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Accumulation of Dry Matter, Nitrogen and
Phosphorus by Cultivated Water Hyacinths

CLavpe E. Boyp!

INTRODUCTION

Nutrient absorption by controlled popu-
lations of Eichhormia crassipes (Mart)
Solms (water hyscinth), or other species
of aquatic plants, might reduce concentra-
tions of ritrogen and phosphorus in eu-
trophic lakes or in effluents prior to their
‘release into natural waters (S, 14, 1S, 18).
Steward (15), assuming dried water hya-
cinths contained 4% nitrogen and 0.4% phos-
phorus, suggested that | ha of plants in sub-
tropical regions might remove up to 6.000
kg nitrogen and 600 kg phosphorus per vear.
Boyd (5). using more cnnservative values
for growth and nutrient content, estimated
potential annual uptake of nitrogen and
phosphorus by water hyucinths 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 2,500 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 probably be used as animal feed.

In this study, waisr hyacinths were cul-
tivated in nutnient-enriched water of earthen
ponds to determinc rates of growth and
absorption of nitrogen and puosphorus
under conditions ..milar to those in eu-
trophic lakes or effluent holding ponds.
The effects of water hyacinths on nutrient
concentrations in waters and on phytoplank-

1Associste Prolessor. Auburn Uuiversity Agri-
cultural Experiment Station, Auburm, Alsbams.
Submitied for publication April 17, 1974,
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ton growth will be considered in another
report.

MATERIALS AND METHODS

Single enclosures measuring 3.2 x 6.4 m
and constructed of 5.08cm diameter poly-
vinylchloride pipe were attached to metal
posts in the center of each of three 0.04-}a
ponds or the Fisheries Research Unit,
Auburn  University, Aubum, Alabama.
Five hundred water hyacinths obtained from
Jim Woodruff Reservoir (Lake Seminole)
near Chattahoochee, Florida. were placed in
cach enclosure on May 1, 1973. The average
dry weight of individual plants was 1.79 g
and initial standing crop was 438 g/m?
in enclosures. Between February S and Sep-
tember 9. 1973, 1.07 kg of triple superphos-
phate (46% P;04) and 0.79 kg of ammonium
nitrate (34%N) were broadcast over pond
surfaces at 2-week intervals. Plants were
removed from a 0.25 m3-quadrat at the cen-
ter of each enclosure on June 20, July 6.
September 5, and Scptember 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 S. At each date, remaining
plants were separated so that they were
eoually distributed in enclosures.

Surface water sampies were oollected at
2-week intervals and analyzod for nitrate
and dissolved inorganic phosphate content
(1). Chlorophyll a concentrations (16) in the
water were measured periodically to provide
an index of phytoplankton density. Follow-
ing analysis of dry matter, water hyacinth
plants were ground to pass the 40-mesh



Table |

Awmdcwug aitrate, and soluble imorgmaic
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hyacinths.
Soluble tmorgaaic
Chlorophyll 8 Nitrate phosphorue

Date e ) (mg/1 N) (mg/l Py

May 17 19 0.18 0.02

May 30 20 0.12 0.08

Jupe 15 21 0.18 0.01

Juse 30 el 0.16 0.08

July 1 es 0.17 0.08

July 13 1 0.18 0.04

August 1 4 0.12 0.01

August 17 u ' 0.10 0.03

September 1 62 0.08 0.08

Soptember 14 58 0.08 0,16
samolaWilcymill.Niuogmmdymo( repoﬂedforeutrophkhhu(w).bind!-
phmnutaialswacmdebythemiaol(}e cated Ly chlorophyll a data (Table 1) and

dahl technique (2). The vanadomolybdophos-
phoric acid yellow color method was used to
determine phosphorus in 0.5 N nitric acid
extracts of plant ash (8).

RESULTS AND DISCUSSION

Plants grew rapidly and the lush green
folisge exhibited no signs of nutrient
deficiencies, although only nitrogen and

phorus were added to the water. Wahl-
quist (17) demonstrated earlier that nitro-
gen and phosphorus were the nutrients limit-
ing growth of water hyacinths in ponds at
Aubum University. Concentrations of ni-

trate and soluble inorganic phosphorus
(Table 1) were as high as concentrations

ponds contained dense phyto-
plankton blooms. Therefore, water hyacinth
populations covering 5% of the pond sur-
isces did not reduce nutrient concentrations
enough to prevent dense algal growth.

Dats on growth rates and nitrogen and
phosphorous absorption (Table 11) were ex-
panded to a kg/hs base. Magnitudes of
growth and nutrient absorption by plants in

generally similar dur-

matter, nitrogen, and phos
accumulstion increased as the study
and reached maxima in Septem
Concentrations of phosphorus in the water
mmhl;herins:pmnbuthmucmdn
other times and nitmte levels were Jowest
in September (Table 1). However. water
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hmdwﬁdwgolum.ﬂmwnurhnhh
cultivated ta nutrisebenriched ponds

Period of messurement

Soplember 5 to

May 1 to June 20 to Auguet 8 to
Poad June 19 August 5 Septembor ¢ September 28 Avorsge
Dry matter (kg/ha/day)
1 108 208 189 207 170
2 183 149 208 23 188
3 13 201 207 ss 17
Aversge 128 188 190 176 194
Nitrogee (kg/ha/dey)
1 3.2 .1 2.1 .8 3.4
3 3.0 3.3 3.6 s.¢ 3.3
3 2.8 3.4 3.8 .. e
Aversge 2.6 2.8 3.3 4.0 3.4
_Phosphorys (x/be/day)
1 0.28 0.41 0.28 0.60 0.3¢
2 . 0,40 0.37 0.4 0.88 0.48
3 . 0.33 0.52 0.37 0.1¢ 0.44
Average 0.33 0.37 0.37 0.64 0.43

¥

mdymmaﬁywivednuuiuusw
tus in an environment. Added nitrogen and

is absorbed by plants, nitrogen
is lost by denitrification in muds (11) and

will not explain the gradual increase in
water hyacinth production. Plants increased
in size during the study. so at the beginning
olexhpaioddpmhmdnulriemupuh
messurement, plants were larger than st the
bqinnin.dmyptwiompaiod. Possibly,
larger plants were more capable cf rapid

BOYD. CULTIVATED WATEX HYACINTHS

Growth rates averaged 194 kg/ha/day
over the S-month period (Tabie 11) and an
average 27 metric tons of plants were pro-
duced (Table Iil). Assuming a 12-month
growing season, this yield increases to 65
metric tons per hectare. Yount and Cross-
man (18) reported growth rates as hign as
540 kg/ha/day for water hyacinths culti-
vated 1n a eutrophic lake, but most values
were between 150 and 200 kg/ha/day. Pen-
found (12) reported a maximum growth rate
of 146 kg/ha/day for 8 wild population of
water hyacinths. Average standing crops of
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Accumalstion of dry matier, sitroges, aad phosghorus in metrio tons/he by

water hysciaths cultivated in sutrient-sariched ponds

-

Calculated for 13-moath

May 1 through Beptember 28 —Lrowiag season
Jood Dry matter Nitroges  Phosphorus  Dey matter Nitroges Phosphorue
1 24.6 0.50 0.03 1.20 0.13
3 26.1 0.49 0.07 1.18 0.16
3 3.2 0.50 0.08 1.3 0.14
- Average 27.0 0.80 0.08 120 0.16
Table IV

Concentrations of nitrogen and phosphorus (% dry weight) in water

hyacinths cultivated io nutrient-enriched ponde

Pond June 20 August 6 September § September 28
Nitrogen
1 2.00 2,28 1.n 1.92
2 1,88 3.20 1.78 1.44
3 2.19 1.68 1.7 1.26
Average 2.08 2.08 1.72 1.54
Phosphorus
1 0.24 0.20 0.16 0.24
2 0.20 0.28 0.24 0.29
3 0.28 0.16 0.18 0.19
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 metric tons/ha on September 28.
Even at the lowest standing ciop, plants
were tightly confined within the enclosures
and growth consisted primanily of vertical
expansion. Rapid growth was only sustained
by partial harvest at intervals. Water hya-
cinths produce new plants vegetatively and
expand into vacant areas rapidly. Ten plants,
given space und good growing conditions,
can potentially p.oduce 655,360 plants
(0.4 ha of plants) in an 8-month growing
season (13). Standing crop estimates for nat-
ural populations of water hyacinths are as
great as 25 metric tons/ha (9). However,
these values represent accumulation of plant
material over several years and growth rates
were probably low at the time of standing
crop determinations.

Average rates f nitrogen and phosphorus
removal over the ertire period of growth
were 3.4 and 0.43 kg/ha/day, respectively
(Table 11). or an estimated accrual of 1.20
metric tons of nitrogen and 0.14 metric tons
of phosphorus in climates conductive to
year around growth. Plants generally ab-
sorbed nitrogen S to 10 times as rapidly as

phorus. Average peroentages of nitrogen
in harvested plants (Table 1V) decreased
from June to Scptember. Average phos-
phorus concentrations in plants were simi-
lar on June 20 and September 28. but slightly
lower on the other two dates (Table 1V).
Concentrations of nitrogen and phosphorus
in dried samples of water hyacinths from 32
natural populations (4.6) ~anged from 1.2 to
$.6% for nitrogen (average of 2.5%) and
from 0.1 to 0.8% for phosphorus (sverage
0.47%). Rapidly growing plants in nutnent-
enriched earthen potds had lower concentra-
tions of nitrogen and phosphorus (Table 1V).

i and lowest rates of growth and
absorption of nitrogen and phosphorus (refer
to data in Table 11 for Pond I, May 1 to June
20, and for Pond 3. September S to 28) were
used to set upper and lower limits for dry
matter production and nutrient uptake over
a 12-month growirg season. These limits
were, 35 to 142 metric tons/ha of dry matter,
0.8 to 1.8 metric tons of nitrogen, and 0.1 to
0.3 metric tons of phosphorus. These values
are considerably lower than estimates given
by Steward (15) and Rogers and Devis (14).

soyp CULTIVATED WATER HYACINTHS

but the upper limits are similar to estimates
of potential dry matter, nhnrn and phos-
phorus sccrual given by Boyd (3). Findings
from this pilot study verify previous sugges-
tions that water hvacinth can remove large

amounts of nitrogen and phosphoris from
water. ’
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