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The data available at present on the effect of nitrogen-fixing micro-
organisms on the yield of non-lequmincus plants are contradictory, and the
balance experiments taking into account the changes of soil nitrogen content
due to the activity of diazotrophs are not abundant.

In pot experiments carried out on a grey forest soil the effect of
inoculation of oat /Avena sativa L./ with Azospirillum brasilense sp7 and
Azotobacter chroococcum and the inoculation of rape [Brassica napus L./ with
Bacillus polymyxa on the yield and nitrogen balance in the soil has been
studied. Five cat plants were grown up to ocmpleti ripeness in the pot con-
taining 5 kg of air-dried soil to which labelled 5N ammoniun sulphate had
been applied at a rate of 4 mg N/100 g of so0il on a PK background. In the
first experiment cat plants were inoculated with suspensions of Azospirillum
brasilense sp7, in the second with Azotobacter chroococcum at a rate of 106
cells per 1 plant. Ten rape plants were cultivated in the third experiment
in a climatic chamber in a pot containing 5 kg of air-dried soil to the end
of bloamning [45 days/ at 18-20 ©C from 8 a. m. till 8 p. m. under illumina-
tion of 20 klux, the rest of the time the plants were kept at 15 ©C in dark-—
ness. Ca/NO3/p was applied at a rate of 2 mg N/10O g of soil on a PK back-
gromd. The rape seeds were inoculated with a suspension of the standard
strain Bacillus polymyxa and a mutant strain B;%;ylny;g, which has an in-
creased nitrogen fixing activity, at a rate of 10%¥ cells per 1 plant. In
all the experiments the plants were watered with deionized water, maintaining
soil moisture at a level of 60% WHC. The activity of CoHp/Np-fixation in the
rhizosphere of plants was assayed in dynamics according to the phases of
plant development by acetylene technique [UMAROV, 1976/.

After harvesting, the total nitrogen content of the plants and soil was
determined by indophenolic method /KUDEYAROV, 1972/ and 19N excess % was
assayed by an emission spectrometer NOI-5 /GDR, Stratron/. The total nitrogen
content of the soil samples at the end of the experiment was determined in 15
replications for each treatment and the initial one.

Oat inoculation with Azospirillum did not lead to yield increase in the
first experiment and had no effect on the uptake of fertilizer and soil
nitrogen by the plants [Table 1/. However, after the addition of Azospirillum
to the soil a steady increase in the 14N content of the soil was observed at
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the end of theﬁ@er:iment as compared with its initial amount which resulted
in a positive "N balance in the "soil-plant" system.

Under the effect of Azotchbacter application in the second experiment the
grain weight and total bicmass of cat plants tended to increase whereas a
solid 150% increase of rcot weight was observed [Table 1/. Azotcbacter had
practically no effect on the nitrogen uptake by grain and total biomass of
plants. As a result of the treatment with Azotobacter and the application of
Azospirillum in at the end of the first experiment a solid increase of Ly
content of the soil and a positive balance were found.

The data obtained by the balance method are in good agreement with the
data on nitrogen-fixing activity determined by the acetylene technique /Table
2/. The nitrogenase activity in the rhizosphere of the oat plants increased
during their development and reached maximum values in the blooming and milky
stages. Under the effect of the application of Azospirillum, nitrogen-fixing
activity in the oat rhizosphere was 4 times higher on the average during all
stages of the ontogenesis as compared with the treatment without adding micro-
organisms. In a number of experiments after the inoculation of non-legumes
with Azospirillum an insignificant yield gain or its absence under simulta-
neous significant enhancement of nitrogen fixation was cbserved [BARBER et
al., 1976, 1979; O'HARA et al., 1981; SMITH et al., 1984/.

Table 2
Acetylene reduction in the rhizosphere of ocat
N, mg/pot/hour x lO_3 2
Microorganisms SVSERgS
gl Heading Blocming Milky stage during vegeta-
tion period

Without inocculation 0.3 fo0.2 3.3 +0.9 2.9 o9 2.4 % o4
Azospirillum brasi- 5 5 P i
lense sp 7 3.8 -0.7 20.3 =-9.9 5.2 -~ 0.4 9.8 - 3.7
& Values are means for 3 replicaticns

Table 3

Weight of rape green mass, nitrogen uptake by plants and acetylene reduction
activity in the rhizosphere of rape

Nitrogen Acetylene reduction activity

mgigr uptake in the rhizosphere of rape,
Microorganisms ! by plants mg/pot/hour x 10™3
beginning flower budding-
g/pot mg/pot  of flower -the beginning
budding of blocming
fdthout inoculation 14.7 133 3.9 118
Bacillus polymyxa,
wild type 15.5 151 6.3 2.38
Bacillus polymyxa,
mutant strain 14.8 145 1.2 1.49

Acetylene reduction activity was not determined at the end of blocoming
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In our experiments the application of relatively small amounts of miner-—
al nitrogen /4 mg N/100 g of soil/ stimulated associative nitrogen fixation
during oat cultivation [Tables 1, 2 and 3/. The inoculation of non-leguminous
plants with Azospirillum and Azotobacter with similtaneous application of low
rates of mineral nitrogen are reported to have a positive effect on associa-
tive nitrogen fixation and yield [SMITH et al., 1984; MARTINEZ-TOLEDO et al.,
1988/.

Since during our experiments the plants were irrigated with water con-
taining nc nitr? en, and no ammonia was observed in the surrounding atmo-
sphere, excess —*N found in the soil after the vegetation period and its
positive balance at the application of nitrogen~fixing microorganisms can be
accounted for only by the enhancement of nitrogen fixation. This is proved
by the fact that in the treatments without micrcorganisms no reliable changes
in the nitrogen content of the soil and its positive balance are found after
the vegetation period. In our experiments the amounts of nitrogen accumilated
in the soil by nitrogen-fixing bacteria can be compared with the rate of
applied nitrogen fertilizers. At the end of the experiments an increase of
the nitrcgen content of the soil and substrate [sand/ available for growing
plants was found due to the activity of heterotrophic nitrogen-fixing bacteria
after rice cultivation /SINGH and SINGH, 1987; SIROTA, 1982/.

Probably the nitrogen fixed by these diazotrophs is not available to
plants during the vegetation period due to its localization in the soil in
microbial bicmass [AZAM et al., 1986/ or in the humous substances [KALININS—
KAYA et al., 1979/.

Rape inoculation both with standard and mutant strains of B. polymyxa
did not result in the greater yield of the above-ground mass of rape, however,
at the same time the nitrogen uptake by plants increased slightly /[Table 3/.
The experiment showed that at the beginning the inoculated plants grew better
than the non-inoculated ones, i.e. the former started to kloom 10 days
earlier than the latter ones. But after harvesting, at the end of blcoming
the difference between them practically disappeared. Determination of nitro-
gen—fixing activity in the rape rhizosphere also proved that at the beginning
of the flower budding stage, when B. polymyxa, especially the mutant strain
was applied, the nitrogen-fixing activity was considerably higher as compared
with the non-inoculated treatmrent [Table 3/. At the next stage of plant devel-
cprent the nitrcgen-fixing activity in the rhizosphere of inoculated plants
was considerably lower than that in the treatment without inoculation.

Thus, the results of balance experiments show that in the absence of
Azospirillum and Azotobacter the effect on the oat yield due to the enhance—
ment of nitrogenase activity in the rhizosphere, nitrogen fixed by diazotrophs
is accumuilated in the soil, thus increasing the amount of nitrogen stored
these. Inoculation of rape plants with B. polymyxa stimulates plant develcp-
ment during the first stages of growth, increasing nitrogen fixation in the
rhizosphere and slightly increasing nitrogen uptake by the plants but having
no favourable effect on the yield of green mass.
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