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Summary

The effect of increasing concentration of the insect-
icide Polytrin (0.063 ------ 1.5 recommended field rate)

on the growth of cyanobacteria Anabaena oryzae and Tolypo—_

thrix tenuis under asceptic conditions was studied.

Percentage dry weight compared to contrel, total carbo-
hydrates and intracellular nutrient mineral content

have been estimated.

addition of Polytrin teo growing cultures of A.oryzae
and T.Tenuis resulted in a slight reduction of growth
at low concentrations, but rapid decrease in growth
was observed at higher rates for both strains. The

growth of fTolypothrix tenuis was inhibited completely

at 1.5 field rate. o

- Nitogen content of both strains were gradually
. reduced by increasing the insecticide concentration,

while carbohydrate content of algal cells increased.
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The intracellular K content of A. oryzace showed
slight rise at low insecticide concentrations bub a
marked reduction at higher concentrations while a markeqd
reduction in K content of ¢.tenuis was noticed even

at the least used concentration.

Slight rise in P and Mg content was observed at
low rate followed by decrease at higher applcations
in both strains. Na did not show wide change by the
insecticide. 4n, Cu and Mn content may show some little

rise with Polytrin concentrat.on in both organisms.

Introduction

The successful use of algal inoculation as in India
and Japan demonstrates that blue-green {(BGA) can serve
as an alternative or, sup>lemental source of nitrogen
Tor rice cultivation,'{Agrw.l, 1979; Alyer et al, 1972,
Watanabe, 1967, and Rager & Kuhsooriva, 1980} . Blue-green
algae may give some advantages not necessarily associated
with nitrogen-fixation, such as through the production

of growth-promotive substances (Roger and Kulasooriya,

1989).
From the various agronomic practice adopted along
the cultivation cycles which may directly influence

the growth of blue green algae is Lhe application of
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pesticides.  The resistance to high levels of pesticides
sewins to be more characterisitc of BGA than of the wukary-
otic algae (Watanabe, 1967, vcnkataraman & Kajyalakshm,
1971, 1972;Singh, 1978 ). But some pestisides like chloro-
picrin may affect all algae without discrimination(Ishizawa
and Musuguchi, 1566). Laboratory expcriments showed
that, metabolic products of the insecticides Aldrin,
Dieldrin and endrin are inhibitory to blue-green algae.
(Pattino-Viterbo et al, 1973). Also, Wrignt et al, (1977)

showed that, S ppm of the herbicide propanil prevented

the growth of BAnabaena cylindrica, Tolypcthrix tenuis

and Nostoc endophytum in flask cultures.

Although a numnber of studies have investigated
the growth responses of cyanobacteria to pesticides,
available 1literature shows that, there are only few
attempts to define systems for the study of the effect
of pesticide on the intracellular mineral constituents

of cyanobacteria.

The purpose, of the present study was to assess
the changes in growth, intracellular carbohydrates.,
macro-and microelement of the cyanobacteria Anabaena

oryzae and Tolypothrix tenuis when subjected to different

concentrations of the fdliar pyrethroid insecticide,
Polytrin, in batch culture grown photoautotrophically

in continuous illumination.
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Material and Methods

Cyanobacteria:

Anabaena aryzae, Egyptian strain and Tolypothrix

tenuis, Japanese strain were provided from the Agriculture

Research Centre Giza, Egypt.

Insecticide:
__ Plytrin, common same Cypermethrin CGA 55' 186,
200 Bmulsifiable concentrate (260 EC) was provided from
Ciba-Geigy ©Limited, Cairo, Egypt. It is a foliar

pyrethroid insecticide, its imperical formula is

Co2H19C17N0O3.

Experimental procedure:

Cyanobacteria were grown in batch cultures under
sterile conditions. 1Inocula were grown to mid-exponential
phase . Aliquots of (5 ml) cell suspensions were
inoculated inte 500 ml Erlenmeyer flasks containing
200 ml of (Watanabe et al, 1959) medium. Cultures
were grown under conditions of continuous :1llumination
at an incident light intensity of 20 W/m2 provided by
white rfluoresent lamps. The insecticide Polytrin was
added at time-zero to cyanobacterial cultures, the Eoncen-
trations used were 0.063(1/16), 0.125 11/5). 0.25 (1/4)
0.5(1/2), 1.0 and 1.5 recommended flield rate (0.5 ml

200 EC/L). Experiments were repeated at least twice.
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Cells were harvested by contrifugation at  Lhe cond of
the exponential growth phase, the harvested cells were
washed twice with distilled water.

Growth was determined in terms of (mg dry wt/100 ml

culture) following drying for 24 hours at o "C.

Analytical methods:

Total carbohydrates were estimated by the phenol
su{phuric acid reagent and calibrated .,ainst glucose
standard (Dubois et al, 1956).

Intracellular ion concentrations were analyzed from
the dried algal cells which were powedered and digested
in nitric-perchloric-sulphuxic acid. Phosphorus was
analyzed using the vanadatomwolybdate colorimetric method,

(Chapman and Prott, 1978).

Mg, Fe, Mn, Zn, and Cu were determined by atomic
absorption spectrophotometry. K and Na were estimated
by flame photometry (Jackson, 1967)}.

Nitregen was measured by kjeldahl method (Jackson, 1967).

Results

Effect of Polytrin on the growth of algae:

Growth of Anabaena oryzae and Tolypothrix tenuis

in the presence of different insecticide concentrations

in the medium (Table 1) showed that, growth was slightly
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reduced at Jow insecticide concentratoins (0,063 u 0.125
of the recommended field rate) H#0.4% - 72.2% of control
culture, but rapid decrease in growth was observed at
higher concentrations. Minimal growth of 20.3% and 24.5%
in dry weight was obtained at 1.5 and 1.0 Ffield rate
for A.orvzae, while the corresponding values for T.tenuis
amounted only to 0% and 9.5%. {Table 1). The insecticide

caused also yellowing of some Anabaena cells after growth

at 1.5 field rate.

Effect of Polytrin on cell composition of carbohydrates

and nutrient elements:
]

Polytrin had a detectable effect on the growth
of A.oryzae and T. tenuis at concentrations greater
than 0.25 field rate. dnalysis of organisms exposed
to all used concentration of insecticide ({Tables 2,3
& 41. revealed marked differences in the content of
carbohydrate, macro and micro-elements as compared to

untreated organisms in the exponential phase 6f growth.

Table 2., shows that Polytrin caused inhibition
of nitrogen: fixation. The nitregen content of both
strains were gradually reduced by concentration and

amounted to 56.7% and 0% of the control for A. oryzae

.and T. tenuis respectively at 1.5 redommended field

rate. .
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Total carbohydrate content of algal)l cells incrceased
with increasing the insecticide concentrations (Table2)
reaching about twice the control value at 1.5 {ield
rate in A.oryzae, while growth of T.tenuis was inhibited

completely at ~that concentration.

Analysis of the intracellular macxrozlements of
A.oryzae (Table 3 ) showed a slight rise2 in K content
at low concentration and a markzd rgdectiop at hLigher
conceptrations from 0.25 recommended field rate upwards,
while the marked reduction in K content with T.tenuis

began from the least concentration 0.063 field rate.

Slight rise in P aﬁd Mg content was observed at
low concentration followed by decrease at higher applica-
tion in both strains.

Na did not show clear dependence on the insecticide
cencentration. Zn, Cu and Mn content showed scme rise

with Polytrin concentrations in both studied organisms,

Discussion

A comparison of the effect of used concentrations

of Polytrin on cell growth and adaptation in A.oryzae

and T.tenuis reveals that Anabaena oryzae is more tolerant

to the used concentrations than Tolypothrix tenuis.

Inhibition was observed at concentrations greater than
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0.25 ficld rate. This result is similar Lo some previous
observations on ther pesticides. Wright et al, (1977)

showed that S ppu. of the herbicide propanil prevented

the growth of Anabaena c¢ylindrica, Tolypothrix tenuis

and Nostoc endophytum in flask cultures. Venkatoraman

& Rajyalakshmi ( 1972 ) observed that, among 10 Anabaena
strains tested for their resistance to Ceresan, 9 could
tolerate 100 ppm but 1 was inhibited by concentrations

higher than 1 ppm., Cylindrospermum sp. was okServed

to be less resistant to insecticides than aulosira

fertillissima and Plectonema boryanum Singh, (1973).

Under Egyptian conditions (El-Nawawy et al, 1962;
Hamdi et al, 1970; 1Ibrahim, 1972, and Shalan et al,
1384) showed that most Anabaena strains and Tolypothrix
tenuis were inhibited by high concentrations of various

pesticides not including Polytrin.

The diminution of nitrogen content of A.oryzae
and T.tenuis with Polytrin indicates a decrease in
nitrogenase activity of these organisms. This loss
of activity could reflect a high turn over for some
protein (s) involved in N» fixation ( Romos et al, 1985).
Pesticides generally appear to limit Np-fixing capac}.ties
of blue~greenalgae, thereby affecting the overall nitrogen

economy of scils (DA Silva et al, 1975; Eid et al, 1962;
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and 1Inger, 1970).

Total carhohy'ldrate content of A.orvruac and T.renuis
rose with increasing Polytrin cancznirztiss in +tho growth
media. This means that, the cells did not probably
completely lose the capacity for photosynthasis in the
presence of the insecticide. Hamdi et al (1970 j,stated
that, chlorophyll synthesis was stimulated by low levels
of some herbicides. Indreased levels of carbohydrates
were typically found in nitrogen starved cyanobacteria
(Allen & Smith, 1969 and Romos, 1985). Accumulation
of carbohydrates could somehow counteract the negative
effect of the active nilLrogenous wetaholites, as it
seems to be the case for the control of nitrate
utilization in the wunicellular cyancbacterinm Anacysts
(Flores et al, 1983; Espin et al, 1982; Merrick, 1982).
El-Mokadem et 41 (1988) in a previous work have found
more accumulation of carbohydrate ossociated with loss

of nitrogen content in Anabaena oryzae grown under more

saline conditions.

The elemental analysis of the dried cells revealed
that, the algae exhibited changes in Iint:racullular
elements with increasing the insecticide., Lyzell et

al, (1985), had stated that N:P ratio affects the growth

rate of cyanobacteria.
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It is recommended that for application of Polytrin
insecticide in near by cotton or other crop fields,
the rate would be adjusted in a manner not to harm the
advantageous cyanobacteria added to rice as biofertilizer

for nitrogen fixation.
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Table 1:Growth of Anubacna oryvie and Yolypolhrix lenuis cullures

at different concentiations of Polytrin insectcide.

Ol B Anabaena oryzae Tolypothrix tenuis
e o | o e w1 poveenc B4 0ayawt/100ml. Grouweh
Control 158 + 19 1008 138 + 17 100¢%
0.063 RLfr.[|127 + 14 80.4% 109 + 8 79%
0.0125 " " 114 + 18 72.2% 78+ 9 56.6¢%
0.25 " o|88 % 10 55.7% 57 + 4 . 41.3%
0.5 "M ]74 19 41.5% 40 + 7 29%
1.0 v {45 4 7 28.5% 13+3 . 9.5%

1.5 ** 132 +5 20.3% Dead 0

Growth percent: calculated with reference to control growth as

100%; valves based@ on mg. dry wt./100 ml culture
the values are the mean of three independent

observations.

R.f.r. : Recommended field rate,

Women's Coll. Ann. Rev.
Yol. 15 (1950),
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Table 2: Effect of Polytrin insecticide on the intra-
cullular carbohydrate and bpitrogen content of
Anabaena oryzae and Tolypothrix tenuis. (Cultures
grown with and without Polytrin untill rate
logarthmie phase).
Polytrin Anabaena oryzae Tolypothrix tenuis
concentration
Carbohydrates nzgggéen Carbohydrates ngg%géen
Ceontrol 13.4 5.82 21.2 7.38
0.063 R.f.r 17.8 5.31 26.3 6.39
a.125 « = 15.3 5.3 28.3 5.42
0.25 D o 19.5 5.3 28.1 5.28
0.5 uon 22.7 4.91 30.4 5.52
l.0 o 25.0 4,41 29.08 4.16
1.5 a9 ® 26.3 3.35 oo ooe

23
R.f.r Recoq;nded field rate
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Table 3: Effect of Polytrin insecticide on the intra-

cellular macro & micro elements of Anabaena

oryzae.

p K Na Mg Pe Mn Zn Cu

Treatment
mg./g .dry weight ‘wg./g. dry weight

Control 11.6{14.8[0,141]6.9 |192.2(83.95(82.0 [24.0
0.063 R.f.r{13.9(17.7|0.14 (7.5 l128.1{62.1 [57.6 |25.3

. 0.125 v » 12.6116.5]0.28(7.2 ;138.1|73.0 [57.0 |20.0

0.25 :» » [ 7.2| 0.7}0.14{5.2 | 73.0]|87.9 [162.0]32.0
0.5 ™= 6.6| 0.8[0.14/3.8 [64.4 {120.5(116.2(34.7
1.6 o | s.5!o0.1]0.14{a.0 |61.9 |151.5(140.6{61.3
1% & om 4.9) 0.2|0.24(4.2 |48.3 | 93.5(116.0(49.3

R.f.r : Recommended field rate.
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Table 4: Effect of Polytrin insecticide on the intracellular

macro and micro elements of Tolypothrix tenuis

P X Na Mg | Fe Mn Zn Cu

Treatment
mg./g .dry wt. i pg./g. dry wt.

Control 11.1{3.5 (0.21(4.5 ] 222. |58.4 51 50

0.063 R.f.r ]14.7|0.4 |0.28[5.8 [291. {98.1 | 131 62

0.125 " " 14.210.5 |0.56|6.4 | 277 98.1 | 127 64

0.250 " " 4.7(0.5 |0.56|1.¢9 96.1|/65.4 ) 117 50

0.500 " " 5.1;0.3 (0.38|2.1 |117 62.5 [ le4 80

r.00 " * N. D. N.| D.

1‘5 Li X -— — [ = — —_ -~ -

R.E. r: Recommended. field rate
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