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Herbicides are widely used in agriculture, but by now, there is no
sufficient literature concerning the studies of complex effects of her-
bicides on hilly grasslands.

In the present work an attempt is made to find out the effect of
herbicide 2,4-D butyl ether (2,4-DB) on microflora, fermentation activity
of soil and chemical composition of plants.

Investigations were carried out in slightly skeletal subalpine hill-
meadow soils in Caucasus at the altitude of 1900 m. Before the expe-
riments the plots were intensive by grazed.

Grasses on the plots were in predominance; about a half of plants
consisted of weeds, mostly Veratrum Lobelianum [1]. The plots with
2,4-DB were treated for a period of 3 years with the dose of 2 and
6 kg/ha.

RESULTS

After the treatment of 2,4-DB many species of weeds were either
completely destroyed or considerably damaged, particularly Veratrum
Lobelianum and Cirsium sp. L. One-year treatment reduced the yield
of green matter, but the quality of fodder was improved due to the
proportion of valuable grasses. In the third year at some decrease of
productivity, the grassland was found free from weeds, particularly
from poisonous Veratrum. The amount of grasses increased (Table 1).
After 4 years of treatment with 2,4-DB in the dose of 2 and 6 kg/ha
grass yield was reduced 2.6 or 12 times, respectively. But a part of
grasses in the yield was improved by 1.3 and nearly 1.8 times. '

The number of microorganisms in fresh and dry samples were de-
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termined many times during 3 years. Generally, the soil characterized
itself by a low number of microorganisms (Table 2). Bacteria were
mostly represented by auxoautotrophic microorganisms, which consumed
the mineral nitrogen of the Capek medium with sucrose. The bacteria
capable to use starch were less numerous and the auxocheterotrophic
bacteria utilizing the organic nitrogen were found to be considerably
fewer. Among the latter the spore-forming bacilli occurred abundantly,
particularly many bacteria from the Bacillus cereus group. The least
numerous were pigmented bacteria. Mycobacteria were moderately di-

Table 1

The effect of 2,4~D butyl ether on the productivity of grasslands

- G tt .
No. of Dry poeos een matter Weste Bedding
treat~ | Doses mate in Gramineus Moltey
:lzg;:ls | kg/ha ter yield grass
2,4-DB L a/ba | % amba | %
q/ha % q/ha %
3 o 39.0 - 13.5 34,7 19.1 | 49.1 4,1 10.3 2.3 5.9
2 30.0 | 23.1 18.0 60.0 8.1 | 26.9 2.0 6.7 1.9 6.4
6 31l.4 | 19.5 25.5 8l.2 1.9 6.2 2.6 8.2 1.4 4.4
4 (o] 34.7 - 13.0 37.4 16.5 | 47.6 3.2 9.1 2.0 549
2 27.9 | 19.6 17.0 61.1 6.4 | 22.8 2.8 10.0 1.7 6.1
6 27.8 19.9 2%.2 83.3 1.4 4,9 2.0 7.1 1.3 4.7

Table 2
Influence of 2,4-DB on the No, of microorganisms in subalpine meadow soils
/in 1000 per gm of soil/

Meat-pept: Starch- Malt
Tr;at:g:t agg.:-p on arcag;rlmonium 2:3; extract
o: agar
plots with Doses | yonthe
herbicides kg/ha Bac.
Bacte- my- Bacte- Actino-| Bacte-
ria coides ria myces ria Fungl
Without treatment (o] VII 192 28 367 b 1390 29
X 262 31 290 90 - 12
Treatment during 6 ViI 219 28 710 241 2350 34
3 years Ix 434 42 465 32 - 28
2 Vi1 400 21 660 118 2800 16
X 439 42 1208 52 - 46
One time treatment 6 VII 255 26 670 176 3000 33
X 493 28 1510 - - 69
2 VII 283 35 508 99 1009 20
= 475 36 1244 52 - -
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stributed. Actinomyces were present in limited varieties with predo-
minance of grey, white and sometimes brown and pink groups. Generic
composition of the fungi association was very poor: Penicillium sim-
plicissimum, P. ochro-chloron, Mucor rammanianus and Zygorhynchus
sp., as predominant species. Trichoderma sp. was found to be the least
numerous. The treatment with the herbicide did not cause any substantial
change in the quantitative composition of bacteria, actinomyces and
fungi associations, although a slight alternation was observed. This may
be due to several factors: firstly, to the direct effect of herbicides on
microorganisms and secondly to the effect of herbicides on the com-
position of phytocoenosis, which in turn may also affect the microflora.
Just after the treatment with herbicide an increase of fresh organic
matter might be observed as a result of damaging effect of herbicide
on the plants.

In the post-treatment period some increase in auxoautotrophic and
auxoheterotropic bacteria was noted, but, as a rule, it never ex-
ceeded 1.5- to 2-fold values. A considerable number of pigmented bac-
teria and some other bacteria forms, rarely found :in the control plots,
appeared in the treated soil. No direct relationship between the quantity
and quality of microorganisms and the dose of the applied herbicide
was observed, while conspicious qualitative changes were found at a dose
of 6 kg/ha. The content of Penicillium sp. on these plots increased.
After the treatment with herbicide the two species: Mucor sp. and
Aspergillus versicolor disappeared.

The number of actinomyces varied, but it cannot be concluded that
the herbicide application inhibited their development.

The number of fungi did not change significantly. In view of the
demonstrated selective effect of the 2,4-DB on the microorganisms in
soil, experiments were carried out to determine their reaction in pure
culture.

The herbicide in the concentration of 0.1 mg/ml had an inhibitory
effect almost on all the species of mycobacteria, actinomyces and fungi.
Among yeasts and bacteria resistant to this high concentration were:
Cryptococcus albidus, Debaryomyces sp., Bacillus subtilis, B. cereus,
B. megaterium, Serratia marcescens, B. mesentericus.

At the concentration of 0.01 mg/ml the herbicide suppressed the
growth of some species of bacteria (E. coli, Bacillus subtilis), actinomyces
(Actinomyces lavendulae, A. globisporus, A. aureoverticillatus, A. fra-
diae), mycobacteria (Mycobacterium lacticolum, M. mucosum), fungi (Al-
ternaria humicola) and yeasts (Torulopsis aeria, Rhodotorula mucilagi-
nosa, Lipomyces starkeyi, Schizoblastosporin starkeyi-henricci).

No adverse effect on the growth of microorganisms was observed
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at the concentration of the herbicide from 0.00001 up to 0.001 mg/ml.
Consequently as a rule the doses of 2,4-DB applied in the large scale
farming have been found to be non-toxic in the laboratory conditions
in the experiments with the pure culture of soil microorganisms.

The herbicide application may change the biochemical processes,
taking in the soil, and this may influence the fermentation activity of
the soil.

Natural subalpine hill-meadow soils are characterised by a high in-
vertase activity. On the other hand, the phosphatase activity was low.
The activity of oxido-reductases is rather slight (Table 3).

Tadvple 3

Influence of 2,4-DB on the enzyne activiiy in subalpine meadow soil

Dehydroge-

Treatment ¢ the Doses nases, mg ?h°5§h8ta§;' Invertase, Catalase
plots with k(;;ha oni;;05 of Ims 3 5 o glucoso 0,
kerbicides S soll per g of so "

24 hours ' per hours ng/s per min
Without treatment 1.03 0.09 49.1 4.4
Triole treatment 6 1.34 0,12 79.6 Sel
2 1,61 0.13 74.5 567
Oxnce treatment 6 1.07 0.10 59.3 3.5
2 1.04 0,10 553 3.4

Under the influence of 2,4-DB the activity of all studied enzymes
slightly increased; this correlates with some increase of microorganism
number.

Maximal increase of the fermentative activity was found, when the
triple treatment of the herbicide was applied. Single application the
herbicide had no effect on the fermentative activity of soil. Probably,
the effect of the herbicide 2,4-DB on the fermentative activity is not
direct, being connected with the more processes, like the change in the
composition of plant association and that of microflora.

In connection of a wide application of the herbicide it is of interest
to know the character of the herbicide accumulation and possibility of
it decomposition in soil.

It has been stated that the introduction of herbicide into soil is re-
lated with the dose and period of its application. The herbicide applied
continuously for 3 years in the doses of 2 and 6 kg/ha found to be ac-
cumulated in soil in the amount of 13-40% of its total quantity. During
3 years after single treatment with the herbicide at the dose of 6 kg/ha
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it has been found in a trace quantity while at the dosis of 2 kg/ha the
herbicide was not found.

Unfortunately, it is still unknown, what part of the herbicide is
decomposed or indicativated and what is washed out into underlying
layers and subsoil waters.

According to literature data the herbicides of the phenoxy-acetic
acid group are very rapidly decomposed by microorganisms [4]. The
prolonged preservation of 2,4-DB in hilly alpine soils is probably con-
nected with a low microorganism quantity, and particularly with climatic
conditions.

The herbicide brings about some changes in metabolism of gramineous
plants. It has been found that the herbicide 2,4-DB affected the carbo-
hydrate content, the nitrogenous compounds to a less extent, and chang-
ed the chlorophyll quantity in the sown grass (Calamagrostis silvatica).

The herbicide caused an increase of the amount of nitrogenous com-
pounds in plants: the total nitrogen from 1.57% to 1.95% and nonprotein
nitrogen from 0.05 to 0.82 (Table 4).

Tabliloe 4

Influence of buthyl 2,4-D ether on the content of the nitrogenous compounds and the carbohydrate
content in the sown grass /% of their dry matter/

Nitrogenous compounds Carbohydrates
Treatment
Pro- Not N D1 h Cellu-
Total teine proteine Total charides rides lose
(4] 1.57 1.07 0.50 34.90 5.56 9.5 19.82
6 kg/ha
1. 1.1 0.81 29, . .
3 years 95 3 . 9.90 4,54 9428 20,08

The increase of the nitrogenous compounds is mainly due to the
fraction of free amino-acids. The determination of total protein showed
that its level remained unchanged, whereas some amino-acids under-
went certain changes. The herbicide caused some increase of glutamic
acid, threonine, serine and phenylalanine content, while the content of
alanine, methionine and isoleucine decreased. The herbicide did not
affect the content of other amino-acids of the plant proteins.

The occurrence of the free amino-acids under the herbicide influence
is due to the inhibition of their inclusion into the protein molecules.
This is closely connected with energetic processes, taking place in cells.
There are sufficient data indicating that the herbicide 2,4-DB increases
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the activity of adenosinetriphosphatase considerably, what brings about
a decrease of the ATP content [2].

The effect of many herbicides consists in an intensification of plant
respiration, which in consequence decreases the monosaccharide content
[3, 4].

It has been found in the post-treatment period that the quantity of
carbohydrate in the sown grass decreased from 34.9 to 29.9% (Table 4).
A considerable loss of mono- and disaccharides was also observed. The
cellulose percentage remained unchanged.

The weed mortality after treatment with the herbicide changed the
character of the remaining plants, which in its turn should be reflected
with their chlorophyll content. The determination of the sown grass
on the experimental plots showed that there were no weeds after the
third year of the herbicide treatment. The quantity of both ”a” and ”’b”
fractions of chlorophyll increased.

It is possible that the chlorophyll quantity increase after destruction
of weeds by means of the herbicide treatment is connected with an
intensive synthesis of chlorophyll in plants.

The conclusion from this study is that the 2,4-DB may be used for
weed control, but its catabolism in soil should be studied.
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ZASTOSOWANIE ESTRU BUTYLOWEGO 2,4-D
DO POLEPSZENIA PASTWISK GORSKICH

Katedra Biologii Gleby, Uniwersytet im. L.omonosowa, Moskwa, ZSRR

Streszczenie

Po zastosowaniu herbicydu 2,4-DB wyraZnie spada zachwaszczenie pastwisk,
a zwalszcza silnie reaguje Veratrum. Wysoko$§¢ plonu w roku zastosowania herbi-
cydu spada, zwigksza sie jednak procentowa zawarto§¢ traw. Zaobserwowano
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niewielkie zmiany ilo§ciowe i jakoSciowe w mikroflorze gleby oraz w jej aktyw-
nos$ci enzymatycznej.

Zawarto$é zwiazko6w azotowych i chlorofilu w roSlinach zwieksza sie po
zastosowaniu herbicydu, a ilo§¢ weglowodanéw spada.

O. I'. 3BATMHUEB, . B. ACEEBA

NIPYMMEHEHME TEPBUIIMJA 24-11 BYTUJIOBBINI DPUP
OJad YJAYYIIEHUA 'OPHBIX ITACTBMII]

Kadeapa 6monorum moysbl, BMOJOro-noyBeHHOro @axyJbTeTa
MOCKOBCKOTO IoCyZapCTBEHHOro yHuBepcureta, Mocksa, CCCP

Pe3woMme

CopHAKM, OCOBEeHHO yeMepulLa 3ejieHas, CUIABHO IIOAABJAIOTCA B pe3yJbTaTe
obpaborku repbuuymaamyu. B rox oO6paboTKyu IIPOMCXOOMUT CHUXKEHMe 0Dlero ypo-
Xaf, NPU yBeJUYEeHMM YYaCTHMA 3JakoB. OTMmeuyeHb! HebosblliMe M3MEHEHMA B Ka-
4YeCTBEHHOM M KOJIMYECTBEHHOM COCTaBe MMKDPOOPraHM3MOB M B (hepPMEeHTATHMBHOM
aKTMBHOCTM IIOYBBI.

CosepXaHue a30THbIX COeAMHEHMII ¥ XJjopoduja B pacTeHMAX Iocie obpa-
60TKM TepOULMIAOM MOBBIILIAETCH, NIPY CHMIKEHU) KOJMYECTBA YTJIIEBOJAOB.






