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Elemental| flux between algae and duckweeds
(Lemna gibba) during competition

Séndor Szabié', Mihaly Braun? and Gabor Borics®
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Abstract: Ax Lemna gibba fronds were co-cultured with five green algal, three
diatom and ﬂ::f cyanobacterial species and were grown separately and in mixed
combination on qutoclaved communal wastewater. These species were obtained from
a local mini containing wastewater covered by duckweeds. The impact of
selected algal ies on bioproduction of Lemna cultures was measured. The flux of
clements during competition for nutrients between algae and duckweeds was exam-
ined. When the duckweed cover was incomplete, duckweeds had no impact on the
multiplication of plgae. Under this condition, algae showed a much stronger competi-
tive effect for nutrients against Lemna, because algal nutricnt removal was much
more intensive than the nutrient removal of the fronds. The elemental composition of
the water was mainly determined by algae. In Leinna-alga cocultures, the elemental
concentration of the water was lowered to below 0.0] mg/l for phosphorus and for
iron due to the algal activity, They were below the minimal concentrations for growth
of duckweeds. Algac increased the pH of the water to above 10, which resulted in
5.5 mg/l NHy-N n the medium. The elemental concentration of the algal treated
fronds decreased by 87 % for phosphorus and by 90 % for iron. Results suggested that
during competitiop with algae, iron and phosphorus became a potential minimum fac-

tor for duckweeds;

lnt;oduci:lon;i

It has been sho\% that duckweeds (Lemnaceac family) may be used for re-
moving considerlhblc quantities of nutrients from sewage effluent. Therefore,
they are used ifn post-treatment pond systems (ZIRSCHKY & REED 1988,
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ALAERTS et al. r996). However, as a result of high organic and inorganic load-
ing. algae may |develop in the wastewater pond-system, especially when the
duckweed covet is incomplete. In many cases, algal bloomed wastewater was
allowed into the duckweed covered lagoons. Some of these algal species iay
inhibit the growith of the duckweed species. It is well known that extracts of
some cyanobactéria (bluc-green algae) inhibit the growth of duckweed species
in laboratory conditions (CHAUHAN et al. 1992). In field conditions, the devel-
opment of Anabaena caused the disappearance of Lemna trisuica (KrurL

1969). Once the duckweed cover has disappeared, algal competition which
leads to the removal of nutrients, might prevent re-cstablishment of the system
(ZirscHKY & REED 1988). :

In a prelimi investigation, the influence of three green algal, one di-

atom and five blpe-green algal species on the growth of L. gibba was investi-
gated in various|conditions (SzABG et al. 1998). The algal species were ob-
tained from a Io{:a) minipond containing wastewater covered by duckweeds.
With incomplete| (<50 %) duckweed cover in communal wastewater, seven
algal species si ificantly Jowered the growth of duckweeds. Chlorella pyre-
noidosa was found to have the most severe influence on the bioproduction of
causes of inhibition by the examined algae (nutrient re-
pathy) have not been tested. '
The purpose of this study was to examine the elemental dynamics between
algae and duckweed when the duckweed cover is incomplete, in order to find
those key factors that are responsible for the growth inhibition of L. gibba dur-
ing competition With algae. Knowing the key factors (elements) may help us
to re-establish the|sytems effectively in case of algal blooms. .

|
Materials anq methods

Cultures of duM and algal species for experiments
|

The axenic L. gi lone was produced according to BOWKER et al. (1980). The clone
was grown on a twice diluted Hutner medium (LANDOLT & KANDELER 1987) supple-
mented by 200 mg/l of peptone, 200 mg/l of beef extract, 200mg/1 of yeast extract and
0.5% glucose to ¢ that microbial infection would become visible. Planktonic and
epiphytic algal species were isolated from three plastic miniponds (0.4 m? of surface,
0.5 m depth of water) containing communal wastewater covered partially (25 % and
50 %) and completely (100 %) by duckweeds. The isolated algal species grown on Al-
len’s agar (ALLEN 1968). were observed by light microscopy and identified sccording
to FELFSLDY (1972, |985) and KRAMMER & LANGE BERTALOT (1986, 1988). The cul-
tures were purified according to Rippka (1988). These axenic algal species were then
grown in Allen’s liquid medium for the further inoculations of experiments. Inocula-
tion was done by adcing I'ml of algal suspension into | litre of medium. Incubation of
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algae and duckweed cultures was done under the following conditions: 54 umolm-?5-1
photon flux density, 16-h light/8-h dark, temperature 25 + 1.5°C.

Lemna-alga co-¢ultures study

In this study, the i
experiment 1, the pactolllalgdspecic:inwulawdupamwlyonlznmculm

rella pyrenoidosa, omonas ehrenbergii and Limnothrix redekei ) incubated to-
gether on duckweed cultures under low duckweed cover; furthermore, to describe the
clemental dynamics water, algae and duckweeds during algal competition,
For the mixed algal tbemainselecdonmteanwuthanbechoscntpocxu

Experiment 1

One hundred m] of ‘ wastewaterwasplacedin&lenmycrﬂaskx,mdaﬁxr-

ther 20ml of the mcdiumwuputin(olesttubes.'lbchemicalcomposiﬁonof

autoclaved wastewater was as follows (values in mg/l): pH (6.75), NH,*-N (20.6),

NO;"-N (0.23), total P (6.94), POS--P (6.91), Fe (0.266), Mn (0.049). The vessels

~ were autoclaved (121 °C for 20min) and 12 axenic L. gibba fronds were placed into
cach vessel. Complete|(100 %) and low (<50 %) duckweed cover was prepared in the
vessels as described by SzAB6 et al. (1998). The vessels were inoculated by various

ments are: Chlorella pyrenoidosa (Z1), Protococcus viridis (Z4), Sphaerellopsis sp.

(Z5), Chiamydomonas ehrenbergii (Z6), green filamentous algal species (Z13), Ach-

nanthes hungarica (DY), Nitzschia palea (D3), Navicula venata (D4), Limnothrix re-
dekei (K1), Oscillatoria neglecta (lacginerisa neglectum) (K2), Lyngbya limnetica
(K5). The control cul mnainednxeaicand'comainedtheumequalityofwaue-
water. Lemna-alga lures were grown for tea days before harvesting. Chlorophyll
content of the fronds extracted in 95 % ethanol and determined by spectrophoto-
metry according to TENTALER (1987). The total chlorophyll production of the
Lemna cultures was thé indicator of the cifect of algal treatments on the growth of
duckweeds. The total chlorophyll production of the cultures cquals the total chloro-
phyll content after 10 days minus the initial chlorophyll content. '

Experiment 2 ‘

One hundred ml of communal wastewater each were Placed in 72 Erlenmeyer flasks
which were autoclaved. (121 °C for 20 min). The chemical composition of wastewater
was the same as in cxpt.{::cnl 1. One part of the flasks (18) was inoculated by C. pyre-
noidosa, C. ehrenbergii and L. redekei together (algal treatment). The second part of
the flasks (18) remained|axenic and 12 axenic L. gibba fronds were placed into them
(Lemna weatment). The third part of the flasks (18) inoculated by C. pyrenoidosa, C,
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chrenbergii and L. redekei 1ogether, and they received 12 axenic L. gibba fronds each
(Lemna-alga nt). Further non-treated flasks (18) containing 100m! autoclaved
wastewaler were lincubated as control flasks. The cultures were grown for ten days. At
the initial. 2™, 4%, 6®, 8™ and 10™ day, vessels were taken randomly in three replicates
from the incubation room, then the contents of the vessels (duckweed fronds, water,
sediment and algal biomass) were analysed. The fronds of the Lemna-treated cultures
were counted, thc' wet and dry weight of the fronds were determined by analytical bal-
ances. and they were used for chemical analysis. In the algal treated flasks, cell num-
hers of the three inoculated algal species (C. pyremoidosa, C. ehrenbergii and L, rede-
kei) were dete: by light microscopy. The water was centrifuged for ten minutes A
(5000 RPM). supematants, the sedimenis and the centrifuged algal pellets were *
used for chemical|analysis (see analytical methods). -

In the fronds and in the algal pelleis. nitrogen content was analysed using a VARIO EL .

clemental analyser. For the multi-elemental analysis of the frond, algal pellet and sedi-
ment. samples wete digested with Sml 65% (m/m) HNO; and 2ml 30% (mvm) H,0,
at 100°C. The digested dried sample was dissolved with 2m] nitric acid and 6 ml dis-
tilled water, then the concentration of the solution for P, S, Na, K, Mg, Ca, Sr, Ba, Fe,
Mn. Zn. Cu, Mo B was determined by inductively coupled plasma atomic emis-
sion spectrometry (ICP AES) using a SPEKTROFLAME instrument.

In the water, the pH and the redoxpotential were recorded, Ortho-phosphate was
imetrically by the molybdate method. Nitrate was determined by ni-

determined co |

trate sensitive elec s using the standard addition method (SMART et al, 1983). Am-
monium was detersdined acidimetrically afier the Kjeldah! distillation. For the determi-
nation of the conc ions of P, §, Na, K, Mg. Ca, Sr. Ba, Fe, Mn, Zn, Cu, Mo and B,

ROml of supematant were digested by Sm! 65% HNO; and 2ml 30% H;0, at 100°C
uatil the water hadievaporated. The digested dried sample was dissolved in 2ml nitric
- acid and 6 ml disti ed water, then analysed by ICP AES.

I
f

Statistical bdures

The treatments of the experiments were repeated three times meaning that 72 flasks
were used in both experiments. The SPSS/Pc + 4.0 program package (SPSS 1990) was
used for statistical c}alculations. A t-test was used to compare the total chlorophy!l pro-
duction of the cultutes to the controls in experiment | and the frond and the dry weight
production of the axenic Lemna cultures with frond and dry weight production of algal
treated Lemna cultufes in experiment 2, Principal component analysis (PCA) was used _
to estimate the flux of clements during competition for nutrients between algae and
duckweeds. Before PCA, dala of the chemical components in the water, in the duck-
weed fronds and in the centrifuged algal pellet were transformed using log (x+1) trans-
formation. PCA was based on a correlation matrix and a Varimax rotation was applied.

.
v
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Results : | @
Experiment 1

With low (<50/%) duckweed cover in' communal wastewater, all of the 11
algal species except Nifzschia palea significantly (P <0.05) lowered the
chlorophyll pnﬂ‘uc(ion of duckweeds. The examined algae reduced the chloro-
phyll production of duckweeds by 24-73 %. Unicellular green-algal species
had the most inhibitory influence on the Lemna cultares. With complete duck-
weed cover, the gxamined algal species did not significantly lower the chloro-
phyll production of the cultures.
Experiment2 | ,
Bloproduction of duckweed and of algae
During the first  days of incubation, the three dominant algal species (C. py-
renoidosa, C. e rgii and L. redekei) incubated together had no signifi-
cant (P>0.05) effect on the frond production and dry weight production of the
Lemna cultures. However, after six days, the examined algae had a significant
(P<0.05~0.01) inhibitory effect on the growth of duckweeds. On the 10® day
the frond and d;ﬂ weight production of the duckweed cultures were lowered
by 83% and 82 respectively (Fig. 1). Dry weight production of the cultures
indicated the influence of algal species more sensitively than frond production.
The most intensive propagation of unicellular green algae took place be-
tween the 2% and 4™ days and then it slowed down, The cell number of L. re-
dekei increased most intensively after 4% day (Fig. 2). The presence of Lemna
did not significantly (P>(3.95) modify the propagation of algae.

Changes in elemd}ntal composition

Cv'hc clemental conq}:emration of the water was not markedly reduced by duck-

eed nutrient rempval in flasks containing only axenic Lemna fronds, The
change of elemental concentration was related to physico-chemical processes
(precipitation, adsorption and scdimentation of P and trace metals) rather than

* to nutrient removal|of the fronds.

In algal cultures and in Lemna-alga co-cultures, the elemental concentra-
tion of the water (N, P, Mg, Fe, Mn, Cu) was markedly reduced during ten
days of ihcubation[and showed a similar pattem. The sharpest drop in cle-
mental concentration of the wastewater took place between the 2* and the 6%
day of incubation. In algal cultures and in Lemna-alga co-cultures, the concen-
tration of the water [was lowered to below 0,01 mg/l after 6 days for phospho-
fus and after 8 days for iron. The manganese concentration of the solution was
lowered to below 0,001 mg/! after 6 days. Concentration of ammonium nitro-
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Fig.l.DrywciitoﬁthemnaftondsinLenmacnlwmandianma-algaco-cnl-
tures wi?ﬁm of C. pyrenvidosa, C, ehrenbergii and L. redekei, Error bars indi-
cate the

deviations of the data.

Table 1. Elemenj composition of the frond in Lemna-alga co-cultures and in Lemna
cultures. Data ar¢ in mg/g dry weight + standard deviations, .

Time (days) | P , - K Fe
’ Lemna-alga co-culture

0 7.1£0.59 59+ 49 0.810.07

2 641032 28t 14 0.4+0.02
4 3.83+0.71 11+ 2] 0.210.05
10 0.910.07 7+ 0.6 0.210.02
: Lemna culture - :

2 6.640.52 33+ 26 0410.03
4 541243 24110.7 091042
10 71.010.44 2t 14 1.910.12

gen was reduced from 20.6 mg/1 to 0.3 mg/l during 10 days of algal incubation.
The pH of the growth medium was increased to above 10.0 after the 4™ day of
the treatment. ?evatcd PH resulted in 5.5mg/l free ammonia in the medium
on the 4™ day oflincubation. ’

The elcment#l concentration of the fronds in Lemna-alga co-cultures de-
creased by 87 %! for phosphorus. 90 % for iron, 70 % for potassium (Table 1)
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Time (days)

Fig.2. Cell numbef of C. pyrenoidosa (Z1), C. ehrenbergii (Z6) and L. redekei (K1) in
Lemna-alga co-cultures during 10 days of incubation. -

and by 56 % for manganese. It increased by 193 % for calcium and 120% for
strontium on the 10 day of incubation compared with the non-treated Lemng
cultures. The t change took place on the 4™ day for iron, manganese
and potassium and between the 8% and 10 days for calcium and phosphorus.

!
Elemental dynaniics

The flux of nutrients between compartments (water, algal biomass and duck-
weed: fronds) was| followed through the analysis of water, sedimeat, algal bio-
mass and duckweed fronds. The relative amounts of nutrients contained in wa-
ter, algal bio, duckweed fronds and sediment were calculated for each

day, the examined elements (nitrogen, phosphorus, mag-
and zinc) were mainly present in the water (>90%). The
 the inoculated algal cells contained less than 2 %. The re-
maining amount of nutrients were stored in the sediment.

In Lemna cultures, elements were removed from the water both by uptake
by the fronds and by precipitation. After 10 days of incubation, 9 % of the total
amount of mitrogen, 4 % of total phosphorus, 2% of magnesium, 3 % of cop-
per, 2% of zinc, 35 % of iron and 18 % of manganese were converted into
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Fig.4. Principa) components of the waler-alga-Lemna system in Lemna culture, in alga
culture and in g2 co-culture: a) 1* PC in the water, b) 1" PC in algae, c) 1*
PC the fmnds.‘ ) 2% PC in the fronds. See text for the meaning of the principal com-
ponents. .

Lemna culnujx and showed a rapid drop after two days in Lemna-alga co-cul-
tures (Fig. 4 d). i i
tions were alsp reduced in the water. This fact indicated that iron and phos-

phorus could be potential key factors that are responsible for the inhibition of
growth of L. gibba during competition.

Discussiod

not have a significant effect on the growth of the three examined algae as the

When the duc%‘:weed cover was incomplete (<50%), the fronds of Lemna did
algal biomass in algal cultures and in Lemna-alga co-cultures showed a similar
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pattem. C. pyrenoidosa became the dominant algal species during the incuba-
tion. The increase in algal biomass especially between the 2 and the 't day
coincided well with the exhaustion of nutrients in the water.

In the Lempa-alga co-culture study, algae showed a strong competitive ef-
fect against Lemng during competition for nutrients, because algal nutrient re.-
moval was n;iwh more intensive than the nutrient removal of the fronds. The

pos :

elemental co ition of the water was mainly determined by the algae,

In the mixed algal incubation of C pyrenoidosa, C. ehrenbergii and L. re.
ration of S, Na, K, Ca, Mg, Cu and Mo were sufficient for
wih of duckweeds (YoskiMura 1943, EYSTER 1966). The con-
centration of nium was suboptimal for the duckweed after 4 days (Res-
MANKOVA 198}). After 6 days, the phosphorus and after 8 days, the iron were

exhausted in water and they were below the minimal concentrations
needed for the| growth of duckweed species (EYSTER 1966, LANDOLT 1986).
The algal trea tincrcasedtlprsotha(itwastoohighforlbcoptimal

ceae (LANDOLT & WiLpr 1977, LaNDOLT & KANDELER

protonated intg free ammonia which is known to be toxic for duckweeds
uring algal incubation, elevated PH resulted 5.5 in mg/l NH;-
N in the growth solution. Consequently, algae can inhibit the growth of duck-
weeds directly by their alkalisation activity,

Our laboratary results suggest that the three dominant algal species inhibit
the growth of eeds by their alkalisation activity and by the removal of
iron, phosphorus and nitrogen from the medium. The elemental deficiency in
the water was i

range (5.7-26 mg/g) reported for optimally growing duckweed species (KoLEs
1986, PORTIELIE & Rowackexs 1995, VERMAAT & HaNtp 1998). As a conse-
quence of algal growth iron and phosphorus became potential minimum fac-
tors for duckweeds. To confirm the existence of these limiting factors in Lem-
na-alga competition, further nutrient supplement experiments are required.
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