Feed, 1835 North
‘Washington Boulevard, Sarasota, Florida 33580, USA) water hyacinth is harvested,
r&ewmna lightly pressed (for ease in handling).and :cnxaa to an unused stretch of road.
Here it is piled and left several months to compost. The vﬂoacﬁ finds a ready EE_SH as
a peat moss ucc!::? zaar:mm use it to awsimica :nmﬁ pots and potting medium
for growing seedlings. (J. R. Leach) = - - v

bl
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3 Axdded to the soil on the left of the plcture compost made from aquatic Weeds resulted ‘
in 2 vigorous 1mprovemen)t in plant growth (R G Koegel) -

5

e T Seiected Readmgs

Bagnall, L. 0.71973. Use of harw,sted weeds, pp. X1l-1- XH—19 In An Evaluation of
Aquatic Weed Control Methads for Power Plant Cooling Reservoirs. Florida Power
- and Light Co., Miami, Florida, USA. : ;
: Bagnall, L. O., T. deS. Furman, J. F. Hentges, W. I Nolan, and R. L. Shirley. 1974, Feed /
’ and fiber from effluent-grown water hyacinth, In Wastewater Use in the ‘Production/
of Food and Fiber—Proceedings, Environmental Protection Agency Technology
Series EPA-660/2-74-041. National Technical Information Service, Spnngﬁcld
Virginia 22161, USA, .
Compost Science: Journal of Waste Recycling, Published bimonthly: by Rodale Préss ‘
Inc., Emmaus, Pennsylvania 18049, USA. (Often features arucles on compos/mg _
Nontechnical, in style.) N
Conover, C. A, and R, T. Poole, 1974. Inﬂuence of medm and femhzer raﬁ/es on
 Aglogonema ‘Fransher’. Proceedings. of the Florida State Homcultum‘l/ﬁoc:ety

87:431~35. | Copies available from C. A. Conover, see address below. ]
- Council of Scientific and Industrial Research, New Delhi. 1952. Eichhnorniu rassipes—
Utilization: manuge, pp. 132-3. In The Wealth of India, Raw Materiajs Vol 1], -
1952, (Appears as abstract:No. 62 in Ratchanee, K. 1972. See listing below.) ‘
Dalpadado, V, E. 1976. Mimeographed information describing compe /n
“city refuse, aquatic weeds, and other waste materials availa
countries. [ Available from the Home Gardens Unit, Sri Lanka, see |
e - Food and Agricultural Organization of the United Natjons. 1975. 'rxan,c Malerials as
rreilizers. Soils Bulletin No. “fﬁTmmmerganu twn of the United
Nations, Rome; .
Golueke, C: G. 1973. Composting. Rodale Press, -Inc., Emmaus, P nnsylvama 18049 e
USA. - L
Kamal, L. A, and E. C. S. Little. 1970. The potentxal unhzanon of ‘water hyacmth for :
honu:ulture in the Sudan. Pest Articles and News Summaries 16(3):488-96, .
¢ Karim, A. 1948 chroblolog)cal decomposition -of  water hyacmth Soil Scnem:e’f
£, 66:401-16. |
Lmle E. C. S., ed. 1968. Handbook of Utzl:zandn of Aqyatic Plants. Plant Pxoducnon .
and Prow:uon Division, Food and Agriculture Organization of the United Nauons L
,.> Rome. 123 pp. [Ordering number PL:cp/20] Abstracts of 5 papers from India
descnbmg the use of watex hyacmth fox compost and mulch are given on pages
11-17. v o
Poincelot,, .R. P. 1975., ,The Bx_ochemxxtry» and Methodology: ¢
Connecticut Agricultural Experiment Station, New Haven, Conn
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oo Many-types of Végetation:-. that humans find inedible can be converted into =
" meat, milk, and wool by ruminants (cud-chewing animals, such as cattle’.f i
~ sheep, and goats). It is- therefore reasonable to consider aquatic and
semi-aquatic plants as potential rummant feed, particularly as cattle, water .
buffalo, and other animals are known to graze the leaves of floating aquatic
weeds (see Chapter 6) and some seml-aquanc plants. The meat and milk
produced by these animals is needed by peoples in developmg countries, who;
get only a fourth as much animal protein- per. day as those in the rest of the
world, partly due to animal feed s hortages. ‘
As mentioned in the | troduction and- Summary to thls report, aquatlcr
weeds are usually between\'io and 26 percent crude ‘protein (dry matter
basis), which is equxvalent 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‘ o
individual amino acid constituents are present in about the same proportions
as in land forages of ;urular crude protein content; however the levels of
methlorune and-. ly§mé—generally consxdered the hmxtmg amino aelds in plant '

weeds (except the tmy duckweeds) need ﬁber asa skeletal support .
cattails, and oth@r tall weeds contain extreme amounts of fiber. The fiber
centent of such aquatlc plants makes them potentlal substxtutes for ha‘ o
cottonseed hulls, and other roug,hages eaten by ruminant ammals . '
Some" submerged aquatic weeds. 'such as hydrilla and wat

. particularly rich in carotenes and, xanthophy’lls and could
‘sources for these commercmlly valuable plgments w h many
to poultry ratrons L .

*Taylor and Robbins. 1968. (See Selected Readings.)
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Whrle\ sueh potennally toxic . substances as. njtrates, cyamdes oxalates
tannins, and dicoumarins are at times present they also occur in many
terrestrial forages, and in general aquatic weeds do not appear to be any more .
hazardous as feedstuffs than conventional forages. i

Nutrient composition is a guide to a feed’s value but h,lgh drge_sublhty is
crucial if the nutrients are to be available to the animal. The digestibilities of
only a few aquaut weeds are known. For water hyacinth the organic matter
digestibility by rumen microbes of the fresh whole plant, leaf, petiole, and
submerged parts were 55.7, 50.8, 58.7, and 51.2 percent, respectively, i in one
experiment. This indicates that, for a roughage, the nutnents are, satrsfactorﬂy
available to rumijnants. : - :

In Southeast Asia, some nonruminant ammals are fed rations contammg
water hyacinth (see illustration page 59). In China, pig farmers boil chopped
- water hyacinth with vegetable wastes, rice bran, copra cake, and salt to make
~ a suitable feed. In Malaysia, fresh water hyacmth is cooked with rice bran and
fish meal and mixed with copra meal as feed for pigs, ducks, and pond fish.
Similar practices are much used in lndonesm the Philippines, and Thailand.*

Despite these promising beginnings, many attempts to feed aquatic plants
to animals have failed.T The fmlure is apparently due to two features—the .-
high moisture content of aquatic weeds-and their high mineral content. For
_success, . any program to utilize aquatxc plants must overcome these two
“difficulties.t . S0 N\

Moisture Content

In their: fresh state, most problem aquanc weeds are as much as 95 percent
) moisture. The high moisture content and consequcnt bulkiness makes aquatic
" weeds cumbersome, expensive to transport and unposslble to store without
mold forming, ** - x Lk

In order to makeammal feeds from the huge quanuties of aquatnc weeds
that occur in many- wuntrnes methods for reducing fhe moi,, ure content -
must be uséd. These are discussed in Chapter 9. Several approaches are known ar
for makmg feedstuffs from dewatered aquanc plants ‘

PR

‘e Weeds, partially dewatered by choppmg and pressmg,, -
duectly to livestock. Surpnsmgly, tl'us has seldom been trled in developmg /
l

feoy a

- *Anuwar bin Mahmud 1967 Hora. 1951 and Villadohd and Bunag, 1953 (See Sclect' da
Readings.) ,' ,

+See, for example, Hosain, 1959; and Loosh et al. 1954 (S%e Selected Readmgs)
IPanel member D. .D. Culley reports that he has found that swme readlly ea
duckweed . . , -

¢




and swine uould use parnally dewatered aquanc weeds in thetr diets when
forage or other ‘nourishment was not readily available. This is particularly
_likely during dry seasons in such countries as Sudan and Bangladesh. -

. Partmll\« dewatered weeds can be sun-dried to hay. Rapld spoﬂage” :
-makes this du‘iicult to do in the humid troplcs but it appears a promlsmgw -

technique for less humid climates.

o Partially dewatered weeds can be fuirther dned using hot air to yielda

“stable product that will not mold when stored. It can also be ground into a
meal or pelleted for bulk handlmg -This. energy-mtenswe method is hkely to
be of little value in developing countries.

* Partially dewatered aquatic weeds can be ensiled. In this process the |

weeds are preserved by organic acids produced in fermentatlon The weeds

are. placed in a silo, and the naturally occurring ‘bacteria ferment the plant

"eomponents to produce lactic acid and other organic acids. This process takes
about 20 days. Ex

readily accepted by cattle and sheep. The first large-scale production of water

hyacinth silage %CUIYEd in Flarida in 1972. It was made in barrel-smed sﬂos

i a full-sized tower s\do and in-stacks piled on the bank of a waterway No

. fundamental problem# were encountered. For successful énsiling, the mois-

ture content of the mgtenal must be less than 80 percentmotherwme it turns

hqu;d and foul- smellmg But water hyacinth silage can be made successfully
using material with an 85-90 percent moisture content— thse hyacinth fiber .

sive experiments in Florida have shown that pressed-
water hyacinth produ{:‘e‘s a palatable, digestible, and nutritious si]a)gc that is

retains water remarkably well; water docs not separate to cause anaerobnc

conditions. , : .
N hnsﬂmg aquatic weeds could become parti ”ularly 1mp0rtamt m humnd
: tropacal and subtrop:cal ;eg:ons where it is dlfﬂ na

possi
built on moﬁt s;tes : )
, advanlagf:ous location for a sﬂo mJght be m:ar a lago:én where water hya,"
, "for other aquatm plants are grown to remove poﬂ‘utants from wastewater (se¢
/ Chapter 14). 4 . -
[ e ~Aquatic weeds can be preserved by adding co,.,,,,;_ﬁl ercially avyaila
preservatives to the silage. Preservatives contain i
formic acids apphed under carefully supemsed co_,, diti
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growing on audrient-rich wate

‘quantities of such aquatic plants is thought to be the overabundance of these

" Traces of pesti udes have b&en found - in samples of aquatlc plants*

~diets or being handled by’ man

SER MAKING AQUATIC WEEDS USEFUL

ake much better feed than dwarfed water
ve long roots encrusted with silt and carbon-

I*m..mm plants, w hich usually
ate deposits. \ '
Even the nuneral content in the plant itself affects its feed value, In
experimentis in’ Florida, the mineral contents of six aquatic weeds (including
watar hvacinth and hydrilla) ‘
nagnesiua. copoer, zinc, an
concentrations a5 they dre i
tiunes -tughet, -iron—4=19 tim 'hlgher any potassxum 3-6 times thher
Calcium was also higher.* Part of the reason why aimals refuse to eat farge

nunerals—an animal getting o 10-20 percent aquatic plants in its diet
would e receiving its full qulrement for these minerals. A mineral
rabatance may result if this level is exceeded. ’
The teed value of an aquatic weed is site- dependent the mineral content
reflects the dissolved .miner: the waterway. In general, however, while
aquatic weeds can be used tosu plement ammal fee;ds they cannot comprise
the entire diet because of the mineral content, - : :

=

Limitations

consequently, the plants must be tested for pesticide residues before being
piocessed into animal feed. Residues are not hkely to cause a pmble:
the plants had been chemically
growing in an agricultural
cides.
Canals and watqrways tha
waste may contain pathogeni
waters should be sc

Success in ensiling depends on achieving successful fermentation. Most
plants must first be chopped packed firmly into a silo or stack. Then in
order that fefmentation proceed : “

~QUAntity 107 the mic Croorgani:

- the plants as they are placed

carbohydrate, and feed ingred

content may require the
industrial mill by-productts

o t
>

“Information supplied by R. L.




“preliminary dewatering, greatly simplifying the process.

‘for those that have.

“aquatic plants should be- determined. Their effectiv

ey
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molasses have been added to water hyacinth pressed. residue as sources of «
carbohydrate and absorbent. By-products of the rice, grain, “and sugarcane

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

Reseaurch Needs

Nutritional tmesuzauons of all aquatic pldms having potentml as ammal feeds ,
should be initiated. Priority mhould be given to the ﬂoatmg pldnts that may be =TI
consumed in their natural state, such as duckweed grazed by geese and water . ,
hyacinth leaves grazed by ruminants (see Chapters 5 and 6). Studles ofs
nutrient content and digestibility should be accompanied by engineering - S
studies to develop Supenor harvesting and processing methods (see Chapters 7 L
and 8) that produce nutritious, palatable digestible feedstuffs. :

The quantities of inorganic minerals in aquatic plants need to be measured
and exploratory projects launched to test the use of aquatic plants as sources g
of supplementary minerals in animal diets. Research is needed on the - 4‘,@
digestion, absorption, and metabolism of these minerals by var:ogs species of

- domestic animals and fish. These medsuremems should be mac‘on different -

pdﬁb of the plants, for example on the leaves and on the roots of water e

~ hyacinth, because it may be best to use them s&pdrately, if ‘the mmerdL

content varies widely
Research is meded on methods of ensiling dqudm plants with mdxgeno s
materials that provide carbohydrates for fermentation, If highly dbsorbeD
additives could be found, water hyacinth might be used for sdage without any
Nitrate, cyanide, oxalate, tannin, and dicoumarin concentratnons should be
investigated in plants that have not yct bcen tested and i in new water sourues 5

Thé amino acid compesition 4nd céll wall wb tem of

various farm animals and fish should be evaluated. The
wall content’ should be checked for seasonal changes
fertility of the water in which the plants are grown; :

Almost all the research on feeding aquatic plants to animals has focussed"f L
on available weeds. Many of these are not good animal feeds, and a promlslng e

-research avenue is to test the aquaculture of aquatic plants selectedr

;igjven by D. W. LeMare (see Selected Readmgs) He des;};gs how ” in t’he .

1950s, businessmen near Penang (Malaysxa) developed an intensive farrmngt,

~system that lagooned all animal manure’ and grew water spinach [pomoea .

P

aquatica in the nutnent nch waters (see ﬁlustrauons page 174)
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Wzmr spinach can be used as ammaj feed dlreet,jy w1thou1t dewatermg or
ensxl1ng-mdeed it can be used as a green vegetab]e for humans (see Chapter i

MAKING AQUATIC WEEDS USEFUL . -

O e

- 14). 1t also. makes godd food for herbworous hsh (such as those descnbed in

- Chapters 1 and 2). ~ i
Other edible plants desuxbed in Chapter }4 may also make useful aquatlc
crops for animal feed, but local species should always be sought: aquatic

‘ p{ams should not be introduced into new areas. The risk of . thezr becommg .

weeds is too gregt/ . L vy

S i
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’ and swamps the world over, often meedmg agrruiture ﬁshmg, ,recreatxo - ;

wildlife, and navigation. For decades thesé ‘weeds have wﬁhstood destructlon bl
_by fire, ‘machines, or chemicals. Reeds, bulrushes, cattails, and papyrus———
usudlly grow in pare stands and have been harvested for centuries for food |
.and fiber. As synthetic. materials become increasingly expenswé in the future

thesg aquatic plants may be used for those purposes agam

l il -

© Y

T Common et

reed Phragmltes communis. More than 60 percent of the huge ( ,
delta of the ‘Danube River is covered in Phragmztes In 1956 the govemment
began to farm and use it, and now the reed beds are carefully managed and
their productivity improved. | .

The reeds are harvested, stored, and tranSported with machmery and
techmques designed specxally for the marshy ;emun by the ' '
Insm ite, at;Tchea

economy ] .
ve stands of Phragmztes commums grow N




"Harvested stems of the cotmmon reed awaiting hauling by barges to the celiulose -
processing plant in Braila, Romania. Annually; approximmately—126;000 torsotdry reed
is harvested and processed yielding 80,000 tons of dfy pulp. In Euxope, reeds have been
harvested for centuries to provide tof thatch an.d other construction”materials. (A. A,
de la Cruz) : A

N

The Romanian system of reed farming is based on-the reed's
production cycle, The reeds are harvested in winter after they‘ha e shed most'-
of their leaves. Then without further attention (eg., plowing, fertilization; or..
chemical treatment) they are - leff to oW ‘back naturally from their
underground cthizomes dyring the spring and summer, At present, only
12,500 ha of 190,000 ha reedlands i is harvested each year. E ’ |
An elaborate gath«erm,g and transportatxon system is mamt,:'
“includes three types of harvesters (tractors for harves
for harvesting swampy areas, and floatable ball
- harvesting floating islands), floating quarters for crew, and fle
 The air-dried reed reportedly yjelds 60 percent of unbleached ulp.
~ Braila factory pays $85 per tm for raw reeds—'»fugh by world ¢ standards,
reﬂectmg the govemmentf’ s partial subsidy of the project. Most of the reed =
pulp is mixed with wood pulp to mcrease the tear strength and the denmy of
the paper that is made from it ' , ;
The common reed can produc*e many other products For centunes 1t has
be Hseﬂim n ,fts thatching, fm&,Mmdmm_t
still used in basket work; ;|as :
as mouthpieces  for musical i . Al
tender pMfis reportedly are use salads in [ndochma and
(Kirgiz’?‘gvince). The gha’dm tribe or “marsh Arabs”
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construct houses out of Phrégmifes. They feed the young ‘tegder shoots'to. ™
catdde. . : e R
Reportedly Phragmires is m.h in pentosan sugars and can be used to ‘
- produce furfural (nodes and sheaths yield 6.6 percent, and the underground

jagts over 13 gethem) which is tmportemt for making compressed fiberboard D
Tor house mnstruumn PhragniiTes TiaTshes Ca” gmwwmwmﬂ%w Mm

-~ the-plifit-is Fportant a8 ¥ new-method-for-treating-sewage-and. wastewater
(see Chapter 13). 7 | | feae

Caﬂali ISR ﬁ i e e S ;ﬁr—-_ﬂ. ‘

- Catiails are weeds that present Serjous problems. Fast growing, thé)/l invade
new waterways and must be rigorously controlled. They invade rice fields,
other- ungated agricultural lands, farm ponds, lakes, and canals. The Aztecs »
used them as man-made islands in Mexican {akes and swamps. (The stems ,
were cut and arranged to. torm 7htige carpets aver the ) m\Td‘ncf*’oﬂ heapedﬁﬂ \‘
top to form a garden.) ' Tl
Botanically, cattails are species of prha Jnd sevefdl specxes d1ffermg little
in physical characters are found in fresh and brackjsh shallow waters all over
the world. Of all wild plants, uattmls have been called the most useful .
emergency food source; aditionaily they have been mrportant»fe@ds to
native peoples. The rootlike rhxzomcs contain a firm core that is eaten raw, :
roasted, or boiled. It is pungent, fibrous, and rich in an edible starch, whlch ,
can be separated from the fiber as a ﬂour It is said to contain as much
protein as corn or rice Yand more carbohydmte than potato; one hectare of
~ cattails can yiejd .over 7,000 kg of rhizomes. In times of food scarcity, several
nations. hawe eonsuiered c:attml ThlZOITICS a source x)f starch and the seeds a

samds 0rasa grmn vegetable even the yelJow pOlJen is edlble ' o,
' Puhap{» the mtta:ls gmatest emnomm potemml however 15 as 8 source
wasteiands too wet for other purposes “ Little is known of its pulpmg
characteristics or the quality of its pulp, ‘but cattail stems and leaves seem
suitable for paper-making. A set of'books pubhshed’ in 1765 containing pages
of cattail paper is still extant; in 1853, considerzble ﬁmounts of cattail paper
_were made in New York. Cattzul paper is faxrly strong but difficult to bleach.
. Bleaching would fiot be essentiat; oy or preduction o pping paper
 ouir supply of which-is dnnunsfungd»&e%wshortage oﬁﬂrwmaftenals Cattml
leaves yield a soft fiber that has been used in mats, baskets chair seats, and
.0ther woven articles. Because they swell when wet the leaves are reportedly
good for caulking cracks in houses, barrels, and boats A sarnple of the ﬂber -




~_plant will absorb nutrients from wastewaters (see Chapter. 13), and Lattdll
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| was displayed at the Amsterdam Exposition in. 1876. At that time a French g
company -was formed to manufacture textiles from it. There was much en- o
thusiasm for cattail leaf fiber in Germany and in Romama durmg World War l s/
and in Russia in the early 1950s. . : e |
In 1948, French scientists developed methods for harvestmg cattaﬂ leaves . |
S S t%%ié__penswe Today. however, with an agticipateds G
0, “research - tos reduce the cost of harvestmg cattalls seems § /
— warranted. There are Bnnsﬁpatemson chemicat-and mechanical: means of <
extracting cattail hber and a German patent on a meehamcanr‘ocess Stems‘ﬁ,;“\_
and leaves together can be chemically treated with sodium hydroxide to T
obtain fibers 2-4. m long, cMMwmbMWrﬁewﬂﬁox fiber is 30-40 7~ :
percent and one species, Tvpha glauca can- produce 7-10 tons per hectare f
annually . . : f
Recent studies in Mexico show that- woven cathul leaves coated w1th
plastic resins have potenual as place mats, buﬁﬁgmdmg, and root tiles. The
‘resulting product i$ said to be at least as strong as fiberglass.* The cattm oa

sldnds could serve for effluent disposal whﬂe providing a sourCe ot cellulose
pu!p for industry.

v“’“‘\)v

Paapy rus

The p:lpyrus reeds (yperus papyrus and Cyperus annquorum fOrm vasi stands o
in swamps, in shallow lakes, and along stream.banks throughout/ Africa,

- Cultivated in ancient times in the Egyptian Nile delta, papyrus gave its naime
to the wntmg ma‘tenal paper, made from its stem. In<use by 3500 BC
fragments of papyrus sheets dated 4,600 years ago have been found Papyms' '

. documents have greatly wntrlbuted to our unders:andmg Of classncal
literature, ancient religion and t iging and .

e rpressed so the gluelike sap cemented them together, and dried )nto a sheet

‘ ‘“M opes ‘a‘nﬁ ba’skers ‘wove nets an&*anvaffor‘bm saﬂs tsfan_"

“In order to make thelr W
. Coverings off -papyrus stem, ar
—side by s&éefwuh Uthers‘plawd erosswm on top, the slrxps W,

. From the outer fibrous parts of the papyrus stem the /Egyptlans made

Thf: admmxstrauon of the Roman Emplre depended on pap /rus the

FUCES mﬂedafﬂéepead@ er. Pape p(amat
‘on a wire screen from a water suspensxon) came in
years ago, bm’” took ,the name of thc hal,_ffk

='M»ex1co 4 D F o Mexxeo
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. PAPER, AND FIBER!

——Traditional boat_made of reeds, Bolrvm (lmernauonul C‘enter tor Aq aculturc Auburn
L‘nnersrt} ) iz

Today the papyrus plant is considered a‘ﬂscourge jomething to be .
—— - destroyed. In some-African waters (for example Lake Victoria, the White
' Nile, the Congo, and the Okavango swamp) large clumps de ach from the land
and form floating.islands that juggernaut around, obstructing navigation and ,

water flow. Kisumu Harbour on Lake Victoria, Kenya, is “onstantly plagued»

with floating papyrus islands. (See p. 7.) , j i
- Harvesting papyrus for commercial use is seldomy/\ if ever serio’Usly; :
considered today. Yet, with a growing world shortage of pulp and paper,

research could perhaps turn bacK the clock and make papyrus a valudble ,
~respurce for Africa once more. Uganda for exampie ha dbout 6 SOO km? of -
permanent-swamp, -much oi‘ ‘conomic
explmtauon of this ecosystem has generdted much o "ntroversy wrth some
proposmc tp drain it and raise cattle or pond fish; ang others proposrng to» S
leave it in its-natural condition and crop the fish and p pyrus that grow there . - -
naturallyﬁ ,,,,,,,,,,,,,,,,, ~

\ro be removed. The pith contnbutes no stre ngth to t,h'e 'papb ye’t i
‘uses up pulpmg chémicals. and makes the washmg d forming of the paper -

‘\

*These ase detarled in a generally pessrmlstrc report by S_teenberg., (See Selected
Readings. ). . .
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ilippines water hyacinth petioles (leaf
blade (lamina) is cut off and the stem

stalks) are woven into baskets and pu:ses
ﬂ\un&, up to‘dry

I3

ﬁfuh Depithing is therefore a. k 'y techmcal _problem in papyrus
zation. On the other hand, the pith isjnot a pfoblem in making hardboard
any because it is rich in hemicellulose, m: ly have commercial value itself. - ‘
'Though shorter than those of softwpods, papyrus fibers are about the,"‘
ne length as eucalyptus wood fibers, ;Whlch are used in papermakmg in’
A/ stralia. The pulp can be used as thel main constituent in writing and
p,hntmg papers but not for wrapping papers bec: of its strent ,
zxayor pulping chemicals all suuesstully pulp papyrus, and becduse the stems
ave no nodes (unlike straw, bamboo, qr reeds), -the pulp is free of hard
articles. Even rayon-grade pulp has been produced The pulp can be
/bleached using conditions like those used w1th nce straw.

B

¢ I3

: of pulp and paper, andD
some successes have- mdeed been reported,’ How ver, at the University of
Florida, exhaustive attempts to make: paper usi ny _dlfferent pulpmg,T\




@

. College of  Agricuiture, Baybay, Leyte, Phlhppm%) (D. L Plucknctt and N ‘D

. The dmd petioles make toug,h rcsshem produtts that are soft to the 13 ,
pmduman has begun only recently, the demand -is now outpacing ‘the supplyiof
hyacinth. (Information. stpplied by Department of Home Economics, V:ﬁ.nyas, uit'e.:

Vietmeyer) , o 1

- - . Lan

conditions, have talled * Mmsture clmgs to the fiber am{;{the*pqlp cannot be ' -

drained or dewatered by the usual papermakmg rollers. Water hyacinth does -

not therefore look promising as an iimediate source of pulp - '
\’iat msh or “soft rush (Jumus ejfusuws) t’lounshes in shallow pools

wethmd crop in ]mwan (hma Korea, and Japan lt is known to have bem*
©ogrown in Japar: as e:arly as the 19th century AD.In 1970, the: Japanese
harvest arﬁounted to 120 mﬂ/on. kg of the dried stems, hlch are; used for ;
floormatting. =~ J e S e
The-textile screwpme Pandanus tectonus forms dense thicketson the
borders of lagoons and- rivers in. Southeast ‘Asia and the Pacific Is}ands
Clumps occasionally break off and ﬁ'oﬁt to other shares. The leaves are used
for weaving mats, sacks, hats and baskets. These prodﬂcts easﬂy cleaned by
washing-in-the ses

revenue for the people of Oceama

*Infosmation supphed by W2 J. ‘Nolan. ‘

2 B
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PULP, PAPER, AND FIBER - S

- Water Hyamﬂth e -

Bagnall, L. O., T. deS. Furman, J. F: Hentges,W J Nolan am:LR L. Sh,u'ley 1974 Feed o ,
and fiber from effluent-grown water hyacinth. ln Wastewater Useﬁn#he Production e
. . . of Fbod and Fiber-Proceedings. Environmental Protection Agency Technology e
" Series  EPA-660/2-74-041.- National Teuhm&al lntormauon bemu = Spnngﬁeld
Virginia 22161, USA. ' :
Q

wwwwwwwwwwww _ ®
Mat Rush © ., o e 5
k Hanad, Y. 1974, M.u rush growing in Japan. World Crops 26:122-6. .
Textile Screwpine . SRR : " : S .
- Burkill, I. H. 1935. Dicrionary of the Ecénomzc Products of the Malay Penmsula. Crown .

Agents for the Colonies, London. 2402 pp.
Degener, O. 1945, Plants of Hawail National Park.. Pubhshed by the author New York
Botanical (,nmiw Bronx Park, New York 314 pp.” - :

Research Caomactx . " R : e o

CI«:mmn memty Clermcm South Carolina 29631, USA (T. V. Wllwn)
Danuba Deltd Institute, Tulcea, Rumania (V. Stinuci, Director).
Department of Agriculture Ingmccnng, University ul Wmonsm, Madxson Wm.onsm
53706, USA (H. D: Bruhnj © .
‘Department of Agmnomy, University - of Florida, Gainesville, Flonida 326[1 USA (F: le o
' Grand)
Uepartmcm of Papcr leuhnology, Royal lnsmute of 1e<,hnology, S—lOO 44 Stockholm -
70, Sweden :
“Department of Zoology, Mississippi State Umvcmty, PO Drawer 4 anssxppx State
Mississippi 39762, USA (A. dela:Cruz) =
Morton Collectanea, University of anm1 Box 248106 Cgml bables"‘Flonda 3\7724
-~ USA (J Monon) e : ; .
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" and Space Administration (NASA) are workmg on convertmg water hyacmth

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

‘weeds within their bordess tms potentxal energy-,source dewrves further

L\A

Water hyacinth might one day provide a new.source of energy.* In a
pioneering effort of great significance, researchers at the Natlonal Aeronautics

and other aquauu WECQS inio. & DlUgdS rlCﬂ in meumne Metnane is U’le main

The recovery of fuel from aquatic weeds even 1f on a small sca]e has
igteresting implications, especially for rural areas in developmg coun es. A
many dev@l@ping nations have an apparently inexhaustible supply of a_qt‘iatxc .
research aﬂdiestm e : e

Aquatic weeds are Lonverted 10 biogas by capxtahmng upon one of natum s
processes for decomposing wasteswdecay by anaerobic bac v'nakMe“lhane-
producing bactcna are common in nature (for m tance, |
bottom mud of swamps, where they produce bubbles of metha
““marsh gas”). If they are cultured on water hyacinth in a tank, seale

.out all air, they produce a biogas composed of about 70 percent methane and

)

30 percent carbon dioxide.t ‘ : -
The hlgh moisture content of aquatxc weeds is an advantage m thlS ‘




equxpmcm the carbon dloxxde must be removed and—unless producnon s
large—it may not be practical to use biogas as a fuel for engines. y
Although anaerobic dlgesnon has been used for about 70 years to 7
transform sludgg\ in sewage - treatment ' plants, it is attractmg increased
atténtion and ‘reséarch activity today. Several thousand digesters (air-tight
tanks that permit the growth 0f anaerobic. bactena) are in operation around
the. world, notably in India, -China, Taiwan, and Korea, These, however,
process animal manure of human wastes mixed ‘with vegetable waste. It s
little known that thhout any :uumal manure; aquanc weeds can be digested -
to methaneg., . f 2 : : :
Methane-producing bactena must be nurtured they require such nutnents
-~ as nitrogen, pbtassium; and phosphorus. The work gt*N ASA has shown that
water hyacinths provide these elements in the quantltles and pr0port10ns'
adequate for good growth of the bacteria and for go‘od gas production, -
The production of biogas removes carbon from the férment, but there is
little loss of the other elements. These remain as a liquid sludge that is itself
an organic fertilizer and soil conditioner equivalent to compost (see Chapter 9)
As the need worldwxdc for fert;lu.e,r and the wsts of mm‘gamc fertlluers m— ~

Limitations® -
* Fermenting aquatic weeds to methane may be accomplished without
" dewatenng, but the weeds usually have to be chopped or crushed to make
them more avmlable for bactenal ‘attack. Alth gh‘s:mple cheap equxpment’ .

V oxygen gone anaerobxc bactena ,akc over, but blogas;

‘ substannal amﬂunt of carbon dioxide, a nonflamm




UL

npergiure: xmum pmduutmn occurs ‘at 36 C. In temperate
regmm some heating may be needed but gemraﬂv in dxmates that foster

c.weed growth the optmwm temperatures can be reached, €Specmlly i
the dme;ter n in ' u :

bmt Lugkﬂv most aquam weeds are in thxs mnge

Mixing: For maximum gas producuon the ferment must be st}rred or
ammted at least twice daﬂy to break up surface scum.

Szafe« (L
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Acidity: Dunnsz digestion, acids can auumulate and suppress the bdctena
sometimes lime or other alkali may be needed to neutrahze them.

5

Biogas must de handled carefilly: Methane mixed with air is explosive. ™ -

So far there have been no assessments of economic feasibility of usmg

~»aquau<. W eeds in a. biogas generator ‘that are. relevzmt to developing ‘country
situations.

Research Needs V o .
The conversion of aquatic weeds to biogas has been tried m'ohly a few
laboratories. It is- nmew and largely untested under conditions usually
encountered in developing couatries, but the results’ are potentially so
important that process engineers should test out the system in weed-infested
developinig countries worldwide. Some particularly relevant locations appear
to be the People’s Republic of China, the Republic of China, the Philippines,
Thatland, Malaysia, Banglédesh,y India, Sri Lanka, Sudan, Zaire; Zambia,
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 i
Plants such as duckweed, water milfoil, hydrilla, alligator weed, and algae

. have shown initial promise as feedstocks for methane- producmg bacteria, butfj

research still needs to be done to learn their true value. i

Much resemh is needed to reduce the fermematmn time and to optlrruze'
yields. - : \ Ao 1
It is recommended that englneers de31gn a small- 51zed water hyacmth
digester specifically for wndespread use in developing. countnes Such ai esign
shoguld , Sy L LA T

» use a maximum of mﬂtermls mdlgenous to devel@pmg countnes
o require only simple mmntenance s .

» be cheap and easily constructed;. L : o f
o he safe and foolproof to operate fo o

deveiopmg country sxtuanons are: also mded 5 o

# B : 7

Sdecmdﬂeadmgs - e
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Campost Seience: Jownal of Waste Recyclmg Pubhshed bunonthly Rodale Press lnc., .
Emmaus, Pezmsy{vama 18049 USA. ( Often contams artlcles on methane gencranon.k ,
Nontechmical, instyle) =~ G S A




112 - g . MAKING AQUATIC WEEDS;USEFUL '

Golueke, C. G., and Oswald, W. J. 1963. Power from solar- energy. via algae-produced

methane. Solar Eriergy 1{3):836-92.
© Jewell, W. J_ ed, 1975. Energy. Agriculture and Waste Managemenl Ann Arbor Science
Publishers Inc., P.O. Box 1425, Ann Arbor, Michigan 48106, USA. [Price: $22.50]

National Academy of Sciences. In preparation. Methane Generanon ‘from Human, Ani-
mal, and Agricultural Wastes (working title). Board on Science and Technology for
‘International Development. (For ordering information, see page 175.)

New Alchemy Institute-West. 1974. Methane power, pp. 137-76. In Producing Your
Own Power. Rodale Press, Inc., Emmaus, Pennsylvania 18049, USA,

Oswald, W. Ja and C. G. Golueke. 1960. Biological transformation of solar energy
Advances in Applied MIcrobmlogy 2:223-62.

Pohland, F. G., and S. Ghosh. 1971. Developments in anaerobxc stabilization of orgamc
wastes— two-phase concept. Environmental Letters 1(4):255-66.

Shadduck, G., and J. A. Moore: 1975. The Anaerobic Digestion of Livestock Wastes to
Produce Merhane 1946-June 1975. A Blbllogmphy with Abstracts. University of
Minnesota. [Copies available from J. A. Moore, Agriculture Engineering Department,
University of Minnesota, St. Paul, Minnesota 55108, USA. Price $2.00}

Singh, R. B. 1972, Generating methane from organic wastes, Compost Sczence
13(1):20-5.

Singh, R, B. 1972. Building a bio-gas plant. CompostScwnce 13(2):12-16:

_Sinha, S. N., and L. P. Sinha. 1969., Studies on use of water hyacinth culture in

oxidation ponds treating digested sugar wastes and effluent of septic tank.
Environmenial Health 11:197-207.

Wulverton, B. €, and R.C. McDonald. WDont waste, Waterweedx New Sc:enrlst
71(1013):318-320.

Wolverton, B. C., R: C. McDonald and J. Gordon. 1975. 810-conveman of Water - -

Hyacinths into Methane Gas: Part 1, NASA Technical Memorandum, Tm-X-72725.
[Copies available from National Space Technology Labaoratories, Bay' St. Loms,
Mrssissippi 39520, USA.]

b

Research Contacts

&+ Wation, National Space Technology Labomtoxies, Bay St. Loms. Mississippi 39520
USA (B. C. Wolverton-and R.C McDonald)

Many organizations in developing countries are cxperimentinz with methane seneratau\
that use human, animal, and vegetable wastes. Check with your loéal univor:ity or
agriculture department to obtain local information, «

]
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© 13 Wgastewater Treatment
~ - . Using Aquatic Weeds

Raw sewage contains tomptex organic and morgumc mdtei:mls mcludmg
proteins, urea, amines, cellulose, fats, carbohydrates, and soaps‘ It biological
\ sewage treatment facilities bacteria, fungi, zooplankton, and algae degrade -
 and uSe these complex materials, resulting in an effluent rich in nltrogen
p@tassmm phosphorus. and other elements. 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 tor an xmproved environment make bctter djs -
mandatory. ‘ Lo '
Recently, researchers have discovered that, some uc’{tmt’ic ’\?'!eds can
scavenge  inorganic, gnd some organic, compounds from water; The weeds
absorb and incorporate the dissolved materials into their own structure.
Effluent refovated by the plants. is stnpped of its pollutants dnd when
reteased into waterways, causes less ermmnmgntdl damage The pldnt culture

/ produt.e , in most sttuauons 5u1tabt,e for re-use in’ urlganon md mdustry
(See a,companion NAS report More Water for Arid Lands, cited on page
172.)-Furthermore, the plants themselves can bg hdrvested and used, thus
providing additional benefit.: The techmque can also be used tor treatmg
mmm! manure and other tdrm wastea

s sewage treatmaent t‘acﬂxttes——are nutnents often needed in agnculture The
~ first two are the primary ingredients in fertilizer, which. today costs

~, developing countries increasing amounts of precious foreign exchange to
B :mport Fertxhzver manufacture is energy mtenswe ‘and~thus mcreasmgly
-+ expensive. ‘For many rural” farmers the price. of the- foreign’ product is .
prohibitive. Aquatic plants promise to provide an lndgenous source of cheap
fernhzer and soil” COﬂdlthﬂCr avmlable within. the mral reglons that needat/
most. : S -
T}us fertilizer recovery method is sf1 le_to caj Ty outvz Was
is ted 16 shallow ponds planted with a'W A eeds 'I‘he resul an

wi

e :
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that the water purification bewmes a.continual process. Altematlvely, the
plants may be allowed to grow for an entire-season and then harvested— -
perhaps 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 raw
't sgwage or raw farm wastes but they should first be lagooned or diluted.* -
- /Wastes from households and food processing (sugar, pmeapple citrus, potato
fish, etc.) can be purified by this process too. y
In addition, aquauc ‘weeds can be used to pamally stnp traces of e
potentially harmful,” or “odorous, agents from ‘drinking water including .
cadmium, nickel, mercury, phenol, and . potential carcmogqns 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 sxlver
gold, and othes precxous metals from ore-refining wastewaters.” - L
“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 weeds. In
~a sense the planis are an agﬁc‘uhﬁifcroputﬁxzmmhr enmergy and-growing- —
on the nutrients in the wastewater. The harvested plants can be used as
described elsewhere in this report to feed herbivorous fish, waterfow), cattle, :
and swine (and perhaps goats and rabbits, too), or to prov;de raw material ‘for o
¢ making prowssed ammal feed, soll addmvcs methane gas and ! other
products o o . : i
_ Not all aquatic plants are equally adapted for growmg on wastewaters '
o Many of those that seem to grow bést are common weeds, for example, the -
e _common reed Phragmites communis, bulrush Scirpus lacustris, water” hya-
cinth,” duckweeds- (Lemna spp. and Spirodela spp.), forms of elodea (Elodea |
canadenm etc.), Egena densa hydnna*and Ce[ato ) ‘

Watef Hyacinth Method .. L

- The vigor that makes it one of the world s worst weeds appears to make the
: %tﬂ—hyaemth ideal fer~water~ treatrmnt *Several research groups in the

*See: Qﬂzwa;,wfl? -------- and B Wmer 1966 (Reaned 1970),3"“"3 . Ha800ls Jol
Developing” Countries. Department of Housing and Urban Development (Washing
. b.C WALL@QM Methods Exchange #62 35 pp




Lzmormd md then pumped into a serws s of ch:mncls (shown “here). The sﬂit:opncal"“ ’
climate and rich nutrients in’ the wastewater produce huge crops-of water hyacmth
biomass. Designed to help the water Hyacinth extract the maximup quantities of
nutrients, the 1-m deep channels also facilitate’harvest of the plants. Once harvested, the
vegelation is processed Into animal feed (see Chaptcr 10) fuel, and fertilizer (sce Chap—
ter 1231 ‘\’auonﬂSgau rf"mmtogytabvfamﬁﬁ} e

tories. (a WUS. govemment facility Operated by NASA). The Umversxty of‘
Florida and the Texas State Department of Health Resources are also treating
sewage with water hyacinth on an expenméntal basis. During warm weather
in these Subtropical southern statés, water hyacinth can incredse at a
phenomzenal rate of 15 percent surface-area per day, Atsthis rate 20-40 tons
of wet water hyacinth could be harvested per hectare pér day, removing, the
nitrogenous waste of over 2,000 people and the phosphorous waste of over‘

800 peoaple.* ) - ,5_’
- Under " ideal conditions wuer hyacinth has. recovered ‘the fol]owmg
elemems ’

El Loa . H S R

=

* Information supph«ed by B . Wolvertouvt

Element kg/ha/day) - . i
e . Nitrogem - _ 2044 Bk |
R v Phosphorus TEITTEEI e e
, "Potassium " 22-44. ; PR, =
o Calcium 11-22 o -
Ma smm‘ : 24 ?' """"" R e e
, Sodium_ - ,13-34 ' .

Amount Recovered
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Watejr hy A»uuhthas ﬁoubled Ln areq every 6 T days dunng the growmg /
season in Ftonda (Mareh—November) When sewage was passed through a
~ pond at a rate of 2 rmlhon liters pex ha per day (200, 000. gallons per acre/
. per day)* water hyacmth growmg in the pond removed 80 percent of th
nitrogenous. compounds. amfl 40 percent of the phosphorous eompounds in Z
days. . Y

Water hyacinth eulture removes algae and fecal bacterm greatly e}
suspended mattér, and removes odor«:ausmgcompounds Reportedtyrthe
sultant effluent| is clear, odorless, and contains little nitrogen; some p,fos-
_ phorus remains t&eeause it is removed more slowly than nitrogen. Part o the i
" unprovement in water quahtv is caused only mdlrectly Ry the water hyac th:

‘zoopiankton) that feed on bactena and it shades the lagoon and reduces
wind and wave actlo thus belpmg suspended matter to Settle out.

B -

£

e

Ememm{ammmbd = Lol ,' E /

TR e s

water treatment process thdt uses reeds and bquushes to pumy the water.
The untreated wastewater first passes through a bed of gravel topped with
sand~in which common reed is planteda The reeds quickly grow/to be 2-4 m.

“tall"and spread their roots through the graveIWVdstewater 15 SJp,em\re_r the
surface of the bed, and solid particles are trapped on the sand as the water
_percolates downward Dissolved orgamc and inorganic matenal /is absorbed by
the reeds or decomposed by the mlcroorgamsms in the gravel. Since: leaves,

stems, and roots of the common reed have air passage?m hem, oxygen is  ~“~ -

transported down through the plants and outward from the roots to the soil

to supp»iy, the massive needs of the ,mreroor,gamsms By greatmg 4 route for o

sterm. Thezw roots md in drg , ung the sludge and slow the rate ot sludge
~build-up on the surface of the bed. ' C e
The water then flows to the site of the second stage of the proeess a
‘ gentiy slopmg bed of gravel planted w
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In Florida duckweed (Lemna spp.) is gxown on a scumge Lagoon Hoaung bamers

(lengths of plastic pxpa sealed-at the ends) are used to stop-the wind-from dispersing-the—
pLum A simple net is used to harvest the plants; about half the area within the barriers
s left unharvested each time. The plants grow back to fill lhe: 37:m’ area-within two

days. Yields have aversged the equivalent of over 1,200 kg/ha/day or over 60 kg of dry N
matter pet hectare per day. Grass carp-(see Chapter 1) grown in these lagoons to; feed on . / |
._the duckweed have produced | kg of fish flesh for every. 2 kg of weeds consumed. The . -~ 7"/*
potential for ralsing herbivorous animals on aquatic pl.mts in wastewater hgoonnsvery : S
great. (D, L. Sutton) S ‘ S e '
i 5 ;
4 i g } .

A similar system developed in the Netherlands dlSO ses long dltchcs
largely because- they can be maintained mechdmcally In" this System,,
however, no gravel is used, and the plants are rooted in the bottom soil. Th/e .
water flowing through the- pﬁnd is purified by rmcroorgdmsms the nutnentsk
dlSSOhfed in the wastewater are absorbed by the plants and by the
*microorganisms. It is believeéd that the plants function mamly by provndmg
attachmerrt sités for the mxcroorganlsms/that purify the sewage.* o

Under er Dutch cq, initial investment and the annual operatlng
LDStS for using. their aquatic piant t method are reported to be only a sixth and™——,
4 fourth of the equwalent costs for an act1vated slu ge plant with the same '

ca:pamty y_ i S T L S

*@ Jﬂqg 1973 (See Seleﬁted Readmgs_)
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;The water leavxng these unlts is eleg neutral (about pH 7), and will not q
exert 'an oxygen demand o «the reeemng waters, though it may: contam ¢ !
dissolved nitrogen and phosphorus ‘The reeds and! bulrushes are harvested. %
periodically. The trber of these pldnts is valuable (see Chapter 1. 3 \; '

Su:bmergad Plant Method

* «' . Submerged aquatic weeds can extraut nutnents from wastewater as well as
- floating and emergent plants but these plants grow well only in oxygenated
water and _therefore -cannot be L\rsed 1o treat wastewaters where microbial

dewmposmon can create anoxic condmons Instead, they are best used after .

. —~the orgamc wastes have been deco\mposed to soluble morgamc materials. At

this stage pathogens, parasites, and,; toxic substances have beer removed and a / .

“variety of herbivorous | /aquatic anunals are able to live. The grass carp /

: (Chapter 1), various herzhlvorous ﬁshes (Chapter 2), the crayﬁsh (Chapter 4),
—ar@ watesfowl (C hapter 5) are. examples To these animals, the submerged
weeds are a succulent food that they convert into meat more elﬁcrently than |
~ more fibrous plants like water hyacinth and reeds. Large-scale expenments in
Saritee, Ealifornia, have clemonstrated that fish harvested lrom such pond; are
“safe for human consumption.*,
Because they grow underwaler sxlbmerged weeds are drfﬁcult to harvesl
- mechanically; herbivorous animals act ag harvesters, but stockmg rates haon
be carefully balanced to avord deumatmg the weeds and reducmg therr o
‘j autrient-removing ability. o : L
- "Two submerged weeds of tropical and subtroprcal regxons that grow well in
: hegvxly fertilized water are hydrilla and Ceratophyllum demersum.

Dm:kwmd Method

ere thme wmer hyacm h duckwwds ﬂoat on Water and extract \

i

i v xofi’ the water surfaee They conuun less ﬁber than Water hyacmth and are
e readrly consumed by herbivorous ﬁsh poultry, ducks geese and otherj,

i et

““f—ainy rarm wastewater The harvested are:
' s‘xubmxtuteﬂ fm alfalfa in darryfzﬂfd swme ranons They hav 'thea, AIne. am\
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Limitations -~ - . : S B
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The use of aquatic weeds for wastewater. treatment is still experimental.

[ Euem for the emergent plant method, the techniques require shallow ponds

in which to grow the weeds; in some locations land for such a purpose may be

. . vpeehibitifely e\penme Lagoonmg “wastewaters is not universally acuepted‘
- safe for pubha health; however, lagoons have been used traditionally in A‘sla
_ and modem research has shown that, if carefully managed, they are safe zmd

perhaps more effective than conventlonal wastewater treatment for remov1t1g
pa[hocenn ba\term ‘parasitic-worm eggs, protozoa cysts and eggs, and heavy
metals. On the other-hand, if mismanaged, the lagoons can become ‘odorous
and mo;qmtomﬂed they can- seep zmd pollute groundwaters, and can tm] to
Kill pathogenic, bacteria.

In usm“"sm.h sewage treatment techmques there is potential hamrd from-
“pathogens, toxic heavy metals, and carcinogens. Care, quality. control, and
public health safety measures must be enforced. The role of aquatic weeds &
to remove inoerganic nutrients from treated wastewaters; they should not 1be
harvested and used if they have come in direct contact with raw sewage.

It used whf:re wastewaters contain pesticides, heavy ‘metals, or industrial
wastes, the pldnts must be disposed of safely. ln the NASA wastewaterv’*"

regalarly, the
e R RS
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. ‘ , DATE - " DATE, Yi -
Results from a test of using water ’ e "

hyacinth to purify wastewater from a pig
farm. The upper lines show the chemical
oxygen demand (COD), the total nitro-
gen, and the phosphate (PO4) added to
the pools in which the water hyacinth
 was gowing. The lower lines show the
amount of each pollutant remaining in
the water as it left the pools. In these
experiments water hyacinth stripped 78. ~
percent of the nitrogen and 72 percent
ol the phosphate {rom the manute-laden

PHOSPHATE
) TOTAL INPUT

QUANTITY GF FHOSPHATE, LBS. v0,
-
T

TOYAL OUTPUT

Lo . o ' L k
_ wastewater. (Information from J. R. WNE LY. AUGUST  SEPTEMBER
o Miner et ul, see Selected Readings, o DATE i
Courtesy of American Society of "Agri- _ ey
cultural Enginecrs) ' i ‘ e v

treatment project, water hyacinths containing 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 vegetaﬂondto absorb the nutrients dunng the residence time of thq water
" in the pond. ,
Slight turbulence in the water is necessary for a reasonable rate of nutrient
removal; in stanoznary water; nutrients in the top layers are depleted and
plant ,growth slows. Turbulence also unproves 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 condmons mlh& weed-filled” ot
: ' treatment ponds. For éxample, a float 3 ‘weed's \mat that completely covers ,?
- 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’.‘ ‘ '

 the water. By reguldtly harvesting the weeds and thys maintaining free water
surface, -or by stocking the plants on final’ effluent from 'previous water

Vo ,_ il
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WASTEWATER TREATMENT USING AQUATIC WEEDS

USTriS: nedr-- il
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treatment facilities (tlut is, saturated wuh oxygen dnd tree of matter that w1ll
absorb it from the water) dnaerobu, uondmons un be dvmded

Research Needs .

Aquatic weed wastewater treatments could make excellent research pl’OjCCtS
afofr blologlsts and samtary engm ers in devel fcounmes Therc is rnuch -

Res;arch is: needed to Optlmlze the des £n d‘manage-
. It's oul




The Bayan ‘Lepas Farm: near Pe , ,
combine pigeresring with fish-farming and vcgztable»gr&;wmg Mcan o t!us tensive
system i3 the - lagoon - stocked  with - herbivorous fish. (grass carp (¢ Chapter 1],

apm, s ver carp, and common |see d thh water
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. methods for harvesting, handlrng, and processmg the weeds efﬁuently and
profitably. , . f
Little research has been done on food production systems in which
‘animals can feed directly on the plants in_an integrated: olyculture. Some. -
animals that should be tried are herbivorous fish (see Chapters Ig,an& 2) L
freshwater clams, and ducks, geese, and swans (see Chapter 5) I{} addmon g e
- ‘ombinations of these animals with others that live on defFitus, zooplankton RN
molluscs, etc., are also well worth research; in combination they can. use all of e
the foods available in § wastewater lagoon. ~ :
It is likely that mosquitoes or other vectors that carry dlseases mdy use the :
weed-filled lagoons for breeding. In any given;area, studies should therefore I
" be conducted to determme the extent of this risk before the system is put
into wide-scale use. ’ :

e
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“Mi'\‘ 3 %ufxrs AT 1 @f@dd s tresh waters, but except tor rice, none’

13

has *”e §Pﬁ te subject”of concéntrated resedrch. Though a few aquatic plants

are »armed most are produced in native cultures by traditional methods.
Modern technology has seldom been applied to the cultivation of aquatic
plarits, a grossly neglected area of aquaculture: Fish, shellfish, and crustaceans

reLdne much attention WhllC the production oi edlble aquatic plants receives

‘-uw"’

";

\.mmH\ none.

In the near future, as btx}geoning populations force us to utilize marginal
agri}:ultuml areas, aguatic plants may be cultivated more intensively. In most
paris of*the world there are swamplands and shallow ponds totally unsuited
to ¢onventional tish culture or agriculture, Man’s present policy toward such
areds is to drain and “develop” them for uses4hat are not in accord with their
natpre tor homes, industry, recreation, or agriculture. There is a pressing
need to find techniques that will allow ug to use wetlands as wetlands.

- Cultivating aquatic plants 1s one possible way. This chapter highlights a few
speties that, with research, could become more important aquacultural crop
plants

Some of these plants are pernicious weeds. They should never be
introduced to new locations or encouraged to spread in old ones. They are
1m]uded tor the benefit of those areas that already have them and would like
to jee them used productively.

Aquatic plants can provide three types of food: foliage for use as a green
vegetable, grain or seeds that provide protein, starch, or oil; and swollen
fleshy roots that provide carbohydrate, mainly starch. Examples. of all three
follow.

Water Spinach (/pomoea aquatica; also known as /. reptans)
AftrOpical trailing herb of muddy stream banks and freshwater ponds and
mirshes, the water spinach is native to India, Southeast Asia, Taiwan, and

sopthem China, where it is cultivated most. It has been introduced success-
i @ '
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A whitesstemmed vanety of water spinach (Jpomoea aquatica)

tor sale tn a Hong Kong
market. (DAL Gnirfiths)

Water spinach growing in flooded figlds in Hong Kong. (D

A. Griffiths)

L/
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tully to Frp Hawaii, and Fionda Its fresh young leaves and stems are used as

a vegetable, boiled or cooked in oil, especially dunng summer months when

other leafy crops do ngt grow: weﬁ It is also used for pickles. It is very popular

in Hong Kong and eompnses about 15 percent of all the vegetables produced

for the local marketsy Much is also used as fodder for pigs, cattle, and fish.

2 ;
Farmers favor water spinach bemhse it is easyito grow, has reIatlvely low

labor requirements, and can be harvested irregularly to fit the market—tn.— ——

» Hong Kong, the LUhf.Vathn of water spmach hasr been perfected and, with
heavy” fertilization (ustfally in the form of nlght soil applied 2-3 times a

=~ week), annual yields may be as much'as 90,000 kg per ha.

Water spinach seedhngs germinate arid grow pootly underwater; the seed is
usually ?&'mmated and grown the first 6 weeks on 4 dry portion of the field.
Then thefield is flooded to a depth of 3=5 cm, the soil trampled to liquid
mud, andgthe cuttings plantéd in ‘it; They root r pidly and require little.
further a;?‘eﬁtmn No weeding is necessary As the ctop grows, the depth of
) water is increased to about. 15-20 ¢m. Water control is essential. In order to-
- conserve fertilizer, water. flow is alted for 12 hours after fertilizing. Some
; stems are ready to harvest only 30 days after plantlng Ten or more such

harvests may be made in a season.

Protein content of the fresh plant varies from 1.9 tof 4 6 percent
carbohydrate averages 4.3 percent. It has been estimated that “a 1 ha pond,
in a tropical region with a year-round growing season, planted with no%ung '
but this species, could annu‘?ﬂly produce 770 kg of protem and 1,059 kg of i
tarbohydrates or considerably more usable food than many commercially .
profitable fish ponds.”* The leaves are good sources of ,erals especmlly

iron, and vitamins A, C, and E. -

In Malaysia water spinach has been grown as an aquat;c crop for ammal
feed (see page 95 and lllustratron page 124). s

I I R = : :
T , B :
.
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““\_'Watefcress {(Nasturtium Offic/nal . also known as Radicula
| nasturtium-aquaticum and Ronppa nasturtium- aquat/cum )

—'I-/'

Asia. It has also been w1dely cultivated i in temperate and subtroplcal reglons :
of the world and is grown at cool altrtudes in troplcal zones. Prized as a—

frbsh-salad herb or as a c%oked green vegetable, it is a rich source of iron,
,1od1ne and vitmins A, B, and C. The plant needs cool or cold streams and

grows submerged ﬂoatmg, or: spread over mud surfaces It 1s usually o 3,'}

" *Bardach et al. 1973. (See Selected Réadings) ...
tKnown in Great Britain as *‘cress.”’ % D Lo

‘Watercress"f i$ a herb of the mustard family native to Europe and'northern .




j S

‘Hawaii, (USDA Soil -

Harvesting watercress “on. the Sumida Farm near Honolulu
Consgrvation Service, Honolulu Hawaii) ’

cultivated- in beds flooded with ﬂowing%&’;%«rﬂup 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 repl'antmg In-the w11d watercress perpetuatesw
itself year-after year. » :
If the water is polluted, watérrcres&_can become contammated w1th
amoebae and is dangerous to eat raw. Where this 1s a possxblhty, the

- watercress must be washed with dlsmfectant - KIC i)

Other Aquatic Plants Grown as Leaf Vegetables

- A few, little-known, aquatic plants are reported to be used as green vegetables
in small areas of the troplcs they have seldom, if ever, been produced“ ,
elsewhere. - Lo

 Neptunia oleracea (also known as N prostrata) is a curous plant w1th o
feathery leaves and stems made buoyant by .their spongy white covering. It/
floats on still or slow-flowing fresh waters of southern A51a Africa, and
tropical America and tends to invade irrigation dltches 1t is grown in tank ]
in Thailand and. Vletnam and the fresh. plant is sold in markets as
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&s»are c,ooked as’ greens: the stems are crisp and
uncy \oun«g seedpads, also, are cooked and eaten..There is no available
hteramrf on the productivity or food value of this aquatic crop ([t may be.
rich i in protein; for the plant is a legume D)

In Java, young plants of meodums flava are a "‘c‘ominon“ ‘and‘
muuh—esteemed vegetable ‘purportedly’ /not adequately apprecmted else-
where,” Favormg wet m@idy places and shallow water, it occurs wild from”
"- Mexico and the West Ifdies to Peru and Brazil. Introduced into tropical Asia
‘before 1870, it has become thoroughiy naturahzed throughout Malay51a It is
cultivated. in_ nce paddjes and marketed as a fresh veget@ble especmlly to
provide incor "'1_ if the rice crop is n, t successful. The ‘young leaves, stems, and.
flowet clusters are cooked and ‘ Old plants are plowed mto the - nce*'f

_ Ceratopteris  thalictroides pur- .

chased in the market. Los ‘Baﬁos,
Philippines. aquatic fem’

virtually unknown to science, is

a well-known vegetable ,ong

: v1llagers in the Philippines.

almost the only fern in Yhe world':

’that is used for human food (N

, Vxetmeyer)
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and SLPbIrOpl\.AJ Asia, the East Indxea and Oeeam“a The new. fronds just
uncoiling (ﬁddleheads) are-widely eaten, raw.or €ooked. The entire plant, =
except the root, may be cooked : as-greens. No uﬂformatlon is avmlable on its.
food value. . :
Orttelia alismoides 35 su.bmergent plant as only its f]owers appear abeve
the water. [{’8" in shallow lakes and slowly moving streams from
Australia to Egypt as well @ in southemn Italy. It invades rice fields and lsf
encouraged in fish por_)ds to maintain the water quality. The entire 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‘ i
information is available on its food value .which should be mvestlga d. :

Fl«oating Rice (OryZa sativa)
[Q'fld"s rice
Pulated  river

Floamng, or deep-water, rice grows onﬁkeui 10- percen'
" land. Most is grown by subsnste%ce farmers in the densely

¥ ?,nauu- ' Heg.ans Dsep
pand bt of termadiate watge
193iQnY regioes aitles depth fegions

T S o 2 Floating ="
*Tali and semidwarfitices o Talf:rices : ; Linces:

Samcé' AR e

the ﬂoatmg and medlum eep nce vanenes » New hnes of
tested in several As1an an( Afncan countnes (IRRI)



rice vaneues pame / rly the new 1- yleldmg, sem1~dwart ones.

Farmers usuallv broadcast thi_r eds in dry or moist soil before the heavy:
rain$ begin. As the monsoon rains raise the water levels, the stems raprdly .
elongate, keeping the leaves above water.

Floating rice is sometrmes harvested from boats: ln areas where the water
recedes before harvest, a tangled mass of stems and curving. shoots is left
. behind. Research on ﬂoatmg rice -is still in its infancy, and this rice ylelds .
somewhat like unimproved conventional rice varieties. )

Thou..h in 1975 the lnternatlonal Rice Research Instltute*zmnounced that

442.57) can elongate as flood waters rise by as much as 180 cm,
‘ and can pmduce up to 3 tons per ha in conditions where tradjtional tall plants
are destroyed, nonetheless; varlet‘al improvement has been limited to selection
of a few existing varieties. There is an urgent need to 1dent1fy the factors that
limit yields, to screen—-and classrfy germ plasm, and to sélect the. most
appropriate strains for genetic 1mprovement There is also an urgent need for
better cultural practices. \ : ¥, '
The plants are often completely submerged for up to 30 days by
_unpredictable floods in areas-where water control is poor. 'Flood-tolerant
varieties that will yield well under such condrtrens need to be developed.

Farmers in fields of deep water or floatmg nce near the Deep Wa er
Stanon Habrganj, Bangladesh (Intemanonal Rlce Research Insntute)

]
i
2
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Harvesting wild rice. (U.S. Department of Agriculture)

- Wild Rice (Zizania 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
matketed at high prices as gourmet food. Only in recent years has wild rice
been successfully cultivated. This development may make it possible to
introduce it to suitably. high elevations in tropncal zones. L
Wild rice grows naturally in fresh water abo}lt 1 m deep and the fruxtmg
stalk may become 3 ‘m tall. In order to -~avpid-crop loss, the heads are
traditionally bent over and tied down to the stalks just prior to seed maturity,
The seeds mature over 2-3 weeks in late summer and early autumn and drop .
quickly, so they must, be harvested Without delay. This is done by beating the
heads to make the, seeds fall?into a boat. Large, self-propelled harvesting

machines are used in. Canada. After sun- drying-the-seeds for-a- day, the hulls‘
are loosened by threshing and separated by fanning. '

Wild rice is relatively high in vitamin B, and its easy dlgestlbﬂlty makes it
suitable for mdmduals with gastric problems When green, it needs no
cooking; boiling water is sunply poured over it. Dned it must be cooked for‘ .
- one-hour. o .
A closely related specws (leama caduczfolza also known as Zzzama’y

Iatzfolla) is cu1t1vated in Japan, Chma and Vletnarn
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. Lotus {Nelumbo nucifera; also known, as Neldmbium speciosui
" The sweetly scented pink 'dr ‘white lotus flowers have been sacred.i
Lanka, and Chipa since earliest recorded history: In Hinduism, Br:
Creator is \nsuahzed as relgmng froma lotus ﬂower In Buddhlsm

bread Today lotus is widely. cu1t1vated in the Orient and the seeds and roots
(rhizomes) used in a variety of cooked and fresh dishes.
The lotus is grown from rhizome * eyes or from seed The th

reponed Rhizomes are mafketed fresh, dried, canned or:
starch. They are often cooked in cursies and other oriental
Chinese populations the world over there is a constant de
roots. Both dried and canned, ‘the rhizomes sell for hjgh yrices. Protein
content is about 2.7 percent. The thick, cylindrical roots
and 5-10 ¢cm in diameter—have longitudinal air channels so that the sliced
root looks like Swiss cheese. The seeds are eaten raw, cooked, candied, ground
to flour, or canned (after peeling and removing the bitte e‘mbryo/)[ In dif-
ferent parts of India the flowering stems and young fruits 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 luxuriantly in standing
water and in-mud. Little land preparation (weedmgf nly) or cultivation is
reqmred :

Gathering lotus for food. Stems, seeds, ybﬁng leaves are edible. (U.S.'De,partﬁm‘ent‘ovfi
Agriculture) : ‘ » . L -
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A crop of Chinese water chestnut in the southeastern USA. ...

Fl

Chinese Water Chestnut (E/eochar/s du/ms also known as E
tuberosa) ~

Long valued as a vegetable dehcacy throughout the’ Onent the tuberous root -

(corm) of the Chinese water chestnut’ is now an rrnportant item in
interational commerce. It brings hrgh pnces in foreign markets and is a |
commorn mgredrent in chop suey-and in Chrnese meat and fish dishes.* Firm

and white, the tubers retain their crisp, applehke texture even after cookmg L

“In China they are widely eaten like fresh fruit. ,
The Chinese water chestnut plant (also known as matar”) is eultrvated in
flooded fields, o in rotation with paddy rice. The water chestnuts are

Produced in large CIuantltles on underground roots (rtuzomeS) Small ¢ seed"y"y/i

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 d'the_: ,
tubers harvested yrelds can exceed 7 tons per h : In the People Reput hc '

‘(“singhara. nut M- 1s nahve fo and}cultrvated slrghtly in, Indra '
cultivated in most of eastem Agla, It has become’

¥ Umted States
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. The.underground corm (tuber), a staple food in the Orient, is said to be as nutritious
'as a potato, but retains its crunchy texture when cookeds Raw, water chestnuts have a
sugarcane and-coconut ‘flavor and some.food scientists foresee a much greater use of
water chestnuts in:soups, casseroles, stuffings, and candies, Recently, new: processing
technology and harvesting machines have been developed that could make water chestnut .
info a new agricultural crop in the United States and othcr countnes W. G, Murray, :
U. S. Department of Agncufture) '

In 1976 the U.S. Department of Agnculture achleved breakthroughs in
water, chestput cultivation including ‘the development of new, high- yleldmg,
sweet-tasting strains and of mechamcal water chestnut harvesters.*

Taro (Co/ocas:a esculenta)

Taro is a tropical crop that 1s commercmlly exp101ted in onlv a few countries.
- It can be grown under swampy condmons or in flooded paddles like rice. It

produces tuberous roots with a nutty flavor that £an. be used as a rice or

potato substitute. Though a particularly promising crop for aquatlc situa-

tions, taro receives little research support. Its promise and research fieeds are
detailed -in ~a - companion : report, Underexplozted Tropzcal Plants wn‘h
Promisin’g Economic Value. T

_ Swamp Taro (Cyrtosperma chamlsson/s also known as C edule' L

*Informatlon supphed by W G. Murray, Us. Depa.ttment of
Research  Station, ‘Southem Region; P. O. Box 5677, Athens, Georgla 306
Leeper, R. 1. Reynolds Fobacco Co., Wmston-Salem North Carolma 2.

' TNatlonal Academy of Sciences. 1975 (See Selected Readings))




giant: swamp ‘taro, Pila

...an edlble root (corms and cormels) welghmg 21 kg An adjacent plant 2 years older
yielded 79 kg of edible roots: (D 1. Plucknett) o
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and testing in new locations. It is a hardy pl:mt that grows with little ot no - )
care in fresh or brackish swamps and. withstands flooded and shaded
conditions unsuitable for most other food crops. It produces €normous corms
that can-weigh- over 100 kg. (The largest recorded was from Ponape, /
Micronesia, weighed 180 kg, and required twelve men ‘to lift it.) Like the [
tubers -of cassava, taro, yams, potato, and other roc’)‘;y crops, the swamp taro o
tuber is fibrous, rich insstarch but low.in protem (0.7-1.4 percent) It is eaten
cooked as a vegetable or made into.flour,
Swamp taro is one of the few plants that can grow produetwely 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 mud, and weave a large Fo
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:Some _cultivars may matufe in | o
__+ of 2 years, but others have an acrid flavor if harvested in less than 2- -3 yedrs
N Ma:omum quality and-yield {about 10 metnc tons per ha) may reqmre 3 grow=——_
ing period of 5-6 years. The plants do best in slowly moving-water-less-than __
! m deep. Corms can be stored in good condition for one month in cool, dry
storage. If scalded, chopped, and sun-dried they can be. kept for several
months. If eaten raw the corm is acrid and irritating; only after peeling and
thorough cooking (boiling or roastmg) can it be safely eaten.

Arrowhead (.S‘agittaria trifolia; also known as S sinensis)
These robust emergent aquatic plants with leaves thie shape of arrowheads
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 137) They are boiled and used like potato In swamps through- -
out tropical and subtropical Asia S. trifolia grows wild or semicultivated,.
and its corms are a constituent of several Japanese and Chmese meat dlshes
The corms also make good pig food T B

The, composition of arrowhead corms suggests that this crop should be. “
much more widely used than at present Recent literature records the protein
‘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, J apan, the Phlhppmes Taiwan, Thailand, and
Vietnam) arrowhead is reported as a serious and w1despread weed. If
exploited, it could contribute to the food supply and nutrition of those ,,
countries. .

* *Kay. 1973. (See Selected Readings.)




Aquauc plants have xmportant esthetic uses, This water gaxden in Bogor Indonesna, is
beautxﬁed by blossoms of Nymphaea rubra. (E. S. Ayensu)

3

Arrowhead grows fast: Seeds or small pieces of corm that are planted in
fertile swamps, flooded nce fields, or ponds are ready for harvest 6-7 months
later. Arrowhead requires no care or cultivation. Yield mformatlon 1s not
available, but the plant is c0n51dered prolific. : v

Escapmg into nearby wet areas, arrowhead spreads freely and can qulckly :
become a pest. It should not be introduced to new areas outside its current
distribution. S. sagittifolia, a species closely related to S. trifolia, is foundin . -
Europe and parts of the Americas. It also may have potential as a crop.

Azollya Species | |

»

Azollg is a genus of small ferns that grow ﬂoatmg on water The Azolla' o
growth rate is large and expenments in Indla have shown that dunng i




o
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The microscopic alga Anabena azolla, which grows in the leaves of tl\lcgv?dter fern Azolla; . o

is both a source of fertilizer and of fuel. In nature the alga fixes nitrogen from the
atmosphere and makes it available to the Azollg in the form of ammonia, a common
fertilizer ingredient. Indeed in Asid Azolla is often grown jin rice paddies as a source of
-fertilizer. Recently in laboratory studies researchers have found that the alga can be
made to produce-hydrogen from water Although still small ‘'scale these results suggest

for fuel. (U.S. Departmcnt of Agriculture)

growing season, Azolla pinnata can double its weight in less than 7 days.*
Although a serious weed in Europe, ‘South Africa, and other areas, Azolla has
been reported useful for control]\mg mosquitoes and other weeds (by blockmg
“the water surface) and for feeding poultry, swine, and ducks.

But perhaps Azolla’s greatest contribution to developing countnes can be
as a green manure, especially for rice. Farmers in Thai Binh Province, the

most intensively gultwated area in northem Vletnam dehberately cultlvate o

h
]
‘|

(i

*Gopal. 1967. Contribution of ‘4zolla pinnata R. Br. to the produéfmty of temporary
ponds at Varanasi. Tropical EcoIogy 8: 126—30

o
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While advanced countries wage war on hyacinth;-peasants in the Far East have learned 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 rlg them

with a net to.trap the fish. A circle of bamboo stakes seeded with a plant ortwo.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 betpath ﬂoatmg plants (G Gerster,
Photo Researchers, Inc.)

5

™
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Azolla pinnata in rice paddies, It is reported that in these ﬁelds rice ytelds
are 50 percent higher than normal (or more).*

A blue-green alga, Anabena azolla lives in cavities in the Azolla 1eaves It
* fixes nitrogen from the air and excretes nitrogenous compounds. into the leaf
cavity from which the Azolla can absorb them. The alga provides not only
Jt§ own nitrogen needs but also those of the Azolla, its host. Acc ‘rdmgt/
“one report, the method for capltahzmg on this in Southeast Asia is to
. stock a corner of the rice paddy (at transplan Jng/tn'nefwnh Azolla and to
fertilize it with pig manure, straw, ash ete. The mat of Azolla then expands;
-until afl the paddy between ‘the growing rice plants is covered with a thick
mat. of it. In the.summer’s heat ‘the Azolla decays releasmg mto the paddy
the nitrogen its alga has obtamed from the air. '
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A vegetable garden ﬂoatmg on aquatlc weeds fhle Lake Burma In Burma; Bangladesh,
and Kashmir land-poor farmers create floating gardens by scooping bottom muck onto
floating mats of aquatic plants. Sometimes the gdrdens have to. be anchored wrth
bamboo poles lest they float to the neighbor’s place. R

nutnent-laden bottom muck and the surfeit of “1rngat|on” provrde them bumper crops.
Floating agriculture of this type was the mainstay of Aztec culture in Mexico before
Europeans arrived. (W. E Garrett [c] Natlonal Geographlc Soc1ety)

<,'/
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- Recently it has been discovered* that Anabena azolla uses lrght energy -
not only to fix nitrogen from air, but also to release hydrogen from water.”
This is reported to be the first known:photosynthetic system for producing
hydrogen from water that is stable in air and that requires only Wdter as a
hydrogen source. In nature the fixed mtrogen combmes with the hydrogen tc+ i k
form ammonia that fertilizes the host 4zolla fern. But inithe laboratory the R
alga/fern symbiosis_gan be diverted from producmg ammonia to producmg~ Lo
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 yields more energy (oma— o
weight basis) than any other nonnuclear fuel, this is a potentially nnporvant e
finding in these days.of dwmdhng petroleum supphes

]

Spirulina (Spirul/'nap/atensr‘s and S. maxima)

Although spirulina is a Mmicroscopic alga and does not truly fit the selection
criterion for this report, it forms large, dense aggregatrons that can be
harvested as if they were higher aquatic plants. Harvested sprrulma can be
concentrated by draining off the water through a simple bag made of mushn
Sun-dried cakes of spirulina are. already used as food in Chad and Mexico.
More details of sprmlma s promise, limitations, research needs, and literature
are givén in a compamon report, Underexploited Tropzcal Plants with -
Promzsngconamzc Value.t e o ‘ e

Selected Readings

Water’Spmach ' ‘ G ;'

Bardach, J.'E., J H. Ryther and W. 0. McLarney 1973. Aquaculture The Farmmgand b’»(
Husbandry of Freshwater and Marine Orgamsms erey—Interscrence New York 868 E

V PP.
Edie, H. H., and B. W C. ' Ho.1969. Ipameea aquatrca asa vegetable crop in Hong Kong.
Economic Bomny 23(1):32-6. -~
Herzklots, G. A, C. 1972 Vegetables in South East Asta Hafner Press, New Y?rk. pp
156-9. o
- Satpathy, B. 1964, Kalami sag (Ipomoea reptans), a new addltlon to our greens Indzan L
’ Farmrng 14(8) 12,16 o , -

T

*By J. W Newton Us. Department of Agrrculture ARS Northern Regronal Resea'fch
Center; 1815~ North University. Stre€t, Peoria; Illinois, 61604, USA
TNatronal Academy of Sciences. 1975 (See Selected Readmgs) i
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Waten cress
Herkl ts G A, C.11972. Vegetables \in: South-East Asm Hafner Press New York, pp:

1, nge A D 1965 Growing Healthy Watercress Agricultural Extension Leaflet #9
Division of Agriculture, Department of Resources and Development Trust Terntory
of the Paclﬁc Islands, Saipan, Mariana, Islands 2 pp

Othe Aquatlc Plants Gro;vn as Leaf—Vegetables

Nept nia oleracea

There is no avallable literature on the productmty or food value of this aquatrc crop:

Lim charls ﬂava T l |

“Ochse, J. J “and R. C Bakhurzen van den Brink. -1931. Vegetables of the Dutch East . .

Indres Department of Agriculture, Industry and Commerce of the Netherlands East
Indies, Bultenzorg, Java. pp. 88-90. | :
van Steems, C:G.G. 7. 1954, Butomaceae Flora Malesmna Ser. 1(5): 118—20

Ceratopterzs spp.
Brown W.H. 1951. (See listing below ) pp 45-6

Ottelia alzsmozdes ‘
Backer, C. A. 195 1. Pontederiaceae. Flora Maleswmz Ser 1(4): 255 61.

Brown, W."H.' 1951. Useful Plants of the Philippines. Vol, 1. Techmcal Bulletm 1Q .

Phrllppme Department of Agnculture and ‘Natjonal Resources Manila: pp.: 88-9
de Hartog, C. 1957. Hydrocharitaceae. Flora ‘Malesiana. Sex 1(5):381-413. J
- Subramanyant;" K. 1962, Aquatic Angiosperms: A Systemattc Account of Common
- Indian Aquatic Angiosperms. Councrl of Screntl.ﬁc and Industnal Research New
i Delhr, Indla

oW . . L |4

Floatlng Rlce : S I

lnformatron can be obtained from the Internatronal Rice Research Instltute P 0 Box :

145

933, Manila, ‘Philippines. (The IRRI Reporter YVolume 3, 1975 deals exclusrvely Wlth,’; e
ﬂoatmg rice.). Other ‘information sources are Bangladesh Rice Research Instrtute_ b

““GPQ Box No. 911, Dacca, Bangladesh Dr, ‘Ben Jackson, c/o Minis
Bangkok Tharland and the Huntra ;Deep Water RICC Research Cent

WIIthce . \\

1 ' : ‘\

- ’merock D C and M D Mrller 1959 Wlld che Leaﬂet 116‘ A i
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i

Lotus ' ~ /‘ i o :
| Kay, D. E! 1973. Root Crops Troplcal Products Institute, 56/62 Gray’s Inn Road ‘ ;/”
London WC1X 8LU, England Pp. 89—92 | g
' P
Chinese Water Chestnut _/'k' "

Groff, G. W, 1950, The- 1ntroduct10n mto the United States and,the culture of bleocharzs =
dulcis, the matai’ of Chma Proceedmgs Florida ~State Horttcultuml Soctety B
63:262-5. : [

Hodge, W. H. 1956. Chlnese Water chestnut or mata1 a paddy crop of Chma Economtc

sBotany 10(1):49-65. [ ; ‘ B !

Kay, D. E. 1973. (See hstmg above.) pp. 43=9. ; S f

Malik, H. C. 1961. It pays to -grow: Singhara and ‘Bhen. Indian Farr}ung 11(8):23= 4’ , ‘
[Reprinted in thtle E/C.S. 1968. Handbook of Utilization of 4qiatic Plants. Food ) .
and Agriculture Orgamzatlon of the United Nations, Rome, pp. 98-100.] - :

Mendoza, A, M. R. 1962, There’s money. in water chestnut Coffee and ‘Cacao Journal ~

. 5(10): 216 ; ; ¢

l
1

. L : . o . £
. ' : i . i g

Taro o ‘ - ot l" e
Natxonal Academy of Sc1ences 1975. Underexploited Tropzcal Plants wzth Promzsmg :
Economic Value, pp 37-43. [For ordering mformatlon seep 172] :

Glant Swamp Taro

A

Barrau 1. 1959 The sago palms and other food plants of ‘marsh dweuers in the South o
Pacific: Islands. Economzc :Borany 13(2); 151- 62, [A swamp Araceae w1th edlbleJ e

tuber— Cyrtosperma chamiissonis (Schott). Merrill: Pp-. 15 9—62 ] ,

Kay; D.E. 1973. (See listing above.) pp. 139-43.

Massal, E., and 1. Batrau. 1956. Food Plants of the SouthSea [slands Techmcal Paper |

94, South Pac1ﬁC/ Commlssmn Noumea New Caledonia.

\

[

A

x
Plucknett D. L., ed/1970. Tropzcal ‘Root and - Tuber Crops Tomorrow Vol 1 CoWge of ] o

: Troplcal Agnculfure Umvemty of Hawau' onolulu Hawau 171 pp S 1] i
, ,g
{

!

Arrowhead J e e e

g

‘Herklots, G. A, C, 1972 (See listing: above.) pp. 494—6
Kay, D. E. 1973 (See listing’ above)pp 13-5 :
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Azolla
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Galstcin A W. 1975, The water fem —Tice connectlon Natural History Magazme a
il 84(10) 10-11; ' ‘
Moore AW, 1969. Azolla: blOlO and agronomnc sngmﬁcance The Botamcal Revzewf '
35(1) 17—35 fJ SEL ‘ ‘ =
; i

prrullna

: Natlonal Academy of Sclences 1975 (See hstmg above )pp 162-8.
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» ‘ Appendlx A
Duckweeds and Their Uses_:,,

i

8

‘Thrs report has not detarled individual weed specres but the duckweeds are so'
ubiquitous, so promrsmg, and so neglected as crop plants that a note on them G
-seems justified. Found in fresh waters worldwide, duckweeds are tiny, fragile, *
 free-floating, aquatic plants. Their vegetative reproduction. is rapid, and they =
cluster in colonies, fomg across the water surface a scum that sometnnes{ ‘
becomes a minor nuisance in irrigated crops, farm ponds slow-flowing canals
*and small hydroelectnc facilities.
‘ Duckweeds belong to four genera: Lemna, szrodela Wolffza and
 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 mﬂhmeters across. Many lack roots, while flowers (rare in many spec1es)' L
. are so small as to be nearly invisible to the naked eye ‘ L
~ ' Among the most vrgorously growing plants on earth, some specres (e. g sl
Spirodela olzgorhlza Spirodela polyrhiza, and Lemna minor) have been
known to double their numbers in three days or less. It has been estlmated
-+ that with its phenomenal reproductron rate, an initial. 6. 4 cm? (1 in. 2) of o
' Lemna minor would in 55 days, cover almost half a jectare (1.2 acres) '
 Duckweeds are collected in vast quantrtres and used as manure or fodder .
_ for _cattle’ and' pigs in troprcal Afnca ‘India, and Southeast A51a Recentf
research results attest to the value of thrs tradltlonal techmque and mdrcate .

i l throughout much of the troplcs and subtroplcs Although relatrvely few have ‘f'f' o
Lryet been made, analyses suggest that the nutntlve value (for both amma]s and'j
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- double its numbers in'4 days or less.) Longer intervals between harvests y161d‘ '
" abrown, dead plant that is unattractive and less valuable.

~tional protein content: 37-45 percent (cf alfalﬁa!”l7 percent soybeans 37 :

APPENDIX A DUCKWEEDS AND THEIR USES 8 149 -

Human Food' o o , L

Q'Wolff ia arrhzza is the smallest duckweed indeed it is the smallest flowering b

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 generations. The species also occurs in India. The plant’s

_Thai name khai-nam means “eggs of the water” and refers to its oval shape. Tt : 6 .

is a nutritious food: Analysis has shown it to be (dry-weight basis) 20 percent
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 multrply into a thick, yellowish-green mass of plants o

at the water’s surface. (In the laboratory Wolffia arrhiza has been found to

The weekly yield of fresh, marketable plants (averaging 4 percent dry
matter) averages 0.68 kg per m? per week. In the climatie 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

,§October 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 * L

.

‘Animal Feed

- Duckweeds are relished as food by herbivorouskﬁsh ducks, geese;, sWans and' :

other wild fowl, and—as noted already—-by cattle and pigs. Recent results. of
feedmg duckweed to poultry, though still prehmmary, look pi omrsmg .
Research aimed at hamessmg duckweeds as agricultural crops is in its. mfancy,‘ . .
but experiments are bemg conducted at: Lourslana State Umversrty with o '
species of Spirodela grown on lagoons used to dispose of wastes from swine
and dairy cattle. These nutrient-rich wastewaters yield plants with excep—l“f o

percent and cottonseed meal 41 percent)

*Information onWolfﬁa'arr}lizq supplied by M. G,'MCGarry.\' (See l:{esearch'dentac'
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. - Typical analytical figures follow:

Constituent " Percentage (dry weight)

“iNitrogen T 6-7.percent
Phosphorus 1.4-3 percent
Potassium 3 1.5-3 percent =

- Calctum 1 percent

~~Ash, " ‘ 8-14 percent

- Fiber . : 7-10.percent
Fat "4-6 percent

Metabolizable energy 1958 calories/kg

—

The high *m'troéen 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, producmg 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 annually by 1 ha of
duckweed would equal that now obtained from about 60 ha of soybean.* .

' The few analyses that have been made show that duckweed is richer than ~
alfalfa in lysine and arginine (two amino acids unportant in ammal feeds) but

A shghtly poorer in metluonme ' / ' : S

Wastewater _Treatmentk ,

<

- Species of Wolffia, Lemna, and Spirodeld show promise for use in recovering |
- nutrients from wastewater. It is thought that they absorb nutnents througkk T
both the root and lower surface of the frond: An exponentlal growth rate_,_f,,
- enables-a colony of duckweeds to absorb conmderable quantities.
Durmg the growmg season in the southern United States, doublmg tlmes ,
. .for: Spirodela olzgorhlza range from 3 to 7 days Calculations based on~_ ff"
doubling time of 7 days (1e 7 days to double in bromass) show that .
- Spirodela oligorhiza growing on a 1-ha lagoon w111 remove the nitro en,
- phosphorus;-and- potassium of 207 dalry/cows occupymg a mllkmg '
‘hours per day and fed standard uUs. rations. o
Doubling times of 5 days have been recorded for specres of Lem
_on a wastewater lagoon in subtroplcal Loulsx‘ana Monthly ylelds ha,
~from 17 to 6.7 tons per ha (dry we1ght) dependmg On

*Informahon! on szrodela grown on farm—waste lagoons supphed
“Research Contacts) , a .
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At 2 dairy near Baton Rouge, Louisiana, wastes from a milking shed are washed into a’
neighbaring - lagoon - planted. with duckweed (Spirodela 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 mixed into poultry,
swine, and cattle-,rations to,test their “suitability as feed ingredients. (D. D.‘Culley) :

avarlablhty Crude protem content approache percent on'a dry werght .
basis. :
In truly tropical chrnates it is likely that doubhng tunes of 3 days can be -
achieved. (In laboratories doubling times as low as 16 ‘hours have been
recorded.) Under_such- condrtrons*é small farm pond easily harvested byr
“hand, could provide much forage for domestic animals. L

Floating, without any attachment to the soil, duckweeds are easy to

harvest by skimming_ the surface with a rake or net. (In Louisiana

experimental. ponds are now being built in whrch the’ water level can be raJsedf '
to float the duckweedstWmhntm ‘ t \
away the water; the animals w111 then eat the fresh weeds ng}lt out 0
trough ) \
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(Chapter“"l?:) lagoons with duckweed provule a breedmg place for mos-
quitoes. Generally, however, a full cover of duckweed suppresses mosqmto /
breeding, and harvestmg should be done so that large areas of shallow ogen o
“water do not remain for more than a few days. . 7
Yearound duckweed- -growing is limited to tropical regions. In cooler
areas plants grow vxgorously only during warmer months, o / o ' H
' lee other aquatic plants, duckweeds contain much m01st€ure (90—95 TR
. percent) ‘and handling and transporting them in large quantities is dlfﬁcylt
. and expensive. Sun- drymg is practical in areas where humidity and ramfall/are :
' low7 mechanical dewatering has niot been attempted systematically,
Some samples of Lemna. contain large amounts of oxalic acid; tlus may L
prove to be a widespread occurrence, thereby llrmtmg the use of Lemina PP i
in/some animal feeds. -~ : /
¢ Sexual reproduction is rare in duckweeds, almost all reproductlon is
vegetatlve On a waterway all samples of a duckweed are .usuall descended ’
, from the same original frond and have the same genetlc makeup €., they are
"**"——\Lloneg) While their ab]hty to grow fast, absorb nutrients,/and withstand ,,
' adverse enwronmmxs~1dentlcal it may dlffer ‘greatly from clones of the Y
‘same plant that are growing in other areas. . Thus;-results i 1n one reglon may. : |

e

not be replicable in another unless the same clone is used/ “‘f“f‘_\‘_\;

. A

Research Needs Hind

{  Small size-makes duckweeds easy to. culture /And a. favorite organism for

N b1010g1ca1 study. Although hundreds of, scxeﬁ{uﬁc articles are available in the

literature, these deal almost excluswely with the detailed biolOgy of a mere
‘handful’ of common species. Lesser known duckweeds occur in many |
’ developmg countries, 'and good resea/ch opportunities exist for testing =
indigenous species for growth rate, chemical content, nutritive value, ability 2

j to clean up wastewaters, and palatab)llty to domestic animals, waterfowl and .

i fish." .

ST Desplte the blologlcal hterature vn'tually nothmg is known of the use off .
T ~duelqueeds_asfo\cxifeed fertﬂlzer or in wastewater treatment. In add1t1on N
' techniques for planting, maintainit mmntaunn’g,‘lmrvestmmdhandhn diuckweeds =
have not been perfected. There remains much room for ingenmty and
methodical research. / f : a .

; A potenually 1mportant/ aspect of duckweed growth in wastewater hasf:",_f -

: been recently uncovered at Michigan State University. It | hasbeen found that

k the duckweeds Lemna -minor and Lemna trisulca concéntrate boron at ]eas

C s R ,,10 tunes more than other aq;,latlc weeds growmgmth them ina pond Smce

T
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boron is essential for some crops (though toxic to others) the unusual
capdcity of the duckweeds for scavenging boron might be useful. .
This - ability "to.concentrate metals may be an 1mportant ‘avenue for
duckweed research  with commercial potential.’ Samiples of Lemna minor
harvested fromi 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 aluminurh 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- fold' copper 79,000- fold and
. cobalt 26,000-fold).* i
In order to realize the. duckweeds’ potentlal as beneﬁc1al crops, “strains
will have to be selected for rapid growth for quahty as end- product (e.g.,”
animal feed), and for other qualities. The plants must also be made to flower
“and set seed in order to obtain the necessary genetic variability. Methods have
been developed for only one species,f and wider success poses a consxderable
- chalienge to plant and agricultural sc1entlsts o o c i

i

g

Genéral - o - T ~~‘ L

Hiltman, W. S. 1961. The. I.emnaceae or. duckweeds A revnew of the descrlpnve and
experimental literature. Botanical Review 27 221-87: ‘

- Posner, H.' B. 1967. Aquatic vascular plants, pp. 301~ 17 In Wllt F. H and’ N K'
Wessels, eds., Methods in Developmental Biology. T.. Y Crowell Co., New York, NeW'
York, , ey : ,(

%

Wolff:a arrhiza

Bhanthumnavin, K., and M. G, McGarry 1971. Wolffia arrluza asaposmble source
~expensive protem Nature 232(531 1) 495
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Animal Feed - 5

'I‘ruax,/R E..D:D. Culley, M Griffith, W. A Johnson andJ P Wood. 1
for Chlck feed Louisiana Agnculture 16(1) 8-9 L .
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‘Office, Washington, D.C: pp. L1819 e
- ~fPosner, H. B, and W.- S. Hillman. 1962 Aseptxc produ
mm of seeds of Lemna purpusxlla 6746 Phys:ologw Plan
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Water Treatment

“ Culley, D. D and-E. A, Epps. 1973 Use of duckweed for waste treatment and ammal St

feed: Journal of the Water Pollution Control Federation 45:337-47. o ' . \

Sutton, D. L., and W. H. Ornes. 1975, Phosphorus removal from static " sewage. effluent .
usmg duckweed. Joumal ofEnvzronmenral Qualzty 4:367-70. P

Green Manure

Alikunhi, K. H., V. Ramchandran, and H. Chaedur. 1952. On the role of duckweed
{Lemna minor) in the preparation of crop nurseries. Science and Culture 17:436~7.
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Research Contacts , , i

Agriculturdl Research and Education Cente’r 3205 S.W. 70th Avenue, Umvemty of
Florida, Fort Lauderdale, Florida 33314, USA (D. L. Sutton) )

Biology Department, Brookhaven Natxonal Laboratory, Upton New York 11973 USA
(W. S. Hillman)

Department of Biological Scxences State Umversny of New York, Binghamton, NGW'
York 13901, USA (H. B. Posner)

Depa.rtment of Fisheries and Wildlife, Mlc}ugan State University, East Lansmg, Mlchlgan ,
48823, USA (C. D. McNabb) .

Department of Forestry and Wildlife Management Louisiana State Umvers1ty, Baton
Rouge, Louisiana 70803, USA (D. D. Culley) i

Geobotanical - Institute; Federal School of Technology, Zurlchbergstr 38 Zunch,

/' -~ Switzerland (E. Landolt)

International Development Research Centre, PO Box''8500, Ottawa, Canada (M G.
McGarry)
__ Stefan Ehrhch 612 Rlvemew Dnve Apt B1,'Columbus, Ohio 43202, USA
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LARRY O. BAGNALL is an associate professor of agricultural engineering at
the University of Florida, Gainesville, He received a B.S. in agricultural -
\41151.11&,\,11115 from ‘vlv’aa}‘u.usLuu State Uunuxau._y jies 1957 and a Ph. D from
‘Cornell University in 1967. He has been a member of NAS panels that
participated in workshops on aquatict weed problems in ‘Guyana, the
 Sudan, and Egypt. Also he has built présses for dewatering aquatic weeds. )
in- ‘Guyana and Bangladesh. His research area is forage harvestmg and
processing, with specialization in aquatic plants . S
WILLIAM M. BAILEY; JR., is the Special Projects Coordinator and '
Supervisor of Fish Hatcheries ‘for the Arkansas State Game and “Fish
Commission, —He Teceived” a B.S: in biology from Arkansas State
University in 1967 and did graduate work at the same University and at
M1$Sl$51pp1 State University. He is certified as a fisheries scientist by the
American Fisheries Society. He . joined the staff f of the Game and-Fish——
Commrssro’mﬁﬁi -Sinee—1}971 he has been in charge of Arkansas’
Whrte Amur (grass carp) Program. He has expenmented extenswely with
artificial reproductron techniques for grass carp and ‘conducted field jf
studies ‘'on the use of carp in lakes for weed control. In 1972 he won the
Rochester Prize for Scientific Information for his paper entitled ‘‘Arkan-
sas’ Evaluation of the Desirability .of "Introducing the White Amur for .
Control of Aquatic Weeds.” He has written several‘publications on prass .
carp and related topics. In 1976 he mtroduced grass carp to Egypt and
advised the Sudanese government on their grass carp program: - : Co ;
HOWARD W. CAMPBELL isa research zoologlst in the U.S. Fish: and: Wlldhfe b
Service. As Chief of the Gamesvﬂle Florida, field station of the Natlonal;‘,;j i .
v;  Fish and Wildlife Laboratory, he has responsibility for dlrectmg the FlShi o
~ and Wildlife Service’s sirenian (manatee ‘and _dugong) research program
and for supervrsmg a wide range of endangered species and. envuonment_
programs in the southeastern United States. He received ms B.A i
~zoology from the Un1vers1ty of FIonda and hrs M A and Ph D m ecology'

——

- committees- “of several prof
Committee of the Internak )]
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DU'DLEY D. CULLEY, JR., is Associate Professor of Fisheries in the-School
of: Forestry and Wildlife Management at Louisiana State University, He -
recerved a B.S. in. 1959 from Millsaps College M:Ed. in 1961 from the,«;,
Umversrty of Mrssmsrppr ™. S in 1963 and Ph.D. in 1968 in zoology from:
MlSSlSSlppl State Umversrty ‘He is an expert in water pollution blology,,‘
~aquatic ecology, and amphlbran bioclogy. Current research interests include
‘the recycling of animal wastes into animal feeds and energy and the use of
aquatic plants-in waste treatment. He is currently serving as -an advisor to .
| 7~ .the nstitute of Environmental Studies and the Office of Water Resources -
\‘ : . Résearch Institute at Louisiana-State University, and i is a special advisor on
. o« “the Louisiana Attorney General’s Scientific Advisory- Committee. Teaching-
lf { dutles at the university have included  water pollution biology, 1chthyol—”
ogy, and ecology of aquatic plants.
THOMAS deS. FURMAN is a professor of civil engmeermg and professor of'
- environmental engineering sciences. in the College of ‘Engineering of :the
University -of ‘Florida, Gainesville, He received a B.S. in Civil Engmeermg fe e
" from The Citadel in 1936 and an M.S.E. in Sanitary Engmeermg from the
. University of Florida in 1950. He is a registered professional engineer in -
South Carolina and Flonda and is a diplomate of the American Academy
of Environmental Engineers. He has served as a desrgn consultant to =
numerous engineering -firms-and is currently a Director of Water and Air
Research, Inc., in Gainesville, Florrda ‘His expertise lies in the area-of —
o W ALRT fmd’wastewater/&ﬂlectlon treatment and - disposal; wrth specral ,
, emphasis on the problems of small communities. ,
s _JOHN F. GERBER is the Director of the Center for Envu'onmental Programsf :
‘ ; and ‘Natural Resources in the Institute of Food and Agricultural Science at .
the* University of Florida, Gainesville. He taught for ten years in the ,
Department of Fruit Crops before being named Assistant Dean for
Research at the same. institution. He received.a B.S. in 1956, an M.S. in
1957, and.a Bh.D. in:soilsin 1960 from the: University of Missouri. He i isa
" specialist in - agnculturally related envuonmental problems (including
: aquatic weeds) with. mterests in meteorology, chmatology, and hortxcul— o
~ ‘ture, fields in which he has published extensrvely S
CLARENCE G. GOLUEKE is a Research Brologxst m at the San1tary~"‘ .
; Engmeermg Research Laboratory and lecturer in the Dmsron of Sanitary .
Engineering at the University of Cahforma Berkeley He recerved anAB.
in zoology from St. Louis University in 1939, a M A in plant ecology o
from the University of ‘[llinois (Urbana) in 1941 and a Ph.D. in mycology L
from the University of Cahforma (Ber.keley) in 1953, He is a specialist in.
biological waste treatment and on the technologlcal aspects of agncultural. e o
and municipal solid wastes management He serves as a. consultant to the . ,
U S. Environmental Protectlon Agency on sohd waste management and 15; .
" on the editorial Hoaﬂ‘b'fthree'ﬁChmcal Journals— .
JAMES F. HENTGES, JR isa professor of ammal science in the College of .
Agrrculture ~and<rummant——anrrnalarufntroms%nrthe—agneultural*m ‘, -
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- of Florida, Gainesville. He received a B.S, in animal science at Oklahoma
State University in 1948 and a iPh.D.fin'biochemistry— anim'al science at the -
University of Wisconsin:in:1952. Currently, he supervises. beef cattle and.
water -buffalo research at three research farms in Flonda and teaches

undergraduate graduate, and continuing educatlog_ ,c_ rses. He“was a
member of the NAS panel that, in 1973, ‘participated ina workshop on
aquatic weed management., and utilization in Guyana,. 'In 1975 he was
chairman of the NAS panel that participated in workshops-on aquatic-
,wee'd problems in the Sudan‘and in Egypt. His expertise lies in the fields of
ruminant animal nutntron, physiology, and enterprise management. i
RICHARD G. KOEGEL is ‘an assxstant professor “of 'meghanical and~’
- agricultural engineering at the University of Wisconsin, Madison. -He V

. recerved a%S -in- rnechamcal en; _gmeenng and agnculture at the Unwersxty )

Utah State Umvermty in 196 and aPh.D. in agncultural engmeenng from
the University of Wrsconsm in 1971. He has worked in agricultural
engineering in-South Vietnam and the Niger. Repubhc as well as in the
United States. At present heispartofa multldlsmplmary team conducting a-
project on harvesting aquatic .weeds and converting them into soil
conditioners, conversfon mto protem concentrates for food, and fennenta-‘ '
tion to methane.
~ CLARENCE D, McNABB is.a professor of hmnology in. the Department 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 aquatic. plants n-
lakes that daily renovate up to 2 million gallons of wastewater from the
Michigan State University carnpus He has studied aquatlc weeds and their
utilization in North America,iin New Zealand at the Max Planck Instltute D
in West Germany, and in South America, He has served as a consultant to
government agencies and mdnstn'al corporanons in the United States. ,
JULIA F. MORTON is a research assocrate professor of blology and: Drrector '
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 Umversxty in May 1973 and was elected a Fellow of the
Linnean Society of London in November 1974. She is a member of the
Council - for Agnculturél Science and Technology, the . Society for
Economic Botany, the | Flonda State 'Horticultural Socrety, and. the
American Society of Pharmacognosy She is the author of 60 papers and 6
‘books on botanical and horticultural subjects and a contributor to others .
She has conducted extensive field studies for the National Institutes of -
Health and the Department of- Defcme, has served as”horticultural
development consultant in troplcal Amenea and, smce 1954,,has been' o
consultant fof the Poison Control Cente of: Flonda \ ‘ .
DAVID PERKINS is a research ento ologlspwuh—the—Agrwalturﬂ -
Research ‘Service, U.S. Department of Agnculture Fort Lauderdale
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"‘»etewed a B.A. from the Umversrty of Rxéhmond in 1958, an’

~ M.3from Virginia Polytechnic Institute in - 1961, and - Ph.D. from the

*. University of Hawaii in_1966. He is a specialist in biological’ control of
weeds; particularly aquatic “weeds: He-has) conducted biological weed.
control research in" Europe (1965-1967), in Argentifia (1967- 1971), and
in Florida (1972-present) and is currentl){' a member of the USDA
Southern Region Advisory Group on Biological Control of Tnsects and
Weeds. He has served on NAS panels that participated in workshops on
aquatic weeds in the Sudan and Egypt, and he is. involved in a continuing
project with the Sudanese—German Water Hyacinth Control PrOJect in the
Sudan.

HUGH POPENOE is a-professor of soils, agronorny, botany, and geography,
Director of the Center for Tropical Agriculture 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 from the University of Florida. He isa specialist in tropxcal -

, land use and ecology and has served on numerous committees to- various

j ~ government agencies and private institutions, including the American

|

s Society of Agronomy; Gulf Universities Research Consortium, Latin
{ American Scholarship Program of American Universities, Foreign Area
Fellowshxp Program, National Association of  State Universities and
/ Land-Grant Colleges, Council of Sea Grant Directors, Sea Grant Assocra—
} : " tion, and the National Academy of Sciences. ‘
_f" o ERNEST ROSS is a professor of animal science at the ‘University of Hawau
|’ Honolulu. He received a B.S. in poultry science from the Umversﬁy of
" . Arizona in 1946, and an M.S, in 1951 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 delrberate usebof geese to control aquatic
weeds. z g f
DAVID L. SUTTON is an associate professor of’ agronomy‘vamhe USDA Tl -
Agricultural Research Center at the University of Florida, Fort Lauder-
" dale, He received a4 B.S. from Berea College in 1963, and an M.S. in 1965
and” a PhD. in 1968 from Virginia Polytechnic’ Institute and State o
University, Blacksburg He is a specialist in. blologlcal ar;d chemlcal control
of aquatic weeds, and has written numerous articles. He is’ EdltOl’ of the o
Journal of Aquatic Plant Management and serves on the edltonal board of
Aquatic Botany. .
BILLY C. WOLVERTON is a semor scxentnst w1th NASA’s Natlonal Space
Technology Laboratories at Bay St. Louis, Mississippi. He received a B. S.
in chemistry from Mrssxssrppx Colle; ge in 1960; with three years of graduate -
~studies in biochemistry and microb xology at the University of ‘Mississippi
and one .year of graduate: work in marine biology at the University of West |
Florida. He was a research chermst w1th the Department of: Defense from .
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1963 to 1971 and has extensive experience in environmental effects\from.
hazardous and toxic substances. He has conducted extensive research in
; the -utilization of vascular aquatic plants for removing pollution from
L ‘waterways and for producmg energy, food, and, fertilizer.

'RICHARD R YEO is @ research- botanist for the Agricultural Resgﬁarch . e
Service of the U.S. Department of Agriculture and is located,in the Botany
. Department of the University of Califorria at Davis, Cahforma ‘He
' received his B.S. in 1950:and M.S. in 1952 in wildlife management and
botany, respectively, at Michigan State Urgfversity. He obtained his Ph.D.
at the University of ‘Minnesota in 1960, majoring in agronomy-soils. He
has been with USDA since 1957 and is an-expert on managing undesirable
" aquatic vegetation using biological,"éhenﬁcal, and mechanical techniques.
He has been a member of NAS workshop panels on aquatic weed problems
in Guyana, the Sudan; and Egypt, and he has been involved in mtroducmg
new aquatic weed controls to Africa.

NOEL D. VIETMEYER; staff ofﬁcer for ‘this study, is a Professional
Associate of the Natlonal Academy of Scwnces A New Zealander with a
Ph.D. in organic chemistry from the Umversxty of Cahfornla Berkeley, he
now works on innovations in science that are 1mportant for developing -
countries. He has studied thé dewatering and utilization of aquatic weeds '

5 since 1967 and has been staff officer for workshops on aquatic weed .

~ problemsin Guyana and in the Sudan, as well as for a workshop in Guyana o
‘on the use of manatees for aquatic weed control 4 '

¥




'~ creciente enriquecimiento del agua causado por las fugas de fertilizantes y

L modo contmuo las medldas de control de malezas o Hﬂl {f

Introduccion * s

La amenaza que representar-las hierbas acudticas es’té’]legando a'proporciones ;
alarmantes en muehas partes del mundo. ‘El aguaes un recurso nnportante Yoo
las bombas en: los proyectos de irngamon mterﬁnendo la produccmn de
energia hidroeléctrica; desperdiciando el agua en ‘la evapo-transpiracion;
obstaculizando el trifico de botes; aumentando las enfermedades propagadas
por el agua; interfiriendo la pesca y los cultivos de peces; y obstruyendo los
rios y canales de modo que. su drenaje se hace 1mp051ble y resultan
inundaciones.

‘Este es un problema’ generahzado pere reviste caracteristicas partlcular-
mente severas en los paises tropicales en los que el.agua mds cdlida y el
namero creciente de represas y de proyectos de xmgacxon fomentan el
crecimiento. de plantas. acudticas. El problema 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 qlie
obstruye&los canales, disminuyendo el ﬂu]o del agua hasiq en cuatro quintos
de su caudal. Los granjeros de las ‘tierras bajas humedas de: gladesh tienen
que enfrentarse cada afio al desastre pro/dumdo po masas de Jacmto
acudtico, que pesan hasta 150 toneladas por acre, que se ciernen Sobr
plantios de arroz, unpulsadas ‘por las .;Qundamones Cuando las. aguas
finalmente se retiran, las hierbas quedan sobre el arroz que esta germmando '
sofocdndolo. Los ingenieros del Canal de Panamd han estimado que seria
“imposible .pasar por el Canal en el término de tres afios sit no toma:an de

prevalece en muchos paises en vms de desarro]]o Estas babosas viven sobre las
raices colgantes de la hierbas y son transportadas por estas unpulsadas por el
vnento y las corrientes. Ademis, Jas_ylania _acudticas- 5
~minacion de la malaria, de la encefalitis y de' otras enfermedades causadas
por los mosquitos, puestq que los charcos peq\ enos y. protegldos perfectos
para la reproduccion de:los mosquitos, se forman entre las. plantas flotantes.
Sin embargo, en cierto sentido, las h1erbas acudticas constituyen un cultlv ]
gratulto de un gran valor potencial; un cultnvo al tamente productlvo que no
necesita mano de obra, fertlhzantes, 51embra o cc?secha Las plantas acuatlc
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tienen potencial para’su- explotacién como alimento para los animales, como
alimento para la gente, como aditivos para €l suelo, para produccién de
combustible y para el tratam1ento de aguas de deshecho. T ,
, En la medida que las serias unphcamones de orden negativo de la presencia
) de. las hierbas acudticas son mds ampliamente reconocidas, cientificos,
mgemeros y administradores gubemamentales estdin comenzando a tomar
~ accion al respecto. Desafortunadamente no €existe ninguna manera sencilla de
reducir las infestaciones. Los herbicidas'que ‘matan-las hierbas-acuaticas y los
medios mecdnicos son. casi los Unicos métodos utilizados en los paises en vias
de desarrollo. Ambos medios son costosos y muchos paises en vias de -
desarrollo deben gastar sus divisas escafas | para importarlos. Inclusive, cuando‘"
los importan, a menudo es imposible utilizar, Tos métodos quimicos y
mecdnicos debida a las dificultades de mantenimiento ¥ de acceso a las
regionas lejanas o pantanosas. Ademss los productos quimicos pueden tener
un. efecto adverso en el medio ambiente, y las grandes cantidades de
desperdicios orginicos en descomposicién que producen pueden mterfenr la
reproduccion de la fauna acudtica. : o
Este infogme estudia una alternativa: la utlhzacmn de las hierbas acuancas, DI R
para su conversion en alimento, fertilizantes, papel y-fibras, y energia. A~ &
. , continuacién se presenta un resumen de los principales-puntos discutidos. - '

La Carpa . L L

- Un pez de-répido desarrollo que se alimenta de las plantas la carpa prefiere '
las hierbas sumergidas suculentas (las- que son dificiles de controlar usando ,
técnicas convencionales) conv1rt1endolas en carne altamente- cotizada. Aunque ool
la carpa es originaria de los tios de aguas heladas de Siberia Rusa y China, o ik
medra en las aguas tibias del trépico y' puede llegar a pesar 40 kgs. Su ' "
reproduccxén natural es limitada fuera de habitat nativo, pero se: le puede |

reproducu amﬁmalmente (Capltulo 1)

\

| ———_Otros Peces Herbivoros. DR L T e ey

i

oo Hay poco conocume#_w bre los hdbitos de ahmentacxon de ‘muchos peces -
I~ " de Ias-regiones tropicales. Una investigacion de ampllo alcance sobre las.
' especies herbivoras podria localizar aquéllas que son\deamportancm parael
control de hierbas acuiticas. Entre las especies citadas que ameTi L
estudiadas y probadas estdn las especies Tilapia, el “dolar de plata”‘ de” ToTE
- América del Sur. hA la carpa_pjal:eadar(ﬁapxtulo 2\ : S

Manatles (Vacas Mannas)

BN

Estos ‘mamiferds’ del. tropico;- casi extmtos son excepcxonalmente ef"” 1entcs e
en la eliminacion. de las hierbas de los canales. Comen dlanamente muchos o

kilogramos de h1erba y pueden consurmr -muchas especies. dlferentes Hasta
o gﬁ ', ;




; . 162 ’ o MAKING AQUATICWEEDS USEFUI o

-

-que se pueda desarrollar su crianza y reproduccmn en cautividad, solg podran
ser utiles en sus paises de origen en Amenca Latjna y Africa Occidental, y
entonce$ Unicamente si se les protege y c{ons‘erva adecuadamentef (Capitulo 3) -

\ Vel

~ Langostinos /

e Entre los organismos comestibles menos explotados, estos parientes cercanos *
de la langosta son -altamente cotizados como plato de gastronormo. En el

Estado de Louisiana, los langostinos son-reproducidos en gran escala en los—
planties de arroz donde se alimentan de las hierbas acuiticas, de los rastrojos :
restantes después de.la cosecha del arroz, y de pequefios organismos =
acudticos. (Capitulo 4) o

Patos, Gansos y Cisnes

Si se les maneja cuidadosamente, estos herbivoros comunes pueden eliminar -

-~ notablemente las hierbas acudticas. Al hacerlo, proveen carne y- huevos.
Consutuyen un potencial prometedor en especial para el uso de pequenos
granjeros en paises en vias de desarrollo. (Capltulo 5) '

, - Otros Herbivoros

Muchos animales viven de las plantas, pero nunca se ha llevado a cabo un
estudioi sistematico sobre los animales herbivoros apacentados productiva- -
mente con hierbas. acuatncas 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 Jacmto acudtico. (Capltulo 6)

* . - Cosecha - - ,
. Los campos cenagosos mfestados generalmente de’ Iuerbas acudticas son muy
dificiles de cosechar, sin embargo, se han desarrollado algunos mednos

ingeniosos para hacerlo Algunos de ellos se ilustran. (Capitulo 7)

N

-

';:I

'Dehumwdlflcacnén -

s
-

_—EFaJLQ—eeﬂtemde de—humedad—eﬁrunmﬁtferema‘drmayor unportanma T
T —entre la vegetacidn acuitica y la terrestre. De ordinario las hierbas acudticas
contlenen soiamente del 5 al 15% de sohdos Para transportarlas o usarlas para o
alimento animal o para otﬁ*premomtos debe eliminarse previamente gran . “
contenido de humedad. Los métodosque actuahnentu:stan en desarrollo son
la eliminacién del agua por medlos mecamcos 0 medxante él secadeL .
(Capltulo 8) ~ :

~
)
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_“para el tratam1ento de las aguas de desperd1c10 de modo que los nutnentes
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‘Los fertilizantes estin criticamente en escasez en muchos paises en viasde |
desarrollo. Muchas hierbas acudticas tienen cantidades aprecmbles de nitro- iy
_ geno, fésforo, potasio y otros mgrednentes de los fertilizantes. Ademds, las ‘

. hierbas acudticas utilizadas como fertilizante pueden emplearse para mejorar -

la textura del suelo, lo’ que es de vital importancia en suelos arenosos, de

latenta o altamente arcnllosos—los que estan arnphamente distribuidos en los

paises en vias de desarrollo (Capltulo 9) ‘

7

Allmentos Procesados para Animales

Las hierbas acuatlcas frescas tienen usualmente demas1ada humedad para
‘utilizarlas eficientemente como forraje. Mds 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 en'los paises en vias de desarrollo. El jacinto acuitico ensilado y -
otras hierbas acudticas han sido aceptadas alin por ganado hab1tuado a dletas
de calidad. (Capltulo 10)

v

”

Pulpa, Papel y Flbras

En Rumania, se produce pulpa y papel en gran escala extraldos de las hlerbas y
acudticas fibrosas, de.tipo como carrizos; en. otras zonas del mundo, se ' '
utilizan las hierbas acudticas para empajar para muebles, esteras tejndas

. cestas, etc. El papiro, del que se orxgmo el primer. material parecndo al papel
para escribir, y el junco estdn sin que se les conteda nnportancm pero son
recursos prometedores. (Capitulo 11) , :

Energfa k o ‘ .

En un proyecto en M1$51531pp1 la Admmlstracnon Nac1onal de la Aeronautlca y
del Espacio (N ASA,el programa. espacml de los E:U. A) estd fermentando el
jacinto acuatico para producir metano. Este proyecto expenmental ofrece un
método mediante el cual las hlerbas/ acuatlcas pudlesen convertlrse en
combustlble (Capltulo 12) .0 L

Tratamlénto de Aquas de Deggerdlcm/ . M . ~ (," o

Los compuestos de mtrogeno Yy fosfero son. agentes contarmnagtes comunes de
~ las aguas: al mismo tiempo son los | nnc1pales mgredlentes de los, fertlhzantes
,Alg&nai/ BJerbas acuatlcas puedén ext_raer estos matenales del agua,; e

de laboratorlos han encontrado rementemente que estas plantas pueden ‘usarse




I
|

!

disueltos en ellas pueden: recobrarse para sU" reciclaje. Actualmente se estan
" realizando experimenfos para’ purificar las aguas cloacales municipales, las
aguas de desperdicio industriales y de granjas de crianza de cerdos y lechenas
reprodumendo en e]las plantas acuatlcas (Capltulo 13)

/
;

Plantas Acuatlcas para Alimento, Usos Misceldneos .

(Capitulo 14)

3 ,’\\‘\

7z
/
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' Solam na ‘planta acudtica es utlhzada ampliamente como cultlvo con -
\"/prop/cmel?z?a)’émentmos el arroz. El castafio acudtico chino, el berro y otras

especies menos conocidas aparentan ser dignas de aumentar su explotacion. -
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‘Resumé en Francais

Introd uccion

La menace que représente la flore aquatique prend des proportlons

. alarmantes dans de nombreuses régions du monde. L’eau étant une ressource

“vitale, les plantes aquatiques, ont sur elle une incidence particuliérement
facheuse elles bloquent les installations de pompage et les canaux d’i 1rr1ga-
tion, elles génent la production | de houille blanche, elles contribuent a
Pévaporation par la transpiration, elles entravent la navigation sur les cours
d’eau, accroissent les risques de transmission de maladies don\l
vecteur, elles contrecarrent la peche et la pisciculture et, obstruant les riviéres

- et canaux, elles s’opposent ‘a l’ecoulement des eaux et sont la cause’

d’innondations. -

Se posant 4 1’échelle mondiale, ce probléme est particuliérement aigu dans
les pays tropicaux ou la tiédeur de I’eau, I’aménagement croissant des riviéres
et une irrigation accrue encouragent la prolifération des plantes aquatiques. Il

est encore aggravé par un enrichissement incessant des eaux naturelles grice °

aux apports d’engrais dus au ruissellement et de matiéres nutritives provenant
des activités humaines et agricoles. Aux Indes, d'importants réseaux d’irriga-
tion ont été rendus inutilisables par la croissance des plantes aquathues qui,
en bloquant les canaux, ont réduit des quatre cinquiémes I’ 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 I’hectare, sont apportés dans leurs riziéres par lesieaux -

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 serait plus

navigable au bout de:trois ans sans une lutte permanente contre lenva&usse-
ment des herbes aquatiques.

Des gasteropocﬁ
insidieuse et”débilitante-qui sévit dans de nombreux pays en: deveIOppement

élisent domicile sur les racines flo antes des plantes: aquathues qui, voguant
au gré des vents et des flots en éte dent I'aire de dispersion 2 mesure qu’elles”
l-l\l’tes mares abritées qu’elles forment entre
“elles, lieu d’élection pour la reproductlon des mousthues qui en sont les
vecteurs, elles encouragent la transm1ss1on de maladles comme le paludlsme et’ B

se multiplient. En outre, par les pet

- Pencéphalite:

Et pourtant, il faut reconnaitre que 1a flore aquathue constltue une .
culture gratmte d’une grande valeur potentlelle elle ne demande ni labours‘l‘" o

=

65

*eau est le

aquatiques v cteurs de la schlstosormase cette maladle, 5




- ni‘engrais ni semences ni culture. Elle offre de grandes possibilités en matiére -
f»de fourrage, d’alimentation humaine, d’amélioration des sols, de producnon “ :
de combustible et de traitement des eaux résiduaires. o H

‘procédés en usage dans-les pays developpes IIs sont onéreux, et-les pays en

 Poisson 4 croissance rapide qui se nourrit de plantes, la carpe herblvore

'de son mllleu natif, il faut recourir a 'insémination artificielle (chapntre 1)

On connait mal les habltudes alimentaires a un grand nombre de p01ssons',’

. d’Amenque du Sudetla carpe argentée (chapltre 2)

N Lamantlns

. en outre,-ils s attaquent a pluswurs especes Tant qu’ll ne sera pas poss1b1ef ;
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A mesure que| Ton reconnait les aspects negatlfs graves de la presence
d’herbes aquathues, les sc1ent1ﬁques les ingénieurs- et les reSponsables
gouvernementaux commencent a prendre les mesures correctives  qui
s'imposent. Malheureusement, la lutte contre cette prolifération n’est pas . .-
simple. Les herblmdes et les moyens mécaniques sont prathuement les seuls . H

développement doivent consacrer a leur importation leurs malgres ressources
en devises. Meme dans ce cas, les procédés chimiques et mécaniques 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~ : h
chimiques peuvent avoir une incidence facheuse sur l'environnement et les
grands volumes de substances organiques en décomposition qui €n sont le
résultant ;peuvent entraver la pisciculture. '
Le présent 7apport étudie une sohition éventuelle : la transformation des g
plantes aquathues en aliments, en engrais, en pap1er et ﬁbres et, enfin, en
énergie. Les prmc1paux pomts suivants y sont examinés : '

La Carpe Herbwore ‘ e e e LT

préfére les herbes charnues immergées, contre lesquelles il est difficile de
lutter par les moyens classiques, les transformant en une chair partlcuhere-
ment appréciée. Bien qu’elle soit originaire des eaux froides de la Sibérie et de. =~
la Chine; elle s’accommode dés eaux tiédes des tropiques et certains individus
peuvent atteindre jusqu’a quarante kilos.. Comme elle se reproduit mal hors -

Autres Pmssons Herblvores
tropicaux. [Une" large campagne de recherche sur les especes ‘herbivores
pourrait pe‘rmettre de découvrir celles qui présenteraient un mteret mdeguable e

pour la lutte contre 1a flore aquaUgue On cite parmi les espéces qui méritent.
un effort de recherche et d’expérimentation les .Tzlapzas le “dollar d argent

Ces mamrniféres’ tropxcaux herbwores en v01e d’extmctlon ont la" /capaelte
exceptionnelle de débarrasser les voies d] eau de leurs herbes aquathues L
consommation Journahere dé. ces animaux se traduit par dizaines de kilos et
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d’assurer leur reproductlon et leur élevage, ﬂs n’auront d’ ut111te _que dans leur -

habitat naturel : les .pays d’Amérique du Sud, d‘Amerlque centrale et

d’Afnque si, toutefois, des mesures spec1ales sont apphquees en vue de la

protectlon et de la conservatlon de I’esHece (chapltre 3)

Ecrewsses

LS

Parmi la faune commestlble la moins exp101tee des 'auX douces il -faut
compter ce crustace  proche parent du homard, et que les amateurs payent un

bon prix sur les r;?(cﬂes Dans I’Etat de Louisiane les écrevisses font I’objet .

d’une culture a gfande echelle dans les riziéres ou elles se nourrissent de
chaume de riz, de plantes et de petits organismes aquatiques (chapitre 4).
: | ' il : S

Canards, Oies et Cygnes | '

En sy prenant de la bonne fag:on ces 01seaux herblvores pourraient etre d’un
grand secours pour ‘la lutte contre les herbes aquathu s. IIs. fournissent
également une bonne chair et des oeufs. Ces volatiles sont partlcuherement
prometteurs pour les petlts exp}mtants des paysen developpement (chapitre 5).
- i ; N '1 .
Autres Animaux. Herblvores - ‘1 o

Il existe de nombreux animaux qu1 se noumssent de. plantes mais aucune
étude systématique n’a encore été faite pour savoir si la flore aquatique .
pourrait leur servir de fourrage vert. Parmi ceux qui rnéntent d’étre étudiéson .
compte notamment un rongeur amphibie d’ Amerlque du Sud, le. capybara

(Hydrochoerus capybara) une loutre, la nutria, ainsi que | des smges des porcs

et des moutons. Des travaux de recherche récents lalssent i penser que le.
buffle d’eau pourrait, dans de bonpes conditions, se nourrlr de plantes~
aquathues la Jacmthe d’eau en partlcuher (chapltre 6). s g

f\' e
t
Ve
\

Recolte , _ Gher g Lo \‘=
|
I

. La récolte est extremement dlfﬁcﬂe dan les zones a;écageuses genéralement, v
. envahies de plantes aquatiques. Toutef01s pourgmfacﬂlter on amis au pomt o

des dispositifs i mgemeux dont quelques—uns sont iflustrés (chapltre 7)\“

o ) . : pe

Déshydratatmn

dessxcatlon utlhsant l’energle mecamque ou sola1re son
d’étude (chapltre 8) S e
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Adjuvants des Sols ‘ /

Dans’dé-nombreux pays en developpement les engrais font sévérement defaut
Beaucoup de - plantes aquatiques contiennent en quantlte appremable de
1 azote, du phosphore ‘du potassium et.d’autres-substances fertilisantes. Au -
< surplus, et ceci est extrémement important, on peut les employer 3
I'amendement des sols sableux, latéritiques et fortement argileux qui se
retrouvent partout dans les pays-en voie de developpement (chapltre 9).

Fourrage Tralte pour Animaux -

A’ Vétat frais les plantes aquathues ont en genera] une trop forte teneur en
eau pour fournir un bon fourrage. Au surplus, les principales races de bovins.
et d’ovins se refusent 4 consommer la majorité d’entre elles. Leur déshydra-. -
‘tation-partielle et leur ensﬂage pourait produue des résultats avantageux dans
les pays en développement.. C’est ainsi que ‘1a jacinthe d’eau et d’autres
végétaux aquathues sont devenus grice a ces méthodes, fort appremes du
bétail habitué a des rations de quahte (chapltre 10) o :

Pulpe, Papier et Fibres ‘ S k - ,  - 1

En Roumanie on .produit- de la pulpe et du papier a part'ir de plahtes o

de ces vegetaux comme ‘chaume pour les t01ts pour falre des meubles, dela |
sparterie, de la vannerie, etc. Le papyrus, ancétre du papier, et la canne de W
jonc (typha) quoique encore négllges representent une ressource mtéressante
(chapltre 11). -

£

Energie , ' L :

La NASA, dans un de ses laboratoires de I’Etat de Mississippi, étudie la’
, pos51b1hte de tirer du méthane de la jacinthe d’eau par fermentaglon Le ‘

projet n’en est encore qu’au stade expérimental mais il offre une méthode

~ permettant la conversion de certams vegétaux aquathues en un combustlble
précieux (chapltre 12) : , o ,

Traltement des: Eaux Usees

Les composes azotes et phosphores sont les pollutants les plus courants des

cours d’eau, Ce sont egalement les composants _principaux des engrais.
Certaines plantes aquathues ont la faculté d extraire ces substances de I'eau
et de les assumler Un grand nombre de chercheurs ont recemment decouvert ;
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urbame industrielle ou agncole partlcuherement les porchenes et les

; Tmtenes en y fmsan,t pousser des plantes aquathues (chapltre 13).

Flore Aquatuque dansé Allmentatlon Usages Dwers

‘Une seule plante ‘Herbacée aquathue le riz, est largement utlhsée comme
culture vivriére. Une chatalgne d’eau (Eleocharis tuberosa), le cresson et
d’autres espéces moins connues semblent mériter une exp101tat10n plus

poussée. (chapxtre 14).

o

/../ _




)
Sy

170 : , _ MAKING AQUATIC WEEDS USEFUL
™

Advisory Committeeoanechnology Innov‘ation o

2
! R
et : : iy
=

Members R s ST T

GEORGE BUGLIARELLO, Presrdent Polytechmc Instrtute of New York
Brooklyn New York, Chairman ) - »

E. R. PARISER, Senior -Research Screntlst Department of Nutrition and
Food Science, Massat:husetts Institute of Technology, Cambndge Massa- :
chusetts :

*LEWIS PERINBAM; 'Vice President Special Prograrns Canadian Internatronal
DeveIOpment ‘Agency, Ottawa, Canada :

CHARLES A. ROSEN, Staff Scientist, Stanford Research Inst1tute Menlo ‘
Park, Califomia o '

" VIRGINIA WALBOT, Department of Brology, Washmgton Unwersrty, St
Louis, Missouri T

o . i . ’ ) 3 F : @» 2
‘Board on Science and Technology for |nternational 'Development

r

: - DAVID PIMENTEL, Professor, Department of Entomology and Sectron of : o
,,,,,,,,, ____Ecology and Systematigs,. Cognell University, Ithaca, New York; Chairman— ——
, ' CARL DJERASSI, Departrnjent of Chemrstry, Stanford Umversrty, Stanford ,,!

California, Chairman, 1973-1975 ‘ '

, Members ' S i G s
- ) e ,,4*/\ ; i

1 i i : : 1 =

f‘-.ﬂ_'  GEORGE §. HAMMOND, Forelgn Secretary, Natlonal Academy of Scrences -
% RUTH ADAMS, Amencan Academy of Arts and Scrences Boston Massa- :
chusetts i
. EDWARD S. 'AYENSU, Director, Department of Botany, ,Srmthsoman_& .
, : Institution, Washmgton D.C. o : -
e DWIGHT 'S..BROTHERS, Internatlonal AgnculturaLDe_veLopment Serv1ce {
o - The Rockefeller Foundation, New York, New York ‘
GEORGE BUGLIARELLO, President, Polytechmc Instrtute of New York
Brooklyn, New York ‘ ‘
CHARLES DENNISON, Former Vrce Presrdent Internatlonal Mmerals and
Chermcals Corporatron New York New York . .




el

'ADVISORY COMMITTEE ON TECHNOLOGY INNOVATION 171

~ VICTOR RABINOWITCH Dlrector
MICHAEL G.C. McDONALD DOW Deputy Dlrector, Head Overseas :

=

‘I‘REDERICI\ T. MOORE,; Economic Advisor, Intematxonal Bank. for

Rer‘onstructlon and Development, Washington, D.C:

»OSEPH PETTIT, Pre51dent Georgla Institute . of Technology, Atlanta

-Georgia

_ JOSEPH B. PLATT Presxdent Harvey Mudd College Claremont Cahforma‘
'HELEN RANNEY, Chairman, Department of Medlcme Umversny Hospltal

San Diego, California -

ROBERT M. WALKER, McDonnell Professor of Physics, D1rector Labora-

tory of Space Physu:s Washington Umversny, St LOUlS Missouri

- Stalf .

Programs

+ JULIEN ENGEL Deputy Dnrector Head SpeualStudzes




~~Board on S’cienee ‘and‘;Techno,logvfor fln,ter'n‘at'ional Develkopment'

!

, Commnss:on on Internatlonal Relatlons
National Academy of Sc:ences—NatlonaI ‘Research CounC|I
2101 Constitution- Avenue, Washington, D:€. 20418, USA

Advisory Studies and Spedial Reports

Single copres of pubhshed\ repohs listed below are.available free on request to .
the Board on Sciénce and Technongy for Internanonal Development whlle
supplies last. |
7 u.s. Internatronal Fu'ms and R;D& E in Developmg Countnes 1973 92 -
' pp. Discusses aims and mterests of international firms and developmg-
" country hosts and suggests that differences could be mitigated by
‘ sustained efforts by the frrms to strengthen local R,D&E capabrhtles '
. 8. Ferrocement: Applications in Developing: Countries. 1973. 89 PD.
. .-Assesses state of the |lart and cites applications of particular mterest to
developing countries—boat-building, construction, food and water stor-
- age facilities; Bt I R L
10. Food Science in Developmg Countnes A Selectron of Unsolved
- Problems. 1974. 81 pp. Describes 42 unsolved technical problems with.
* background informatijon, possrble approaches toa solutlon and mforma- L
‘tioni sources.—. . L
11. Aquatic Weed Management Some Perspectrves for Guyana 1973. 44 pp.

Report of workshop with the "National Science Research“C‘ounmLof

Guyana descnbes new methods of aquatrc weed control su1table for

tropical developmg codntnes ;

ore Water for And Lands Promnsmg Technologxes and Research

tunities, 1974. j’ Outlmes little-known' but promising -~

nologies to supply|and conserve’ water in arid areas (French language ‘

lon will be available in early 1977.)

ternational Development Programs of the Office of the Forergn o

Secretary, by Harrison Brown and Theresa Tellez. 1973. 68 pp. History

: and analysis, 1963-1972; lists staff/pamcrpants and pubhcatlons .
16. Underexplonted Tropual Plants with Promising Economic Value.. 1975 o’

187 pp. Describes 36 little-known tropxcal plants ‘that, with research,

~ould become important cash and food crops in the future, Includes

~ cereals, Toots and_tnberrvegetables—&ult’s orlseeds1 forage plants and
others. ' - «

'17. The nged Bean: A Hrgh Protem Crop for the Troplcs, 1975 43 pp
Descnbes a neglected tropical legume from Southeast Asia and Papua
New Guinea that appLars to ha have promlse for comhattmgmalnutnt

"V worldwide, o A .

4 18. Energy for Rural De elopment Renewable Reconrces ,and 1

14,
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technologies with power capabilities of 10-100 kilowatts at village or — -

rural level in terms of short- and intermediate-term availability. Identifies

specific research and development efforts needed to make intermediate-

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 and .-
Program Planning for Developing Countries. 1976. 98 pp. Examines’

utility and limitations of SA/OR methodology for developmg country
application and means for acquiring indigemous capabilities. -

21. Making Aquatic Weeds Useful: Some Perspectives for Developmg
Countries. 1976. -

. Guayule: An A.ltematrve Source of Natural Rubber Describes a
little-known bush that grows wild in deserts of North America and pro-
duces a rubber ‘virtually identical with that from the rubber tree. Recom-
mends funding for guayule development.

1
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weeds from ‘canals. Proposes a research laboratory to develop manatee
reproduction and husbandry Published by the National Science Research
Council of guyana. - 3

"Ferrocement, a Versatile Construction Materml Its mcreasmg use in Asia.
-1976. 106 p. Report of workshop with the Asian Institute of Techhology,

Bangkok, Thailand. Surveys-applications of ferrocement technology in. Asia

and the Pacific Islands. Includes. construction ~of-grain_silos, water tanks;-

roofs, and boats. Published by Asian Institute of Technology. \\ .
Aquatic Weed Management: Some. prospects for the Sudan and the Nile - -

Basin. '1975. 57 p. Report of a 1975 workshop with the Sudanese National

Council for Researcﬁ Suggests modern and innovative methods for managmg' '
the-water hyacmth Pubhshed by National Councrl for Research— gnculturalr

V,Research Council of Sudan.

Natural Products for Sri Lanka’s Futu,re 1975. 53 p. Report of a workshop ,

with the National Science Councrl of Sr1 Lanka, Identrfres neglected and un-.
conventional plant products that can srgmfrcantly contribute to Sri Lanka’s
'economrc development Pubhshed by Natronal Science Councrl of Sri Lanka e
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The following ont-of-pnnt BOSTID reports are avallable only from the ;:’ .

. -National Technical Information Service. To order, send Teport title, NTIS
Accesston Number and ‘amount’ mdlcated Pay by NTIS Depomt Aeoount‘,
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check or money order. U.S. orders without prepayment are billed within 15.

$2. 50 handhng charge per item. Send order to: o
. National Technical Information Service . ,
Springfield, Virginia 22161, USA

1. East Pakistan.-Land and Water Development as Related to Agriculture.

January 1971. Reviews World Bank proposed action program in land and

water management. NTIS Accession No. PB 203-328,-84.25.

. The International Development Institute. July 19'71 57 pp. Endorses

concept of new sciencebased techmcal assistance agency as successor to.

‘AID; examines its character, purposes, and functrons NTIS Access1on

No. PB 203-331. $4.25. ~

-3. Solar Energy in Developing Countries: Perspedtlves and Prospects March ~
1972. 49 pp. Assesses state of art; identifies promlsmg areas for R'& D,

_and proposes mukt;purpose regronal ehergy research mstltute for devel-

oping world. NTIS Accession No. PB 208-550. 34.25.. ' ,

4. Scientific and; Techmcal Informatlon for Developmg Countries. Apr11
1972. 80 pp. Examines problem of developing world’s access to scientific
and technical information sources, provides rationale for assistance in
this field, and 'suggests programs for strengthening information infra-

" structure and pfomdting mTormatlon transfer. NTIS Accesswn No PB

210-107. $4.75. ; : / S : !

6. Research Management anéi Techmcal Entrepreneurshlp A Uss. Role in
Improvmg Skills in Developing-'Countries. 1973. 40 pp. Recommends
initiation of a systematlc program and mdlcates prlonty elements. NTIS

Accessron No. PB 225-129/16A8S. $3.75. .
Mosqmto Control: Some Perspectives for gevelopmg Countnes 199 3 63

Pp. Exammes blologlcal control alternatlves to conventlonal pest1c1de - -
evaluates state of . _knowledge and research potentlal of . several ap-a“
proaches NTIS Accesgion No. PB 224—749/AS .

'l\)'

\b

w Technologles 1974
74 pp. Emphasmeﬁhemeedim rese,’rrch on; low cost roofs, partlcularly
‘using materials available in developmg coT‘es‘NTIS»Accessmn N .PB
- 234-503/AS. $4.75. [ -

13, Meeting the Challenge of Industnahzatxon A Feasrbrhty Study for anf o
Intematronal Industrialization Instrtute 1973 133 Pp- Advances concept o
of an-independent, mterdxsmphnary Ies arc}},mstltute to ﬂlummate new‘_ ,
policy options, confrontmg all natlons /NT : Accesswn No PB 22‘8 348 '
$5 75. B, s , o

Another out—of-prmt report (prepared in cooper" tlon w1th BOSTID) avallable

Describes: the chermstry of
shrub Simmondsia chzner_zszl

TIS Accessmn No PB 253 126/AS



" ADVISORY STUDIES AND SPECIAL REPORTS : 175

= Reports in Preparatnon (woﬂfmg titles) -~ — ' L o Rl

-BOSTID will f111 Tequests forsmglé coples of reports in preparatlon upon
publication. : v B :
5. The Role of U.S: Engmeermg Schools in ‘Foreign Asswtance Act1v1t1es
19. ‘Methane Generation from Human Animal, and Agncultural Wastes.:
*23. Remote Sensing for Development.
24. Appropriate Technologies for Developing Countnes _
/ 25. Little-Known Legumes with Promising Economic Potential. )
26. Leucaena leucocephala: New Forage and Tree Crop for the Tropics.




 ORDER FORM ” | . : SO
P . :
- Please indicate on the labels below the names of colleagues msututzorw' S /

libraries, etc., that might be interested in receiving'a copy of Makmg Aquatic S
Weeds Useful: Some Perspectives for Developmg Countries. -~ >~ e

Plegse retum this form to- ’ S '

. Commission on Intematlonal Relanons (JH 215) ‘ e
* National Academy of.Scxences—Natlonal Research Councﬂ VBT
2101 Constitution. Avenue / ~ : ERNTN
Washington, D.C. 2%18,,U$A N % : :
I
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