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ARapid Method of Selecting Rhizobium Strains
E. BAKONDI-ZAMORY and B. GYORGY

National Institute for dgricultural Quality Testing, Buda-
pest and Horticultural Rescarch Institute, Budatétény

The efficiency and virulence of Rhizobium strains are gencrally deter-
mined by sterile plant experiments and evaluated on the basis of the yield
and N-content of the test plant.

The disadvantage of the plant tests consists in their taking a considerably
long time and demanding much work and that the results can be obtained
only 6—8 wecks after the start of the experiment.

Therefore there is a world-wide trend to cut the time necessary for the
plant tests. In order to solve this problem Rasorxova [11] and EBERTOVA [2]
studied the correlations existing between the redox potential values of the
root nodules and effectivity, while WrOBEL [18] investigated the relationship
between the pH and redox potential values of the root sap of pea. VIRTANEN
[15,16], JorpaN and GARRARD [8] as well as BErRGERSEN [1] suceceded in
finding a close correlation between the haemoglobin content of the nodules
and the N-content fixed by the Rhizobium bacteria. Wirrmxca and Barmuls
[17] found & difference in the free amino-acid compositions of the root saps of
pea plants not inoculated, or inoculated with effective and ineffective Rhizo-
bium strains, respectively. With the method developed by these authors the
effective straing can be selected 3 weeks after the seeds were sown.

A new trend in research — and this is the subject of this paper — is to
develop a rapid method to determine the degree of effectivity that can be
used for the selection and the continuous control of a great number of Rhizo-
bium strains.

Feporov [3], Gurra and SEN [4], KERPELY and BAkonDI [10] as well
as SHMIDT [14] have tried to find a correlation on the basis of the N-fixing
capacity of Rhizobium strains of different activity in liquid cultures, the
redox-potential value of the culture medium and the degree of dehydrogenase
enzyme activity.

For a diagnostal determination of Rhizobium strains SCEWINGHAMER
[12] studied the degree of resistance to antibiotics, GramaM and PARKER [7]
the degree of thyamine and pantotenate requirements, of pH value, of tem-
perature-dependent growth, of nitrate reduction and of penicillinase produc-
tion. SILNTROVA and AcADTANIAN [13] studied the correlation hetween the
effectivity and virulence and the respiration of Rhizobium strains.

A close correlation was found to exist between the glucose consumption
(Gupra and SEN [5]), the phosphatase enzyme activity (ZuLEzNa [19]), the
degree of phosphate utilization (GuepTa and SEN [6]) and the effectivity of
the strains.
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In Hungary formerly the effectivity of Rhizobium strains (KErrELY
and BARONDI [10]) was correlated with the change in the redox potential
value of the bacterium suspensions and the intensity of cell respiration.

In this study we examine the possibilities of using the amino-acid con-
sumption of the strains of Rhizobium meliloti, the measurement of the tur-
hidity of the liquid cultures and the changes in the pH value of the cultures
to develop rapid test methods.

Materials and methods

The experiments were carried out with 18 strains of Rhizobium meliloti
that came partly from the collection of Rhizobium strains of the National
Institute for Agricultural Quality Testing, partly from a similar collection of
the Phylaxia State Serum Institute, Budapest.

The strains of Rhizobium meliloti were tested for effectivity and virulence
by plant experiments conducted in sterile test tubes containing nutrient agar.
Each test tube contained 8 ml of Nutman’s culture medium containing 1 per
cent agar. The alfalfa seeds, sterilized with 3 per cent Neomagnol and sterilized
distilled water, were allowed to germinate for 24 hours and then two seed-
lings with 0.5 em long plant embryos were planted into each test tube. The
activity of the control and the various strains was tested 10 times.

The seeds were inoculated with a Rhizobium bacterium suspension
washed off an oblique agar surface set to grade 7 of Brown’s scale. The plants
were grown for 35 days. The evaluation was made on the basis of the green
weight and the N-content of the alfalfa plant.

At the same time as the plant experiment was started, the liquid culture
medium (a 5 per cent haricot bean brew containing 1 per cent mannite),
serving as basis for the rapid laboratory test method, was inoculated with
bacteria taken from the same cultures as those used in the plant experiment.
4 ml of the culture medium was put into each test tube and inoculated with
0,1 ml of bacterium suspension. A culture medium that was not inoculated
served for control purposes. The tests were repeated 20 times. The liquid cul-
tures were incubated at 28°C and the laboratory tests with the methods de-
scribed below took place first after 48 hours and then every four days.

The free amino-acid was determined by paper chromatography. We used
Schleicher-Schiill paper No 2043/b, a solvent system containing n-butanol.
concentrated acetic acid and water (4 : 1 : 1) and ninhydrin containing 0,2 per
cent n-butanol. In order to obtain a better separation of the free ammo-acids
the cartogram was run twice for 16 hours each time.

For a direct determination of the changes occurring in the quantity of
the free amino-acids contained by the liquid cultures another method was
also used. This method which is simpler and more rapid than paper chromato-
graphy is based on colour reaction. According to this method the 14 day-old
liquid cultures were centrifuged at 7000 r.p.m. for 20 minutes to separate the
bacteria. To the clear solution free of bacteria ninhydrin containing 0,2 per cent
n-butanol was added at a ratio of 5 : 1. The components were mixed by shaking
and then the mixture was kept for 20 minutes in a water bath on 80°C. After-
wards the reaction was evaluated by a direct visual inspection of the degree
of discolouration of the upper, ninhydrin containing layer.
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The liquid cultures of the Rhizobium strains of various activity displayed
different degrees of turbidity already on the fourth day of the incubation
period. The degree of turbidity was determined on the 14th day partly by
nephelometric analysis, by means of a Pulfrich photometer, partly by direct
visual evaluation for the purposes of rapid testing.

The pH value of the liquid cultures was measured with an electronic
instrument, with a glass electrode.

Results and conclusions

The effectivity and virulence of the 18 strains of Rhizobiwm meliloti
were classified on the basis of the results of the vegetation experiments as well
as of the total yield and the N-content of the plant (Table 1). As compared
to the control 13 strains proved to be effective and 5 strains turned out to be
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Figure 1

Free amino-acid consumption of strains of Rhizobium meliloti in the liquid eulture
(culture of 2 weeks)

ineffective. Qualified as ineffective were the Rhizobium strains that displayed
a N-content lower than that of the control plants. This difference also mani-
fested itself in the yield. In accordance with the results of the vegetation
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Figure 2

Tree amino-acid consumption of strains of Rhizobiwm meliloti in the liquid culture
(culture of 5 weeks)
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experiment, no change could be observed in the free amino-acid content of
the liquid culture as compared to the control in the case of effective strains
even after an incubation time of 5 weeks. As a contrast, the ineffective strains
considerably reduced the free amino-acid content of the liquid culture already
after 2 weeks, and after the 5th week they used up practically the whole
quantity for their development. The chromatograms of the most effective
(1 to 8) and ineffective (14 to 18) strains of Rhizobium meliloti taken at the end
of the second and fifth week, respectively, are presented in Figures 1 and 2.

The quick colour reaction brought about in the test tube containing
ninhydrin showed, like the chromatographic tests, evaluable differences in the
amino-acid quantities used up by the strains even after an incubation time
of 2 weeks (IMigure 3).

Figure 5
Detection of aminoacid by the rapid ninhydrin colour reaction. — On the left: Iffective
strain Lu 3/67 (1), On the right: Ineffective strain Lu N (18)

In the liquid cultures of the Rhizobium meliloti strains of various activity,
the nutrient solution displayed different degrees of turhidity. With the effec-
tive strains a slight opalization could be observed only in some cases even
after 2 weeks, while with the ineffective strains considerable turbidity presented
itself after the first 48 hours and resulted in a jellv-like state after 2 weeks.
The results of the visual inspection and the nephelometric analysis are given
in Table 1. The fact that the results obtained by the nephelometric analysis
show a considerable scattering can be explained by that, that the culture
medium which became gelatinous in the casc of increased turbidity could not
be measured with the nephelometer with the necessary accuracy.

The pH value of the 2 week-old liquid cultures — as a function of the
activity of the strains — underwent a considerable change. The change of the
pH value, as compared to the control, was +0,1—0,5 with the effective strains
and 41,2—2,2 in the case of the ineffective ones (Table 1).

4%
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A good agreement was observed to exist between the results of the vege-
tation experiment and the laboratory tests of the liquid cultures. The strains
of Rhizobium meliloli that proved to be effective and ineffective, respectively,
on the basis of the vegetation experiment, showed consequently distinet dif-
ferences also in the course of the laboratory tests covering the amino-acid
consumption, the degree of turbidity of the cultures and the change in the
pH value.

To support the above statement, strains Lu K;, Lu 5/12 and Lu 77
were selected from the 18 strains of Rhizobinm meliloti examined and a pot
experiment (in semi-sterile washed quartz-sand) was conducted with them
using the method described in one of our former papers [9] (Figure 4).
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Figure 4

Dotermination of the effectivity of strains of Rhizobium meliloti with a sterile plant

exporiment and with the rapid test method. (a, Ratios of dry matter production of

the plant tests, in per cent; b, amino-acid consumption; c, sym bol of strains; d, change
of pH value in liquid cultures)

The results obtained in this test confirmed the data s upplied by the plant
experiment carried out in the test tube containing nutrient agar. In the labo-
ratory tests conducted with the strains that were found to be effective in the
plant experiment no change occurred in the free amino-acid contents of the
liquid cultures, and the pH values were between 5,5 -6,0 while in the case
of the slightly active strain the free amino-acid spots of the liquid culture
disappeared almost entirely and the pH value was as high as 8,8.

According to the analytical results the determination of the effectivity
of Rhizobium strains made with rapid laboratory methods allows the number
of strains involved in the vegetation experiment to be reduced essentially,
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With the lahoratory method the ineffective sfrains can be sorted out
with full certainty on the basis of the amino-acid consumption, the degree
of turbidity and the pH value.

With the highly active and the ineffective strains, respectively, depend-
able results can be obtained even by applying only one test method, while
with the strains of medium activity the results yielded by the three methods
are not consequently unequivocal so the simultaneous application of the
three methods is advisable. In this way not only the strains with the two
extreme values can be selected, but also statements concerning strains of
medium activity can be made.

Consequently, with the rapid laboratory test the Rhizobium strains
can be selected in maximum two weeks, after a preliminary test consisting
of the amino-acid detection, the rapid ninhydrin colour reaction, the subjective
determination of the degree of turbidity hy visual inspection and the determi-
nation of the pH value was performed. )

Summary

A rapid laboratory test method has been developed for the selection of
a great number of Rhizobium strains. With this method the number of the
Rhizobium strains involved in plant experiments can be considerably reduced.

Tt was found that there was a good agreement between the results ob-
tained in the vegetation experiment carried out to determine the effectivity of
the strains of Rhizobium meliloti and those supplied by the rapid laboratory
test.

With the rapid laboratory test the preliminary selection of the strains
of Rhizobiwm melilofi can be performed in two weeks on the basis of the con-
sequent differences presenting themselves in the amino-acid consumption of
the strains in the liquid culture, the degree of turbidity of the cultures and the
change in the pH value

As regards the effective straing of Rhizobium meliloti, no free amino-acid
consumption takes place in the liquid culture, this latter does not become
turbid but remains clear and the pH value does not exceed 7,2.

As to the ineffective strains of Rhizobium meliloli a large quantity of
the free amino-acid is used up in the liquid culture, this latter becomes con-
siderably turbid and jelly-like and the pH value is above 7,2.
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