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Herbicides of symmetric triazine group have been widely used in 
agriculture. A number of papers are devoted to their effect on microflo­
ra. Some reviews contain a sufficiently detailed analysis of the question 
[1, 3, 4]. Most authors, as known, failed to prove any essential influence 
of these herbicides on microbiological processes in soil, especially about 
long-term application of s-triazines.

In this paper investigations on microbiological characteristics of 
long-term soil treatment with atrazine are presented.

METHODS

Microbiological investigation of soil were carried out in field expe­
riments of the All-Union Institute of Medical Plants on the plantation 
of perennial Discorea caucasica, Lipsky. The soil was soddy podzolic 
loam, pH =  5.5, humus content 2.12-2.5%, total nitrogen 0.14%. The 
treatment of soil with atrazine for one, two and three years was applied 
in the dose of 3 kg/ha (of active element).

Microplot field experiments were carried out in a biometer by the 
Rachno procedure [7]. For 3 years atrazine was added yearly in the 
dose of 5 kg/ha.

The samples of soil were taken three times during the growing 
season (in May, July and September), 6-10, 40-50 and 110-120 days 
after atrazine treatment. Fungi were incubated on the wort agar, bac­
teria —  on the beef extract and soil agar medium, aerobic cellulose- 
decomposing bacteria —  on the Vinogradsky medium [8] and nitrifying 
bacteria —  according to Vinogradsky. The total number of microscopic
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algae was evaluated in the luminiscent microscope [6]. The dominant 
algae species were studied according to the method of Lund [2]. Se­
cretion of C 02 from fresh soil, nitrification, invertase and urease acti­
vities [5] were examined. The content of nitrates in soil was determined 
colorimetrically.

RESULTS AND DISCUSSION

The field experiments proved that the treatment of soil with the 
herbicide did not reduce to greater extent the number of bacteria and 
fungi (Fig. 1). After treatment with atrazine for one year the C 02 se­
cretion increased to 10-15%, but after 2 and 3 years of the treatment 
some decrease of the C 02 secretion was observed (Fig. 2). It might not 
be caused by accumulation of the atrazine in soil. Although the dose 
of the herbicide in the microplot experiments was twice of that in the 
field, no changes were observed in the number of soil microflora, respi­
ration of soil, nitrification; urease and catalase activity.

Fig. 1. The effect of atrazine on soil microflora (field experiment)
days after addition of atrazine: 1 —  6 , 2 — 110

Different results obtained in the field and microplot experiments 
could be explained by the different conditions of plant cultivation and 
in consequence the different number of weeds. Soil in the biometer 
was cultivated frequently and accurately, at which all the weeds have 
been removed entirely both in the control and the experimental variants. 
In field experiments manual weeding was repeated only twice, and 
consequently spme weeds were allowed to grow.

The accumulation of dry weight of weed in the control plots is 
shown in Table 1. Almost 150 q/ha of dry matter of weeds have been 
harvested from the control plots during 3 years. While assuming that 
the roots against the total weight of plants were 20-60% and that not 
less than a half of them has been left in soil after weeding, it can be
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stated that 10-30 q of the organic matter have gone into soil. This 
organic matter can be used as energetic material for soil microorganisms, 
as in microplot experiments the influx of fresh organic matter practic­
ally lacked. In consequence the amount of energetic material for hetero- 
trophic microorganisms in soil may be insufficient.

T a b l e  1
pDry weight of weeds /g per л /

Number of treatments by herbicide Control Atrazine

1 576 0
2 422 7
3 527 6

Total 1526 13
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Fig. 2. C 0 2 secretion from soil
treated with atrazine; explanation 

as in Fig. 1

Fig. 3. Nitrate nitrogen content in the 
soil treated with atrazine

days after treatment of the soil by atrazine: 
1 — 6, 2 — 110

The number of nitrifying bacteria and their activity did not change 
in the soil treated with atrazine. However, the nitrate content increased 
several times parallelly to the frequency of treatments with herbicides 
(Fig. 3). Probably stimulating effect of atrazine can not be the reason 
of this phenomenon: it is more likely that atrazine completely inhibits 
(90-95%) the growth of weeds, which are principal consumers of nitrates.
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Fig. 4. The effect of atrazine on 
the growth of algae 

1, 2y 3, 4 — number of herbicide treat­
ment; V , I X  —  May, September (6 and 
110  days after treatment of the soil by 

atrazine

Phototrophic microorganisms —  microscopic algae, have a particular 
position with respect to atrazine and other s-triazines. Field dose of 
atrazine inhibited them. However, the unavouvarable effect of herbicide 
on algae is only temporary. After 3-4 months algae biomass becomes 
almost completely equal to control one. When yearly soil treatment 
with atrazine was used, its effectiveness fell to zero after 4 years. Sen- 
sitiviti of algae to herbicide can be explained by a specific mechanism 
of toxic action of atrazine, which consists in the photosynthesis in­
hibition. Simultaneously it is desirable to pay attention to extremely 
interesting aspect of algae and herbicide interaction. Atrazine acts on

T a b l e  2
Effect of atrazine on soil algae

Control Atrazine
1 2 3 * 1 2 3 x

Chlamldomonas sp. + + + + + -

Chlorococcum sp* + + + + + +
Hormidium ni tens + + + + - -

Amorphonostoc punctiphorme + + + + - -
Anahaena cylindrica + + + - - -
Anabaena oscillarioides + + + - - -
Cilindrospermum licheni forme + + + + - -

Cilindrospemmm muscicola + + + + - -
Phormidium automnale + + + + + +
Phormidium curtum + + + + - -

Phormidium foveolarum + + + + - -

Navicula atomus + + + + + +
Nitzschia palea + + - - -

Chloridella neglecta + + + + + +

x 1#2,3 years of treatment of the soil with herbicide 
XX + algae present in soil 

- no alga о
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them selectively as it does on higher plants. There are species both 
sensitive and resistant to it. In this conception, conspicious changes in 
the coenosis of soil algae occur when a systematic 3-year treatment 
is used (Table 2). Atrazine-resistant species occupy a predominant po­
sition and completely restore the quantity of microscopic algae in soil. 
The composition of this newly-formed coenosis is impoverished. Blue- 
green algae, many of which fix free nitrogen, almost completely dis­
appeared.

CONCLUSIONS

Atrazine is a factor regulating the development of microflora in soil, 
but not because of its toxicity. The principal cause is to be searched 
in the influence of the herbicide on ecological conditions affecting the 
growth of microorganisms.
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S t r e s z c z e n i e

Przeprowadzone doświadczenie polowe wykazało, że systematyczne trakto­
wanie gleby atraziną ujemnie wpływało na mikroflorę i intensywność oddychania 
gleby. Przyczyna leżała w tym, że wskutek ginących chwastów i ubytku łatwo 
dostępnych substancji energetycznych zmieniają się warunki ekologiczne dla 
drobnoustrojów.
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Atrazyna hamuje rozwój glonów w glebie. Działa na nie selektywnie, podobnie 
jak na rośliny wyższe. Dzięki temu skład gatunkowy zespołów glonów staje się 
uboższy; znikają zielenice, a częściowo sinice i okrzemki.

Ю. В. КРУГЛОВ, H. Б. ГЕРШ, A. H. ПЕРЦЕВА,
H. В. Б АЙ -Б ЕН К О , E. И. М А Х А Й Л О В А

ВГИЯНИЕ ПРОДОЛЖИТЕЛЬНОГО И СИСТЕМАТИЧЕСКОГО 
ПРИМЕНЕНИЯ ГЕРБИЦИДОВ 

НА МИКРОФЛОРУ И НЕКОТОРЫЕ БИОХИМИЧЕСКИЕ ПРОЦЕССЫ В ПОЧВЕ

Всесоюзный паучпо-иссл. институт сельскохозяйственной микробиологии.
Ленинград, СССР

Ре з юме
В полевом опыте установлено, что систематическая обработка почвы атра- 

зином оказывает отрицательное влияние на микрофлору и интенсивность 
дыхания почвы. Причина этих изменений заключается в том, что под влия­
нием гербицида изменяются экологические условия развития микроорганизмов 
вследствие гибели массы сорных растений и истощения запасов легко по­
движного энергетического материала.

Атразин задерживает развитие микроскопических водорослей в почве. 
Он оказывает на них, также как и на высшие растения, избирательное дей­
ствие. В связи с этим происходит объединение качественного состава микро­
флоры почвы. Из нее полностью исчезают синезеленые водоросли, а также 
ряд видов зеленых и диатомовых водорослей.


