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More and more frequent use of chemicals for weed oontrol calls
for a permanent checking the action of these preparations on soil micro-
flora. The negative influence of herbicides on different groups of micro-
organisms has been pointed out by several authors [2, 3, 3, 9, 10, 11, 12].
They draw attention to the fact of decreasing number of respective
physiological groups under the influence of higher herbicide doses, and
to morphological, cytological and physiological changes in the micro-
organisms examined.

The phytotoxic activity of herbicides, applied into soil, changes,
according to the soil type, its mechanical composition as well as the
content of organic matter and mineral colloids [4, 17]. In case of light
soils, characterized by a low content of humus, silt and clay, the effect
of relatively low herbicide doses is stronger and the danger of unde-
sirable phenomena greater.

However, the herbicide application conditions on light scils change
considerably if the latter were clayed. Introduction of a larger amount
of clayey particles into light soil can change its physical properties [7]
and living conditions of microorganisms as well as exert an influence
on the persistence of the weed-killing preparation effectiveness [16].

The activity of herbicides in soil may depend not only on the soil
conditions, but the plants growing on it can contribute as well to in-
activation of weed-killing preparations [1, 5, 13, 18]. In our study carried
out in conditions of short vegetation experiments, we tried to observe
the effect of clayey materials added to light soil, the growth of plants
on it and the activity of herbicides towards the soil microflora.
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MATERIAL AND METHODS

For the experiments light soil (coarse sandy soil) and post-flotation
silica neutralized with serpentinite were used. Some physico-chemical
properties of the soil materials used in the experiment are presented
in Table 1.

Table 1

Some physico-chemical properties of materials applied in the experiment

Per cent
. oi' P05 K50 M pH
s raction
aterials of ) soluble
0.02 mm mg/100 g of soil acc. In In
to Egner B0 KCl1
Light soil 5 5.8 1.2 3.2 5.2 4,3
Silica 40 9.5 12.3 15.0 6.6 6.0
Soil + silica 10 6.7 3.0 12.5 6.2 5.5

The experiment was carried out in small plastic pots containing
500 g of air-dry soil, or a mixture of 455 g of soil and 45 g of silica.
NPK fertilization and microelements were applied in forms and quant-
ities generally adopted in such type of experiments {16].

The following herbicides produced by Geigy-Ciba A.G., Basel Switzer-
land, were used:

Gesaprim — containing 50% active substance of atrazine (2-chloro-4-
ethylamino-6-isopropylamino-s-triazine)
A-1798 — containing 50% of active substance being a mixture of
2/3 atrazine and 1/3 prometrine,
Gesagard — containing 50% active substance of prometrine (2-methyl-

thio-4,6-diisopropyloamino-s-triazine)

All these preparations were introduced into soil in the form of
aqueous suspension, at 0.5 mg per pot, corresponding approximately
to the field dose of 3 kg/ha. The experimental plants were maize, oats
and white mustard. The experiments were carried out in a glasshouse,
keeping the humidity of the substrate at 60% maximum water capacity
of the soil.

The scheme of the experiment was as follows:

1. soil

2. soil + Gesparim

3. soil + A 1798

4. soil + Gesagard
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soil + silica

soil + silica + Gesaprim
soil + silica + A 1798
soil + silica + Gesagard

® N o

Each experimental plant was cultivated for four weeks. Ten days
after the harvest of maize the pots were sown with oats twice in suc-
cession, and then with white mustard. After the harvest of the expe-
rimental plants the weight of fresh and dry matter of the aboveground
parts was determined, and soil samples were taken for the following
microbiological determinations:

Standard determinations:

— total quantity of bacteria on soil extract,

— total quantity of actinomyeces,

— total quantity of fungi,

— total quantity of cellulose-decomposing bacteria;

Additional determinations:

10 g soil from each treatment were inoculated with Azotobacter,
Bacillus cereus and bacterial strain No. 22 isolated from light soil. After
1 and 4 weeks of incubation the number of inoculated microorganisms
was determined.

Standard determinations were made three times in the course of
growing season, namely after the harvest of maize, after the harvest
of oats II, and after the harvest of mustard, i.e. 1, 3 and 5 months after
introduction of herbicides. Additional determinations were made in soil
samples taken after the harvest of maize.

RESULTS

In the course of growing season fresh and dry matter of aboveground
parts of the experimental plants were taken four times. The results are
shown in Table 2.

No negative response of maize to the action of herbicides used in
the experiment has been noticed, while oats I revealed a high suscepti-
bility to the action of Gesaprim. The response of the first sowing of
oats to the presence of silica in the soil was distinctly positive, while
the second sowing of oats on the same medium showed only a minimal
effect of A-1798 and Gesagard. The last experimental plant, mustard,
showed a negative response to the presence of A-1798 in the medium
without silica, and inhibitory action of Gesaprim and Gesagard in that
with silica.

The results of microbiological analyses are shown in Figs 1-4 and
in Table 3.
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Tabdble 2

Effect of ciaying and addition of herbicides on yelds of fresh and dry weight of examined plants
Talds in g/pot

I sowirg II sowing III scowing iV sowirg )
naiza oats 1 oats II woite mustard
Treatments Weight Weigat Weight Feight

Fresh | Dry Fresn Dry Fresh|{ Dry Tresh Dry

Soil 6.29 | 0.88 2.55 | 0.61 3.06 0,57 | 3.18 0.43
Soil + Gesaprim 6.60 | 0.88 1.43 | 0.17 3.68 0,60 | 2.81 0.359
Soil + A 1798 7.18 | 0.74 2.43 | 0.30 3,30 0.62 | 2.47 0.31
S0il + Gesagard 7.13 | 1.00 2.65 | 0.43 3,00 0.54 | 3.38 0.40
Soil + silica . 7.99 | 1.28 3.52 | 0.97 3420 0.55 | 3.07 0.41
Soil + silica + Gesapriz 3.50 | 1.05 2,94 | 0.39 3413 054 | 2.70 0.329
Soil + silica + A 1798 6.79 | 1.00 3.17 | 0.42 2.99 0.54 | 3460 0.47
S0il + silica + Gesagard 7.12 | 1.22 3.37 | 0.59 2.71 0.55 | 2.41 0.32

Tabdbla 3

Effect of claying and addition of herbicides on number of examined bacteria strains
/in thousards/g of soil/

i I serm II term
Treatments

Agoto~ | Zacillus{ Strain 4z0to- |[Bacillus | Strain

bactex cereus 22 bacter cereus 22
Soil 32 460 80 66 250 140
Soil + .Gesaprim 47 450 60 %8 350 130
Soil + A 1798 €38 390 60 8 7’99 €0
Soil + Gesagard 35 36C 70 8 640 130
Soil + silica 97 500 350 105 400 300
Soil + silica + Gesaprim 56 470 360 90 520 310
Soil + silica + A 17938 83 500 190 87 860 380
Soil + silica + Gesegard 78 450 270 89 780 420

The addition of herbicides to the soil alone had a negative effect
on number of bacteria (Fig. 1), particularly in case of Gesaprim and
A-1798. Silica added to the soil always increased the number of bacteria,
and in case of herbicide treatments — except the first term of analyses —
it almost completely eliminated the inhibitory effect of the weed-killing
preparations.

In the medium without silica some herbicides had a stimulating
effect on the number of actinomyces (Gesagard more than A-1798,
Fig. 2), while Gesaprim obviously inhibited their development. This
group of microorganisms was favourably influenced by an addition of
silica. Despite this increase in number, in the soil with silica all the
herbicides showed some inhibitory eifect on actinomyeces.
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All herbicides used in the experiment brought about a decrease
of the number of fungi (Fig. 3). The most negative effect was that of
Gesaprim, then A-1798, while Gesagard appeared to be least toxic to
this group of microorganisms. The addition of silica alone to the medium
decreased also the number of fungi, while with simultaneous use of
herbicides it slightly weakened the inhibitory effect of the weed-killing

preparations.
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Fig. 1. Effect of claying and addition
of herbicides on the number of bac-
teria in soil. Results are given in re-
lative values — treatment 1 (soil
alone) = 100
1 — soil; 2 — soil+Gesaprim; 3 — soil+
A 1798; 4 — soil+Gesagard; 5 — soil+silica;
6 — soil+silica+Gesaprim; 7 — soil+silica+
A 1798; 8 — soil+silicafGesagard
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Fig. 2. Effect of claying and addition
of herbicides on the number of acti-
nomyces in soil. Results are given in
relative values — treatment 1 (soil
alone) = 100; explanation as in Fig. 1

The effect of all the herbicides used in the experiment on the number
of cellulose-decomposing bacteria was negative (Fig. 4), the strongest
being that of Gesagard, and then Gesaprim and A-1798. The addition
of silica alone had a positive effect on the number of this group of
microorganisms, and in case of simultaneous use of herbicides it con-
siderably weakened the inhibitory effect of these preparations.

The results of inoculation tests (Tab. 3) showed a stimulating effect
of herbicides on the growth of Azotobacter in the first term, while in
the second they contributed to a considerable decrease of its number.
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Addition of silica resulted in almost threefold increase of the number
of the microorganisms in the first term of analysis, and twofold one
in the second term. Herbicides used together with silica showed also
in this case a negative effect, though inhibition was weakened by clay-
ing. In comparison with soil alone, the addition of silica contributed
to an increase of the number of Azotobacter even at application of her-
bicides.
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Fig. 3. Effect of claying and addition Fig. 4. Effect of claying and addition
of herbicides on the number of fungi of herbicides on the number of a
in soil. Results are given in relative cellulose-decomposing bacteria in soil.
values — treatment 1 (soil alone) = Results are given in relative values —

= 100; explanation as in Fig. 1 treatment 1 (soil alone) = 100; expla-

nation as in Fig. 1

Similar results were obtained at inoculation of the soil with Bacillus
cereus. In the first term the addition of herbicides brought about a slight
drop in the number of this microorganism, while in the second — an
increase. The addition of silica resulted in an increase of the number
of Bacillus cereus in both terms, and the effect of herbicides with silica
was similar to that of herbicides without silica. It was very interesting
to find out a stimulating effect of all the tested herbicides on Bacillus
cereus in the second term of determinations.

Strain No. 22 responded to the addition of herbicides with a decrease
of its number in both terms, while an addition of silica distinctly stimu-
lated its development. Claying did not eliminate entirely the inhibitory
effect of herbicides on these microorganisms.
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CONCLUSIONS

In the experiment there was observed, on the one hand, a direct
effect of silica on the experimental plants and soil microflora, and on
the other — an indirect effect of this clayey material through some
decrease of the toxicity of herbicides. Apart from that, the effect of
herbicides alone could be inhibitory, or sometimes even stimulating.

The addition of silica alone influenced favourably the yields of oats
I and contributed to an increase of the number of actinomyces and
bacteria. Contrary to both those groups of microorganisms, fungi re-
sponded to introduction of silica into soil with a decrease of their
number. Just such a response of the respective groups of microorganisms
can suggest that changes in the number of those organisms would be
brought about by higher pH value of clayed soil and higher content
of magnesium.

The action of triazine preparations used in the experiment was toxic
to oats and mustard, and they almost always decreased the number
of the microorganisms tested. The introduction of silica and clayey
substances into soil often weakened, and sometimes even entirely elimi-
nated, the inhibitory effect of herbicides. In some cases there appeared
even a stimulating effect of these preparations to some plants and re-
spective groups of microorganisms; only fungi showed no positive re-
sponse to introduction of silica in the presence of herbicides. In the
latter case the effect of silica — most probably unfavourable to fungi —
increased similar effect of herbicides.

A decrease of the inhibitory effect of herbicides in the presence
of silica can be explained by more or less constant adsorption of tria-
zines by clayey particles, which has been proved by Friesel [6] and
other authors [14]. The favourable action of silica might be caused by
the fertilizing action of this material. Most probably the amount of
herbicides contained in the soil solution was gradually decreasing with
time; this led to surpassing of determined thresholds of concentration
and — in some cases — to the phenomenon of stimulation. Such changes
might be caused not only by the mentioned adsorption of the prepa-
-rations on soil colloids, but also by their phytodetoxication and uptake
by plants.

Thus introduction of clayey substances into light soil can essentially
change the effect of herbicides on soil microflora, these changes de-
pending certainly on both the kind of the clayey material and the
herbicides introduced into soil. This question requires further, more
detailed investigations.
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WPLYW ILOWANIA GLEBY LEKKIEJ I DODATKU HERBICYDOW
NA MIKROFLORE GLEBOWA

Zaklad Uprawy Roli i Ro$lin IUNG w Laskowicach Otawskich

Streszczenie

Autorzy w kréotkotrwatych doswiadczeniach wegetacyjnych badali wplyw
dodatku krzemionki do gleby lekkiej na zmiany aktywno$§ci herbicydéw trédj-
azvnowych w stosunku do mikroflory glebowej. W badaniach zastosowano herbi-
cvdy o nazwach fabrycznych Gesaprim, preparat A 1798 i Gesagard.

W ciggu sezonu wegetacyjnego, opr6cz okreslania plonéw $Swiezej i suchej
masy czeSci nadziemnych ro$lin testowych, wykonano jeszcze oznaczenia ogélnej
ilo$ci bakterii, grzybéw i promieniowcéw w glebie oraz przeprowadzono testy
z Azotobacter, Bacillus cereus i ze szczepem bakteryjnym wyodrebnionym z gleby
lekkiej, a oznaczonym nr 22.

Stwierdzono, ze zastosowana w do$wiadczeniu krzemionka korzystnie wplyneta
na liczebno$§é badanych grup drobnoustrojéow glebowych, z wyjatkiem grzybow.
Szczegoblnie korzystnie oddzialywala krzemionka na promieniowce. Wszystkie uzyte
do badan herbicydy ujemnie dzialaly na badane grupy drobnoustrojéw oraz byly
toksyczne dla owsa i gorczycy. Wprowadzenie do gleby krzemionki w warunkach
do$wiadczenia oslabialo intensywno$é toksycznego dziatania herbicydéw zaré6wno
w stosunku do mikroflory glebowej, jak i poszczegbélnych ro$lin doS§wiadczalnych.
Uprawiane po sobie rofliny doSwiadczalne dzialaly detoksykujaco na znajdujgce
sig w glebie herbicydy.

T. IAHTEPOBA, T. XYPABCKIM, . TOHETOBA

BJIUSHUE JOBABKU MJA K JIETKOM TIOYBE UM IIPMBABKU TEPBMIIMJIOB
HA IIOYBEHHYIO MUKPO®JIOPY

VHCTUTYT arpoTexHMKy, yaobpenus u IOouBOBeJeHUA
Orapea 3zemunepenys, Jiackosuue Onascke

PezwoMme

ABTOPBI B KpPaTKOCPOYHBIX BereTalMOHHBIX OINBITAX MCCJIEAOBAdM BIMAHUE
npubaBKkM KpeMHe3eMa K JIerKOjf II0YBe Ha M3MEHeHUS aKTMBHOCTM TPHA3MHHBIX
repbuIMAOB MO OTHOLIEHMIO K MOYBEHHOM MuKpodaope. B ucciemoBanuMsax npume-
HANM repbunmael ¢ GabpuuHpiMM HazBaHuaMyu Lecanpum, A 1798 u Tecarappn.

B Teuenue BEreTalMOHHOTO IePMOJa, HapAAy C oONpefelleHMEM BEJIMUUHBI YPO-
Xasa CBeXell M CyXOM MacChbl HaJ3eMHBIX YacTell NOJONBITHBIX KYyJbTYD, Ompene-
aaau obiee KoJMyeCcTBO OakTepmit, rpmbOB 1 aKTMHOMMUIETOB B IIOYBe, a TaKXe
NPOU3BOAUIM TECTBHI C IPMMeHeHmeM a3oTobakTepa, Bacillus cereus m 6GaxTepimiHOro
1ITaMMa M30JIMPOBAHHOTO M3 JIETKOJ MOYBbI M 0603HayeHHOro Ne 22.
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OOHapyZKeHO, YTO NPMMEHEHHBLII B OIBITEe KPEMHe3eM OKa3bIBaJl IIOJOIKMUTEJb~
HOEe BJMAHME HA YMCJEHHOCTb MCCIeAYEMBIX TIDPYIHO IOYBEHHBIX MUKPOOPTaHU3MOB,
3a uckimoueHueM TpuboB. OCOOEHHO MOJOKMUTEJIHHO BJIMAJ KPEeMHe3eM Ha aKTU-
HOMMIeThbl. Bce npmMMeHeHHBIE B MCCIEIAOBAHMM IepOMLMALI OTPULATEJHLHO BIMAINU
Ha WCCJeAyeMble TpPYNIbl MMKDOOPTAaHM3MOB, a TaKXe OKa3alluCh TOKCUYECKUMU
AN oBCa M ropumibl. BHECEHHBNI B IOYBY KPEMHE3€M B YCJIOBMAX OIbITA CHMFAKAJ
MHTEeHCUMBHOCTL TOKCUYECKOrO AEMCTBUA TepOMUMAOB KAaK II0 OTHOLUEHMIO K IIOYBEH-
HOJ MMKpO(Jope TakK M K OTJAeJbHBIM IOJONBITHBIM KyJbTypaM. OGpabaTbiBaeMble
I00YEePEeIHO IOJOMNBITHbIE KYJIbLTYPbI BJIMANM AHTMTOKCMYECKM HA COAepXKalIMecs
B NO4YBe repOMIMABI.



