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Controlling the Growth of Cladophora and Enteromerpha from

Marine Environment by Application of Algicides
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The effect of indigenously manufactured algicides Alginol-S, Alginol-SN as well as copper
sulphate, in chelated and unchelated forms, were studied on mature plants of E. flexuosa
and Cladophora expansa and also on the gerrnlings of the former sp. Alginol-S in the
concentration range of 30 to 50 ppm and exposure period of 20 days was found to be
effective for germlings and mature plants of Enteromorpha. However, Alginoi-SN was
effective only after 30 days at 50 ppm concentration. The mature plaints were more sensitive
to alginols than germlings. The effective concentration of Alginol-S for Cladophora was
40-50 ppm with exposure period of 10 days. While copper sulphate (as Cu® ) was effec-
tive at 30 ppm with a exposure period of 3 days and at 20 ppm within 10 days. Chelation of
copper sulphate with Na,EDTA did not give satisfactory results. The young plants of
Cladophora were more sensitive to algicides than older plants. Physical control methods
like osmotic shock, control by the high turbidity and high flow rate of seawaier is also

discussed.
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Introduction

Bloom of blue-green algae in Sambhar Lake, a brackish
water basin, has affected the quality of salt (Seshadri &
Buch 1958. Singh 1961, Rao & Chauhan 1984). Dense
growth of seaweeds especially Cladophora and
Enteromorpha in cooling systems of some chemijcal
and electricity-producing industries is really a great
problem to these industries where seawater is used as
coolant. Though some work has been done on the
control of algae in this country (Seshadri & Buch 1938,
Mukherji 1972, Gupta & Saxena 1974, Gupta &
Arora 1977, Rao & Chauhan 1984), but these relate to
freshwater or brackishwater algae. especially the
phytopianktons. With regard to control of seaweeds, the
only authentic work available is that of Rao et al.
(1982). Therefore, the effect of algicides, Alginol-S§
(carboxyanilide) and Alginol-SN (bis-chlorophenol) on
Cladophora and Enteromorpha was studied.

Materials and Methods

Entercmorpha  flexuosa  (Wulf.)  J.Ag.  and
Cladophora expansa (Mertens) Kuetz were collected.
durtng June from the cooling ponds of thermal power
station at Dhuvaran. The Alginol-S and Alginol-SN*
were used in concentrations of 10, 20. 30, 40, and
50 ppm while CuSO, was used in concentrations of 2,
4, 6. 8, 10, 20 and 30 ppm. Copper sulphate solutions
were prepared in duplicate sets: (i) chelated with
Na,EDTA (ratio 1:2) and (ii) without chelation. All
the solutions were prepared in scawater of 3.5° Be’.
About 100 mg fresh, mature and healthy piants of
Cladophora and Enteromorpha were inaculated in the
algicide solutions. Germiings of Enteromorpha were
similarly inoculated separately. All the treatments were
done in triplicate. The plants were continyously
exposed to algicides in 80x 40 mm Corning dishes
containing 100 ml of algicide solution or suspensions.
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The experiments were conducted in culture -room under
irradiance of SSWEm™s! and 14-10 hr of photoperiod
(provided by cool fluorescent tube lamps). The
temperature of culture room was 25.25 +3.99°C during
the experiments.

The lowest concentration of algicide causing
cessation of growth and complete non-reversible
bleaching of plants resulting in death was initially
considered as effective concentration. This was further
confirmed by staining with 2,3,5 triphenyl tetrazolium
chloride (TTC), a vital dye, to see whether the plants
were alive, The formazon, from 100 mg of plant tissue,
was extracted and its concentration was determined
spectrophotometrically. The results were compared with
control (untreated plants). Fresh plants were killed by
boiling in seawater and the tissues were treated with

TTC. Such tissues were subjected to similar extraction
procedures as used for extraction of formazon and the
extract’s optical transmission was determined. This
transmission was treated as 100% for comparison.
100% transmission, in experimental materials, indicated
that formazon formation did not take place and the cells
were completely dead.

Results

The effects of different concentrations of Alginol-S and
copper sulphate (with or without chelation) on
Cladophora is depicted in table 1. The results show
that 40 and 50 ppm Alginol-S was effective with a
exposure period of 10 days. While copper sulphate, as
Cu'*, was effective at 30 ppm with a contact period
of 3 days and at 20 ppm within 10 days. Formation of

Table 1 Effect of Alginol-S and copper sulphate on Cladophora expansa

Period Control Alginol-S CuSO, CuSO, + Na,EDTA
(day) (seawater)
3 Plants green and Slight white green pig- (1) Slight white-green pig- (i) Normal pigmentation in 2—
healthy mentation from 10 to mentation from 2 to 4 ppm. Slightly  white-
Fz.T 25% 15 ppm. Whitening in- 10 ppm.  Whitening in- green pigmentation from 6
creased with increase in creased with increase in to 10 ppm
concentration. However concentration Fz. T. 25%
plants healthy Fz.T. 25-30%
Fz.T. 25-30%
(ii) 50% plants bleached in (ii) More bleaching in 20 and
20 ppm. 30 ppm.
Fz.T. 75% Fz.T. 40%
(iii) All plants bleached in
30 ppm.
Fz.T. 100%
7 — do — — do — —do — — do —
10 Plants yellowish not Plants  healthy upto (i) 50 to 75% of plants (i) 20 to 30% plants bleached
dead 30 ppm. bleached in 6 to 10 ppm in 6 to 30 ppm.
Fz.T. 25% Fz.T. 30% F2.T. 80% Fz.T. 25-35%
Completely bleached in (ii) Complete bleaching in 20 (ii) No precipitation of copper
40 and 50 ppm and 30 ppm.
Fz.T. 100% Fz.T. 100%

(iii) Precipitation of copper, as

blue-flocks, visible in 6 to

20 As on 10th day As on 10th day

(ii) Precipitated

30 ppm

(i) Plants in all concentrations (i) About 90% plants bleached
bleached Fz.T. 95%
Fz.T. 100%

(ii) Precipitation of copper not
observed

copper  per-

sisted

Fz.T., Formazon transmission as compared to transmission by the experimentally killed material taken as 100%
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Table 2 Effect of Alginol-S on germlings and mature plants of Enteromorpha flexuosa

Control
(seawater)

= Period
(day)

Alginol-S (ppm)

10

20

30-50

5 Mature plants and
germlings  healthy,
dark-green pig-
mentation
Fz.T. 25%

Germilings healthy, dark-
green. Mature plants heal-
thy and green however
tips yeliow brown

Fz.T. 25%

80% germlings and 90%
mature plants had yellow-
brown colour

Fz.T. 5%

Same as 20 ppm

20 Mature plants and germlings had green pigmenta-

tion. Alive
Fz.T. 25%

Mature plants yeliow-brown
except basal portions which
were green.

Germlings growth stunted.

Fz.T. 50-60%

All the plants and germ-
lings bleached and died

Fz.T. 100%

30 Mature plants and

germlings pale-
green. All germlings
filamentous
Fz.T. 30%

No growth in mature
plants and germlings Pig-
mentation better than con-
trol.

Germlings non-
filamentous

Fz.T. 30%

No growth in mature plants
and germlings.

Germlings non-filamentous
with pigmentation like con-
trol

Fz.T. 50-60%

All the plants and germ-
lings bleached and died

F2.T. 100%

Fz.T., Formazon transmission as compared to transmission by the experimentaliy killed material taken as 100%

Table 3 Effect of Alginol-SN on germlings and mature plants of Enteromorpha flexuosa

Period Control Alginol-SN (ppm)
(day) (seawater)
10 30 40 50
3 Mature plants and germlings healthy. Dark-green pigmentation 15%  of 25% of mature plants
F2.T. 25% plants and germlings and germlings bleached
bleached Fz.T. 35%
F2.T. 30%

20 Mature plants and germlings had good green pigmentation. Plants Very slow growth. 50% of mature plants
in 30 ppm had stunted growth Plants slightly yel- and germlings bleached
F1.T. 25% lowish F2.T. 55%

Fz.T. 30%

30 Mature plants and Healthy growth of Growth of mature plants and germlings All mature plants and
germlings pale- mature plants and slow, both pale-green. Only a few fronds germlings  completely
green. All germlings  germlings. All germ-  of germlings filamentous bleached
filamentous lings filamentous F; T. 30% Fz.T. 100%

Fz.T. 25% and their size equal

to control
Fz.T. 25%

Fz.T., Formazon transmission as compared to transmission by the experimentally killed material taken as 100%
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formazon was not observed in these concentrations.
Therefore, the plants were completely dead. The
precipitation of copper, in unchelated treatments was
observed in 6-30 ppm concentrations after i0 days.
Precipitation was not observed with chelated forms
even after 30 days of exposure. However, the
precipitated copper was equally effective as algicide.
The chelated copper sulphate was less effective than
unchelated one and worked only as an algistatic agent.
In all non-effective concentrations of algicides, the
clumped plants were less affected than those which
were comparatively spread. In all the treatments the
young and thinner filaments of Cladophora were more

sensitive to all algicides than older and broader
filaments.
The effect of Alginol-S and Alginol-SN on

Enteromorpha is opresented in Tables2 and 3
respectively. The Alginol-S was effective, fer both
mature plants and germlings of Enteromorpha between
30 to 50 ppm concentrations within 20 days exposure
period. The germlings in control sets, after 30 days of
growth, had long filamentous fronds. However, in the
non-effective concentrations of Alginol-S they had
stunted growth and looked like a small radiating green
ball.

Alginol-SN was effective for Enteromorpha only at
a concentration of 50 ppm with a contact period of
30 days. In other concentrations it only inhibited the
growth of the mature plants and germlings. In all the
non-effective concentrations of Alginol-SN the mature
plants were comparatively more sensitive than the
germlings of the same plants. Similar results were
obtained with Alginol-S.

Discussion

The unchelated
disadvantage as they precipitate in hard waters
(Veddar 1971, McLachlan 1973). Veddar (1971) has
shown that chelated copper, which does not precipitate
in the medium, is more effective as algicide. The
present study however shows that chelated copper is
less effective than its non-chelated form. Highly
chelated metals are shown to be non-effective as they
are not available to plants (McLachlan 1973). The
reduced toxicity of chelated copper to Cladophora
seems to be due to this reason. However, the present
experiments have proved that precipitated copper is
equally effective. Copper sulphate, cupric chloride and
copper hydroxides have been used as algicide or as
algistat for temperate species of seaweeds (Jordan et al.
1962, Geiger etal. 1972, Reed & Moffat 1983).

heavy metallic algicides have

Copper sulphate at the rate of 0.1 to 1.0 ppm is
generally considered quite adequate for freshwater algae
(Kiingman 1973). The present study shows that
seaweeds in marine environment need very high
conceatrations of copper sulphate. In-such cases the
toxicity problems become more relevant than algal
control. While 100 ppm CuSQ, is considered safe for
two year old cattle, whereas for fish it is only 1.0 ppm
(Klingman 1973). Alginol-S and Alginol-SN are said to
be comparatively less toxic than commonly used
algicides to freshwater aquatic life  (personal
communication from the manufacturer). Alginol-S,
showed better control properties than Alginol-SN.
Herbicidal anilides are known to inhibit Hill reaction in
chloroplasts (Hilton et al. 1963) ultimately blocking
photosynthesis in plants. The algicidal action of
Alginol-S may be due to this mechanism.

The situation at Thermal Power Piant at Dhuvaran is
unique. The plant is near Mahi river—a perennial
sousce of freshwater—as well as on a creek in Gulf of
Camtay. It utilizes only highly turbid seawater. ‘The
salt concentration in the cooling ponds varies from
10-40%0 (personal communication from the plant
authorities). The growth of Cladophora and
Enteromorpha becomes luxuriant when the seawater
clarifies in the midway of the cooling pond. No growth
was observed, near the inlet of seawater, where
turbidity was quite high. This criterion can be used as
tool for control of such obnoxious algae simply by
interchanging the inlet and outlet points at a fixed
intervals of time and also by increasing turbidity in the
middle of the ponds. High turbidity will not allow the
spores of seaweeds to grow. Increased flow of water in
the algal growth zone of the ponds will also have good
effects. Alternatively the cooling ponds may be charged
alternately with freshwater and seawater at fixed
intervals. This system will prevent the development of
marine and freshwater biota due to frequent osmotic
shocks. Either of the criterion can be utilized as an
effective tool for the control of seaweeds at Dhuvaran.
This may be one of the simplest ways to control algae.
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