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Abstract

Anabaena cylindrica L, a blue green alga commonly found in rice fields was experimentally exposed with a board spectrum
insecticide,Endosulphan,EC50 in laboratory conditions for varied days. The growth of alga in terms of increase in Absorbance, dry weight
and pigments like Total chlorophyll, carotenoid and phaeophytin were estimated to study the toxic effect and the subsequent recovery from
insecticide stress. The results obtained indicated decrease in all studied parameters with increase in exposure period and concentration. The
highest concentration (3.25ml/L) and highest period (15Days) severely affected the growth of alga and decreased pigment content. However,
when the algae were allowed to grow in insecticide free environment for 15 days, they could able to recover fully from the toxic stress.

Keywords: Endosulphan; alga; pigment; growth; stress

Introduction

When pesticides are introduced into the environment many
physio-chemical and biological forces begin to interact with
them. Since these chemicals are designed as biological
agents and particularly true in one group of pesticides which
are designed to kill insects. As pesticides have high
biological affinity, they play a vital role in understanding
the behavior of pesticides. Assuming that pesticides are
applied to soil or aquatic systems, one can immediately
foresee two independent effects: 1. Adsorption-binding to
soil or aquatic sediment particles and 2. Interaction with
biological material. It has been reported that pesticides
bound to soil and sediment can eventually be transferred to
biological systems, though the speed of transfer will be
much slower than direct reaction to biological systems
(Edwards, 1973). The extensive occurrence of pests, weeds
and other pathogenic diseases in the crop fields require their
control in order to increase the production and a good
number of toxic chemicals were extensively used to control
them. Such killer chemicals were collectively called in
general as pesticides. These pesticides were designed for a
specific group of target system such as algicides,
fungicides, nematocides, bactericides, insecticides,
herbicides etc. These are generally spread in the crop fields
which directly enter into the soil after spraying or by
washing or by rain-wash.

The blue green alga dies or affected because of the
pesticides applied in recommended doses and higher doses
due to carelessness of the illiterate user. Anabaena
cylindrica, Lemm., a blue-green algae is found abundantly
in the crop fields contaminated with the pesticides . It is a
prokaryote, good fixer of atmospheric nitrogen, and prefers
slightly alkaline pH and water logged conditions, for its
growth and multiplication (Fogg et al., 1973). It has been
successfully used as a biofertilizer in paddy cultivation
(Venkataraman, 1972; Kulasooriya et al., 1980). The
possible role of BGA in the productivity of rice has been
demonstrated by the extensive work of Singh (1961).
Rodgers et al., (1979) reported that the biofertilizers can be
a good substitute for synthetic nitrogen fertilizers in terms
of net productivity and Venkataraman (1972) reported that
biofertilizers can maintain the fertility level of the crop
fields.

Anderson (1978) reported that the wide use of certain
pesticides has more serious and permanent drastic effect on
microorganisms. It is well established fact that nitrogen-
fixing organisms, particularly blue-green algae, are known
to play a key role in increasing soil fertility, especially in
paddy fields under water logged condition (De, 1939;
Singh, 1961; Stewart, 1977). Thus, the pesticides which
enter into the paddy field might be affecting the growth and
nitrogen fixing capacity of the blue-green algal systems.
The universal use of pesticides in agriculture creates a
necessity to study the effects of these chemicals on soil
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micro-organisms (Gillberg, 1971). There are very few
reports on the tolerance of blue-green algae towards aldrin,
dieldrin, endrin and other metabolites (VVenkataraman and
Rajyalakshmi, 1972). The toxicity of the pesticides to
certain nitrogen fixing soil algae was that the algae were
relatively more tolerant to 100-500 ppm of 2,4-D, the
concentrations much higher than used in fields, as
recommended for elimination of specific weeds (Arvick et
al., 1971 and Venkataraman and Rajyalakshmi, 1972).

Keeping in view of the entry of pesticides into the crop
fields, through mass spray or fumigation/periodic
spray/varieties of spray and their possible effect on the
nitrogen fixing blue-green algae in the crop fields; this
project was designed to evaluate the eco-toxicological
effects on growth, photosynthetic activity of the pesticide,
Endosulfan on the blue-green alga, Anabaena cylindrica,
Lemm.

Materials and Methods

Anabaena cylindrica, Lemm is photo-autotrophic,
unbranched, filamentous, heterocystous, blue-green alga
belonging to the family Nostocaceae was selected as test
organism for the study ENDOCEL 35 E.C. is dark brown
liquid consisting of Endosulfan technical 35 w.w solvent,
emulsifier was the insecticide used for the experimentation
in laboratory conditions.

Three concentration of Endosulphan was selected were 2.5,
3.0 and 3.25 ml/L and days of exposure were 0.3,6,9,12 and
15 days. After the exposure the alga were allowed to recover
in insecticide free condition upto 15 days again.

A suspension of the exponentially growing alga of the same
age, having some biomass and same physiological
conditions, was inoculated initially into the experimental
flasks. Growth was estimated by withdrawing the cultures
under aseptic conditions. On every third day interval,
growth was measured in terms of optical density and dry
weight. The optical density of the samples was measured in
a spectrophotometer (Systronics -119) at 530 nm. Dry
weight of the sample was determined by drying the material
in an infra-red moisture meter and weighing in a single pan
electric balance. The pigment contents (Total chlorophyll,
caretoniods and phaeophytin) were estimated (Arnon,
1949).

Results

In the present investigation, Table 1, where no dichotomy,
in growth behavior was marked, induced by the pesticide.
At all the three selected concentrations of the insecticide.
Endosulfan, decline in growth rate was marked. At
concentration A (2.5 ml /L), the decline in growth rate of
the alga was not significant. However, with the increase in
exposure period, the exposed alga showed a positive
correlation (r= 0.968, P < 0.01) with the increase in

exposure period, when compared to the control value, a
similar positive and significant trend and correlation was
marked (r=0.988, P<0.01). At higher concentration of
Endosulfan (3.25 ml /L) significant and negative correlation
was marked. This indicated that the concentration of the
toxicant plays a critical role in pesticide toxicity.

In case of pigment study (Table 1), the major pigments of
seedling like Total chlorophyll, Phaeophytin and carotenoid
were studied. There was a drastic decline in all pigments
with the highest concentration (3.25ml/L) of Endosulphan
where as low concentration of pesticide has little effect. In
case of Dry Wt. the effect was greater indicating low
biomass production.

Discussions

Endosulfan, the pesticide showed significant difference in
action at different concentrations on a blue-green alga, is
well evident from the tables and figures described in the
result chapter. At higher concentration of the pesticide and
higher exposure period, drastic effects on the blue-green
alga were observed. At the highest concentration (Conc. C)
of the pesticide, the alga showed typical toxic symptoms,
beyond which survival of the alga becomes extremely
difficult and at times impossible under laboratory control
conditions. The analysis of variance ratio tests and
correlation coefficient analysis carried out for all
parameters studies, indicate clearly that the pesticides,
Endosulfan is extremely toxic to blue-green alga. All most
all the parameters studied showed a declining trend only, in
exposed cultures, when compared to control cultures. The
decline in parameters can be correlated with the pesticide
toxicity only, as the only difference between the control
culture and exposed culture was the addition of the pesticide
in exposed cultures. Hence, it can be safely concluded that
the damage caused in exposed system was only due to the
toxicant. This piece of work was designed to study the
effects of the pesticide, Endosulfan, on growth,
photosynthetic efficiency and nitrogen fixing ability of the
blue-green alga, Anabaena cylindrical, Lemm.

Optical density of the homogenized medium of the culture
has been considered as a parameter of growth in normal
studies. But in pollution studies, in presence of pollutants, a
consistent data in optical density was never obtained. A
decline in dry weight may be due to increased tissue
permeability and loss of membrane integrity of plant tissue
(Jana and Choudhury, 1982). In addition, dry weight has
been considered by good number of workers as a parameter
of growth. The changes observed in optical density study
exactly do not reflect the real changes induced by the
pollutant, but an approximation can be made out from this
data. Significant decrease in dry weight in this study
indicates the death of algal cells, or depression in growth in
exposed algal cells.
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Table 1: Changes in growth parameters and pigment contents in endosulphan, EC- 35 exposed blue green alga (Anabena

cylindrical L.) at different exposure and recovery periods

e 8
o c
§,>§; Parameter EXPOSURE IN DAY RECOVERY IN DAY
o2
0D 3D 6D 9D 12D 15D 5D 10D 15D
oD 0.025+0. | 0.040+0.0 | 0.065+0.0 | 0.085+0.0 | 0.099+0.0 | 0.120£0.0 | 0.135+0.0 | 0.165+0.0 0.195+0.016
(530 nm) 005 15 16 05 08 09 10 15
Total Chl. 0.026+0. | 0.047+0.0 | 0.058+0.0 | 0.069+0.0 | 0.081+0.0 | 0.099+0.0 | 0.112+0.0 | 0.124+0.0 0.131+0.008
° 002 20 17 18 11 14 09 12
IS Phaeophytin | 0.016+0. | 0.024+0.0 | 0.036+0.0 | 0.051+0.0 | 0.066+0.0 | 0.091+0.0 | 0.115+0.0 | 0.151+0.0 0.189+0.006
S 002 04 05 03 01 04 03 02
Carotenoid 0.0021+0 | 0.0038+0. | 0.0051+0. | 0.0086+0. | 0.010+0.0 | 0.0118+0. | 0.0126%0. | 0.0154+0. | 0.0178+0.0006
.0004 0009 0007 0006 011 0012 0009 0014
Dry weight 4.8+0.3 6.4+0.9 8.2+0.4 10.6+1.2 13.9+0.7 15.6+0.5 18.4+1.2 21.5+0.6 24.6+0.9
OD 530 nm | 0.025+0. | 0.045+0.0 | 0.080+0.0 | 0.090+0.0 | 0.095+0.0 | 0.105+0.0 | 0.115+0.0 | 0.120+0.0 0.130+0.008
008 08 05 04 65 39 28 15
Total Chl. 0.026+0. | 0.051+0.0 | 0.062+0.0 | 0.073+0.0 | 0.080+0.0 | 0.079+0.0 | 0.081+0.0 | 0.084+0.0 0.088+0.014
5‘ 002 05 06 11 14 09 14 11
< L% Phaeophytin | 0.016+0. | 0.022+0.0 | 0.031+0.0 | 0.042+0.0 | 0.049+0.0 | 0.051+0.0 | 0.078+0.0 | 0.099+0.0 0.118+0.002
N 002 09 02 06 04 08 05 07
Carotenoid 0.0021+0 | 0.0037+0. | 0.0052+0. | 0.0091+0. | 0.0097+0. | 0.0099+0. | 0.0098+0. | 0.0104+0. | 0.0112+0.0011
.0004 0005 0008 0003 0005 0004 0007 0009
Dry weight 4.8+£0.3 6.7£0.5 8.5+0.8 11.4+0.7 14.2+0.5 15.4+1.1 18.1+0.2 19.9+0.3 22.6x1.4
OD 530 nm | 0.025+0. | 0.040+0.0 | 0.055+0.0 | 0.065+0.0 | 0.070+0.0 | 0.085+0.0 | 0.105+0.0 | 0.115+0.0 0.120+0.012
005 07 10 15 08 04 15 09
Total Chl. 0.02+0.0 | 0.049+0.0 | 0.049+0.0 | 0.051+0.0 | 0.054+0.0 | 0.052+0.0 | 0.049+0.0 | 0.061+0.0 0.066+0.012
< 02 03 09 07 05 04 06 09
M g Phaeophytin | 0.016+0. | 0.019+0.0 | 0.036+0.0 | 0.038+0.0 | 0.049+0.0 | 0.048+0.0 | 0.044+0.0 | 0.051+0.0 0.054+0.008
™ 002 06 03 04 02 03 08 07
Carotenoid 0.0021+0 | 0.0026+0. | 0.0023+0. | 0.0021+0. | 0.0024+0. | 0.0028+0. | 0.0031+0. | 0.0034+0. | 0.0042+0.0014
.0004 0007 0003 0009 0011 0014 0009 0012
Dry weight 4.8+0.3 6.3+0.4 6.8+0.5 7.1+0.3 7.4+0.4 7.0+0.6 7.1+0.3 7.940.4 8.4+0.2
OD530nm | 0.025%0. | 0.030+0.0 | 0.025+0.0 | 0.010+0.0 | 0.015+0.0 | 0.010+0.0 | 0.012+0.0 | 0.010+0.0 0.025+0.004
005 10 04 02 04 03 04 02
Total Chl. 0.026+0. | 0.025+0.0 | 0.021+0.0 | 0.012+0.0 | 0.008+0.0 | 0.004+0.0 | 0.002+0.0 | 0.011+0.0 | 0.001+0.0005
= 002 04 03 02 02 01 004 005
O L% Phaeophytin | 0.016+0. | 0.029+0.0 | 0.040+0.0 | 0.049+0.0 | 0.022+0.0 | 0.011+0.0 | 0.016+0.0 | 0.011+0.0 0.005+0.002
g 002 03 05 06 03 04 03 04
Carotenoid 0.0021+0 | 0.0019+0. | 0.0016%0. | 0.0013+0. | 0.0011+0. | 0.0009+0. | 0.0008+0. | 0.0003%£0. | 0.0002+0.0000
.0004 0003 0002 0003 0002 0004 00002 0002 5
Dry weight 4.84£0.3 4.4+0.20 3.4+0.02 2.2+0.03 1.2+0.02 0.8+0.02 0.5+0.01 0.4+0.01 0.4+0.1

(Data are expressed in Mean + S.D of three replicates).

The toxicity of pesticide and mercurial compounds to
aquatic flora becomes apparent in a very shorter period.
Mercurials have long been recognized as agents which in
particular (Webb, 1966). At lower concentrations of
mercury based pesticides, an increase in growth rate,
pigment content (Rath, 1984; Sahu, 1987) and
photosynthetic efficiency was observed (Rath, 1984).

The impact of organic pesticides on algal populations may
be considered from various environmental aspects.
Pesticides, more specifically herbicides, may exert
algaistatic, inhibitory or drastic lethal effects on algae
(Bryon and Olafsson, 1978; Werner and Morschel, 1978;
Regis at al, 1979a, b). The magnitude of the effects will
depend upon the concentration of the pesticide and its
selective effect on the various algae populations (Aly et al.,
1984) Such selective toxicity will result in material changes

in both number and types of algae. Algae tend to accumulate
organic pesticides within their cellular matrix.

It can be concluded that pesticides and heavy metals affect
drastically the growth, which gets reflected in chlorophyll
content (might be inhibiting chlorophyll biosynthesis) and
oxygen evolution rate (might be inhibiting photosynthesis)
in exposed algae, when compared to control values. It has
been shown that cadmium applied as CdCl, may induce
degeneration of mitochondria whose structural integrity is
necessary for optimum respiratory activity (Lehninger,
1970). Significant depression in respiration rate of the
insecticide exposed blue-green alga was marked, when
compared to the control alga, Anabaena cylindrical.
Anabaena species is less tolerant when compared to
Wesllopsis sps. could tolerate higher concentrations of the
pesticide. Anabaena being sensitive to low doses of
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pesticide, disappears from the crop field due to heavy
application of killer chemicals. Since in most cases the
damage to the organelle may be sufficient to eventually
result in cell death.

Many workers have suggested that metals and pesticides are
affecting the level of protochlorophyll and carotenoid
content but apparently not the degradation of chlorophyll to
pheophytin (De Filipps et al., 1981).

Gradual chlorosis at very low concentrations and an instant
chlorosis at higher concentrations of pesticide and heavy
metals, as well as reduction in the chlorophyll content and
biomass were reported (Mhatre and Chaphekar, 1984).
Similar results were marked in this piece of investigation on
blue-green alga, Anabaena cylindrica. Chlorophyll and
carotenoid contents were extrapolated for the measurement
of growth of phytoplankton. Chlorophylls are known to be
converted to pheophytins as a consequence of exposure to
weak acids by replacement of magnesium ion by hydrogen
and there by changing the spectral characteristics (Singh
and Singh, 1984). Degradation of chlorophyll to pheophytin
might be the first step towards the breakdown of
chlorophyll. This has been marked in the exposed alga.
Initial breakdown of chlorophyll followed by breakdown of
pheophytin was marked. With higher increase in
concentration of heavy metals and pesticides pheophytin
also disingrates. Carotene plays a vital role as a protector of
photosynthetic tissued against photosensitized oxidation.
The decrease in carotene content in exposed algal cells will
lead to decrease in protection from the attack of pesticides
to the photosynthetic tissues. The ratio of chlorophyll to
carotenoid reflects the environmental conditions. When the
nutrients of the medium is exhausted or a pollutant is
introduced into the medium the ratio increases due to
decrease in chlorophyll content, which reflects the
inhibition of chlorophyll biosynthesis.
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