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Abstract The reactions of Chlorella vulgaris Beij. and Botryococcus braunii Kuetz. cells treated

with a triazine derivative, simazine (2-chloro-4,6 diethylamino-s-triazine) and an urea compound,

isoproturon (N-4-isopropylphenyl) N', N'-dimethylurea) were investigated. For one culture cycle,
the effect on photosynthesis and respiration rate was recorded.

Simazine and isoproturon herbicides were added in the nutritive medium of algal suspension in

increasing concentrations from 0.02 to I,BuM. Chlorella vulgaris alga was cultivated on Arnon

nutritive medium and Botryococcus braunii on Zehnder-Gorham nutritive medium.

Both photosynthesis and respiration were affected by simazine and isoproturon herbicides at

Chlorella vulgaris and Botryococcus braunii.

In case of photosynthesis, for Chlorella vulgaris the concentrations inhibiting the process at a

50% level (CI 50%) after 7 days were 0.546uM simazine and 0.125pM isoproturon and for

Botryococcus braunii the CI 50% were 0.418uM simazine and 1.045uM isoproturon.

In case of respiration, for Chlorella vulgaris CI 50% after 7 days were 0.51 6|jM simazine and

0.107uM isoproturon and for Botryococcus braunii the CI 50% were 0.127uM simazine and

0.427uM isoproturon.
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Introduction

The study of the effects of herbicide applications on algae culture represents an

easier way for the understanding of herbicide interference with physiological processes and

a considerable amount of resulting information may be extrapolated for higher plants (Böger
et al. 1990, 1993).

Research on mode of action of herbicides has made remarkable progress in recent

years. There is a growing trend to corroborate the green-house screening by studies on model

systems, like unicellular algae, cell cultures and cell-free enzymatic assays contributing to a

better understanding of physiological and biochemical processes (Böger et al. 1990).

Unicellular algae are frequently used in studies of photosynthesis and represent an

useful model for the study of the herbicide impact on plant physiology (Böger et al. 1990).

The phytotoxic compounds block metabolic pathways essential for plant growth (Mori

etal. 1995).

Photosynthesis, as the central series of metabolic reactions in plants, offers a

preferential target site for a large number of herbicides. It is estimated that more than half of

all commercial herbicides act primarily by interfering with photosynthetic reactions. This

physiological process or plant pigment synthesis have no counterpart in animal physiology

(Pfister et al. 1983). Others commercial herbicides interfere with respiratory processes,
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pigments synthesis (Böger et al. 1995) or growth reactions.

The reactions of Botryococcus braunii Kuetz. cells (isolated at the Biology Research

Center of Cluj-Napoca from marshes of Salicea) and Chlorella vulgaris Beij. treated with a

triazine derivative, simazine (2-chloro-4,6 diethylamino-s-triazine) and an ureic compound,

isoproturon (N-4-isopropylphenyl) N', N'-dimethylurea) (Sarpe 1987) were investigated.
The herbicides which contain simazine are used in maize, sorghum crops, as well as

in vineyards and in apple and pear-tree orchards. Simazine control a great variety of mono-

and dicotyledonous annual grasses, like Atriplex, Chenopodium, Xanthium, Avena, Digitaria.

This herbicide acts by inhibition of photosynthesis, but it is possible to have some secondary

actions, too (Sarpe 1987).

The mode of action of isoproturon is the inhibition of photosynthesis of susceptible

plants and weeds. The resisting plants metabolise this herbicide. Isoproturon is well tolerated

by autumn and spring wheat and barley, but it can cause damages at durum wheat.

Isoproturon controls a great variety of monocotyledonous species: Alopecurus sp., Poa and

some dicotyledonous species: Atriplex, Chenopodium, Matricaria, Polygonum (Sarpe 1987).

For one culture cycle, the effects on photosynthesis and respiration were recorded.

Materials and methods

Chlorella vulgaris alga was cultivated on Arnon nutritive medium (Boldor et al. 1983)
and Botryococcus braunii- on Zehnder-Gorham nutritive medium (Vlădeanu et al. 1988). The

experiments were carried out in a chamber with artificial illumination of 8000 Ix. To avoid

mutual shadowing, the algal suspensions, in cylindrical glass recipients of 1000 ml, were

bubbled with steady stream of air produced by vibrator devices. The culture medium was

inoculated with an amount of algal biomass producing a 100000 cells/ml suspension in all

experiment variants. The ambient temperature varied between 24-25 °C. The results repre-

sent average values of three repetitions for each variant.

The herbicides were introduced in the culture medium before inoculation and the con-

centrations of the tested herbicide solutions varied from 0.02 uM to 1.8 uM.

The commercial product Simadon was used as a source of simazine and Izoguard as

a source of isoproturon. Both Simadon and Izoguard herbicides have 50% active substance

(Sarpe 1987).

The photosynthesis rate was investigated with Warburg method using the treated

algal suspension and the Warburg buffer solution number 9(15 mINa2
CO

3 0.1 M + 85 ml

NaHC0
3

0.1 M) (Boldor et al. 1983).

The respiration rate was established with Warburg method using the treated algal

suspension and a solution of KOH 30% to capture the C0
2 resulted in the respiration

process (Boldor et al. 1983).

The estimation of the herbicide concentrations inhibiting the gaseous exchanges at

levels of 25, 50, 75 and 100% (for different time of exposure) started with computation of the

relative inhibition of the process (RIP):

RlP
(c,t)

= PR
(c,t)

x 100/PR
(Oit ) where,

PR/
C ţ\

- process rate (mm 3 0
2 x 10-6ce!ls x rr 1) at time t and a herbicide concentra-

tion of "c" pM;

PR
(o,t)

" process rate (mm30
2 x 10"6cells x hr 1 ) of the control for the same time.

After this, for each sampling date and each replicate, several regression models were

applied for RIP (as x value) and herbicide concentration (as y value). The criteria for the

selection of the regression model were R2 , (for all replicates) confidence interval and the

simplicity of the model.

The equations for each replicate were used to estimate the doses inhibiting the

process at levels of 0, 25, 50, 75 and 100%. The means and standard deviations of these
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values were calculated. These means were practically equal with the values provided by the

equations of the regressions based on averaged values of all the replicates (those last equa-

tions were used for calculating the common R2 for each sampling day).

Results and discussions

In case of simazine, the photosynthesis intensity (established after the amount of

oxygen released) showed a decrease from control in all concentrations for both algae.
For Chlorella vulgaris the photosynthesis depression was proportional to the applied

concentration. For O.3uM simazine, this depression is relatively reduced in the first 7 days of

the culture cycle. The values are not significantly different from control (Fig. 1).

Fig. 1 The influence of simazine on photosynthesis rate of Chlorella vulgaris.

The simazine doses which inhibited photosynthesis at 50% of control level for 2, 4 and

7 days were about 0.48uM, 0.53uM and 0.55uM, respectively (Table I).

For Botryococcus brauniilhe 0.02uM simazine had no significant inhibitory activity on

photosynthesis intensity, excepting the final observation (14 days from the beginning of the

experiment) (Fig. 2).

The averages for the simazine lethal concentrations for 2, 4 and 7 days, calculated for

each replicate as described in "Materials and methods", are presented in Table 11.

The effect of isoproturon on photosynthesis rate was obvious for the variants treated

with 0.08 uM and 0.13 uM doses at Chlorella vulgaris. The process in algal cultures treated

with 0.03 uM was significant different from control for the first 4 days, but for the second

week the differences were lower due to lower rate of photosynthesis in control (maybe as a

result of an unavoidable mutual shading that occurred in high cell densities cultures). For

each treatment the observations from the 16th day were somehow lower than the averages

of the other observations (Fig. 3).



Lazăr Daniela Anca184

The simazine doses ((jM) which induce different inhibition degrees of the pho-

tosynthesis rate at Chlorella vulgaris

*) standard deviation

Fig. 2 The influence of simazine on photosynthesis rate of Botryococcus braunii.

Table I

Photosynthesis 2 days 4 days 7 days

inhibition rate (%) Averages SD* Averages SD* Averages SD*

0.0506 0.0001 0.0603 0.0005 0.0458 0.0003

25 0.3574 0.0108 0.3932 0.0066 0.3995 0.0081

50 0.4845 0.0154 0.5311 0.0095 0.5460 0.0116

75 0.5820 0.0188 0.6369 0.0118 0.6584 0.0143

100 0.6642 0.0218 0.7261 0.0137 0.7532 0.0813

t» 0.960 0.923 0.962

0.05065 0.06027 0.23580

0.06136 0.06658 0.00550

uation: Y = a + bX
° 5

Y = a + bX
° 5

Y = a + bX
° 5
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The simazine doses {\iM) which induce different inhibition degrees of the

photosynthesis rate at Botryococcus braunii

*) standard deviation

Fig. 3 The influence of isoproturon on photosynthesis rate of Chlorella vulgaris.

For this herbicide the concentrations which reduced photosynthesis at half were

relatively low: 0.09uM, O.lOuM and 0.13uM at 2, 4 and 7 days (Table III).

For Botryococcus braunii the photosynthesis rate for the 0.04 uM isoproturon was

higher than that obtained for the control for the first two weeks, but without significantly

differences. We can't consider this observation like a stimulation of the photosynthesis. In the

last week of the experiment the 0.04uM treatment affected the photosynthesis intensity,

especially in the last day of the culture cycle. There were clear cut differences between treat-

ments in the last part of the culture cycle and the I.BuM treatment detached evidently from

the other concentrations (Fig. 4).

Table II

Photosynthesis 2 da s 4 da 7 das

inhibition rate % Avéra es SD* Avéra SD* Avéra SD*es ;es

0.0244 0.0900 -0.0067 0.0660 0.0123 0.0400

25 0.6009 0.0940 0.4833 0.0640 0.2155 0.0310

50 1.1774 0.1630 0.9733 0.1540 0.4187 0.0270

75 1.7538 0.2480 1.4633 0.2500 0.6219 0.0310

100 2.3303 0.3360 1.9533 0.3490 0.8250 0.0400

0.02443 0.00666 0.01231

2.3060E-02 1.9600E-02 8.1300E-03

r
2

0.962 0.981 0.977

Equation: Y = a + bX Y = a + bX Y = a + bX
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The isoproturon doses (|jM) which induce different inhibition degrees of the

photosynthesis rate at Chlorella vulgaris

* ) standard deviation

Fig. 4 The influence of isoproturon on photosynthesis rate of Botryococcus braunii.

For this alga the isoproturon doses which inhibited photosynthesis at 50% of control

level after 2, 4 and 7 days of cultivation were higher than those obtained for Chlorella vul-

garis (1.27uM, 1.16uM and 1.05uM, respectively ) (Table IV).

In case of respiration the simazine and isoproturon concentrations produced a

significant inhibitory effect on the oxygen absorption at both algae. A survey of mechanisms

and modes of action of herbicides reveals that only few compounds are thought to interfere

strongly with respiration (Corbett 1974; Kirkwood 1976), but a hampering of another process

may be indirectly reflected in respiration rate.

Table III

Photosynthesis 2 da 4 da 7 da'

inhibition rate (%) Averages SD* Avéra es SD* Avéra es SD*

-0.002 0.002 -0.007 0.001 0.005 0.002

25 0.030 0.009 0.048 0.007 0.065 0.013

50 0.089 0.020 0.103 0.014 0.125 0.029

75 0.165 0.035 0.157 0.022 0.186 0.044

100 0.255 0.053 0.212 0.029 0.246 0.060

г 0.99000 0.969 0.976

-0.00166 0.00722 0.00495

0.00026 0.00295 0.00024

Equation: Y = a + bX
l5

Y = a + bX Y = а + bX
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The isoproturon doses (uM) which induce different inhibition degrees of the

photosynthesis rate at Botryococcus braunii

*) standard deviation

The respiration intensity showed a decrease from control at all used concentrations at

Chlorella vulgaris with the exception of O.3uM simazine concentration which showed a

higher value than control in the day of the culture cycle (Fig. 5).

The simazine concentrations which inhibited respiration at 50% were about 0.45uM,

0.51 uM and 0.52 uM, respectively in the 2 nd , 4th and 7th days of the experiment (Table V).

The simazine herbicide in concentrations of O.2uM to О.биМ produced an inhibitory

effect on the oxygen absorption and concentration of 0.02uM showed values relatively close

to control in the first 10 days of the culture cycle. The effect of О.биМ simazine concentration

on Botryococcus braunii respiration rate did not differed significantly from that of O.4uM

concentration, but it was greater than the effect of O.2uM with more than two standard

deviations (Fig. 6).

Fig. 5 The influence of simazine on respiration rate of Chlorella vulgaris.

Table IV

Photosynthesis 2 da ,s 4 da 7 da /S

inhibition rate (%) Averages SD* Avera SD* Averages SD*

-0.1124 0.0650 -0.1120 0.0430 -0.0948 0.0440

25 0.5788 0.0810 0.5246 0.0180 0.4755 0.0230

50 1.2701 0.0980 1.1612 0.0180 1.0457 0.0080

75 1.9613 0.1150 1.7979 0.0430 1.6160 0.0230

100 2.6525 0.1330 2.4345 0.0700 2.1863 0.0440

-0.11238 -0.11204 -0.09480

2.7650E-02 2.5470E-02 2.2810E-02

r
2 0.966 0.990 0.993

Equation: Y = a + bX Y =
a + bX Y = a + bX



Lazăr Daniela Anca188

The simazine doses (uM) which induce different inhibition degrees of the

respiration rate at Chlorella vulgaris

*) standard deviation

Fig. 6 The influence of simazine on respiration rate of Botryococcus braunii.

The averages for the simazine lethal concentrations for 2, 4 and 7 days, calculated for

each replicate as described in "Materials and methods", are presented in Table VI.

For Chlorella vulgaris the respiration rate for the 0.03 pM isoproturon was not

significant different from control and the 0.08 pM dose produced a difference from control,

larger than two standard deviations only from the 11th day. The inhibitory effect of the 0.13

pM isoproturon dose was clear from the second day of treatment. One may notice a decreas-

ing in respiration rate from the 9th day of the culture cycle for all studied herbicide

concentrations (Fig. 7).

In case of this herbicide the concentration which inhibited the respiration process at

50% was about 0.11 pM both in the 2nd
,

4 th and 7th day of the experiment (Table VII).

Table V

Res iration 2 da 4 da 7 da

inhibition rate (%) Averages SD* Avéra es SD* Avéra: es SD*

0.0495 0.0087 0.1962 0.0124 -0.0124 0.0037

25 0.3323 0.0180 0.3545 0.0196 0.3619 0.0212

50 0.4494 0.0219 0.5129 0.0515 0.5169 0.0316

75 0.5393 0.0249 0.6712 0.0835 0.6359 0.0395

100 0.6151 0.0274 0.8295 0.1155 0.7362 0.1138

r 0.641 0.638 0.976

0.04950 0.19620 -0.01245

0.05656 0.00663 0.07487

Equation: Y = a + bX° 5
Y = a + bX Y = a + bX

oţ
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The simazine doses (uM) which induce different inhibition degrees of the

respiration rate at Botryococcus braunii

*) standard deviation

Fig. 7 The influence of isoproturon on respiration rate of Chlorella vulgaris.

For Botryococcus braunii the respiration depression was proportional to the applied

concentration. For the 0.4 uM isoproturon the respiration rate was not significant different

from O.6uM and O.9uM doses and between I.2uM and I.BuM concentrations there were no

significant differences in the last 12 days of the culture cycle (Fig. 8).

The isoproturon concentrations which reduced respiration at 50% at Botryococcus

braunii after 2, 4 and 7 days of cultivation were higher than those obtained for Chlorella

vulgaris (0.66uM, 0.56uM and 0.43uM, respectively) (Table VIII).

Table VI

Respiration 2 da 4 davs 7 da

inhibition rate % Avera SD* Averages SD* Avera SD*

-0.0037 0.0770 0.0108 0.0230 0.0123 0.0130

25 0.0276 0.0730 0.0345 0.0230 0.0327 0.0150

50 0.1733 0.0600 0.1448 0.0260 0.1279 0.0260

75 0.4840 0.0590 0.3800 0.0390 0.3307 0.0520

100 0.9974 0.1200 0.7686 0.0700 0.6660 0.0960

-0.00373 0.01084 0.01229

1.0011E-05 7.5776E-06 6.5371 E-06

r* 0.959 0.942 0.948

Equation: Y = a + bX
25

Y = a + bX
25

Y = a + bX
25
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The isoproturon doses (|jM) which induce different inhibition degrees of the

respiration rate at Chlorella vulgaris

*) standard deviation

Fig. 8 The influence of isoproturon on respiration rate of Botryococcus braunii.

Table VII

Res iration 2 da 4 da 7 da

inhibition rate % Avéra: es SD* Avéra: es SD* Avéra es SD*

-0.0025 0.0021 0.0032 0.0025 0.0152 0.0023

25 0.0761 0.0029 0.0785 0.0042 0.0801 0.0041

50 0.1086 0.0050 0.1096 0.0069 0.1070 0.0068

75 0.1336 0.0066 0.1336 0.0090 0.1277 0.0088

100 0.1546 0.0079 0.1537 0.0108 0.1451 0.0042

r- 0.996 0.996 0.954

-0.00249 0.00322 0.01519

0.01571 0.01505 0.01299

Equation: Y=a + bX
03

Y = a + bX
05

Y = a + bX
° 5
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The isoproturon doses (uM) which induce different inhibition degrees of the

respiration rate at Botryococcus braunii

*) standard deviation

Conclusions

1. The simazine and isoproturon herbicides affected photosynthesis rate in both

algae.

2. For Botryococcus brauniiXhe photosynthesis rate for the 0.04 uM isoproturon was

higher than that obtained for the control for the first two weeks, but we can't consider this

observation like a stimulation of the photosynthesis because there were no significantly
differences.

3. The herbicide concentrations which reduced photosynthesis at 50% at

Botryococcus braunii were higher than those obtained for Chlorella vulgaris.

4. In regard of the respiration rate, a low level of the intensity of this physiological

process was observed under all herbicide concentrations used in this study.

5. The simazine concentrations which reduced respiration at 50% at Chlorella vulgaris

were higher than those obtained for Botryococcus braunii, but in case of isoproturon it was

observed a reverse situation.
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INFLUENŢA ERBICIDELOR SIMAZIN SI ISOPROTURON ASUPRA

SCHIMBURILOR GAZOASE LA ALGELE VERZI UNICELULARE

CHLORELLA VULGARIS SI BOTRYOCOCCUS BRAUNII

Rezumat. în prezentul studiu s-a urmărit influenţa a două erbicide (simazinul din

familia triazinelor şi isoproturonul - un compus ureic) asupra a două procese fiziologice:

fotosinteza şi respiraţia la două alge verzi unicelulare: Chlorella vulgaris Beij. şi Botryococcus

bra unii Kuetz.

Cele două erbicide au fost adăugate în mediul nutritiv al suspensiei algale în

concentraţii crescânde, de la 0.02 la 1.8 uM. Alga Chlorella vulgaris a fost cultivată în mediul

nutritiv Arnon, iar Botryococcus braunii'\n mediul nutritiv Zehnder-Gorham.

Atât fotosinteza, cât şi respiraţia au fost afectate de cele două erbicide la ambele alge.

Astfel, în cazul procesului de fotosinteza, nivelul valoric al curbelor grafice înregistrate

la Chlorella vulgaris s-a situat corespunzător concentraţiei erbicidului în sensul că pe măsură

ce dozele erau mai mari, cu atât poziţia curbei era mai aproape de abscisă. Acest lucru s-a

constatat în cazul ambelor erbicide.

La alga Botryococcus braunii, intensitatea fotosintezei a prezentat o scădere la toate

concentraţiile de simazin utilizate în comparaţie cu martorul. Referitor la influenţa

isoproturonului asupra acestui proces fiziologic s-a putut constata faptul că la concentraţia

de 0.04 uM s-au obţinut valori superioare martorului în primele doua săptămâni, dar fără să

existe diferenţe semnificative. Astfel, nu am putut considera această observaţie ca o

stimulare a procesului de fotosinteza.

Concentraţiile de simazin care au redus la jumătate procesul de fotosinteza după 7

zile de cultivare au fost de 0.546 uM pentru Chlorella vulgaris şi de 0.418 uM în cazul algei

Botryococcus braunii. în cazul isoproturonului, aceste valori au fost de 0.125 uM pentru

Chlorella şi de 1.045 uM pentru cea de a doua algă.
La ambele alge s-a constatat un nivel scăzut al intensităţii respiraţiei, atât în cazul

simazinului, cât şi al isoproturonului.

Procesul respirator a fost redus la jumătate la alga Chlorella vulgaris de о

concentraţie de 0.516 uM în cazul simazinului şi de 0.107 uM în cazul isoproturonului, după

o săptămână de cultivare. La alga Botryococcus braunii aceste valori au fost de 0.127 uM

pentru simazin şi 0.427 uM pentru isoproturon.

Cuvinte cheie: Chlorella vulgaris, Botryococcus braunii, simazin, isoproturon,

fotosinteza, respiraţie, concentraţii inhibitoare 50%


