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Nitrogen fixation is a microbial activity which influences soil fertility 
to a great extent. Thus potential inhibitory effects that might be exerted 
by herbicides on this process are of great importance. The work to be 
described here refers to symbiotic nitrogen fixation only.

There have been many reports in the literature on the adverse effects 
of herbicides, at low concentrations ranging from 0.1-10 ppm, on nodu
lation and nitrogen fixation in legumes [12, 2, 14]. Pure culture studies 
have also been carried out on Rhizobium sp. Normally very high con
centrations ranging from 100-1000 ppm were investigated. Differences 
in inhibitory effects due to herbicide, species and strains of Rhizobium 
were recorded [8, 3, 10].

The great discrepancy in the amounts required to inhibit nodulation 
and nitrogen fixation as compared with those needed to inhibit the 
growth of Rhizobium sp. shows clearly that a distinction must be made 
between the effect on the host that is participating in nodulation and 
nitrogen fixation from that on the bacterium. The experiments described 
below were designed to discriminate, to some extent, between these 
two factors.

In the field there may be contact between Rhizobium sp. and her
bicides when a persistent chemical is applied to a crop other than 
a legume. In the course of rotation a legume crop or a sward containing 
clover may be sown. Therefore it is important that exposure to herbicide

1 A re v ie w  b y  th e  a u th o r  on th e  e ffe c t o f h e rb ic id e s  on n it r o g e n  f ix a t io n  
w i l l  be  p u b lis h e d  e lse w here . B ib lio g ra p h ie s  on th e  a bo ve  to p ic  a re  in  p re p a ra t io n  
b y  th e  In fo rm a t io n  S e c tio n  o f W R O .
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does not reduce numbers below the threshold required for infection 
of the subsequent legume, or cause loss of effectiveness to fix nitrogen. 
Alternatively, the herbicides is applied directly to a legume crop either 
pre-emergence or post-emergence. The work described here refers to 
herbicides used in both situations, namely atrazine 2, linuron and pyra- 
zone applied in the absence of the legume, and dinoseb and asulam 
which may be used for weed control in the presence of a legume crop.

Dinoseb and linuron have been shown to reduce colony counts of 
Rhizobium sp. [8]. G r o s s b a r d  [4] working with 10 herbicides at 
100 ppm did not observe any inhibition of respiration of R. trifolii except 
by dinoseb. However, clover was injured when inoculated with cultures 
of R. trifolii pretreated with 25 ppm atrazine. This was probably due 
to toxicity to the host and not to the bacterium. The studies described 
here are intended to investigate further growth parameters of R. trifolii 
in greater detail as had been done earlier [4]. In particular, the inter
action between herbicide and calcium is to be investigated as the latter 
is an essential nutrient of rhizobia believed to affect cell wall parmea- 
bility. Numerous experiments were carried of which a few representative 
are quoted here.

M A T E R IA L S  A N D  M E T H O D S

These are described in detail elsewhere [5].

ORGANISM US

— The b a c t e r i u m  — Rhizobium trifolii (Dangeard) strain 5 from 
the Rothamsted culture collection (kindly supplied by Dr Nutman and 
Mr Patterson).

—  The h o s t  —  Trifolium repens (white clover) S. 100.

MEDIA FOR BACTERIUM

— S t a n d a r d .  A modification of the medium of K l e c z k o w s k a  
[11] was used.

The calcium source was calcium gluconate (0.05% total content 46 ppm) 
and Oxoid yeast extract (0.02%) was added. In earlier experiments 0.5% 
glucose was used as the carbon source instead of mannitol and yeast 
water instead of yeast extract.

2 F o r th e  c h e m ic a l nam es o f h e rb ic id e s  see W eed  C o n tro l H a n d b o o k  1968, 
Ed. F ry e r ,  J. D. a nd  E vans, S. A ., B la c k w e lls  S c ie n t if ic  P u b lic a t io n s , O x fo rd  
sind E d in b u rg h .
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— Ca2_f d e f i c i e n t .  The composition was familiar to the standard 
medium but calcium gluconate was omitted. Total Ca2+ content 0.6- 
-2.23 ppm.

MEDIA FOR CLOVER

Pre-germinated seedlings of white clover were raised on a nitrogen- 
-free mineral agar in boiling tubes 13.

HERBICIDES

Unformulated technical grades of the following chemicals were used: 
atrazine, asulam and its nitro-analogue M and В 8882, dinoseb, pyra- 
zone add linuron. The concentrations were 25 ppm dinoseb when, 2, 25 
and 50 ppm were applied. The herbicides were added to the media 
aseptically after sterilisation through a bacteriological sintered glass 
filter or in small quantity of methanol.

CULTURE OF R. TRIFOLII

R. trifolii was grown in shake cultures at 22° for 4, 5 or 7 days.
—  H a r v e s t i n g  a n d  p r e - t r e a t m e n t  o f  c e l l s .  The cells 

were harvested by centrifugation and the sediment divided into 2 halves. 
One was left untreated, the other was washed 3-4 times with phosphate 
buffer or Ringer’s solution. The cells were resuspended and used for 
measurements of oxygen uptake and inoculation of clover seedlings to 
estimate nitrogen fixation.

—  G r o w t h  m e a s u r e m e n t s
(a) Counts of propagules. Plate dilution counts were made on stan

dard or Ca2+ deficient agar containing Congo Red [17].
(b) Total populations. These were estimated by turbidity measure

ments (O. D.) on an Eel absorptiometer.
—  A c t i v i t y  m e a s u r e m e n t s
(a) Respiration. Oxygen uptake by rhizobium, grown previously in 

the presence of the herbicide in either standard or Ca2+ deficient media 
was measured in a Gilson respirometer. Either an aliquot of the culture 
itself, or a suspension of cells (unwashed or washed) was used. In the 
case of washed cells mannitol or glucose was added from the side arm.

(b) Nitrogen fixation. Clover seedlings in aseptic agar culture were 
inoculated with 0.5 ml of either the culture of R. trifolii or 0.5 ml of 
unwashed cells (only in experiments with linuron) or of washed cells 
re-suspended in phosphate buffer of Ringer’s solution.

After 5-7 weeks the dry weight and the content of nitrogen per 
plant was measured. The latter was determined by the micro-Kjedhal 
method either manually or with a Technicon Autoanalyser. Nitrogenase
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activity as a measure of nitrogen fixation by the acetylene-reduction 
method is now being explored.

(c) The effect of long exposure to herbicide of R. trifolii on sub
sequent growth of clover.

Atrazine. Bacteria were grown in standard media in the presence of 
herbicide. After five days incubation 5 ml of the culture were transferred 
into fresh medium containing herbicide at 25 ppm. After a further five 
days clover seedlings were inoculated with either 0.5 ml of the culture 
or with washed cell suspensions. Transfers into fresh medium were 
also continued until a total of 40 days of incubation. This culture was 
then used for inoculation of a fresh set of clover seedlings, of the same 
age as for the first inoculation. Both sets were harvested after 7 weeks 
growth and dry weight and total nitrogen per plant determined. Rhizobia 
grown without herbicide were treated similarly.

Linuron. The culture was grown for either 5 or 7 days and used 
immediately for inoculation into clover. Transfers were also made into 
fresh media containing linuron at intervals of 7 days until 40 or 42 days 
of total incubation had elapsed when clower was again inoculated.

R E S U L T S

EFFECTS ON R. TRIFO LII

G r o w t h  m e a s u r e m e n t s .  The data given in Table 1 are of 
representative experiments and show that linuron reduced the numbers 
of propagules alredy in the standard medium. The results for asulam 
were variable, no inhibition appeared in many experiments one of which 
is quoted under (1) but in another (2) counts were 40% lower than controls 
especially when the culture was shaken with glass beads prior to counting 
and the composition of the medium differed. On a Ca2+ deficient medium 
both linuron and asulam gave rise invariably to a more severe reduction 
than on a standard medium. The influence of Ca2+ deficiency in the 
medium has been observed also with atrazine and pyrazone but asulam 
was the most inhibitory herbicide under these conditions.

Rhizobia in media without herbicides responded only in a minor 
way to calcium deficiency, as compared with herbicide effects. The pH 
of the two media was similar before incubation began; in the course 
of growth R. trifolii lowered pH similarly in both media by about 
2 units. Thus the inhibitory effect of Ca2+ deficiency is not related to pH.

Dinoseb was tested at doses of 2, 25 and 50 ppm. The count of 
propagules was reduced significantly even at 2 ppm (Fig. 1).

Optical density (O.D.) as an estimate of total populations did not 
always show a similar trend as numbers of propagules. It was usually
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lower than controls on Ca2+ deficient media. In the case of asulam, 
the inhibitory effect appeared alredy on the standard medium (Table 1) 
while counts of propagules were not affected. This suggests a possible 
effect on polysaccharide formation which in addition to total numbers 
also affects turbidity. However, linuron reduced O.D only in Ca2+ de
ficient media (Table 2).

A c t i v i t y  m e a s u r e m e n t s .  Were the culture itself was mea
sured, asulam reduced respiration only slightly in a standard medium 
but very severely in a Ca2+ deficient medium, while M and В 8882 ex
erted no effects in either instance. Atrazine and pyrazone behaved 
similarly to asulam.

Unwashed cells were examined only in the linuron treatment. Oxygen 
uptake was inhibited significantly in a Ca2+ deficient medium (Table 2).

Washed cells behaved similarly to the culture in as much as in
hibition by asulam was greater on Ca2+ deficient media (Fig. 2). The 
inhibitory effect was less, however, since washed cells contained only 
traces or no herbicide at all. These have probably been removed in the 
supernatant from which the largest proportion of polysaccharides can 
be precipitated [6]. M and В 8882 had no inhibitory effect on respiration 
on either medium. Dinoseb tested at a range of 2, 25 and 50 ppm, on 
a standard medium only, stimulated respiration. However, short ex
posure of R. trifolii to 100 ppm stopped respiration completely [4]. 
Counts of propagules, however, are alredy reduced at 2 ppm (Fig. 1).
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Ta b l e  1
The effect of three herbicides /25 ppm/ on O.D. and number of propagules 

of R. trifolii grown in a standard and Ca2+ deficient medium, % of control

Herbicide

Medium
Standard Ca2+ deficient

Optical
density

Number of propagules Optical
density

Number of 
propagules

/1/ Asulam 63* * * 96 51# - * * 8.5***
+ S.E. 3.1 8.8 4.3 1.7
/2/ Asulam - 59 - 19* * *

+ S.E. - 13.1 - 3.6
H and В £882 90 104 78* * 104
+ S.E. 3.1 12.0 4.3 14.5
Linuron 91* 54* * * 57*** 20**
+ S.д. 2.1 5.1 2.8 14.5

1/ The carbon source for all experiments but 2/ щьз aannitol; 
and Oxoid yeast extract was used in the medium

2/ The carbon source was glucose 0.506; yeast water was used and tho concentration 
of Сa gluconate was less than half that of the "standard” medium
Significance of difference from control:

* = P ^  0.05 
*-* = P <  0.01 

*** = P <  0.001

T a b l e  2
The effect of linuron /25 ppm/ on R. trifolii and T. repens using several parameters.

% control

Medium

Organism
R. trifolii T. repens

Ç>2 uptake counts Dry weight Total nitrogen
Inoculum Unwa

shed Washed O.D. Prop. Unwa
shed0 Washed Culture Unwa

shed0 Vashed Culture

Standard 106 102 93 84* 57 95 + 60 79 +

± S.E. 5.5 9 2.9 4.9 13.4 12.4 13.5 19.3

Ca2+ deficient 72* 86 58*** 53*** 72 148® + 66 104 +

i S.E. 5.5 9 4 7.8 14.8 16.3 14.7 19.1

Significance of differences from control: The carbon source «as mannitol and Oxoid 
Ф = Almost reaching P 0.05 yeast extract was used 
* = P<0.05 
** = P<0.01 

*** = P <  0.001
+ = All plants died
о = A number of plants died in the unwashed treatment. The statistical analysis

is based on survivors
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The other herbicides asulam, atrazine and pyrazone inhibited respiration
in a Ca+2 deficient medium only. On a standard medium differences
were negligible [4].

Fig. 2. A comparison of the 
effect of asulam and M a. В
8882 on 0 2 uptake by R. trifolii
growing in standard and Ca2 ! 
deficient medium. The graph for 
the control on Ca2̂ - ' deficient 
medium and that for M a. В 
8882 on standard medium have 
been omitted since they are too 
close together. These data are
from the experiment in Table 1
1 — standard medium control, 2 —  
standard medium asulam, 3 — Ca2 + 
deficient asulam, 4 — Ca2+ deficient 

M a. В 8882

THE EFFECT ON T. R E P E N S

I n o c u l a  o f  c e l l s  e x p o s e d  f o r  s h o r t  p e r i o d s .  Table 3 
gives the results for three different types of inocula with different 
amounts of herbicide transferred to the seedling by each method. When
0.5 ml of the culture itself was used, up to 12.5 ug of herbicide may 
be introduced giving final concentration of between 0.3-0.4 ppm. In the 
case of atrazine and linuron the seedlings became discoloured and died 
within 5-10 days. Diluting an atrazine-containing inoculum by 10 the 
seedlings grew at first but after 3-4 weeks developed chlorosis and 
poorer growth as compared with controls. Similarly, adding 0.5 ppm of 
linuron to seedlings inoculated with untreated rhizobia led to rapid 
death. In experiments with pyrazone the plants survived but at greatly 
reduced vigour (Table 3). With atrazine washed cells gave rise to normal 
clover plants sometimes of increased vigour (Table 3). Similarly results 
were obtained with linuron (Fig. 3). Inocula from cultures grown in 
Ca+2 deficient media did not affect adversely the subsequent growth of 
the clover provided the agar itself contained ample Ca+2 even though 
a special source of Ca+2 was omitted. An intermediate situation was 
provided by inocula consisting of unwashed cells used in experiments 
with linuron. Plants grew but yields and nitrogen content were signi
ficantly reduced as shown in Table 2 where several parameters, re
ferring to R. trifolii and T. repens, are given for the same experiment.
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The effect of various types of inocula cf R. trifolii on subsequent growth, of T. repens
% control

T a b l e  3

Pler'oicide
D.W.

Unwashed cells
D.W. Total N

Washed x 3 or .4
D.W. Total N

Asulam 
i S.E. 
Atrazine 
i S.E. 
Linuron 
i S.E. 
Pyrazone 
t S.E.

104
4.7

40***
5.5

98
5.9

4,2*-**
5.9

66*

9.7
69*

9 .9

104
4.7

149*
135*

10.1
104

4 .7

98
6 .2

158*
130

11.8
101

5 .9

+ = Seedlings died within a week
D.W. = Dry weight

N = Total nitrogen per seedling
Ф = Compared with seedlings inoculated with either unwashed or waflhed cells grown 

without herbicide.
All other treatments were compared with control plants inoculated with the culture 
or washed cells.

Significance of difference from control
* = P <  0.05 

** = P< 0.01 
*** = P <  0.C01

Fig. 3. Seedlings of white 
clover inoculated with 

0.5 ml of 
A —  cells grown without her
bicide, В — unwashed cells 
grown in the presence of 25 
ppm linuron, С — washed 
cells grown in the presence of 
25 ppm linuron, D —  culture 
suspension grown in the pre

sence of 25 ppm linuron
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The effect with asulam was variable. In most experiments no ap
preciable reduction occurred in either dry weight or nitrogen when an 
inoculum from a standard medium was used (Table 3) whether it con
sisted of the culture or washed cells (Fig. 4). In another trial inhibitory 
effects did occur with unwashed cells from both media (Table 4) while 
washed cells caused growth reductions only if they were grown on 
a Ca2+ deficient medium. M and В 8882 was less toxic than asulam which 
agrees with field observation (Blair and Holroyd in the press).

Fig. 4. Seedlings of white 
clover inoculated with 
0,5 ml of culture of R. 
trifolii previously grown 
in the presence of asulam 

or M a. В 8882
A  —  control, В — asulam, С 

— M a. В 8882

I n o c u l a  f r o m  c e l l s  e x p o s e d  t o  h e r b i c i d e s  f o r  l o n g  
pe r i o d s

Atrazine. Seedlings inoculated with washed cells behaved similarly 
to controls treated in the same way grown previously in the absence 
of herbicide. Those inoculated with an atrazine-treated culture died 
within a week.
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T a b l e  4

Dry weight of T. repens inoculated with R. trifolii pre-treated with asulam and Ы and В 8882
/25 ppm/,mg/plant

Inoculum
Culture

Standard Ca2+deficient

Washed
С a

deficient

Control 
-  S.E.
Asulam 
£ S.E.
M and В 8882 
± S.E.

42
2.4
5.32***
0.5

33*
2.4

29
3.2 
8*-** 
0 .8

25.9
3.2

45
2,8

43
3.2

37*
2 .8

37
2.5 

32
2 .6  

34
2.6

Significance of difference from coresponding control
* = P <  0.05

** := P< 0.01
*** = P <  0.001
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Fig. 5. The growth of white clover inoculated with unwashed as well as washed 
cells of R. trifolii exposed to linuron for 7 and 40 days

1 — control, washed, 2 — linuron, washed, 3 — control, unwashed, 4 — linuron, unwashed

Linuron. The results varied in 2 experiments in as much as in the 
first both unwashed and washed inocula caused a significant reduction 
in dry weight and nitrogen after the 40 days treatment (Fig. 5) and the 
number of leaves was significantly reduced, but not that of the nodules 
which contrasts with the nitrogen data. In the second experiment only 
plants from unwashed inocula were adversely affected.

DISCUSSION

The outstanding feature of these results is the influence of Ca2+ 
deficiency of the medium in causing or increasing inhibitory activity by 
all the tested herbicides, most strikingly with asulam. Herbicides may
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be associated with the polysaccharide sheet with surrounds the Rhizo
bium. This is implied from the fact that inocula of washed cells had 
lost their herbicidal activity because repeated washing remowed poly
saccharides. It could be argued that Ca2+ may be interacting with the 
polysaccharides in forming a barrier preventing the herbicide from re
aching the cell [6]. This, however, is only one of several possible ex
planations of this marked Ca2+ effect. It is not related to pH. The
variability observed with asulam may be due to a different pattern 
of degradation of this herbicide that does not persist for long. It may 
be broken down more readily under some other conditions.

Possible effects о-n the ability of the bacterium to fix nitrogen may
be marked by the action of the herbicide on the host. Thus potential
changes in effectiveness to fix nitrogen can only be demonstrated if 
and when most, or all, herbicide residues are removed from the in
oculum since washed cells inoculated into clover gave rise to normal 
plants. The nitrogen fixing ability apparently was not then affected by 
the tested herbicides. Even the severe bacteriostatic or bacteriocidal
conditions, prevailing in a Ca2'1' deficient medium containing herbicide, 
did not seem to impair the potential for nitrogen fixation by the sur
viving cells provided they were washed, that is as long as they did not 
transfer residues to the host. Though a calcium source was omitted 
from the seedling substrate, agar by itself contains a considerable quant
ity of Ca2+ which varies with the type used. In most cases this sufficed 
for a successful symbiotic nitrogen fixation.

Dinoseb differs from other herbicides in that it is extremely toxic 
to Rhizobium sp. This agrees with reports on the toxicity of the di- 
nitrophenols by other workers [9, 7, 15]. The stimulation in oxygen 
uptake at very low concentrations may be explained by the known 
feature of the uncoupling of oxidative phosphorylation brought about 
by dinitrophenols. This may account for the lethal effect on the bacteria. 
However, dinoseb is used successfully on leguminous crops in practice 
without apparent adverse effect on crop yield. In our work plants in
oculated with those cells of R. trifolii that had survived pre-treatment 
with 50 ppm developed normally. Similarly in the case of asulam, and 
still more so in that of M and В 8882, the contrast in the response of the 
bacterium from that of the plant was not great in most cases though 
nodulation was depressed sometimes. On the other hand with atrazine 
and linuron the host was far more susceptible than the bacterium.

In the field the bacteria may be in contact with residues of persistent 
herbicides for long periods of time, which might lead to a reduction in 
numbers. This alone must not necessarily be very serious as long as it
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is of a low order of magnitude. However, if in addition to lower number 
changes in the effectiveness may take place a practical hazard might 
occur. Our work on longer exposure to atrazine failed to indicate any 
difference in the potential to fix  nitrogen in model experiments in the 
laboratory. With linuron the situation was not as clear-cut. The technique 
of repeated transfer used here might have encouraged mutant formation 
in some but not other treatments with linuron, though K a s z u b i a k  
[9] did not find any mutagenic action of linuron. There is a need for 
investigation of changes, if any, that may occur in the genetical cha
racteristics of strains in the soil, exposed to decreasing concentrations 
of herbicide.

On the basis of our present knowledge it is likely that nitrogen 
fixation in the field by R. trifolii may not be affected adversely by the 
tested herbicides, since the concentrations used here were much greater 
than those generally employed in agricultural practice. Once residues 
o f a persistent chemical have reached a level that is sublethal to a le
gume the population of rhizobia may still be able to infect the legume 
and fix  nitrogen efficiently. Observations were made occasionally even 
o f an increase in dry weight with linuron and atrazine. These were not 
always statistically significant nor easily reproduceable but they fit in 
with the reports of R i e s et al [16] on the stimulating effects of sub- 
lethal concentrations of triazines.

Thus while the laboratory results reported here —  if extrapolated 
to the normal field situations —  may allay anxieties on potential in
hibition of N2 fixation of herbicides, there may be some environmental 
conditions leading to adverse effects. Such an example would be in a soil 
where a lack of calcium is prevailing. Here decimation of the population 
of rhizobia might occur beyond the treshold level required for rapid 
and successful infection. This may be especially partinent for asulam 
which is used in areas of potential lime deficiency, for instance, for the 
eradication of bracken followed possibly by re-seeding with a grass- 
-legume mixture.
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E. GROSSBARD

WPŁYW NIEKTÓRYCH HERBICYDÓW NA RHIZOBIUM TRIFOLII 
I SYMBIOZĘ Z KONICZYNĄ BIAŁĄ  

ZE SZCZEGÓLNYM UWZGLĘDNIENIEM ROLI WAPNA

Instytut Zwalczania Chwastów, Oxford, Anglia 

S t r e s z c z e n i e

Badano działanie azulamu, M i В 8882 linuronu oraz pyrazonu 25 ppm, dino- 
sebu 2,25 i 50 ppm na wzrost i aktywność Rhizobium trifolii oraz na koniczynę 
białą, zaszczepioną bakteriami inkubowanymi w obecności herbicydów. Chociaż 
oddychanie czystych kultur było stymulowane przez 2-250 ppm dinosebu, to liczba 
komórek zmniejszała się nawet przy 2 ppm. Niedobór wapnia w podłożu wzmagał 
ujemny wpływ herbicydów na oddychanie i ilość komórek; azulam był najbardziej 
aktywny, a M i В 8882 —  najmniej. Siewki koniczyny zaszczepione przez rizobia 
inkubowane w obecności linuronu i atrazinu ginęły szybko, natomiast pyrazon 
był mniej letalny.

W  obecności pozostałości herbicydów przeniesionych przez inokulum i jonów 
wapnia wzrost roślin był normalny; bakterie były uprzednio namnożone na podłożu 
pozbawionym wapnia.

Aktywność wiązania wolnego azotu ulegała nieznacznemu osłabieniu pod 
wpływem herbicydu. Koniczyna okazała się bardziej wrażliwa na herbicydy niż
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Rhizobium trifolii. Ponieważ działanie azulamu było zmienne, różnica między 
reakcją bakterii i roślin występowała mniej wyraźnie niż w przypadku pozostałych 
herbicydów.

E. ГРОССБАРД

ВЛИЯНИЕ НЕКОТОРЫХ ГЕРБИЦИДОВ HA RHIZOBIUM TRIFOLII 
И СИМБИОЗ С БЕЛЫМ КЛЕВЕРОМ В ПРИСУТСТВИИ ИЗВЕСТИ

Институт по борьбе с сорняками, Оксфорд, Англия 

Ре з юме
Исследовали действие азулама, М и В 8882, линурона и пиразона 25 ppm, 

динозеба 2,25 и 50 ppm на рост и активность Rhizobium trifolii а также на 
Trifolium repens. Клевер инокулировали бактериями инкубированными в при
сутствии гербицидов. Дыхание чистых культур было стимулировано 2-250 ppm 
динозеба, но количество клеток падало даже под влиянием 2 ppm этого пре
парата. Недостаток извести в среде усиливал отрицательное действие герби
цидов на дыхание и количество клеток, причём самое сильное действие было 
азулама а самое слабое —  М и В 8882. Клевер инокулированный культурой 
бактерий, которые инкубировали на среде с линуроном и атразином, погибал 
быстро. Пиразон был менее токсичным.

В присутствии извести и небольших количеств гербицидов перенесенных 
с инокулум, рост растений был нормальный; бактерии также были инкуби
рованы на среде не содержащей извести. Азотофиксирующая активность 
Rhizobium не проявляла чётких изменений под влиянием гербицидов. Растения 
клевера оказались более чувствительны чем клубеньковые бактерии. Так как 
действие азулама было изменчиво, то разница в реакции бактерий и растений 
на этом гербициде была менее заметна чем в остальных гербицидах.


