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ABSTRACT 
The effects of two fungicides, na.mely, Cupramar and Phygon-XL were studi- 

ed on the nuclear cytology of Spirog.yra paradoxa R2o. Three different concent rations of Cupramar (10, 20 and 30 ppm) and Phygon-XL (0.1, 1.0 and 5 ppm) were applied for l and 2 h duratioa. In case of Cupramar concentrations of 50 ppm for 48 h and 100 ppm for 24 h proved to be sublethal and lethal doses 
respectively. Whereas in case of Phygon-XL, 10 ppm for 24 h and 50 ppm or 2 h proved to be sublethal and lethal doses respectively. The various nuclear anl chromosomal aberrations as a result of treatment with different 
con entrations of the two fungicides were assessed qualitatively and quant. tatively. 

and animals (Tezuka et al., 1978). The 
effects of fungicides on eukaryotic algae 
from cytological viewpoint have not re- 
ceived due attention, although some work 
on algae has been carried out covering 
only physiological aspects (Zweig et al., 
1968). The present work, therefore, has 
been undertaken with a view to studying 
the effects of two fungicides namely, 
Cupramar (active ingradient copper oxy- 
chloride) and Phygon-XL (active ingra 
dient 2,3-dichloro-1-4-napthoquinone) on 
the karyology of a filamentous green 
alga Spirngyra paradoxa Rao (Conjugales, 

INTRODUCTION 
Interest in the effects of pesticides 

has increased considerably with the know-
ledge that the organism may become 
resistant to application of these and that 
the use of pesticides has many secondary 

Such compounds have consequences. 
been of unquestionable economic import- 
ance but secondary effects produced by 
these compounds in which the hereditary 
constitution of the treated organisms may 
be altered are becoming apparent (Wuu 
and Grant, 1966). Fungicides have been 
in use in control of pathogenic fungi on 

plants of agricultural importance. These Chlorophyceae).are less extensively used for the control
of algae.

effects of fungicides exist on higher plants 
(Kostoff, 1939; Wuu and Graut, 1966; 
Prasad and Cramer, 1968 ; Ramel, 1969;
Ahmed et al., 1972 and Bridges, 1975)

Studies on the karyological MATERIAL AND METHODS 
The material of Spirogyra paradoxa Rao 

was isolated as per standard methods (cf. 
Pringshiem, 1946) and was subsequently 
grown as clonal culture in modified Chu 
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10 medium fortificd with 8-10, garden 
soil extract. The original Chu 10 medium 

(cf. Chu, 1942) was modificd in the 
present study by replacing FeGl with 
Fe-EDTA. In addition to this, A, micro- 
nutrient solution (cf. Arnon, 
also added. Cultures were then main-

XL, 10 ppm for 24 h and 50 ppm for 2 h 

proved to be sublethal and lethal doses 

respectively. 
Various morphological and cytological 

abnormalities recorded in the affected cells 
1938) was (Figs. 1-8) with the various treatments 

of fungicides are considered under three 

categories 
chromotoxic. 

tained in a culture chamber at 211 °C 
under approximately 2500 Lux illustra-

tion for 16 h daily. 

A few filaments of the actively growing 
material were treated in separate experi- 
ments with the fungicides Cupramar 

(Bharat Pulverising Mills Private Ltd., 
Bombay) with 10, 20 and 30 ppm for 1 
and 2 h and Phygon-XL (United States 

Rubber, Naugatuck Chemical Division, 

Naugatuck, Connecticut, U.S.A.) 
0.1, 1.0 and 5 ppm for 1 and 2 h in each 

of the concentrations. Immediately after 
the said treatment period, a part of the, 

material was left in the chemical solution 

cytotoxic, mitotoxic and 

Cytotoxic 
1. Increase in size and number of 

pyrenoids in the chloroplasts of the treated 

materials particularly in lower concen- 

trations than in the control. 
2. Frequent degeneration of chloro- 

plasts and fragmentation of filaments into 

few-celled bits in treatments with high with 

concentrations. 
3. Increase in the size of nucleus and 

nucleolus and occasional vacuolisation of 

either of these two or both. 
to see the viability of the alga in the 

chemical medium, and the remaining por- 
tions of the material were taken out and 

4. formation of bi-, tri-, tetra- and 

pentanucleate cells due to the failure of 

daughter nuclei to move sufficiently apart 
or due to failure of septum-formation, 

5. occasional appearance of enucleate 
washed thoroughly three to four times 

with sterilized double distilled water so 

as to make it free of the chemical, and cells. 

were then transferred to fresh nutrient 
Mitotoxic medium for studying karyological effects. 

The materials were fixed at he time of 1. Diagonal to transverse orientation 

of nuclei with respect to cell axis, possibly maximum mitotic division during dark 

phase of the light-dark cycle up to seven 

days in Carnoy's fluid (1: 3 glacial 
acetic acid and ethyl alcohol mixture). 
Cytological preparations were made fol 

lowing Godward's iron-alum acetocarmine 

technique (Godward, 1948) and were 

assessed on quantitative basis. 

due to disturbances in orientation of 

spindle. 

2. asynchronous division of the nuclei 

in bi- and trinucleate cells. 

Chromotoxic: 

1. Extreme condensation of chromo 

somes as compared with the control, 

2. clumping of chromosomes, 

3. frequent chromosome breaks adding 

up to two fragments resulting in up to 

n=14 (n =12 polycentric chromosomes 

in control material), 

OBSERVATIONS 
In case of Cupramar, concentration of 

50 ppm for 48 h and 100 ppm for 24h 

proved to be sublethal and lethal doses 

respectively, whereas in case of Phygon- 
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Figs 1-8. Spirogyra paradoxa. 
Fig. 1 Met:phase of control material showing n-12 chromosomes. Fig. 2. Part of a cell showing v2cuol 

isation of nucleus. Fig. 3. Metaphase showing n=13 Chromosomes. F'ig. 4. Metaphase showing chromosome breakage. Fig. 5. Prophase showing chromosome (a) and chromatid break (b). Fig. 6. Part of a cell showing 
anaphase bridge formation with daughter chromatids of a long chromosome. F'ig. 7. Part of a cell showing lag- 
gard at anaphase. Fig. 8. P2rt of a :lameat showing transverse orientation of daugnter nuclei and aenucleage 

cell. (Figs. 1-7x 1800;8 x240) 
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4. occasional chromatid breaks, 
5. lagging of long chromosomes in 

their anaphasic separation resulting in the 
formation of anaphase bridges, 

6. occasional presence of laggards, 

2h 

0 PPm-0-0 -

PPm- 
5 PPm - AA 

7. rare occurrence of micronuclei in 

a few cells. 
28 

24 
20 

Quantitative assessment of karyological 

Asynchronous 
division in bi- and trinucleate cells, break- 
effects was also made. 

age of chromosomes/chromatids, forma- 

tion of bridges, laggards and micronuclei 
have been counted for the estimation of 

16 
W 

4 12 

--0--0
with mitotic --0---0--. 

o-0-0-0 
the percentage of cells 

abnormalities. The percentage of cells 
with mitotic aberrations increased both 8 
with increase in the concentration of the 

0-0o 

chemical and duration of the treatment 

(Figs. 9 and 10). The percentage of 

T 3 aberrant cells were found to be maximum 
DAYS AF TER TREATM E NT on 6th day, i.e. 28% with 5.0 ppm of 

Phygon-XL for 2 h and 24% with 30 

Ppm of Cupramar for 2 h. However, the 

percentage came down to 22 and 17 res- 

pectively on the seventh day. 

material treated with 50 ppm of Cupra- 

mar for 4h and 10 ppm of Phygon-XL 
for 4 h could not recover in the chemical-

Figs.9. Percentage of aberrations at different 
concentrations of phygon-XL for 1 and 2 h duratiion. 

I 2h 

The 10 PPm 0-0 O--0 

20 PPm -
30 PPm- -A 

free medium even after 15 days and turned 

colourless. 28 

24 
20 

DISCUSSION 

In traces, copper is essential for the 

life processes of some algae (Walker, 1953). 
At increased concentrations, it acts as 

16 an algicide or an algostatic agent. Cup- 
ramar contains about 50% copper oxy- 

chloride. The algicidal effect of copper 

compounds have becn reported by many 
workers. Fitzgerauld and Faust (1963) 
emphasized the importance of maintaining 

copper containing products in the imme- 

diate algal environment for prevention of 

algal growth. 
an inhibitory effect of copper on photo- 

2 -0--0 

8 0-0-0 

2 7 

DAYS AF TER TREAT MEN T 

Fig. 10. Percentage of aberrations at different 

Concentrations of Cupramar for 1 and 2h duration. 

Faungstrom (1958) found 



158 Y. S. R. K. SARMA AND P. ABHAYAVARDHANI 

synthesis of Scendesmus quadricauda, while 
a similar effect was recorded by Stemann 
Nielson et al. (1969) and Stemann Nielson 
and Kamp Nielson (1970) in Chlorella 
Pyrenoidosa even with as low a concentra- 
tion as l pg/ml. 

There are also reports of some fungicides 

like Nabam, Captan and Lignosan which 
are more effective to check algal growth 

even at lower concentrations (Lazoroff, 
1967 and Ukeles, 1962). 

As far as the authors are aware, no 

the karyological effects of Copper sulphate, an economical and 
selectively toxic algicide, has been ex- 
tensively used to control undesirable 
growth in fresh water lakes and reservoirs. 
The significance of copper in the meta-
bolism of Chlorella was first described by 
Green et al., (1939), who investigated 
the inhibitory effect of Cu2+ chelating 
agents on respiration and photosynthesis 

of Chlorella pyrenoidosa. CuSO, at 0.1 to 

20 ppm inhibited photosynthesis in Lyngbya 
nigra and at higher concentrations the 

effect was immediate (Gupta and Arora, 
1978). Kanazawa and Kanazawa (1969) 
suggested that the membrane is the site 
of copper inhibition. 10 pg/ml of CuSO, 
in four days of contact, caused complete 
death of Cladophora (Betzer and Yehuda, 
1969). The previous studies suggest that 
most algae are susceptible to 1-2 ppm of 

(Fitzgerauld et al.. 1952 and 

Some, 

studies on 
fungicides on green algac exist, although 
Srivastava and Sarma (1978) reported 
such cffects with two insecticides on 
Oedogonium gunnii, and hence the signi- 
ficance of the present investigation. How- 
ever, there exist some reports regarding 
the karyological effects of some fungicides 
(not the same as used in the present 
study) on animal tissues and higher plants. 
The fungicide, Captan induced on a sig- 
nificant increase in the frequency of 
cells showing stickiness and severe inhi-
bition of cell division at concentrauons of 
3.0 and 4.0 4g/ml in cultured human 
diploid cells (Tezuka et al., 1978). Botran 
at 100, 200 and 300 ppm for 3, 6 and 12 h 
duration induced chromosome fragments and anaphase bridges in Vicia faba 
and Grant, 1966). Ferbam one of the 
currently employed carbamate pesticides in agriculture at 1000 ppm for 30 and 
60 min. induced unusually high percent- 
age of chromosomal aberrations in Allium 
cepa (Prasad and Cramer, 1968). Panogan 
a mercurial fungicide induced C-mitosis 
at 1, 2 and 5 ppm for 1, 2 and 3 h in 
Tradescantia and V. Jaba (Ahmed and 
Grant, 1972). In the present investiga- 

Wuu 

copper 
Maloney and Palmer, 1956). 
however, tolerate much higher concentra- 
tions (Galloway and Krass, 1959). In 
the present study, somewhat higher con- 

centrations, i.e. 100 ppm of Cupramar 
for 24 h proved to be lethal to the alga 
Spirogyra paradoxa. 

Phygon-XL is a quinone fungicide. 
Furuta (1902) reported the algicidal effect 
of quinone. Later, Fitzgerauld et al., 
(1952) recorded the selective toxicity of 
quinone compounds on some cyanophy-

tion the various chromosomal aberrations have been recorded with 0.1, 1.0 and 
5.0 ppm of Phygon-XL and 10, 20 and 30 
Ppm of Cupramar for 1 and 2h duration. 

From the present study it is evident that the fungicides are capable of pro- ducing various chromosomal aberrations in algae also. Regarding the efficacy of 
fungicides in inducing chromosomal aber-rations and lethality between Cupramar 

cean taxa. Phyton-XL, Cupramar and 
Unizeb at 0.001%, (i.e. 100 ppm) were, 
found to be lethal to Cephaleuros (Jose 
and Chowdary, 1978). In the present 
study 50 ppm of Phygon-XL for 2 h was 
found to be lethal to Spirogyra paradoxa. 
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and Phygon-XL the latter was found to 
be more potent in the present study on 

Spirogyra paradoxa. 

some Herbicides and Fungicides on the growth of 

the Cephaleuros in culture. Symposium on Phiso- 

logy of Microorganisms. 119-134. 
KANAZAWA, I. AND K. KANaZAWa 1969. Specific 

inhibitory cffect of copper on cellular division in 
Chlorella. Plant Cell Physiol. 10: 495-502. 

KosTOFF, D. 1939. Effect of the fungicide Granosan 
on atypical growth and chromosome doubling in 

plants. Nature 144 : 334. 
LazOROFF, N. 1967. Algae response to pesticide 

pollutants. Bacteriol. Proc. No. G 149, 48. 
MALONEY, T. E. AND C. M. PaLMER 1956. Toxicity 

of'six chemical comounds in thiry cultures of algae. 
Water Sewage Works 103: 509-513. 

PrINGSHIEM, E. G. 1946. Pure cultures of algae, their 

preparation and 
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