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Abstract
In field experiment the effect of two active ingredients (imazethapyr and linuron) on symbiotic nitrogen
fixation activity and microorganisms under legume crops (pea, horse bean, yellow lupine, white lupine, soybean) was determined.
The studies indicated that both imazethapyr and linuron can cause decrease of root-nodule bacteria
nitrogenase activity. They also can stimulate development of bacteria and inhibit growth of fungi.
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Introduction
Use of herbicides for weed control in legume fields has
contributed to increased yield and improved quality [11].
Frequently, herbicides not only affect plant growth but have a detrimental effect on soil microorganisms, growth and
metabolism [4, 18, 22]. Some studies have evaluated the
effect of different herbicides on Rhizobium growth and nitrogen fixation activity. The effect depends on the herbicide, its concetration, and different weather conditions. Applied research methodology also may depend on the Rhizobium or Bradyrhizobium species and even the strain used
[5, 8, 10, 14, 16, 22, 25].
The herbicides have possible targets in both the legumes and symbiotic bacteria, too. There is little information
available on imazethapyr and linuron effects on symbiosis.
The objective of this study was to observe the effect of
imazethapyr and linuron on soil microflora under legume
crops and on dinitrogen fixing activity of nodulating bacteria.
Material and Methods
Field trials were conducted with pea (Pisum sativum
L.), horse bean {Viciafaba L.), white lupine (Lupinus albus
L.), yellow lupine {Lupinus luteus L.) and soybean {Glycine max L.) grown at the Brody Agricultural Experimental
Station of Agricultural University of Poznan during 1996
growing season on 25 m x 2.25 m plots.

Seeds were inoculated with effective strains of: Rhizobium leguminosarum 312 - pea, Rhizobium leguminosarum
AS - horse bean, Bradyrhizobium sp. NF - white and yellow lupines and Bradyrhizobium japonicum 94p - soybean,
from the collection of the Department of Microbiology of
the Institute of Plant Cultivation, Fertilization and Soil
Science in Pulawy, Poland, directly before sowing.
One month after sowing, the crops were fertilized with
ammonium nitrate at a rate of 30 kg N • ha-1.
Two herbicides were utilized to assess the effect on soil
microflora. Pivot 100 - active ingredient imazethapyr was
applied preemergence at 90 g • ha-1 and postemergence at
the same rates (9-10 days after emergence). Afalon - linuron a. i. was applied preemergence at 850 g • ha-1. Plots
without herbicides were used as the control.
All field experiments were arranged in a randomized
complete block design with four replications.
For microbiological analyses soil was collected from
under legume crops at five dates: postemergence, in the
phase of full development of the plants, in the blooming
phase, at the beginning of seed formation, and after harvest. Using the pour plate method [6], the total number of
bacteria and actinomycetes [13], the number of proteolytic
bacteria [3] and fungi [15], as well as the number of free
- living dinitrogen fixing bacteria of Azotobacter species
[20] were determined in the various soil samples.
At the begining and at the full of plant blooming phases,
the activity of N2 - fixation was determined directly on the
field using the acetylene reduction assy (ARA) [21].
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All microbiological analyses were made in five replications and illustrated as the arithmetic mean.

Results and Discussion
The total number of microorganisms, especially bacteria, in the soils without herbicides (the control soils) analyzed at different stages of the vegetative season was related
to the developmental phase of the legume plants and was
greatest at the blooming phase which resulted from the
highest photosynthetic activity of these plants at that phase.
But, the mean number of microorganisms during all the
vegetation season (in these soils) depended on the crop
species (Figures 1-5).
The lowest number of bacteria was noted under pea and
the greatest under yellow lupine (Fig. 1). It ranged from
11.64 • 106 to 19.35 • 106 cells per one gram dry weight of
soil, respectively. Also, in the control soil under yellow
lupine was found the highest number of proteolytic bacteria
and actinomycetes (Figures 2 and 3) as compared to the
control soils under other legume plants.
But, in the soil under soybean the highest number of
fungi (81.55 • 103 per 1 g dried of soil) and lowest under
pea (50.36 • 103) (Fig.4) was noted.
In the soil where herbicides were applied, a general
increase of bacteria numbers were observed in most experimental combinations. The only exception was yellow
lupine, under which a fall in the mean number of bacteria
was found in the presence of herbicides as it compared to
the control soil (Fig.l). This was reflected in the mean

Fig. 3. Mean number of actinomycetes in soil under legumes
during vegetation season.

Fig. 4. Mean number of fungi in soil under legumes during vegetation season.

Fig. 5. Mean number of Azotobacter in soil under legumes during
vegetation season.

Fig. 1. Mean total of bacteria in soil under legumes during vegetation season.

Fig. 6. Nitrogenase activity in the root-nodule bacteria at plant
flowering stage.

Fig. 2. Mean number of proteolytic bacteria in soil under legumes
during vegetation season.

number of microorganisms from almost all analyzed soils
where herbicides were applied (Figures 1-5).
As noted in our experiment, and many other studies [1,
12], soil microorganisms generally react to herbicides by
increasing their biomass and activity, although inhibitory
effects have also been noted [22, 24].
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Table 1. Dinitrogen fixation rates in legume crops (kg N • season-1)

319
hapyr on pea - Rhizobium symbiosis was studied by Gonzales et al. [9]. They suggested that imazethapyr inhibits
the growth of the symbiotic plant rather than having a direct effect on the bacteria.
Nitrogen fixation by root-noduling bacteria Rhizobium
and Bradyrhizobium results in a significant input to many
types of farming systems. For instance, even 80% of total
N in legume plants can be supplied by root-nodule bacteria [21]. Therefore, the effect of herbicides on legume
nitrogen (N2) fixation is of great importance. Many studies
have indicated differentiated effect of herbicides on nodulation and dinitrogen fixation. In most cases it was found
that applied herbicide doses are safe both for nodulation
and maintaining full dinitrogen fixation activity although
Bollich et al. [2] reported that metribuzin reduced soybean
nodulation and N2 fixation rate (by ARA) by 50%. Rennie
and Dubetz [19] found that linuron did not decrease the N2
fixation rate. It was found, too, that postemergence herbicides also affect nodulation and N2 fixation [17, 23, 26].
In our experiment white lupine reacted strongly to linuron
lowering N2 fixation rate. De Felipe et al. [7] showed that
white lupine had little tolerance to simazine and strongly
reduced the N2 fixation rate.
Our study indicated that not only the kind and concentration of a herbicide decide its effects on microorganisms
and their activity, but also the crop itself.

References

Explanation:* - measurement was carried out at the beginning of
root nodulation (before flowering).
Also concerning the activity of dinitrogen fixation in
the legume crops, the effect of herbicides can have great
importance. In our experiment distinct adverse effect of
herbicides concerned dinitrogen fixation by the root —noduling bacteria (Fig. 6, Tab. 1). Imazethapyr applied postemergence and linuron lowered nitrogenase activity in all
experimental combinations. Particuraly strong fall, by
about 90% as compared to the control was noted for Bradyrhizobium - white lupine dinitrogen fixation.
Imazethapyr applied preemergence slightly stimulated
pea and horse bean ARA rates and decreased them in lupines and soybeans. These results do not fully conform to
earlier studies [22], where a clear decrease in nitrogenase
activity due to herbicides under pea was noted - especially
with imazethapyr preemergence applied. These differentiations may result from different conditions and imperfection
of the applied research methodology. The effect of imazet-

1. ATLAS R. M., PRAMER D., BARTHA R. Assesment of pes
ticide effects on non - target soil microorganisms. Soil Biol.
Biochem. 10, 231, 1978.
2. BOLLICH P. K., DUNNIGAN E. P., JADI A. W. M. Effects
of seven herbicides on N2 (C2H2) fixation by soybeans. Weed
Science, 33, 427, 1985.
3. BURBIANKA N., PLISZKA A. Mikrobiologiczne badania
produktow zywnosciowych. Warszawa, PZWL, 1963.
4. BURNET M., HODGSON B. Differential effects of the sulfo
nylurea herbicides chlorsulfuron and sulfometuron methyl on
microorganisms. Arch. Microbiol. 155, 521, 1991.
5. CLARK S., MAHANTY K. Influence of herbicides on growth
and nodulation of white clover Trifolium repens. Soil Biol.
Biochem. 23, 725, 1991.
6. DAVID A. ZUBERER. Recovery and enumeration of viable
bacteria. In: Methods of Soil Analysis (eds. R. W. Weaver et
al.). Part 2. Microbiological and biochemical properties. Soil
Science Society of America, Inc., Madison, 1994.
7. De FELIPE M. R., FERNANDEZ - PASCUAL M., POZNELO M. Effects of the herbicides lindex and simazine on chloroplast and nodule development, nodule activity, and grain
yield in Lupinus albus L. Plant and Soil, 101, 99, 1987.
8. EBERBACH P. L., DOUGLAS A. Herbicide effects on the
growth and nodulation potential of Rhizobium trifolii with Tri
folium subterraneum L. Plant Soil, 119, 15, 1989.
9. GONZALES A., GONZALES-MURUA C, ROYUELA M.
Influence of imazethapyr on Rhizobium growth and its sym
biosis with pea (Pisum sativum L.). Weed Science, 44, 31,
1996.
10. KISHINEVSKY B. R., LOBEL R., LIFSHITZ N., GURFEL
D. Effects of some commercial herbicides on rhizobia and
their symbiosis with peanuts. Weed Res. 28, 291, 1988.
11. KNOTT C. M. Herbicides for peas. In: Pesticides and nitrogen
cycle, Vol. Ill, (eds. R Lai and S. Lai). CRC Press, Boca
Raton, FL, 47, 1985.

320
12. LEWIS J. A., PAPAVIZAS G. C, HORA T. S. Effect of some
herbicides on soil microflora. Soil Biol. Biochem. 10, 137,
1978.
13. LOHNIS F. Landwirtschaftlich bacteriologisches Prakticum.
2 Aufl. Gebruder Borntraeger, Berlin, 1920.
14. MARTENSSON A. M. Effects of agrochemicals and heavy
metals on fast growing rhizobia and their symbiosis with small
seed legumes. Soil Biol. Biochem. 24, 435, 1992.
15. MARTIN J. P. Use of acid, rose Bengal, and streptomycin in
the plate method for estimating soil fungi. Soil Sci. 69, 215,
1950.
16. MOORMAN T. B. Effects of herbicide on the survival of
Rhizobium japonicum strains. Weed Sci. 34, 628, 1986.
17. OZAIR C. A., MOSHIER L. J. Effect of postemergence her
bicides on nodulation and nitrogen fixation in soybeans (Gly
cine max). Appl. Agric. Res. 3, 214, 1988.
18. QUINN J. P., PEDEN J. M. M., DICK R. E. Glyphosate
tolerance and utilization by the microflora of soils treated with
the herbicide. Appl. Microbial. Biotechnol. 29, 511, 1988.
19. RENNIE R. J., DUBETZ S. Effect of fungicides and herbici
des on nodulation and N2 fixation in soybean fields lacking
indigenous Rhizobium japonicum. Agron. J. 76, 451, 1984.

Sawicka A. et al.
20. RODINA A. Mikrobiologiczne metody badania wod. PWRiL,
Warszawa, 1968.
21. SAWICKA A. Ekologiczne aspekty wiazania azotu atmosferycznego. Roczniki Akademii Rolniczej w Poznaniu. 134, 1,
1983.
22. SAWICKA A., SKRZYPCZAK G., BLECHARCZYK A. In
fluence of imazethapyr and linuron on soil microorganisms
under legume crops. Proceedings of the Second International
Weed Control Congress. Copenhagen, vol. 1: 361, 1996.
23. SCHNELLE M. A., HENSLEY D. L. Effect of pesticides
upon nitrogen fixation and nodulation by dry bean. Pestic.
Sci., 28, 83, 1990.
24. SCHUSTER E., SCHRODER D. Side - effects of sequentially
- applied pesticides on non - target soil microorganisms: field
experiments. Soil Biol. Biochem. 22, 367, 1990.
25. SPROUT S. L., NELSON L. M., GERMIDA J. J. Influence of
metribuzin on the Rhizobium leguminosarum lentil (Lens culinaris) symbiosis. Can. J. Microbiol. 38, 343, 1992.
26. WACHE H. Effect of herbicides on symbiotic nitrogen fixa
tion of lucerne (Medicago sativa L.). Zentralbl. Microbiol.
142, 349, 1987.

