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Sodium chlorate is one of the most well-known of all herbicides.
The first trial involving the use of this chemical as a weed-killer dates
back to 1901. At present, in France, trials are being undertaken in large
acreage cultures. The chemical is used in autumn at a rate of 150 kg
per 10000 square metres. The following spring, the ground is weeded
and there is no residual chlorate. The effect of sodium chlorate on the
physiological state of weeds was studied by Crafts in 1935 [3] and
by Vidme in 1954 [17], but the effect on soil microbes has received
scant attention and the available data is often contradictory [15, 9, 10,
6, 7].

It therefore appeared useful to undertake a study on the effect of
sodium chlorate on the whole spectrum of soil organisms and on their
respiratory and enzymatic activity.

MATERIAL AND METHODS

Soils:

— silty loam of the table lands (France),

— Kalimati of the Katmandu Valley (Nepal),

— garden soil (brown, neutral, France),

— Fontainebleau sand.

Aerobic incubation: 10 g of soil, 50% wet are placed in 500 m! Erlen-
meyer flask during 10 days at 30°C.

Anaerobic incubation: 10 g of soil are placed in reagent glass of
17 X 180 mm and submerged with water. Same incubation time as
above. Most probable number of microorganisms according to Pochon
and Tardieux [13].
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Dehydrogenase: according to Casida, Klein and Santoro [2].
CO, evolution Dommergues [4].

Determination of chlorate: with polarography method of Tenygl
[16].

Determination of chlorite: ultraviolet spectrophotometry — Sher-
man and Stricland [14}].

Pure culture of denitrifying bacteria:

— synthetic nitrate-glucose medium,

—- peptone-water medium.

20 ml in 125 ml Erlenmeyer flasks. Static incubation at 30°C.

Growth measurements: optical density at 450 mm.

Determination of nitrate: reduction to nitrite with zinc powder [8].

Determination of nitrite: modified Griess-Ilosvay method [1].

Determination of ammonia: with Nessler reagent [5].

Determination of nitrate-reductase: according to the method of Pi-
chinoty and Piechaud [11, 12]

RESULTS

Sodium chlorate was applied to field plots, to soils incubated in the
laboratory and to culture medium used for pure culture of soil bacteria.

FIELD EXPERIMENTS

Sodium chlorate was applied in granular form at a normal rate of
150 kg/10,000 square metres to field plots, and the weeds were either
removed, or allowed to remain. Five, twenty-seven and one hundred
and fifty days after the application of the herbicide, samples to a depth
of 0-20 cm were taken, both from treated plots and from comparable
control plots in order to determine the effects on soil micro-organisms
and on their respiration and enzymatic activity.

The sodium chlorate did not affect the total microflora count (actino-
mycetes, cellulolytic, ammonifying, nitrifying or denitrifying bacteria).
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In samples taken after 27 days, the evolution of CO, was the same in
treated and untreated soils, but it later diminished in treated soil, in-
dicating a fall in total microbial metabolism (Fig. 1). There was no dif-
ference in samples taken after 150 days. Sodium chlorate depressed
dehydrogenase activity in samples taken after 5 and 27 days, but the
difference was much less after 150 days (Table 1); this is attributed
to an increase in oxygen because of the chlorate, which by that time
had completely disappeared.

Table 1
Effect of sodium chlorate or dehydroganase activity during three periods
of soil sampling
Toraee e ey = Nurder of days after NN
Treatiants chlsrate applicetion _pg TPF/24h g/dry soil
Soil + weod Dblank 5 119 **
S0il + weod chlora’a 5 75
5 91 x
Soil uncovered blcnx /mammal = 200
weed removal/
15Q s?
5 67
Soil uncovered + calorats 27 63
150 47

xx Significative at 1%
x Significative at %

EXPERIMENTS WITH SOILS INCUBATED IN THE LABORATORY

Sodium chlorate was mixed at the rate of 67,5 ppm and 202,5 ppm
with two soils: a sandy loam soil and a Kalimati soil from Nepal, with
sand inoculated with dilutions of these soils and with denitrifying bac-
teria culture media inoculated with soil dilutions. After 10 days of in-
cubation at 30°C, under aerobic and anaerobic conditions, the number
and the activity of the different microbes was evaluated.

— Heterotrophic soil microbes, as well as cellulolytic aerobic bac-
teria, were not affected by chlorate added to soil or to culture media.
However, there was a significant reduction in the number of cellulolytic
aerobic bacteria in sand inoculated with soil suspension.

— Bacteria involved in the nitrogen cycles, particularly ammoni-
fying, nitrifying and denitrifying bacteria, were very sensitive to chlorate.
Nitrobacters were most affected. These were almost eliminated by a dose
of 202 ppm chlorate. The effect was more marked under anaerobic
conditions than otherwise (Fig. 2). The production of chlorite from
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Fig. 2. Influence of sodium chlorate Fig. 3. Influence of sodium chlorate on
on the number of nitrifying bac- the number of Nitrobacter and chlorite
teria of a Kalimati soil. Incubation production in a sand inoculated with
of soil in the laboratory in aerobic dilutions of a garden soil and of a silt
and anaerobic conditions at 30°C loam. Incubation of sand in the labora-
tory in aerobic conditions at 30°C
1 — soil from Avrainville (without ClO;—), 2 —
soil from Avrainville (with ClO;—), 3 — garden
soil (without ClO;—), 4 — garden soil with
Cl10;~)

chlorate played an important role in the inhibition of these nitrobacters.
In sand inoculated with dilutions of soil suspensions, the disappearance
of nitrobacter coincided with the appearance of maximal amounts of
chlorite (Fig. 3). When this chlorite disappeared from the environment,
the surviving cells multiplied again and the nitrobacter count tended
to return to normal. With respect to denitrification, sodium chlorate
reduced the count and inhibited the activity of denitrifying organisms.
The count was reduced five-fold by the 67 ppm chlorate and twenty-
-five-fold by the three times greater (202 ppm) concentration, in com-
parison to untreated control soils (Fig. 4).

The addition of 67 ppm chlorate to a nitrate-glucose medium in-
oculated with dilutions of fresh silt loam caused a marked fall in the
rate of nitrate utilisation, but nitrites and ammonia were nevertheless
still produced. With this dose of chlorate, nitrate reduction was only
inhibited and was not stopped (Fig. 5), but with the higher dose of
670 ppm the denitrifying bacterial count was reduced 1800-fold (Fig. 6).

— The production of CO, was not influenced by chlorate under
aerobic conditions but it was somewhat diminished in anaerobiosis.
Addition of lucerne powder, in the presence of chlorate, slightly stimu-
lated CO, evolution in the soil.
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— Sodium chlorate reduced dehydrogenase activity; phosphatase was
not affected. Catalase was not modified by the higher application of
chlorate 675 ppm. However, the same quantity of chlorite slightly de-

pressed this activity.
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Fig. 4. Influence of sodium chlorate
on nitrate-reducting bacteria in a silt
loam incubated in anaerobic conditions
at 30°C (disappearance of nitrate in
a nitrate-glucose medium inoculated
with soil dilutions of the incubated
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Fig. 6. Influence of a heavy dose of

chlorate (670 ppm) on nitrate-reducing

bacteria in a silt loam incubated in
anaerobic conditions at 30°C
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Fig. 5. Infiuence of sodium chlorate
(67 ppm) on nitrate-reducing bacteria
in a glucose-nitrate medium inoculated
with dilutions of fresh silt loam soil
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Fig. 7. Degradation of chlorate in

Kalimati soil incubated in the labora-
tory under aerobic and anaerobic con-
ditions at 30°C

— Soil micro-organisms rapidly degraded the sodium chlorate added
to soil or to culture media inoculated with soil; the degree of degradation
has been somewhat greater under anaerobic conditions (Fig. 7).
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These experiments showed that sodium chlorate had a much greater
effect on soil micro-organisms when incubated in the laboratory at
30°C under conditions of high humidity.

The effects of chlorate depend on the nature of the substrate and
on its physico-chemical surroundings, on the nature of the organisms
living in that substrate and on the concentration of the chemical.

In the light of these results, we recommend that sodium chlorate
should not be applied to soils under high temperature (39°C) under
humid or anaerobic conditions, nor to acid sandy soils which are poor
in organic matter. In our temperate countries the application of chlorate
in autumn at low temperatures is recommended.

EXPERIMENTS WITH PURE CULTURS OF SOIL BACTERIA

From 30 strains of denitrifying bacteria isolated in pure culture
from soil, 4 were selected according to their nutritional characters and
‘morphological variations. All but one were facultative anaerobes; the
exception was aerobic B. megatherium. All strains possessed nitrate
reductase A. Sodium chlorate, applied at a rate of 600 ppm, inhibited
the growth of 3 strains (Klebsiella pneumoniae, B. circulans and Micro-
monospora globosa), while the other strain (B. megatherium) was re-
sistant. These organisms were inhibited by sodium chlorate for only
a certain period, after which they began to multiply normally again
(Figs 8, 9).

Reduction of nitrate to ammonia by all these denitrifying bacteria
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Fig. 8. Effect of sodium chlorate (0 Fig. 9. Effect of sodium chlorate (0
and 0,6 g/1) on the growth of Kleb- and 0,6 g/l) on the growth of Micro-
.siella pneumoniae, on nitrate-glucose monospora globosa on peptone-water

medium medium
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was inhibited in the presence of chlorate; reduction of nitrate to nitrite
was variably inhibited, according to the nature of the organisms (Figs
10, 11). In all cases, chlorate inhibited nitrate utilisation (Table 2).

Table 2
Assimilation of nitrate in presence and absence of chlorate in culture media
inoculated with 4 soll bacteria /resting nitrate: pg nitrate N/ml medium/

Hours c¢f incubation
Strains and treatments
) 0 21 26 43 59 65 72
Klebsiella pneumoniae /blank/ 198 104 22 0 (] o ¢}
Klebsiella pneumoniae + chlorate 195 180 157 137 121 104 &2
Baeillus circulans blank 1% | 13 | e | 103 89 0 o
B. circulans + chlorate 196 181 179 157 143 xu 105
Micramornospora blank 192 175 128 120 112 107 101
Micromonospora + chlorate 194 188 179 157 145 139 333
B, megatherium blank 190 152 138 111 101 74 71
B, megatherium + chlorate 193 187 167 109 100 83 70
350+
g
n 3 3001
5 140 *Sé
3 =
g &0
B 5 200 Control, withat Cl0;”
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Fig. 10. Effect of sodium chlorate (0 Fig. 11. Effect of sodium chlorate (0
and 0,6 g/1) on the reduction of nitrate and 0,6 g/l) on the reduction of nitrate
to ammonia in culture medium of to nitrate in culture medium of Kleb-
Bacillus megatherium siella pneumoniae

The 4 strains of bacteria degraded chlorate in relation to time. Table 3
shows that the quantity of chlorate degraded increased progressively
with time and that the rate of degradation varied according to the
species and to the nmature of the culture medium.
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able 3

Degradation of chlorate with soil bacteria in Punction

of incubation time /static culture/
/blank: 560 ppm of cmg/

con Syntheticmgsd\jl:;onae-nitrato Poptone-mater nedium
:k;’mzrs :gl‘ Resting % 010'5 Hours gr Resting F 3 0103
ays o ppm_ 8 © -
incubetion | oe Cloy | de8Taded | ynoupation 02%03 degraded
Klebsiella pneumoniae 5 hours 449 20 1 b 3C 354 26
/urease =/ 24 " 399 28 3 h 30? 255 54
2 " 315 44 5 h 30° 255 54
49 " 215 44 24 h 255 54
6 cays 210 62 6 days 255 54
Bacillus circulans 24 hours 304 42 5 h 30° 3359 29
2 days 200 64 2% h %09 44
4 days 180 67 0 h 267 52
10 days [¢] 100 6 days 75 86
liicromoaozporza globosa 24 hours 228 57 5 h 30? 150 73
2 days 150 73 24 h 84 85
4 days 141 74 30h 39 93
10 days 93 83 3 days (o] 100
Bacillus megatherium 24 hours 354 37 5 h 30? 152 65
2 days 212 44 24 h 171 69
4 days 228 59 30 h 141 74
10 days 57 89 10 days 75 86

Control (without CLOF)

100+ 0.0. e
»’—(
P
0%+ e pad
S ey ," Fig. 12. Effect of chlorate (0 and 1 g/l)
’93 With Cl0; 001g/) and chlorite (0,01 and 0,1 g/1) on the
050 . - srowth of Klebsiella pneumoniae in a
4 X Hith 0G5 (Tg), peptone-water medium (registered by
.y ::-n— """‘"‘M*‘ biophotometer)
With Cl05 (01 g/
1 L 1 1
0 5 0 ] 20
Hours

Using ultra-violet spectrophotometry, we demonstrated small quant-

ities of chlorite in

the culture medium of all 4 bacteria. After 24 hours’

growth, the Micromonospora medium contained 10 ppm chlorite and

this dropped to 3.

5 ppm on the second and third day. On the fourth

day, chlorite had almost totally disappeared and growth of the organisms
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began again. In the case of the other organisms, we detected between
3 and 8 ppm of chlorite, but only during the first 24 hours of culture.
In these cases, growth was only inhibited for 24-48 hours, but even these
low levels of chlorite were sufficient to inhibit the growth of Klebsiella
pneumoniae (Fig. 12).

CONCLUSIONS

In conclusion, therefore, it is clear that immediately chlorite, produced
as a result of the addition of chlorate, disappears, growth of soil micro-
-organisms beings again. On the other hand, nitrate utilization is in-
hibited whenever there is any chlorate present, i.e., for many days.
Thus, chlorate acts in two ways:

— by liberating metabolites which are toxic to cells

— by competing with nitrate for the nitrate-reductase A enzyme [11].
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WPLYW CHLORANU SODU NA MIKROORGANIZMY GLEBOWE,
ICH ODDYCHANIE I AKTYWNOSC ENZYMATYCZNA

Instytut Pasteura, Paryz, Francja

Streszczenie

Chloran sodu zostal zastosowany w doSwiadczeniu polowym; dodawany byl
do gleby inkubowanej w warunkach laboratoryjnych oraz do pozywek dla bakterii
glebowych. W wyniku zanotowano nastepujace zjawiska: w glebie inkubowanej
okresowe zahamowanie wydzielania CO, w warunkach polowych, zmniejszenie
ilosci i aktywno$ci bakterii redukujgcych azotany i nitryfikacyjnych (Nitrobacter
sp.), a w kulturach bakieryjnych okresowe zahamowanie redukcji azotanéw oraz
wzrostu bakterii wywolujacych ten proces. Zjawiska te spowodowane zostaly
wydzielaniem niewielkich ilo$ci chlorkéw i konkurencja miedzy chloranami i azo-
tanami na poziomie enzymatycznym reduktazy azotanowej A. We wszystkich
badanych przypadkach chlorany byly wolniej lub szybciej rozkiadane.

A. B. KAPKMH, II. K33EP

BJIUAHUE XJOPATA HATPUA HA IIOYBEHHBIE MUKPOOPTAHM3MBI,
UX IBIXAHUE U SH3UMMATUYECKYIO AKTUBHOCTD

Mucturyr INacrepa, Ilapux, d>panuusa

Pes3wMme

XiopaT HaTpMA NPUMEHANM B IIOJIEBOM OIblTe, B IIOYBEHHBIX o0bOpasuax unKy-
O6MpOBaHBIX B J1a60OPaTOPHBIX YCJIOBMAX ¥ B YMCTBIX KyJbTypax 6axTepuit. B pe-
3yapTaTe OBIJIO YCT2HOBJIEHO CJeAyiollye: BpPeMeHHOe MHIMOMPOBaHMe BbIJeJICHUSA
CO, u3 TOYBBbI, M3MEHEHMC KOJNMYECTBA M AKTUBHOCTM OakTepuii peAyUMPYIOLLAX
HUTpaThl M HuTpadukartopos (Nitrobacter sp.) — B wmky6upoBaHO! IMOYBe, & TaK-
e BPCMEEHYIO 33JePXKY B aKTMBHOCTM M DoOcTe OakTepuii PeAyuMpYyOLLMX HU-
TpaThl — B KyJbTypax 6axTepmit. IIpMuMHOII sBJAANOCL oOpa3oBaHKue HeGOJNBILINX
KOJIMYECTB XJCPUAOB M KOHKYPEHUMS MeXJy XJopaTaMM M HUTpaTaMy Ha YyPOBHE
HUTPATHOM PeAyKTa3bl A.



