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In consideration of herbicides application to bean crop their influence 
on symbiotic nitrogen fixation is of great interest. In the present work, 
the influence of triazine herbicides on pure cultures of Rhizobium lupini 
and on symbiotic relationship between bacteria and european yellow 
lupine Lupinus luteus L. was studied.

METHODS

LABORATORY EXPERIMENTS

The effect of herbicides on bacterial growth was investigated by 
the agar block method in Petri dishes. Lupine agar was used as a me­
dium: germinated lupine — 10 g, KH2P 04 —  0,5 g, MgS04 —  0,2 g, 
NaCl —  0,2 g, CaS04 — 0,1 g, mannit —  20 g, NH4M o04 — traces, 
H20  —  11, agar — 15 g. On the medium inoculated with nodule bacteria 
of various strains agar blocks containing the herbicides at the concen­
tration of 0.35, 3.5 and 7.2 mg were placed. Zones of growth inhibition 
around blocks were measured after seven days of incubation at 27°C.

Herbicide effect on dehydrogenase activity in bacterial culture on 
agar medium was studied. Three-day old cultures of Rhizobium lupini 
and herbicides were placed on the agar surface. The herbicide concen­
tration was 1 mg per dish.

After seven days of incubation the bacteria were washed off with 
a phosphate buffer from the medium surface. Optical density of the 
suspension and succindehydrogenase activity have been determined by 
tetrazole method [1].
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GREENHOUSE EXPERIMENTS

The herbicides effect on inoculated and non-inoculated yellow lupine 
was investigated. Plants were cultivated in sand with following medium: 
CaHP04 —  0,172 g, KC1 —  0,150 g, M gS04 —  0,06 g, NH4M o04 — 
0,01 g, boric acid —  0,0025 g, NH4N 03 —  0,240 g per 1 kg of sand. 
Some experiments with 0,1 of normal nitrogen doses have been carried 
out, too. Seeds were sterilized with 0,5% HgCl2 solution and inoculated 
with Rh. lupini strain 357a (All-Union Institute of Agricultural Micro­
biology). Four and eight weeks after seeding root nodule have been 
counted and weight of green plants reducing sugar content total and 
amine nitrogen, were estimated.

RESULTS

LABORATORY EXPERIMENTS

Simazine, atrazine and prometryne are not toxic for bacteria, but 
triazine has some inhibitory effect on bacteria growth (Table 1). Ge­
nerally, simazine and atrazine did not affect the succindehydrogenase 
activity. Subtantial increase of the enzyme activity occurred under

T a b l e  1
The effect of s-triazines on Rh. lupini

Strain Herbicides

Inhibition zone of bacterial 
growth Dehydrogenase 

activity 
in % 

of control*3.5 mg 7.5 mg*

Simazine 0 0-1/2 _
368a Prometryne 1-2 1-2 220

Tria^ine 7-8 10-12 -

Simazine 0-1/2 0-1 100
357a Atrazine 0-1 1-2 -

Prometryne 1-2 1-2 134
Tria zine 12-14 15-17 -

Simazine 0-1/2 0-1 120
400 Atrazine 0-1 0-1 99

Prometryne 0-1 1-2 235
Triazine 8-9 18-20 -

Simazine 0-1 0-1 110
559° Artrazine 0-1 1-2 115

Prometryne 0-1 0-1 -
Triazine 10-12 14-15 —

* Content of herbicides in the sample
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prometryne effect. This is of interest in connection with the data about 
the correlation of individual nodule bacteria strains and their dehydro­
genase activity [2, 3, 4].

GREENHOUSE ESPERIMENTS

Four weeks after seeding, herbicides at 0.05 mg/kg showed a negative 
effect on the weight of green plants (Tables 2-4). It has been noted that 
a toxic effect was more pronounced in inoculated plants (Table 2). When 
supply of the plants with mineral nitrogen was normal, the toxic effect 
of herbicides did not occur.

T a b l e  2
The effect of herbicides on the crop of lupini per cent of the control

Concentration 
of herbicides 

aç/kg

Inoculated Kon-inoculated

0.I.1Ï* I.O.H. I.O.N. I.O.N.

Simazine 0.01 107.0 96.0 101.5 126.0
0.04 86.5 94.0 116.1 97.6
0.05 57.0 - 90.0 96.5

Prometryne 0.01 93.4 91.3 116.7 91.5
114.4 90.5 139.0 93.4

Atrazine 0.05 63.5 63.0 73.5 94.0

Triazine 0.05
i----

75.4 80.6 82.0 94.5

!j Content of nitrogen in pot as a part of the normal concentration
L

Triazines being herbicides of a photosynthesis action, changed the 
reducing sugar content in plant, what is of importance for nodule for­
mation and also for their activity (Table 3).

Simazine promoted reduction of amide nitrogen content of plants; 
chromatographic analyses of free aminoacids revealed a lack of glu­
tamines in the treated plants. This fact indicates a disturbance of am­
monia assimilation under influence.

Physico-biochemical changes, occurring in plants under the triazine 
effect are accompanied by morphological alterations in lupine root sy­
stem. The data of Table 3 show a drop in nodule number on the roots. , 
The inhibition of nitrogen fixation was connected with the reaction of 
plants on herbicides. When the herbicides were used in non-toxic doses 
for plants, nitrogen fixation activity was either unaffected or augmented 
(Table 4). It may be assumed that the effect of triazines on the symbio-
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T a b l e  3
The effect of herbicides on the some biochemical data and nodulation

Herbicides
Reducing sugar 
mg per gram of

Amide N 
mg per gram of

Plants
with
nodules

Nodules 
of 10 

plants

Weight of 
10 nodul. 

mg
Leaf Root Leaf Root

Control 15.6 7.2 3.4 4.45 93 120 123

Simazine 12.5 5.4 2.8 3.20 65 75 53

Prometryne 10.5 5.0 3.0 3.4 80 92 76

T a b l e  4
The effect of herbicides on nitrogen fixation

Herbicides
mg

TotalN
ng

Quantity of fixed N*

mg In % of control

Control 156.6 44-. 6 100

Simazine 0.01 154.6 44.2 99.0
0.04 159.5 49.5 111.1
0.05 111.0 0.0 0.0

Prometryne 0.01 151.4 47.5 106.5
0.04 190.0 73.3 164.0

*Data presented on the basis of 10 plants

trophic system is determined by their action on the organism more 
sensitive to herbicides. In case of bean-rhizobial symbiosis such organism 
is that of higher plants. Herbicides cause changes in physico-biochemical 
system of plants and thus influence the relationship between nodule 
bacteria and nitrogen fixation.
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I WSPÓŁŻYCIE Z ROŚLINAMI
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S t r e s z c z e n i e

Czyste kultury Rhizobium są bardzo odporne na działanie herbicydów tria- 
zynowych. Wpływ triazyn na symbiozę ujawnia się w ich działaniu na roślinę 
wyższą. Zmiana układu fizjologiczno-biochemicznego symbiozy powoduje zmianę 
warunków rozwojowych bakterii brodawkowych i zmianę aktywności w wiązaniu 
azotu. Dawki herbicydów toksyczne dla roślin hamują również proces wiązania 
azotu.
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ВЛИЯНИЕ ТРИ АЗИН OB HA RHIZOBIUM LUPINI 
И И Х ВЗАИМООТНОШЕНИЕ С РАСТЕНИЯМИ
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Ре з юме
Чистые культуры Rhizobium lupini обладают высокой резистентностью 

к гербицидам триазинового ряда. Влияние триазинов на симбиотрофную си­
стему определяются их влиянием на высшие растения. Изменение его фи- 
зиолого-биохимического состояния приводит к изменению условий развития 
клубеньковых бактерий в клубеньках и осуществления или процесса азото- 
фикации. Токсические для растения дозы гербицидов оказывают ингибиру­
ющий эффект на фиксацию атмосферного азота.




