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9. AOSTRACT 

Ithas been postulated that nutrient absorption by controlled populations of 

Eichhornia crass(pesJwater hyacinth) or other species of aquatic plants might 
reduce 

concentrations of nitrogen and phosphorus in eutrophic lakes or in effluents prior 
Inthis study, water hyacinths were cultito their release into natural waters. 


vated innutrient-enriched water of earthen ponds to determine rates 
of growth and
 

absorption of nitrogen and phosphorus under cnnditions similar 
to those ineutrophic
 

Five hundred water hyacinths were placed ineach
 
lakes or effluent holding ponds. 


The averagj dry weight of individual plants was
 
of three enclosures inthe ponds. 

1.79 g and initial standing crop was 43.8 g/mz Inenclosures. Triple superphosphate
 

and ammonium nitrate were broadcast over pond surfaces at 2-week intervals. 
Plants
 

grew rapidly and the lush green foliage exhibited no signs of nutrient 
deficiencies,
 

Data on growth
although only nitrogen and phosphorus were added to the water. 


rates and nitrogen and phosphrus absorption were expanded to a kg/ha base. Magnt

tudes of growth and nutrient absorption by plants inthe three ponds were generally
 
but rates of dry matter, nitrogen and

similar during a given period of measurement, 
Plants increased in
phosphorus accumulation increased as the study progressed. 


size during the study, so at the beginning of each period of growth and 
nutrient
 

uptake measurement, plants were larger than at the beginning of any previous 
period.
 

Average rates of nitrogen and phosphorus removal over the entire period 
of growth
 

were 3.4 and 0.43 kg/ha/day, respectively. Research methods and findings are re

ported indetail. Findings verify previous suggestions that water hyacinth can
 

large amounts of nigrogen and phosphorus from water.remove 

q I. PRICE OP DOCUMENTI 

IL.P140JECT NUMBER 
on. DE6CRIPTORS 

Hyacintlh? Pond 
14. CONTRACT NUMIER

Nitrogen C5D2780 211(d)
Phosphorous LTYPE O DOCUMENT 
Phytoplankton 

AID SGlI 47149 



J" q. F 

oi 
"Ai 

'IL 

V r' " el t 
1610p, 

lp 

IN VI 

lb 

/Cell 





Accumulation of Dry Matter, Nitrogen and
 

Phosphorus by Cultivated Water Hyacinths
 

CLAuDz E. BOyD' 
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Nutrient absorption by controlO 

lation of Etchsomia crassip.s (Man) 
Soms (water hyainth), or other speci 
of aquatic plant3. might reduce concentra
tins of rtrogen and phosphorus in eu-
trophic lakes or in effluents prior to their 
releae into natural waters (5. 14, 15, 18). 
Steward (15). assuming dried water hya-
cinths contained 4% nitrogen and 0.4% phos-
phorus. suggested that I ha of plants in sub-
tropkal regions might remove up to 6.000 
kg nitrogen and 600 kg phosponus per year. 
Boyd (5). using more onnservative values 
for growth and nutrient content, estimatod 
potential annual uptake of nitrogen and 
phosphorus by water hyacinths in warm 
climates as 1.980 and 322 kg/ha. respec. 
tively. Rogers and Davis (14). after measur-
ing nutrient uptake by E. crassipes in growth 
chamber experiments, concluded that ab. 
sorption by 1 ha of water hyacinths would 
exceed 2.5W0 kg of nitrogen and 700 kg of 
phosphorus per year if maximum growth 
could be sustained.' Many aquatic plants, 
including water hyacinth, have a high pro-
tein content (3. 4) and plants removed to 
reduce nutrient enrichment of natural waters 
could probbly be used as animal feed. 

In this study, wavr hyacinths were cul. 
tivated in nutrient-enriched water of earthen 
ponds to determine rates of growth and 
absorption of nitrogen and psosphorus 
undcr conditioe- .*mitar to those in eu-
trophic lakes or effluent holding ponds. 
The effects of water hyacinths on nutrient 
concentrations in waters and on phytoplank-

iAssociate Profesor. Aubum UulviIlty Agi 

culturol Eaperimmnt Station. Auburn. Alsbama. 
Submittd for publication AprI 17. 1974. 

ton growth will be considered in another 
report. 

NMATEAIS ANDMTHOOS 

Single enclosures measuring 3.2 x 6.4 m 
and constructed of 5.0&cm diameter poly
vinylcht-side pipe were attached to metal 
posts in the center of each of three 0.04-t.a 
ponds or. the Fisheries Research Unit. 
Auburn University, Auburn. Alabama. 
Five hundred water hyacinths obtained from 
Jim Woodruff Reservoir (Lake Seminole) 
near Chattahoochee. Florida. were placed in 
each enclosure on May 1. 1973. The average 
dry weight of individual plants was 1.79 g 
and initial standing crop was 43.8 g/m2 

in enclosures Between February 5 and Sep
tember 9. 1973. 1.07 kg of triple superphos
phate (46% P ) .and 0.79 khg of ammonium 
nitrate (34%N) were broadcast over pond 
surfaces at 2-week intervals. Plants were 
removed from a 0.25 m2 .quadrat at the cen
ter of each enclosure on June 20, July 6. 
September 5, and September 28. 1973. Plants 
were drained and weighed and dry matter 
determinations made on each subsample. 
Space for continual growth was provided 
by removing 1/2 of the plants from each 
enclosure on June 20 and 1/4 on August 6 
and September 5. At each date, remaining 
plants were separated so that they were 
equally distributed in enclosures. 

Surface water samples were wllected at 
2-week intervals and analyzcd for nitrate 
and dissolved inorganic phosphate content 
(I). Chlorophyll a concentrations (16) in the 
water were measured periodically to prvide 
an index of phytoplankton density. Follow
ing analuys6. of dry matter, water hyacinth 
plants %ere gound to pa the 40-mesh 

stAma.sae-117I.ZcOf4NMIC SOTAN V-56' 1M. 
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as ntre, an dsobae bor
A.erage C€8e8trttS of chlo0oyll 

Ia c vlt h ofwaeIbaphoni i wstere oi ixdp 
hyactaths. 

May 17 

Kay 30 

JMe 15 

Jme 30 

July 1 

July 13 

Aqut 1 

August 17 

September 1 

September 14 

CblorophyU a 

19 

20 

21 

61 

65 

31 

45 

85 

62 

so 

Nitrate 

screen of a Wiley mill. Nitroge analyses of 

plant materials were mide by the micro Kke-

dahl technique (2). The vanadomlybdophos 
phoe acd yellow color method was used to 

in 05 N nitric adddetermine phophoas 
extracts of plant ash (8). 

RWJLMS AN DISCUSSION 

Plants grew raptily and the lush pun 
foliage exhibited no signs of nutrment 

anddeficiencies, although only nitrogen 
phosphorus were added to the water. Wahl-
quls (17) demonstrated earlier that nitro. 
gen and phosphorus wer the nutrients limit. 

ing growth of water hyacinths in ponds at 

Auburn University. Concentrations of ni-
trite and soluble inorganc pbhopbonm 
(Table 1) wer as high as concentrations 

0.020.18 

0.060.11 

0.010.18 

0.060.16 

0.080.17 

0.040.15 

0.010.12 

0.030.10 

0.060.06 

0.160.05 

As Indlreported for eutrophi lakes (10). 
cated 1y chlorophyll a data (Table 1) and 

observatio, ponds contained dense phyto

plankton blooms. Therefore. water hyacinth 
surppulafiofl covering 5%of the pond 

did not reduce nutrient concentrationsgo= 
enough to prevent dense algal growth. 

Dota on growth rates and nitrogen and 
wee exphosphorous absorption (Table 11) 

panded to a kg/ha bme. Magnitudes of 
growth and nutrient absorption by plants in 
the three ponds were generally similar dur

ing a givn period of nisturement. but Mtes 
of dry matter. nitrog and phosphorus 
rocumulation increased as the study pro
greased and reached maxim in September. 
Concentrations of phosphorus in the water 
were no higher in September than at certain 

ntroe leves we lowestother time and 
in September (Table 1). 4owever. water 
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T"ble It 

No sborp of ultoges md ipboe by water liytatikhtine c graO 
cS1UVMd to Mtgt'Mrt tcbd pona 

Nerlod of mauyefrmet 

Ampat 0 to September 5 toMay I to JiM 20 to 

mUM1 August s Se9t-mbor 4 September 26 Ayrac
-i_ to 

Dry matter (ba/li/dal) 

1 106 205 


2 153 149 


3 113 201 


Awn. 125 165 


1 2.2 4.7 

2 3.0 3.3 

3 2.5 3.4 


Average 2.6 3.6 


1 0.26 0.41 

2 0.40 0.37 

3 0.32 0.32 

0.37Averal 0.33 

analyses arm only suggestive of nutrient sts-

tuas In an envizrent. Added nitrogen and 

phosphorus is absorbed by plants. nitrogen 
is ks by denltrification In muds (11) and 

phosphorus is rapdlky absorbed by muds (7). 
Pbytoplankton growth also generally in-

study. so lessenedcraed throughout the 
copeIlot by phytoplankton for nutrients 

explain the gradual increase inwill not 
water hyacinth producton. Plants increased 

n size during the study. so at the beginning 

ofeuh period of growth and nutrient up"k 

measurement, plants were larger than at the 

beginning of any pmrious period. Pomsibly,. 
moe capable cf mpidLarger plam w 

HYACINTHSDOW.D CULTIVATED WATEV 

150 207 170
 

205 133 185
 

207 388
 

130 276 194
 

3.42.7 3.6 

3.6 3.4 3.3 

3.5 4.9 3.6 

3.3 4.0 3.4 

0.25 0.5610.164 

0.0 0.68 0.48 

0.37 0.74 0.44 

0.37 0.64 0.43 

growth than smallr ones when spOM for 
expanslon was creaed by harvest. 

Growth rates averaged 194 kg/ha/dy 
over the 5-month period (Table I) and an 

average 27 metric tons of Plants were Pro* 
duced (Table ii). Assuming a 12.month
 

growing season, this yield increases to 65
 

metric tons per hectare. Yount and Crow
 

man (18) reported growth rates as high as
 

540 kg/ha/day for water hyacinths culti
valuesvated in a eutrophic lake, but most 

were beteen 150 rand200 kg/ha/day. Pen

found (12) reported a maximum growth rate 

of 146 kg/ha/day for a wild population of 
water hyacinths. Average standing crops of 

U 



Table mn 

AcwnISm d1 dry minuer. aitrqe md 0asemus th mercg by 

waeW breyab cultlvagad Insatret-miScb pn 

Cadcubetai Wc1-mce& 
Ka I throso UaWobr 23 it. a 6Ma 

.d Dr7 mater Mtrom Pbouberus Dry mater Miuveyts Tborss 

1 24.6 0.50 0.05 56.5 1.20 0.12 

2 24.1 0.49 6.01 63.2 1.16 0.16 

3 30.2 0.50 0.06 73.0 1.21 0.14 

Arage 27.0 0.50 0.06 63.2 1.20 0.14 

Table IV 

in waterConcentraUms of nitrogen and pbopborus (%dry weit) 
hyactnth. cultivated In nutrieut-enricbed ponds 

Pond June 20 August 6 September 6 September 28 

Nitrogen 

1 2.00 2.28 1.71 1.92 

2 1.95 2.20 1.75 1.44 

3 2.19 1.68 1.71 1.25 

Average 2.05 2.05 1.72 1.54 

Phos0oru, 

1 0.24 0.20 0.16 0.24 

0.24 0.292 0.26 0.25 

0.193 0.28 0.16 0.1S 

Average 0.26 0.20 0.19 0.24 
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water hyacinths in ponds at Auburn Universi-
ty increased from 6.7 metric tons/ha on June 
20 to 16.2 metc tons/ha on September 28. 
Even at the lowest standing aop, plants 

tightly confined within the enclosureswere 
and growth consisted prismarly of vertical 
expansion. Rapid growth was only sustained 
by partial hanest at intervals. Water hya
cinths produce new plants vegetatively and 
expand into vacant areas rapidly. Ten plants. 
given space and good growing conditions, 
can potentially p.oduce 655.360 plants 

of plants) in an 8-momth growing(04 ha 
season (13). Standing crop estimatef for nat-

a sural populations of water hyaciths
m tons/hacnthsgreat at25 tric Hbre s 

great as 25 meric tons/ha (9). However. 
these values represent accumulation of plant 
mateial,over several years and growth rates 
were probably low at the time of standing 
crop determinations. 

Average rates -A nitrogen and phosphorus 
removal over the etire period of growth

.43 g~dy, rspecivelwere3.4 rgl0.43 kg/ha/day. respectivelywere 3.4 and 
(Table 11). or an estimated accrual o 

metric tons of nitrogen and 0.14 metric tons 

of 	 phosphorus in climates conductive to 
year around growth. Plants generally ab-
sorbed nitrogen 5 to 10 times as rapidly at 
phosphorus. Average percentages of nitrogen 
in 	harvested plants (Table IV) decreased 
from June to September. Average phos-

wre simi-phorus concentrations in plants 

lsr on June 20 and September 28. but slightly 

lConer onh or two dates (Table IV). 
Concentrations of nitrogen and p 
in dried samples of water hyacinths from 32 
natural population; (4.6) -nged from 1.2 to 
5.6% for nitrogen (average of 2.5%) and 
from 0.1 to 0.8% for phosphorus (average 
0.47%). Rapidly growing plants in nutrient-
enriched earthen pomds h d lower concentra-
tions of nitrogen and phosphorus (Table IV). 

Highest and lowest rates of growth and 

s (reertatoraion of nitrogen and p1ospho 
todataInTabe 11 for Pond !. May ItoJune 
20. and for Pond 3. September 5 to 28) were 
used to set upper and lower limits for dry 
me production nd nutrient uptak over 
a 12-month growirg season. These limits 
wre, 35 to 142 metric tons/ha of dry matter. 
0.8 to 1.8 metric tons of nitrogen, and 0.1 to 

0.3 mric tons of phosphorms. These values 

are considerably lower than estimates given 

but the upper limits are similar to estimates 
of potential dry matter. niunrle and pbo&
phonus accrual given by Boyd (5) Findirnp 
from this pilot study verfy previous sugges
tions that water hyacinth can remove large 
amounts of nitrogen and phosphors from 
water. 
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