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WATER NYACINTI I EICHIORNIA CRASSIPES) PRODUCTIVITY
AMIDY HARVESTING STUIMES

B C. Winvewion axn Reaneca © MeDonaln®

Wt Byl i grossiBoralgs wore micikiiuiesd T May Uirasgh Cctobeer im 1w
srsagy lagoibin wah dillerent nuient losding ratos, The luigoan receiving rhe
lawivst o sustwined the heghis avedape growih rudes thisughoul (be summer,
Bhee Dighilly luideal lagoun averuged & 399 inurease in walght per woek vver ihe
ik ikl penod with the highest growih rale occuning dunag Juse with §n
uverugy weehly weight guin of TI9, The heuvly Ioaded lugoson susiined i
berlapy giowlh vale of $08 per week for the same sie manh poiiod with 1hg
Pighest meusured growih vate of TV incicase in weight per week sl tLuning
i B B o, (e il v ol thive harvesiees was @vabuated, Oag
It v ehled, ¢t shing, o i chappr ansd vonveyod, was capahle of MErkeng up and
wlsnpning apyianivatedy 2,3 0ol plants per houd asd delivering ihein 1o whiling
ik, The ool hursester sus @ soggle 152 w08 i wide cunveyar, umnd the
hird aane way o doditied clamshell buckel aliethed (s = driglng. Ihe averuge
linrwesting aiile of vach al iliesg harvgslor wis upisiiinpiely W3 1 of water
Biy aw inilin i Riviar

Uity vasitlar iguiativ planis W e wasle witers bas proven 1o be u very
pronmseng method ootrest domestic sewage, particubrly for small communilics
ol IULURKD e o Tess it alieudy use Ligoons, e wegusibie plunts studied o
it imvolving waste begatment inclide the water hyscinth (Wolverton el al., 1974%:
Wolverton & McDuonald, 1976; Dinges, 1978 Cornwell et ul., 1977: Schulze,
Pt duchweed (Colley & BEpps, 1973 Sutton & Ornes, 1977), bulrush { Seidel,
P, vl submiersed plants EMeMably, 19960, Maost researchers recogniee the
warler yawinth s Hhe sost proslitic of these pguatic plaix.

Futuie winle waler treatment cilities using agquatic plaiits o upgrade their
deselinngge may be desigoed i two manners, One de wign, whiere mulrient remoyvul
i L Imporkant, may iminimige biomass production in order 1o reduce hurvesting
ainid plianl disposal vosts, The wiher alternative design, where nutrient remaovil is
dusiivd, should muximize biomass production, s therefore make the conversion
of plant material into methame, Tertilizer, or feeds u practical wnd profivalde by-
prodict of winsle leatment. 'Two ureas ol study mECessry W design u plam Tur
s bitiiss production include plan prow il rales wnid harvesting lech:
fiLues,

The Munenal Aeronuutics and Space Administration al the Mationnl Space
Fechnolugy Labarmtories hus been evaluiting the eflectiveness of wiler hyucinths
T npecide existing domestic sewage ligoons., Water hyacinth proswth ricle miva-
supf i s i evilition ol Iisrwesnimg fechmigues wilth w variety of harvesting
vyaipienl were o part ol this effon. The results of these productivity i Bir-
wusting stuidies ave ueseiled in this paper in iwo pars,

Previous growth rate studies by Dymond (1949) and Penfound and Esde { 194K
wally sl by Westhike (103 a0 estimating the gl produclivity of (he
witler hyacimth to be T1=33 Uha, dey saight. A Liter study by Waooten and Dodd
CRF0 Fownal i prosluciaen of 300 of soganic muieco in anly (05 duys. Wesiluke
RN progedtesd Dt possible maxbmum snnual produetion rites of 100 1o 150 1
ol ganic mattenhadyr could be obiained if the plants were regularly thinned ot
b e sell-shasing wind grown i topieal or sub-tropical climanes.
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The first part of our investigation represents our witer hyacinth productivity
slidics o Dwas, ovescell osidation ponds witl diflerent loading rates locaied in
subetrapicul clinkste, The second part is an evalustion of three harvesting systems
selvbehe can aid in removing the plants from oxidalion ponds us necessury in ander
Lo encourisge masimum biomass production,

PROIUC T IVITY STUILS
Meencliere

Baih Tagosns used in these productivity studies are single-cell, Tacultative
proviind s, woinimsnly relerred o oas oxidation ponds, which veceive only domestic
sewage. These Bigoans ane located o the Natiomal Space Technology Laburate-
pies i Mancock Coundy, M5 and al Lucedule, M5, oth of these locations are
i the Gull’ Coust Begion. The normal range of influent nulrient concentrations
wind lending rntes, bused oo Solay Blochemical oxygen demamd (BOD, ol
hjeldulil nitrogen CFKMY, and Wwial phesphorus (TF), Tor these lagoons are pre-
senitield in Tuble |, A und B, These values woere oblained From estimated Mow rates
siiid Uhe aonolysis of two influeni grab sumples per week for u period of ong vear,
i lusling The groewdh rate siudy mont s,

Pwer glvanieed wire mesh buskets, 2m W = 2 m L= 0.5 m D, supported by
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Phis dhilTerence in nutesent heading is directly rellected in the measured grovdh
ot shown i Tulsle |,

Witer hyucintls grew the Dstest in the cifly sumimer months of May amd June
i bt sysiimms, Tlis wbaervation correlobes witly thal of Senrshiook nid [uvis
CEUTTE The Bghest growtl ees averaged 719 and 7059 per week Tor NSTL and
Fovewsbale, raspaectively. A ahus rioe ohee plonts doolded their mss EVErY 0ine
Hen s,

I wrdder 1o use the growth mies more ellectively, one must also use the deta
prapieully us represented T Figoure 1. This duta was colleeted From the buskel
al 1he NS TL faguon which was maintained wt HHEE coverige, The average rool
o stinlk heigghis were icasured, und the planis were weighed, The siruight line
ol best lie was obtisined by least syuares snalysis Tur the plot of wial plant length
Eatilk height plas vool Teogthe versus wet weight 10 per hectare, We found Uit
e botal weight was mwre lncarly related to the etal plant lengih thi Just Lhe
shinlk Tweaght alone. This relativmnship also held tooe with the plams from e Luce-
ilale Bigeowan, althwogh these phiints o oomuoeh bigher ratio of siulk hgiglan 1o ot
length s wonnmaresd to s g on the Tess Teetile eovirommeni o N5,
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A The fiest Darvester designed wider contragt e NASA is shown in Figare 2.
UBiis Barvester reegived plants pushed h:r' a bt The plints were picked up
by o LEI m o0 00 wide votary hewd, course chopped amd Boaded inlo a dump
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atrwghtl lime ul besd il smoas piiaened by least-sijuanes iy nis,

panteuns were pluced in the NSTL kigoon, One baskel was partially harvesied
al one 1o hree week intervals 10 gncouruge magimum growth rates, The other
lssket was partially harvested every eight 1o ten weeks in order to collect data
vt plivmd length versas masstsomce ores, Ao dentical baskel was placed in the
Loucedube ngoon and partially hisrvested every three Lo sis weeks,

Mesilia

The NSTL sewige Tagoon, louded al o rile of 10-34 kg BODShdduy 1531 I
HODfuciday), receives a relaively light nutrient and organic load, The Lucedale
lagown receives almost two times the BOD, losd and four times the nutrient lowd,
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ok vii i 40 cm (18 in] conveyor bell, The chopper hirvester required o
Bt eybinided ghsaling engine, wisd the sl cunweyor used u ljve ]|_|'|. j,.:H-UlII“.
I NE.

Mo poslier Dol sliovwn in Figure 3 osas o 407 oo 004 00 wlomidsm Bl
driven by a 20 hp owtboand motor, A heavy wire mesh scoop (0,64 m W x
284 m L) wos mounted on the front of the bowt, This scoop wis ensily
lowered wr raised by Band by (he boat eperatur.

The second harvester designed by MASA and fubricited at MSTL consisted
ol o single Ruge conveyor bell (Fig, 4). The conveyor belt was 152 m W x
B.53 m Lound was dnven by o four eylinder diesel cngine. The plants wene
pished to the conveyor by the pusher boat deseribed above.

The third harvester evoluated by HASA wis o modilied clamshell buckel
atfughed 1o stundund drag line (Fig. 53 The bucket was expanded Lo 3,05 m
Pomge cimil cosuld pick opoa 152 mowide arei.

il

Baewiuse the mivss ol witer byweinths per heetre s dependent on the size of
ints, the elliciencies of the three harvesiers arne best compored by estimuting

st loww e Dirva st per Dwor wod correluiimg this vidue with fe sige of the
plits wo b Barvested asing Figuee 1 Tuble T gives the maximom and realistic
horvesLimg ook lities ol the three machines,

The lmnating Gwctor Tor botl the single conveyor aind the conveyor-chapper. was

the pusher ot Ad Dast o single pushaer oot con only keap pluls on the gone
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e 4 mingle conveyor hurvesier,

verers 2350 of the time, These systems could be further optimized by using 1wo
e e peiisb s Doty o by devising oot system ot could continuowsly feed
thie larvesies.

e conveyor-chapper was subyed! toomsre mechinical breakdowns than thie
simple conveyor dug woits more comples malure. The rotary pickup head was
conily clogged with sticks wod other ngid objecis, The single lrge conveyinr wis
Far more reliable begause s moving pans ¢ould not be clogged by fosting debris.

The original design Tor the single conveyor called Tor wing conveyors to ¢ xiend



141w WIRLVEH TN & ATCININALLY, WATEN H FALC N TR [

P, 5 Musliliedl clamshiell bagien

aubanta the water al the base of the central conveyor belt, These Wil CONYeyors
ol Torm o funmel and groaily wid the pusher buoat in channeling plins Up Lo
e ceniral harvester. However the size of the lugoon a1 NSTL was not Lirge
erivgh e warman! the exten expenditure ol unds necessary 10 enlurge the con-
W WU,

Fhe mwadificd ¢lomshell buckel proved w be the easiest hurvesier 1o use cone
nnuously. s overall harvesting capasily of 418 m®hr was comparukble to thiat of
the single conveyor. This harvesier wis very efficient in hiurvesting the planis
frowm the swater hyucinih-¢chemical waste treatment system which was construeted
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Foui, & Masdslied buckei aftuched fv a busk hoe.

i s iy configuration thist wis G4 mowide (Wolverion & Mo Denald, 19770
I could be easily moved wroumd the lagoon wnd lirvest specilic areas of plunts,
This Mesibility wis viery important in the chemicil wiste sysiem due (o ity con-
Bgurativn. Mants at the upper end of the canal required harvesting more e
uently than those of the dischirge point because they bacime suturited with
by mietils gquicker and hud o be replaced periodically.

Many people have buile their wsen squanic plant harvesiers Trem eguipment (hat
Phay wlreaady owned in onder o cconpmize, One expmple b5 shown in Figure 6.
Fhis harvester consists of o modilied bucket attuched oo suituble piece of heavy
eeguipmmant, The cost ol mwoadilying the bucket wis nominal, For small water iy
aginth Ireatment systems where harvesting requiremenis are minimal, devising
Bnr v ste s vud of @xisting ek bogs and relited couipmaent ¢an be very praclical,
Oither waler hyacinth harvesiers are compared inoa comprehensive sarvey pres
piresd by the LS, Avoy Corps of Esgineers CBureau of Aquatie Plant Besgarch
sl Comiral, 1992,

LRI LissEdEN

Crrailly Elhe warler Tiyacintl i the enniehad eaviramment ab Locedale, S5 aves
eriged 400 ingrease in weight per week duning the months of May w Ocaber.
The growing season wlso ineludes Apnil fur the Gull Coust regivn, alihough the
sl e siudies were mol begun in iome o include this mentls,

P anmbser of et ons per week will Tuciuate dwe o monihly growih rate
dlaflierences, horg baenss cam B harvested domng Moy, Juee, amd sardy July
Uhan durmgg the other months, However, on on average, [0 wel metric twns of
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biwsrass con be horvested per hectore per week from Apnil throwgh Octobar based
e T g an pverage st cop of 220 Wi, Cveer the seven ot hs,
IR wel metnic tons or U3 dey meric tons (based on an approsimate solids
content wl 5% of wel weight)d per hectire ¢an be obtained, This value is amzingly
close o Westlike's prediction of s annual produclivity of 130 ¢ organic matie
haw e under isdeal comditians § 1443),

Flis patential yield of 1534 vhadyr G exceeds the dry biomass vields of any
ternustrinl, sulivwater, wr Meshwater plant, except algae, vel recorded, For ex-
pmple, sugar cone pnd sweed sorghom, shich wre considered potential comlidutes
lor bvconversion due W bigh growih rates, can yield 4.8 Uha/ve (Alich & Inman,
T b Californin uverige vields of Ewealjtios sp, o Wy planl, have baan
as high as 53 hadye (Greeley, 1976).

Mucroscopic red wlgoe { hdophyeeine] con produce 418 w0 550 Loy whien
grown in enriched seawater (Ryther, 19761 The giant algne or kelp (dacrocestiy)
thal Biss Deen considered o prime candidute Tor bioconversion produces un av-
crage yaeld of T4.5 | orgaome mattenhw'y r or approgimastely 26,0 woial 1 ol mass
peer hifyr dMarth, 19T 1L These vields have been reported us high as 306 and 55,1,
respeciively,

Al e consideried mmong the most prolilic of te freshivasior pliants, Maxi:
penn eebbisinable groswth rotes Bor thatse plots sary gresnly, Oswild {19760 reports
wighls of 35,2 (o W4 vhadye for algiae harvested Trom enriched sewuge ligoons.
Hovwawer MGy and Tongkaseime 9T 1) report tiat yields oF 157 vhwyre are
abstiiinilsle when algie are graown yenr-rsind,

This prdentinl weop ol D3 G ha producaed during seven manths of the yeir hins
sharwn pronvise Tor Peeds il fertilizers, On ey weight basis, the crude protein
averiged 2T (AE e vhe Jeaves) {Wolvenion & MeDonold, 1979). The
plicesphioru s wnd sl conlent wyvernged U HE wnd D515 of diry welght, respec-
tively. The plants are also mch im potassiom, caleivm, inen, manganese, magne-
i, o0, slomnge winl many witswmins suchous Disming, eibollavin, aincin, und B,
FWoaolvertoen & MeDonsld, 19949,

Woiter Brvas i b are slso o oo canadidate lor bivconversion o produce metli-
ane lor energy. D batch studies of unuerobically digesting water hyacinihs, HASA
hais Tundd thit 350 v 411 Biters bio-geis per kg dry weight (5.7 10 6.6 sel per diy
(b0 e b obtoined (Wolverton et al., 1975, and unpublished duga), This bio-pas
contains approximately G5 methune. Therefore, one hectiare of witer hyacinths
grown i wn ennched envirenment in o warm climste for seven months of the
yeul con e used o produce approximately 58 Q00 m® (2 290, s¢T) of Dig-gas
contiming X5, D0 an® 150 0] el me lhine.,

These potential products are presenly being explored by MASA ws well as
elhar investiguiors, This phenemensl annosl produciion of organic maller per
hewtare Ui can be oblained as @ by-product of domesiic wasle reaiment con-
tribiites g0 the economic attrnchiveness of using Lthe witer hivacinth s o new
soniree ol leed, Tervilizer, and energy.
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