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The biclogical fixation of atmospheric nitrogen is influenced by numerous
biotic and abiotic factors. Among the abiotic factors, the activity of micro-
organisms is greatly influenced by the physical and chemical properties of the
soil, the temperature, pH, moisture content, oxidation-reduction potential,
quantity and quality of macro- and microelements and the toxicity. For this
reason, the soil, as an environment, is very important in the rhizobial inocu-
lation of legumes, because the Rhizobium is closely connected with it /HAMDI,
1982/. The inoculated population - which is only able to multiply within a
definite interval - comes into antagonism with the indigenous microbe commi-
nity, which has already been adapted to the environmental corditions for scme
time. So, among the valuable microbe commnities artificially introduced into
the soil, there is permanent conpetition in the continuously changing environ—
ment around them. The capability for competition is defined by the biochemical
potential, ecological tolerance, and geno- or phenotypic plasticity of the
species [SZENDE, 1987; BEATTIE, 1988/. As symbiotic nitrogen fixation is
influenced to a large extent by different soil types, it would seem reasonable
to characterize the original Rhizobium populations of the major soil types in
a national swrvey and to investigate the possibility of combining rhizobial
inoculation with a simple agrochemical technique [SZEGI et al., 1984; BAKONDI-
~ZAMORY et al., 1986/. Within the framework of a five-year work programme,
investigations have been carried out on spontaneous infection. In addition,
the efficiency of the BAKTOLEG inoculum preparated at the Research Institute
for Soil Science and Agricultural Chemistry has been tested on non-fertilized
soils and on soils with optimum contents of different macro- and microelements
/KOVES-PECHY et al., 1983/. The results of the first 3 years of this programme
are reported here.

Materials and methods

Soil sanples were collected from different sites in Hungary, from areas
which have not been fertilized, or only to a slight extent, in recent vyears.

The sites and soil types investigated were as follows: 1. Calcareous
sandy soil [Orbottyan/; 2. Ramann’s brown forest soil [Keszthely/; 3. Brown
forest soil with clay illuviation [Kenyeri/; 4. Brown forest soil with clay
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illuviation /Putnck/; 5. Brown forest soil with clay illuviation [ 7Zalaeger—
szeg/; 6. Brown forest soil [Bicsérd/; 7. Brown forest soil [Eszterag/; 8.
Chernozem brown forest soil [Kompolt/; 9. Calcarecus chernozem soil [Nagy-
horestk/; 10. Lowland chernozem soil [Nagyszénas/; 1l. Chernozem with forest
residuals [Martonvdsdr/; 12. Chernozem soil [Debrecen/; 13. Meadow chernozem
soil [Békéscsaba/; 14. Meadow solonetz soil [Karcag/; 15. Calcareous meadow
soil [Agyagosszergény/; 16. Alluvial meadow soil [Magyardvar/.

The soils were utilized after physical and chemical analyses.

From the 16 soil samples collected, pot trials were set up in a plant
growth chamber. The experiment was carried out using Vincent'’s method
JVINCENT, 1970/. The soils were put into 2 kg plastic pots with holes in the
pottom and a lower layer of 200 g of gravel for aeration and water drainage.
Before use, the soils were screened through a 5 mm ¢ mesh under air—dried
conditions. The test plants used were lucerne [species Nagyszénas/, peas
/Rhenish Dwarf/, horse-beans [Lippd/ and soybeans [Ewans/. Based on the
physical and chemical analyses of the soil samples and on literary data
/BUZAS and FEKETE, 1979/, a soil enriched with nutrients was selected. In
each case, a nitrogen-free fertilizer was mixed into 50% of the soil samples.

The peat-based BAKTOLEG inoculum was used, containing 5x108,’ g of
Rhizobium bacterium. 50% of the seed was treated with the inoculum, so
inoculated and non-inoculated variants were obtained. This meant that the
experiment involved testing about 350 pots per year, because for each soil
there were inoculated and non-inoculated variants, treated or non-treatecd
with mineral nutrients, with 4 different lequmes, in four replications:

1. Control; 2. Rhizobium inoculation [with peat-based BAKTOLEG inoculum/;
3. Additional fertilization /with N-free macro- and microelements/ amd
4, Additional fertilization + Rhizobium inoculation.

The pot scil was moistened first after additional fertilization and
then, one day before sowing to 65% water capacity. 21 lucerne seeds were
planted per pot at a depth of 0.5 am, while 7 peas, horse-beans and soybeans
were planted per pot at a depth of 1-1.5 cm. After moistening with distilled
water, the seeds of non—inoculated variants were treated with sterile peat,
whereas in the inoculated variants lucerne was inoculated with R. meliloti,
peas and horse-beans with R. legumincsarum and soybeans with Bradyrhizobium

japcnicum. The plants were watered as required using distilled water.

Results

After an incubation period of 8-9 weeks, the follcwing parameters were

investigated:

1. ury matter production /g per 100 plants/;

2. N content as a % of dry matter;

3. Nodule number [per 100 plants/;

4. Acetylene reduction activity /ARA/ nmol CyH,/24 hours/100 plants.
The present paper contains the results obtained for points 1 and 2.

The plants were selected randemly for evaluation: 15 plants per pot
for lucerne, and 5 plants per pot for peas, horse-beans and soybeans. The
shoots were dried at 40 OC and measured using an analytical balance. The
nitrogen content of the plants was determined by the Xjeldahl methcd.

In the case of lucerne [Table 1/ without fertilization, a rhizobial
inoculation effect was observed, between the limits of 2-68%, in most of
the 16 soils tested. A significantly higher dry matter production was
cbtained after inoculation on two chernozem soils [BSkéscsaba: 68.5% and
Kompolt: 30.2%/ and a calcarecus sandy soil [Orbottyén: 29.2%/. A brown
forest soil with clay illuviation /[Putnok/, a calcareous chernozem [Nagy-
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szénas/ and a meadow solonetz soil /Karcag/ also gave good results. In 10O
cases, the yield of lucerne was significantly increased by fertilization.
When this was combined with rhizobial inoculation, a significantly higher
dry matter production was obtained in 9 soils. The effectiveness of
rhizobial inoculation could not be observed in the following cases: in a
brown forest soil with clay illuviation /Kenyeri/, in a chemozem /Debrecen/
where the original N content of the soil was high, and in another brown
forest soil with clay illuviation [ Zalaegerszeg/ where, on the other hand,
the pH valve of the soil was very low /3.5/, possibly preventing inoculation
from being effective. In the case of lucerne the nitrogen content was sig-
nificantly increased by rhizobial inoculation in two soils; when cormbined
with fertilization, the effect was only significant in one case.

Ixperiments with peas [Table 2/ showed a significant effect of rhizobial
inoculation in three soils: to the greatest extent in a calcareous chernczem
soil [Nagyszénés, 79.3%/ and also in two brown forest soils /Kenyeri, Eszterdg
37%/. In the case of 5 soils, rhizobial inoculation combined with fertiliza-
tion showed a positive significant difference: e. g. in a calcareous chernozem
/Nagyszénas 96.0%/, in a brown forest soil /Kompolt 83.3%/, in a meadow
chernozem [Békéscsaba 86.6%/. In a meadow chermozem soil /Agyagosszergény/
the dry matter production was increased by 31.4%. Rhizobial inoculation
caused a significant increase in the % nitrogen content of pea plants both
with and without fertilization in a calcareous sandy soil /&rkottyan, 46.3%
and 53.2% respectively/.

When horse-beans were the test plant /Table 3/ the yield was signifi-
cantly increased by rhizobial inocculation without fertilization in a calcar-
eous chernozem soil [Nagyszénds, 33.9%/. With fertilization, the dry matter
value after inoculation was significantly higher in 5 soils. These are as
follows: chernczem brown forest soil [Kompolt 51.9%/, calcareous chernozem
/Nagyszénds 34.9%/, brown forest soil /Ricsérd 25.2%/, loess brown forest
soil [Eszterdg 25.2%/ and meadow chernozem /Békéscsaba 15.2%/. The effect of
additional fertilization was the most promising for horse bean plants. After
rhizobial inoculation, the yield was significantly increased in 14 cut of 16
scil samples compared to the similarly inoculated, but non-fertilized variants.
The nitrogen content values were not increased either by rhizobial inocula-
tion or by fertilizaticn in the majority of cases.

For soybeans [Table 4/ rhizobial inoculation led to a significant in-
crease in yield without fertilization [meadow solonetz soil Karcag 65.1%,
Ramann’s brown forest soil Keszthely 63.3%, calcarecus sandy soil, Orbottyan
58.4%; chermozem brown forest soil, Putnok 52.7%, and chermozem brown forest
soil Kompolt 34.5%/ and in 9 soils after fertilization.

Examples of the significantly higher yield cbhtained when fertilization
was combined with rhizobial inoculation, compared to the non-fertilized,
rhizobium-inoculated variant, are a calcareocus meadow soil, Agyagosszergény
57.1%; chernozem brown forest soil, Kenyeri 19.6%; and calcarecus chernozem,
NagyhSrcsok 19.1%.

In non-fertilized variants, the nitrogen content showed a significant
increase /73.7% on average/ compared to the control due to the effect of
rhizobial inoculation. When combined with fertilization, this value showed
an average increase of 97.8%.

341



References

BAKONDI-ZAMORY, E. et al., 1986. The effect of Hungarian soil types on fixa-
tion performance of alfalfa. XIII. Kongress der IBG, Hamburg. 13. bis
20. August, 1986. Band II. 549-550.

BEATTIE, G. A. and HANDELSMAN, J., 1988. Nodulation competitiveness of
Rhizobium leguminosarum bv. phaseoli in the laboratory, greenhouse and
field. In: Nitrogen Fixation - Hundred Years After. [Eds.: BOTHE, H.,
BRUILJN, F. J. de and NEWION, W. E./ 777. Gustav Fischer. Stuttgart -
- New York.

BUZAS, I. and FEKETE, A. /Ed./ 1979. /[Fertilization principles and a farm
calculation method./ MEM NAK, Budapest.

HAMDI, Y. A., 1982. Application of nitrogen-fixing systems in soil improvement
and management. FAO Soils Bulletin. Rome.

KUVES-PECHY, K. et al., 1988. Herstellung, Kontrolle und Wirkungsgrad des
Impfstoffes Baktoleg unter verschiedenen Skologischen Bedingungen.
Zentralbl. Mikrobiol. 143. 309-315.

SZEGI, J. et al., 1984. The effect of different N and PK-levels on the
Np-fixation of Rhizobium meliloti in some Hungarian soils. In: Fight
Against Hunger Through Improved Plant Nutrition. /Eds,: WELTE, E. and
SFABCLCS, I./ Vol. 2. 113-116.

SZENDE;, K., 1987. Competition among rhizobia followed by bacteriophage
typing. In: Soil Biology and Conservation of the Biosphere. Ed.:
SZEGI, J./ 363-371. Akadémiai Kiadd. Budapest.

VINCENT, J. M., 1970. A manual for the practical study of root nodule
bacteria. Blackwell Sci. Publ. Oxford.

342





