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INTRODUCTION

Atrazine and linuron are soil-applied herbicides widely used in agri-
cultural pratice. There are readily adsorbed and persistant in soil sys-
tems. Thus they remain present for long periods in the surface layers of
the soils, where there in also the greatest density of microorganisms, and
hence these chemicals are more likely to affect microbial populations and
their activity than many others herbicides.

The influence of as-triazine and urea herbicides on soil microflora have
been subject of extensive investigations [4, 12, 13, 14, 19, 23, 24, 25, 28,
31, 32, 33, 34]. Despite many years of studies is difficult to identify
effect of these herbicides on soil microorganisms. This effect is not fixed
with property of the herbicide but it is influenced by factors such as
physicochemical soil charateristic, the biological situation in the soil,
climatic influences and agricultural practices [8, 10, 16]. Since these fa-
ctors vary from site to site and from ycar to year, the results from
fields studies of herbicide effects are specific to one particular location
and season [15]. Results from field trials may by difficult to interpret,
because the microflora or its activity may respond mainly to changes in
vegetation rather than to direct herbicide effects [11].

Detailed information on methods and effects of herbicides on soil
microflora can be found in reports of Anderson 1] and others {2,
7, 8, 10, 17, 18, 26].

1 The work was supported by the Grant No FG-PO-347 from US Department
of Agriculture.
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The aim of the present study was to examine in laboratory experi-
ments the influence of atrazine and linuron on the development of mi-
croorganisms in various types of soils.

MATERIALS AND METHODS

The soil used: the samples from surface (5—15 cm deep) of five diffe-
rent types of soil were used in our experiments. The characteristic of
these soils are presented in Table 1.
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In order to study the effect of linuron and atrazine on development
of soil microflora, the following series were set up with each soil: 1 —
soil without herbicide — control, 2 — soil + 10 ppm of linuron, 3 —
soil + 100 ppm of linuron, 4 — soil + 10 ppm of atrazine, 5 — soil +
+ 100 ppm of atrazine. Soil samples were incubated in plastic pots co-
vered with alluminium foil at room temperature * 20°C. Soil humidity
was kept constant at 50% of the total water capillary holding capacity.
Experiments were carried out for 4 month.

Microbial and biochemical analyses: after 0, 7, 14, 28, 60, 90 and 120
days of soil incubation following determinations were performed: total
numbers of bacteria and actinomycetes by plate method on medium con-
taing soil extract and K,HPO,, total number of fungi on Martin’s me-
dium, microorganisms decomposing urea on ,urea agar base oxoid me-
dium”, Azobacter numbers on free nitrogen medium by Fenglerowa’s
method, cellulolytic microorganisms on mineral agar medium with discs
of Wathman filter paper, by Winogradski’s method, the most probable
number of nitrifiers by Pochon’s method, oxygen uptake measured by
Warburg’s technique (five gram of soil samples enriched with glucose —
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0.2% were placed in Warburg’s flask for a period 20 hours before pro-
ceeding) and the activity of dehydrogenase by Casida, Klein and Santoro’s
method.

Results of these analyses are presented in each combination, as num-
bers and percent of control value average of seven individual determina-
tions (Fig. 1—09).

RESULTS AND DISCUSSION

The soil used in our studies differed in the respect to physical and
chemical properties (Table 1) and to numbers of microorganisms (Fig.
1A—7A) and their activity (Fig. 8A—9A).

The development of microorganisms in studied soils to which herbi-
cide at 10 or 100 ppm was added varied greatly, depending on the soil
types, the kind and amount of herbicide, on the gropus of microorga-
nisms and the level of their number in soils (Fig. I1B—7B). Atrazine and
linuron inhibited or stimulated periodically the growth of microorga-
nisms. It is difficult to generalize these results.

Many publications have reported both the stimulation and reduction
in microbial populations at various range of herbicide concentrations
[12, 25, 32]. Some authors demonstrated that microbial groups responded
differently to these chemicals [18, 25].

The average total numbers of bacteria and actinomyces ranged
from 16 millions/g of pseudopodsolic soil developed from slightly loamy

Fig. 1. Total numbers of bacteria and actinomycetes in various types of soil

A — average numbers in control soils, B — influence of herbicides — stimulation or inhibi-
tion per cent of control; soils: 1 — pseudopodsolic soil developed from slightly loamy sand,
2 — pseudopodsolic soil developed from light loam, 3 — alluvial soil from medium loam,

4 — brown proper soil developed from loess, S — black earth developed from heavy loam
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sand to 121 milions per gram of black earth developed from heavy loam
(Fig. 1A). Addition to soils 10 or 100 ppm of atrazine or linuron stimu-
lated the development of these microorganisms. Atrazine had greater
stimulatory effect than linuron (Fig. 1B).

Atrazine and linuron had highly variable effects on the soil fungi
(Fig. 2B). Atrazine, especially used at higher concentration, increased
their number, while linuron had inhibitory effect. Some negative action
after the application of higher doses of subsituted urea were observed
also by Grossbard and Marsh [12], while chloro-s-triazine stimu-
lated of the fungal population in many studies [26, 28, 37]- Som2 of her-
bicides used in normal doses, often did not modify the soil fungal popu-
lation [6, 34].
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Fig. 3. Numbers of Azotobacter in various types of soil
explanations — see Fig. 1
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Fig. 4. Total numbers of urea bacteria in various types of soil
explanations — see Fig. 1

Fig. 5. Total numbers of nitrifying bacteria in various types of soil
explanations — see Fig. 1

The number of Azotobacter in studied soils varies greatly depending
on the soil types (Fig. 3A). In the soil developed from slightly loamy
sand Azotobacter did not occur. In other soils from about 40 Azotobacter
cells per gram (posoli¢ soil) to 4800 cells per gram (black earth) was
found (Fig. 3A). In soils containing a little number Azotobacter cells, the
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herbicides influenced harmfully on this bacteria. In remaining soils, her-
bicides had little effect on number of Azotobacter (Fig. 3B). The results
of studies on this subject are often controversial, some authors indicate
favourable, other unfavourable action of herbicides [29, 30].

The study of the action of herbicides on the development of urea
decomposing bacteria indicated, that soil treated with linuron contained
much greater average number of these microorganisms than control soils
(Fig. 4B). Atrazine added to studied soils inhibited growth of urea de-
composing bacteria, especially in light loam and in medium loam. It is
possible that urea herbicides may select the bacteria able to hydrolize
of urea bonds.

Among the investigated microorganismns, nitrifying and cellulolytic
bacteria were the most susceptible to the presence of atrazine and linu-
ron in the soils. The herbicides inhibited significantly the number of
these microorgnisms in all soils (Fig. 5A, 6A). The effect of herbcides
on the nitrifying bacteria depended mainly on the soil properties (Fig.
3B).

Many of the authors {3, 12, 23, 33, 34, 35] reported about some in-
fluence of s-triazine and urea herbicides on nitrification activity or on
the number of nitrilying bacteria. The results of these studies are con-
troversial, some indicate no effect, other favourable or unfavourable
effect. Bartha et al. [3] have reported that atrazine is an effective in-
hibitor of nitrification. Greaves et al [7] stated that nitrifying micro-
organisms are extremaly senisitive to environmental changes. According
to our studies and to N aidu [22] these nitrogen transformation is pro-
bably the best indicator of the detrimental effect of a herbicide on the
biological equilibrium in soil. Furthermore, nitrification appear to have
more direct relevance to practical agriculture, than many of the pro-
cesses investigated in studies of the effect of herbicides on soil micro-
organisms.

Cellulolytic organisms are important microorganisms contributing to
the humification processes in soils. The effect of herbicides on this pro-
cess have been studied mainly by direct observations of changes in po-
pulations of cellulolytic organisms, and also by following decomposition
of cellulosic substrated buried in treated soils [2, 12, 21, 28].

Composition of microbial population, taking part in cellulose decom-
position in studied soils, indicate that there were mainly bacteria from
Cytophaga genera, and in some soils little number of bacteria from Cel-
vibrio sp.. The fungi were represented by not numerous Humicola and
Stachybotris sp.. There were also some Actinomycetes. The herbicides
caused the change in composition of cellulolytic microflora. In all soils
treated with herbicides the number of cellulolytic bacteria strong decrea-
sed (fig. 6R), while the number of Actinomycetes and fungi increased
(Fig. 7B). The greatest increasing the number of Actinomycetes was ob-
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Fig. 6. Total number of cellulolytic bacteria in various types of soil
explanations — see Fig. 1

served in black earth and in loess, the least in light soil (Fig. 7B). Cy-
tophaga hutchinsoni was more resistant to the action of herbicides, than
Cotophaga tennuissima.

Microbiological studies on the microorganisms active in carbon cycle,
especially on the cellulolytic organisms are relatively limited. The study
on the action of herbicides on cellulolytic bacteria, carried out by
Grossbard and Marsh [12] and others showed that atrazine and
linuron, at doses higher than used in agriculture practice, had inhibitory
effect.

The effect of herbicides on microbial activity of soils was determi-
ned by oxygen uptake measurement as well [5, 9, 11, 12, 20].

In our study the oxygen uptake depended on the type of soil (Fig.
8A), kind and doses of herbicide and time of incubation (Fig. 8B). Re-
sults of analyses presented as average per cent of stimulation or inhi-
bition of oxygen uptake during seven individual determinations showed
that herbicides had stimulatory effect on this process (Fig. 8B8). However
atrazine had greater stimulatory effect than linuron. Respiration studies
can give a reasonable indication of the response of the soil microbial
populations to pesticide treatment, althought problems in interpretation
can arise [9, 11]. The results of Grossbard and Marsh [12] showed
that soil treated with 500 ppm linuron caused a consistent and significant
depression in CO, output and O, uptake. Addition of 5 and 50 ppm had
no significant effect. By contrast, stimulating effect of linuron in con-
centration up to 20 ug/ml, on O, uptake was observed by Rostlyc-
ky [24].

6
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Fig. 7. Total number of cellulolytic fungi and actinomycetes in various types of soil
explanations — see Fig. 1

The enzyme assay had shown that herbicides had no significant effect
on dehydrogenase activity in studies soils. Linuron, especially in higher
concentrations inhibited this enzyme activity, while 10 ppm of atrazine
stimulated it (Fig. 9B). Moreover it is necessary to say, that measurement
of dehydrogenase activity as an index of effect of herbicides on microbial
activity in black earth is difficulty for interpretation, because this soil
adsorbed strongly both herbicides and tétrazolium (Fig. 9). The study of
soil enzymes has been one main areas of interest in soil biochemistry
during last years, and a number of correlations between microbial acti-
vity have been found [27]. Yeast et al. [35] have shown no significant
effect of herbicides on dehydrogenase activity. According to Tag EI-Din
et al (30) atrazine caused 50% inhibition of soil dehydrogenase.

The results of studies allow to draw the following conclusions:

1 Atrazine and linuron added to soil at 10 or 100 ppm affect the
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Fig. 8. Oxygen adsorption by various types of soil
explanations — see Fig. 1

Fig. 9. Dehydrogenase activity in various types of soil
explanations — see Fig. 1

development and selection of soil microorganisms, amount 02 uptake by
soil samples and dehydrogenase activity.

2. The influence of herbicides depends on their kind and doses, on
the groups of microorganisms, and on the soil type.

3. Among the investigated microorganisms nitrifying and cellulo-
lytic bacteria proved to be the most susceptible to the presence of atra-
zine and linuron in the soils. The most resistant to this herbicides were
the soil fungi.
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A. CTIIEJIELL, . KOBYC, A. YABAH

BJIUSAHUE C-TPMASMHCBBIX W MOYEBMHHBIX TEPBUIINJOB HA PA3BUTHUE
MUKPO®JIOPEI B PASHBIX THUITAX ITOYB

HHCTATYT acCpOTeXHHKH, YIOOpeHus: B mousosencHus B Ilynasax

Pe3ome

B 5mabopaTopEOM OHEBITE HCCJICIOBAIM BIMsAHEE aTpas@sa ¥ JmEypoHa (10 m 100 ppm) Ha
pas3BETHEE MEKPOGUIOPH! B OATH HOYBaX C PAa3HBIMA (HU3AKO-XUMAYECKAMI CBOMCTBAME H C Pa3HOM
OrONOrAYecKo aKTUBHOCTBIO. KORTPONB COCTAaBJIsUM HOYBE! HEe 00paboTamHBIE repOHEOENAMH.
PesynbTaThl OpPEeICTaBiICHBI KaK CPENHEE Il aHAIA30B NPOBOJAMEIX wepe3 0, 7, 14, 28, 60, 90
¥ 120 el HEKyOAudH IOYB.

Bimsame repOHI@IOB HA Da3BATHE M GKTHBHOCTH MHKPO(DIOPHI 3aBHCENIO OT CBOMCTBA HCCIe-
AyeMbIX I0YB, BEIA W KOHIEHTPALMH BHECEHHBIX IepOMUMIOB, BAA MUKPOOPraHA3MOB H HX YH-
CJICEHOCTH B JIaHHO# DOYBeE.

B mousax o6paboTaHHEIX repOHIMAAME Cpemaee YUCIIO OaKTeprit H aKTEHOMHUETOB OBLIO
BEIIE, 9€M B KOHTPOJIbHBIX ITO4YBaX. ATDa3sdH CTAMYJIAPOBAJ Pa3BHTHE 3TOM IPYIITEI MHKPOOD-
TaHA3MOB, a JIMHYPOH 3aJePXHBAI €ro.

YHCIEHHOCTh a30TO0aKTepa HE IOKa3biBajia CYIIECTBEHHBIX M3MEHEHHM IOX BIAsSHAEM Trep-
Omumnos. VICKmioYeHre COCTaBILUIa TONBKO DOYBA C HAMMEHbIIEH YHCIICHHOCTHIO 3THX OaxTepuii.
B ykazagHOIf moYBe repOHIHAA 9eTKO CHYDKAI HX YACICHHOCTD.

BHecenme B HCClleAyeMble IOYBBI JIMHYDOHA NPHBOAWIO K 60JieC CUIBHOMY MOBBILICHUIO
COOCP’KapHA B HAX LEJUTIONIONATAYECKAX GaKTepHif.

Cpemy HCCIenyeMbIX MEKPOOPraHH3MOB HawboJice BOCOPHAMYMBBIMH K repOMLHOaM OKa-
32JIHCh HHUTPHGAKATOPHI H LIEILTIOJIONHTAYECKHE OakTepun. Bo BCex mOYBaxX TepOHIEIBI YETKO
3allepXUBAIA WX pa3suTHE. B mouBax 00padOTaHHBIX repOHUMOAMH M3MEHSUICS COCTaB LEJUTIO-
JIOJIATAIECKON MHUKPOGIIOpEIL.

Tep6GHuEMAbI, B YaCTHOCTA ATPa3¥H, DOBBHILUAIA KOJMYECTBO yCBAMBAEMOrO NOYBAME KHCIIO-
poma. OmM, OJHAXO, HE OKAa3blBAJIM CYIIECTBEHHOrO BIHASHHA HAa aKTHBHOCTb HECHOPOIEHA3.

A, Strzelec, J. Kobus, J. Czaban

WPELYW HERBICYDOW S-TRIAZYNOWYCH I MOCZNIKOWYCH NA ROZWOJ
MIKROFLORY W ROZNYCH TYPACH GLEB

Instytut Uprawy, Nawozenia i Gleboznawstwa w Pulawach

Streszczenie

W doswiadczeniu laboratoryjnym badano wplyw atrazyny i linuronu (10 i 100
ppm) na rozwdj mikroflory w pieciu glebach o rézmych wiasciwosciach fizyko-
chemicznych i réznej aktywnosci biologicznej. Kontrolami byly gleby nie trakto-
wane herbicydem. Wyniki przedstawiono jako $rednie z analiz przeprowadzonych
po 0, 7, 14, 28, 60, 90 i 120 dniach inkubacji gleb.

Wplyw herbicydéw na rozwdj i aktywnosé mikroflory zalezal od wilasciwosci
badanych gleb, rodzaju |i koncentracji wprowadzonego do nich herbicydu, rodzaju
drobnoustrojéow i ich liczebno$ci w danej glebie.

W glebach traktowanych herbicydami Srednie liczebnosci bakterii i promie-
niowcéw byly wyzsze niz w glebach kontrolnych. Atrazyna stymulowala rozwoj
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tej grupy drobnoustrojéw w wiekszym stopniu niz linuron, Wplyw herbicydéw
na ogdlng liczebnosé grzybdé4w glebowych byt bardzo rézny. Atrazyna stymulowala
rozwdj tej grupy drobnoustrojéw, gdy tymeczasem linuron hamowat go.

Liczebno$é azotobaktera nie ulegla pod wplywem herbicydéw wigekszym zmia-
nom. Wyijatek stanowila jedynie gleba o najmniejszej liczebnosci tych bakterii.
W glebie tej herbicyd wyraznie zmniejszal ich liczbe.

Wprowadzenie do badanych gleb linuronu powodowatlo silniejszy wzrost w nich
bakterii urolitycznych.

Wsrdéd badanych drobnoustrojéw najwrazliwsze na herbicydy okazaly sie ni-
tryfikatory i bakterie celulolityczne. We wszystkich glebach herbicydy wyraznie
hamowatly ich rozwéj. W glebach traktowanych herbicydami ulegal zmianie skiad
mikroflory celulolitycznej.

Herbicydy, a w szczegdlnosci atrazyna, zwiekszaly ilosé pobranego przez gleby
tlenu. Nie mialy one natomiast wiekszego wplywu na aktywnosé dehydrogenaz.

Doc. dr Anna Strzelec Woplynetlo do redakcji w marcu 1984
Osada Patacowa — IUNG
24-100 — Pulawy






