
AHBBuc, 1999 (28): 319-329

A COMPARATIVE STUDY OF THE INFLUENCE OF THE

SIMAZINE AND METRIBUZIN HERBICIDES ON GROWTH IN

CHLORELLA VULGARIS AND BOTRYOCOCCUS BRAUNII

Lazăr Daniela Anca*

Abstract: The growth of Chlorella vulgaris Beij. and Botryococcus braunii Kuetz.

cells treated with two triazine derivatives, simazine and metribuzin, was investigated.
For one culture cycle, the effect on growth was recorded. Simazine and metribuzin

herbicides were added in the nutritive medium of algal suspension in increasing
concentrations from 0.02 to 1.3 pM. Chlorella vulgaris alga was cultivated on Arnon

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

In general, for low concentrations in the first growth period a relative stimulating
effect was noticed for simazine herbicide in Chlorella vulgaris. For Botryococcus

braunii, for the 0.02 pM concentration, in the first week of the experiment, values

relatively close to control were noticed. But soon, an obvious depression appeared in

the evolution of the investigated phenomena. For Botryococcus braunii LD 50% after

2 days was 0.364 pM and for Chlorella vulgaris 0.640 uM. LD 50% after 14 days

dropped at 0.125 pM simazine for the first alga and 0.509 pM for the second one.

The metribuzin herbicide used in this experiment showed that the growth of

Botryococcus braunii was affected at all used concentrations excepting the 0.02 pM

treatment which presented, in the first growth period, values relatively close to

control. In the last period of the culture cycle, even the low concentrations showed

values below the control level (LD 50% after 2 days was 0.661 pM and LD 50% after

14 days dropped at 0.163 pM metribuzin). For Chlorella vulgaris the results show that

this herbicide induced a quick and sharp limitation of the algal cell growth in liquid

suspension (LD 50% after 2 days was 0.103 pM, but LD 50% after 14 days was

0.370 pM metribuzin).

Key words: Chlorella vulgaris, Botryococcus braunii, simazine, metribuzin, growth,

lethal doses.

Introduction

Herbicides play an important role in agriculture and demand for them is

increasing. Herbicides are used extensively today to eliminate unwanted

competing species of plants in the cultivated environment.

Very often the specific herbicidal effects are still unknown and only become

evident generally as growth inhibition (Pfister et al. 1983).

The unicellular green algae represent an useful model for the study of the

herbicide impact on plant physiology (Böger et al. 1990) because those algae can

multiply very quick and the effects of the individual variations are eliminated due to

the great number of cells from the volume unit of the algal suspension. The results
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obtained by studying the herbicide action on the unicellular algae can be used for

the understanding of the herbicide effects on higher plants (Schäfer et al. 1994).
The reactions of Chlorella vulgaris Beij. and Botryococcus braunii Kuetz. cells

(isolated at the Biology Research Center of Cluj-Napoca from marshes of Sălicea)
treated with two triazine derivatives, simazine (2-chlorc-4,6 bis (ethylamino)-s-
--triazine) and metribuzin (4-amino-6-1,1-dimethylethyl-3-(methylthio)-1,2,4-triazin-5-

(4H)-one) (Sarpe, 1987) were investigated.
The unicellular green alga Chlorella vulgaris was considered by Warburg like a

standard species for the research of the physiological processes. That is why we

choose this alga for our experimental study. Most of the papers which refer to the

physiological processes of algae used with prevalence this alga. We used the

unicellular green alga Botryococcus braunii too.

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 (Şarpe 1987).
Metribuzin is a selective triazine herbicide which inhibits photosynthesis of

susceptible plant species. It is used for control of annual grasses and numerous

broadleaf weeds in field and vegetable crops, in turfgrass, and on fallow lands.

Metribuzin as a pre-treatment can be applied before or after planting but must be

applied before crop germinates (Şarpe 1987).

For one culture cycle, the effect on growth was 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 lux. 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 represent

average values of three repetitions for each variant.

The herbicides were introduced in the culture medium before inoculation and

the concentrations of the tested herbicide solutions varied from 0.02 uM to 1.3 uM.

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

Sencor as a source of metri buzin. The Simadon herbicide has 50% active

substance and Sencor herbicide has 70% active substance (Şarpe 1987).

The growth of algae was observed at each two days within the culture cycle

(established at 16 days) with a "Cecil 1020" spectrophotometer at X = 676 nm. A

linear regression was performed in order to study the relationship between the

extinction of the algal culture and the number of cells counted with Thoma

haemocytometric mount for 24 samples from different treatments. The R squared

was significant at a P value = 0.001. This relationship was used to convert the

extinction in number of cells.
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The areas (A) encompassed under the graphs for the number of cells/ml (X) from

each concentration (c) at different days (t) were calculated with the following formula:

n ,=o
2

fort = 2,7andl4days.

Foreach replicate, several simply non-linear regressions were performed between

the reductions (% from control) of these areas (X values) and the doses of herbicide as

Y values. With the exception of simazine applied on Chlorella (for which the linear

regression were fitted), the equation: Y = a + bX
3

was preferred because the

confidence intervals were narrower than those obtained by other types of equations

which produced better values for R
2

. The equations for each replicates were used to

interpolate the LD 0, 25, 50, 75, 100% for these replications in order to calculate the

standard deviations. The regressions for all the replicates from a given day were used

to calculate a common R
2

. As it was expected, the values interpolated with these

equations were not significant different from the LD averages based on each replicate.

Results and discussions

For each combination alga - herbicide many parallel determinations of the cells

number and of the extinction were done (fig. /1 ).

Fig. 1 The correlation between extiction and the cells number of algae

For Chlorella vulgaris cultures treated with simazine and metribuzin linear

relations with R
2

higher than 0.99 were obtained. Regression coefficients (the

slopes of the regression line) of this two linear relations didn't presented

significantly differences when, after the transformation in z values (Ceapoiu,l96B)
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in order to obtain a normal distribution, were examined through the t test. Regarding
this, it is possible to use a single transformation relation of the extinction in cells

number, indifferently if the Chlorella cultures were treated with simazine or metribuzin.

A similar situation (linear relations, very significantly correlation ratios,
identical slopes of the regression straight) for Botryococcus cultures treated with

simazine and metribuzin was found, but the coefficients of the regression equation

were different from those obtained for Chlorella. The differences can be easy

explained through the higher content of the assimilatory pigments of the Botryococcus

cells.

The relations found between extinction and the cells number are statistic

ensured at a very significantly level (p>0.001). Thus, the extinction of the algae

suspensions can be used forthe record of the growth.

The effects of the different concentrations of the simazine and metribuzin

herbicides on the growth of Chlorella vulgaris and Botryococcus braunii algae were

recorded (Fig. 2, 3,4,5).

Fig. 2 The influence of on cells number from the cult of Chlorella vulgaris

Those two tested herbicides inhibited the growth of Chlorella vulgaris and

Botryococcus braunii, which demonstrates a certain degree of toxicity, variable in

accordance with herbicide and the used dose. In general, the number of cells

grows in the first days from the add of the herbicide; after this it maintains

relatively constant and then it diminished itself. The recorded values from the

herbicide treated cultures were under the control values.

In case of Chlorella vulgaris alga, for the concentration of O.3uM simazine, in

the first growth period, a relative stimulating effect was noticed. But soon, an

obvious depression appeared in the evolution of the investigated phenomena. For

the same period of time, the values obtained for the concentration of O.5uM were
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higher than those obtained for the control, but without significantly differences.

Fig. 3 The influence of on cells number from the culture of

Botryococcus bra unii

Fig. 4 The influnce of the metribuzin on cells number from the culture of

Chlorella vulgaris
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Fig. 5 The influence of metribuzin on cells numer from the culture of

Botryococcus braunii

The concentrations of simazine which correspond at different degree of cells

number grow inhibition from Chlorella

Fig. 6
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Fig. 7 Comparison between dose and the inhibition effect relationships from

different combination species - herbicide - exposition time.

From the 6" 1 day of the culture cycle the curve of the O.5uM concentration is

distinctly different from the curve of the control. For the concentrations of O.6uM

and O.BuM the growth depression was installed from the beginning of the culture

cycle, especially for the last concentration. The extinction for the 0.02uM

concentration were relatively close to control in the first four days of the culture

cycle at Botryococcus braunii. In general, for all concentrations, in the first growth

period, a relative low values from control were noticed for this alga.

The analyse of the areas under the growth curves for the Chlorella cultures

treated with different doses of simazine suggests a parabolic evolution of the

stimulating effect of some herbicide concentrations lower then 0.47uM in the first 7

days and O.2uM after two weeks. It was noticed a linear dose-effect dependence
for the domain between the equilibrium point (the second point zero of inhibition

-

where the toxic effect of the herbicide dose compensates for the stimulating effect)
and the inflexion point from which it starts a relatively suddenly deviation (in

comparison with the situation from the other herbicides) to the limit of the 100%

inhibition degree (Fig. 6).
For the mentioned domain, the linear regression equations were used for the

calculation of the simazine concentrations which induce different degrees of growth

inhibition at Chlorella cultures. (Table I). For the first 7 days, the simazine doses

which decrease with 50% the growth of the cells number of Chlorella were about of

0.63uM and for the 14 days from the culture cycle the concentration which causes

this effect diminishes at 0.51 uM. The averages for the simazine inhibitory

concentrations for Botryococcus braunii are presented in table 11.
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- The simazine doses (uM) which induce different inhibition degrees of the

cells growth at Chlorella vulgaris, estimated through the linear equations (Y=a+bX)

*) standard deviation

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

the cells growth at Botryococcus braunii, estimated through the Y = a + b *

X3

equations

*) standard deviation

Concerning the experiences with metribuzin, for all used concentrations (0.4

uM, 0.7 uM, 1 uM and 1.3 uM) values lower than control were noticed for the

Chlorella vulgaris from the first days of the culture cycle. The differences between

this variants became evident after a week from the adding of the herbicide in the

culture medium, excepting the 1 uM and 1.3 uM metribuzin concentrations. There

were no significantly differences between this two concentrations. For all

concentrations the cells number of algae grew till the 11
th

day. After this moment

the growth was obviously affected.

For the extinction curves of all treatments there is an obvious inflexion point, but

the sizes of the slope decreasing after these points was in proportion with

concentration of metribuzin in cultures of Botryococcus braunii. For the

concentrations higher than 0.3 uM the growth depression was already installed

Table II

Table I

Growth inhibition 2 days 7 days 14 da

rate % Avéra SD* Avéra SD* Avéra SD*

0.4562 0.0004 0.4696 0.0012 0.2358 0.0175

25 0.5485 0.0061 0.5503 0.0054 0.3729 0.0082

50 0.6407 0.0126 0.6311 0.0121 0.5099 0.0011

75 0.7330 0.0191 0.7118 0.0187 0.6469 0.0104

100 0.8253 0.0256 0.7925 0.0253 0.7839 0.1124

0.866 0.960 0.962

0.456 0.470 0.236

0.004 0.003 0.006

Growth inhibition 2 da 7 da 14 days

rate (%) Averages] SD* Averages] SD* Avera :es SD*

-0.0160 0.0100 -0.0020 0.0100 0.0270 0.0110

25 0.0320 0.0110 0.0150 0.0100 0.0390 0.0110

50 0.3640 0.0150 0.1310 0.0120 0.1250 0.0100

75 1.2670 0.0330 0.4480 0.0200 0.3590 0.0080

100 3.0260 0.0700 1.0650 0.0380 0.8140 0.0040

-0.01480 -0.00038 0.02700

3.0301E-06 1.06045 E-06 7.857 E-07

0.862 0.915 0.937
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after the second day after herbicide adding. The 0.02 uM treatment effect on cells

number was relatively close to control, but after the first 4 days these two curves

became distinct. After the same period, the curve for 0.2 uM concentration is clear

above the curve of 0.3 uM metribuzin.

- The metribuzin doses (uM) which induce different inhibition degrees
of the cells growth at Chlorella vulgaris, estimated through the Y = a + b * X3

equations

*) standard deviation

- The metribuzin doses (uM) which induce different inhibition degrees
of the cells growth at Botryococcus braunii, estimated through the Y = a + b * X3

equations

*) Standard deviation

The estimation of the effect of metribuzin concentrations on the growth of the

Chlorella cells was based on regression equations like Y=a+b*X
3

; where X

represent % from control of the areas under the growth curves, Y - the herbicide

concentration, and a and b are the empirical coefficients of the regression

equations. The herbicide concentrations which reduced at half the cells growth of

Chlorella vulgaris were relatively low: 0.1; 0.28 and 0.37 uM metribuzin at 2, 7 and

Table IV

Table III

Growth inhibition 2 da 7 da 14 da

rate % Avéra SD* Avéra: SD* Avéra; SD*;es

-0.0671 0.0123 0.1242 0.0447 0.2177 0.0143

25 -0.0458 0.0152 0.1439 0.0466 0.2368 0.0162

50 0.1030 0.0356 0.2816 0.0598 0.3704 0.0293

75 0.5070 0.0910 0.6555 0.0957 0.7330 0.0650

100 1.2937 0.1989 1.3836 0.1655 1.4392 0.6088

0.836 0.926 0.880

-0.067 0.124 0.218

1.3608E-06 1.2594E-06 1.2215E-06

Growth inhibition 2 da 7 da 14 da

rate % Avéra ;es SD* Avérai ;es SD* Avéra ;es SD*

0.0150 0.0090 0.0290 0.0020 0.0290 0.0010

25 0.0960 0.0030 0.0530 0.0020 0.0460 0.0000

50 0.6610 0.0390 0.2220 0.0030 0.1630 0.0010

75 2.1950 0.1520 0.6790 0.0120 0.4800 0.0060

100 5.1830 0.3730 1.5690 0.0310 1.0980 0.0150

0.01730 0.02950 0.02940

0.1729 E-06 1.538 E-06 1.0679 E-06

0.975 0.990 0.982
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respectively 14 days. The applied statistic model "forecasts" that it is possible to

obtain the growth inhibition rates of 0 and 25% in the first two days of the culture

cycle through the application of some "negative" doses. This behaviour represents

a strong hint for the possibility of the existence of a stimulating effect for a short

period of time for the 0.04 uM concentration (Table III). The averages for the

metribuzin lethal concentrations for 2, 7 and 14 days, calculated for each replicate
as described in "Materials and methods" are presented in table IV for the

Botryococcus braunii alga.
The comparative effect of the different treatments is presented in the figure 7.

The used herbicides from the mentioned experiences showed that in the first

period of the algae growth, at relatively low concentrations, some differences are

recorded. Thus, simazine was a stimulating herbicide of the Chlorella vulgaris

growth, especially for the 0.3 uM concentration. Even if for Botryococcus braunii

alga this physiological process wasn't stimulated, it can be noticed that the 0.02 uM

concentration presented relatively close values from control, in the first days of the

culture cycle. This is valid for the metribuzin herbicide too, but only for the

Botryococcus braunii alga. In case of Chlorella vulgaris, all the metribuzin tested

concentrations were under the values from control, differences being larger than

two standard deviations.

The calculated concentration for killing all the algae cells in 2 days is near the

lower limit of the concentration of 2.4 - 4.8 uM reported in literature to control the

unicellular algae in 3 -14 days (Frank, 1991).

Conclusions

1. In general, for low concentrations (0.3 uM and 0.5 uM for Chlorella vulgaris

and 0.02 uM for Botryococcus braunii ), in the first growth period, values relatively

close to control were noticed, even a relative stimulating effect was recorded for

simazine in case of Chlorella vulgaris. But soon, an obvious depression appeared

in the evolution of the investigated phenomena.

2. Herbicide concentrations able to reduce growth with 50%, after 14 days were

lower for Botryococcus braunii (0.13 uM simazine and 0.16 uM metribuzin) than for

Chlorella vulgaris ( 0.51 uM simazine and 0.37uM metribuzin).
3. Metribuzin induced a stronger inhibition than simazine in Chlorella vulgaris,

but for the Botryococcus braunii an opposite situation was noticed.
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STUDIU COMPARATIV AL INFLUENTEI SIMAZINULUI

Şl METRIBUZINULUI ASUPRA CREŞTERII ALGELOR

CHLORELLA VULGARIS Şl BOTRYOCOCCUS BRAUNII

Rezumat: în prezentul studiu s-a urmărit creşterea celulelor de Chlorella

vulgaris Beij. şi Botryococcus braunii Kuetz. sub influenţa a două erbicide din

familia triazinelor, simazinul şi metribuzinul. Cele două erbicide au fost adăugate în

mediul nutritiv al suspensiei algale în concentraţii crescânde, de la 0.02 la 1.3 uM.

Alga Chlorella vulgaris a fost cultivată în mediul nutritiv Arnon, iar Botryococcus
braunii în mediul nutritiv Zehnder-Gorham.

în general, sub influenţa concentraţiilor scăzute de simazin celulele de Chlorella

vulgaris au înregistrat o stimulare in prima săptămână a ciclului de cultură. în cazul

algei Botryococcus braunii, s-au obţinut valori relativ apropiate de cele ale

martorului pentru concentraţia de 0.02 uM, în prima parte a experimentului. în

continuare însă s-a constatat o evidentă scădere a procesului de creştere la

ambele alge studiate. Pentru Botryococcus braunii LD 50% după 2 zile a fost de

0.364 uM, iar pentru Chlorella vulgaris de 0.640 uM. LD 50% după 14 zile a scăzut

la 0.125 uM simazin în cazul primei alge şi la 0.509 uM pentru cea de a doua.

Experienţele cu metribuzin au evidenţiat faptul că procesul de creştere a fost

afectat la alga Botryococcus braunii la toate concentraţiile utilizate, cu excepţia

dozei de 0.02 uM, care a prezentat valori relativ apropiate de cele ale martorului, în

prima perioadă de creştere. în ultima parte a ciclului de cultură s-au obţinut valori

mai scăzute decât cele ale martorului, chiar şi în cazul concentraţiilor mai mici (LD

50% după 2 zile a fost de 0.661 uM, iar după 14 zile a scăzut la 0.163 uM

metribuzin). în cazul Chlorellei vulgaris s-au obţinut valori inferioare celor de la

martor chiar din primele zile de la expunerea în erbicid, la toate dozele de

metribuzin folosite (LD 50% după 2 zile a fost de 0.103 uM, dar după 14 zile de

0.370 uM).
Cuvinte cheie: Chlorella vulgaris, Botryococcus braunii, simazin, metribuzin,

creştere, doze letale.


