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Abstract: The effect of the highly efficient strains Azotobacter chroococcum
and Azospirllium lipoferum was studied on the yield of two varieties of sugar beet and
on the microbiological activity of the carbonate chernozem, on which this crop was
cultivated. Investigations have shown that the application of nitrogen-fixing bacteria
may exert higher yield of root and crystal sugar, but at the cost of decrease in
potassium, natrium and alpha-amino nitrogen in sugar beet. The use of nitrogen-fixing
bacteria resulted in a higher total number of microorganisms, more numerous
ammonifiers, actynomicetes, oligonitrophilic bacteria and in a stronger dehydrogenasis
activity, whereas fungi decreased in number.
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Introduction

It was estimated that, in the process of biological nitrogen fixation,
around 170 J 190 million tons of atmospheric nitrogen from the atmosphere can
annually be fixed on the planet in all the ecosystems, using nitrogen-fixing
bacteria (Babeva and Zenova, 1989). Thus, in the process of nitrogen fixation,
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nitrogen-fixing bacteria are able to fix 20-60 kg N per hectare of arable soil, and
by some authors, even up to 150 kg (Doberainer et al. 1972; Misustin et al.
1982; Govedarica et al. 1994 and ohers). In addition, nitrogen-fixing bacteria are
able to rapidly colonize and enhance on or in the plant root so that entire
biological nitrogen is sent to plant. Biological nitrogen has many advantages,
such as: it is more suitable than that found in mineral fertilizers, then, it travels
directly (no losses) in the form suiting plants and, is the cheapest and non-
contaminant to the environment.

Nitrogen-fixing bacteria can also accumulate a range of heavy metals
and radioactive matter, thus, such substances are excluded from the process of
cycling and do not reach plants, consequently. Due to their multiple positive
effects, nitrogen-fixing bacteria are able to enhance both quantity and quality of
plant production and a better microbiological activity of the soil, too.

The major objective of this study was therefore to thoroughly investigate
the effect strains of Azotobacter chroococcum and Azospirillium lipoferum had
on the yield of sugar beet as well as on the microbiological activity of the soil
under this crop.

Material and Method

Three strains of Azotobacter chroococcum (84, 86, 201) and two strains
of Azospirillium lipoferum (4,5) from the collection of the Laboratory of
Microbiology of the Agricultural Faculty in Novi Sad, were used for these
investigations. The effect of nitrogen-fixing bacteria was tested on two varieties
of sugar beet: Dana (bred at the Institute of Field and Vegetable Crops in Novi
Sad and, Alina (bred at the Institute of Sugar Beet in Aleksinac), which were
cultivated in field conditions on the carbonate chernozem type of soil. Wheat
served as a preceding crop. Autumnal deep ploughing up to 30 cm was
performed. Before the harvest, disc harrow and seedbed conditioner were
applied. The trial was set up with five replications with elemental plot 30 m2 in
size. At pre-sowing, 400 kg/ha NPK (18 : 16 : 24) was ploughed in and
additional foliar nutrition was performed with Murtonik. The titre of cells of
Azotobacter chroococcum ranged from 18-35 x 106 cells per 1.0 ml of the
suspension, and the titre of cells of Azospirillium lipoferum ranged from 10-22 x
106 cells per 1.0 ml of the suspension. The control treatment was not inoculated.
Two cultivations and one digging were performed for weed control. Of the
herbicides, Dual (1.5 t/ha) and Venzar (0.7 kg/ha) were single and, of the
insecticides, Monokrotofost (1 1l/ha) was applied, with fungicides against
Cercospora beticola Sacc., being also performed. Impact (0.5 kg/ha) + Brestan
(0.7 kg/ha) was first and Duet (1 1/ha) second applied. Alpha-amino N, Na, K
and crystal sugar were determined using the method of Wieninger and
Kubadinov (1992). The yield of sugar beet was expressed in tons and that of
crystal sugar in kilos per hectare. Digestion was determined according to JUS E
V1080 II, which has been in use since 1967.

The samples for microbiological analysis were taken in a sterile manner
between the rows of beet at the depth of 10-30 e¢m. The number of
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microorganisms was determined using standard microbiological methods after
Pochon and Tardieux (1962), Krasiljnikov (1970), an indirect method of dilution
applying an appropriate dilution of soil suspension to appropriate nutritional
bases. Dehydrogenasis activity was determined spectrophotometrically after
Lenhard (1956) and modified after Thalman (1968).

Results and Discussion

It was established that bacteriyation of beet seed with nitrogen-fixing
bacteria could enhance, both root yield and its sugar content, as well as the soil
microbiological activity. -

The strains involved Azotobacter chroococcum and Azospirilium

lipoferum indicated an outstanding efficiency in both varieties of sugar beet
(Tab. 1 and 2).

Tab 1. Effect of diazotrophes on yield and quality of sugar beet variety Dana

Varieties Yieldroot Digestion K Na  a-amino-N White sugar
(tha) (%) m mola/100g yield (kg/ha)

Control 54,8 14,7 4,40 1,70 3,80 6600,0

Azotobacter chroococcum

Shinegd 75,0 16,0 4,50 1,25 2,05 7200,2

Azotobacter chroococcum N

strain-86 64,0 16,4 4,30 1,40 2,04 7111,0

Azotobacter chroococcum = -

strain-201 69,0 15,5 430 1,30 2,20 8490,1

Azospirillum lipoferum

At i 74,0 155 4,21 0,95 2,29 9400,0

Ampalmlipolem g, 152 430 097 2,20 8000,0

strain-35

Tab. 2. Effect of diazotrophes on yield and quality of sugar beet variety Alina

Varieties Yield root Digestion K Na __a-amino-N White sugar
(t/ha) (%) m mola/100g yield (kg/ha)

Control 553 13,8 5,50 0,95 4,00 6190,0

Azotobacter chroococcum

o 58,0 15,0 5,04 0,80 3,00 6800,0

Azo'lobacter chroococcum 64.4 15.6 4.60 080 2.80 8500.4

strain-86

Azo'tobacter chroococcum 65.5 15.4 4,60 095 2,00 7945,3

strain-201 Y

Azo.spmllum lipoferum 61.0 15.9 445 090 184 7511,1

strain 4

Azot9p1r111um lipoferum 63,4 14,0 455 0,80 2,00 5499,9

strain-5

Thus, the highest efficiency in the variety Dana was obtained .using
azotobacter, strain 201 and azospirilum, strain 4. In the variety Alina, the highest
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efficiency was exerted using azotobacter, strain 86 and azospirilum, strain 5. The
yield and its quality were also enhanced in other plant species (Doberainer et al.
1972; Umarov, 1982; Feodorova, 1990; Govedarica et al., 1994, 1996; Jarak et
al. 1998). According to these longterm studies, the use of various nitrogen-
fixing bacteria has considerably increased beet and its sugar yield (Govedarica et
al., 1997a, b, ¢; Milosevic et al., 1997a, b; 1998a, b, c). Antipcuk et al. (1997)
reported that the use of azotobacter in beet production might enhance root yield
and its crystal sugar content by 5900 kg/ha and 1000 kg/ha, respectively.
However, such values were proven much higher in the present studies. On the
other hand, the use of nitrogen-fixing bacteria also caused a decrease in
potassium, natrium and alpha-amino nitrogen in the root (Tab. 1 and 2). On the
average, nitrogen-fixing bacteria indicated the best efficiency in the variety Dana
and somewhat poorer one in Alina. Introduction of nitrogen-fixing bacteria with
beet seed brought about an increase in the total of microorganisms (Tab.3),
actynomicetes (Tab.4), azotobacter (Tab.5), oligonitrophilic bacteria (Tab.5) and
dehydrogenasis acivity (Tab.6) and, a decrease in the number of fungi. On the
average, it was in the variety Dana that nearly all the test groups of
microorganisms appeared in the highest number, whereas in Alina they appeared
in a lower one.

Based upon these and many other investigations, it is evident that
nitrogen-fixing bacteria are to be selected on the level of a plant genotype which
will enable the most efficient strains to be bred (Umarov, 1983; Zavjaginicev,
1985; Vasjuk, 1987; Govedarica et al. 1990, 1994, 1996, 1997, 1998). Further
use of nitrogen-fixing bacteria in beet production would make it much more
profitable with a highly valuable product ensured.

Tab.3. Effect of Nitrogen-fixing Bacteria on the Total of Microorganisms and the
Number of Ammonifiers in Soil under Sugar Beet

Varieties Total number of Ammonifiers
microorganisms (106/g soil) (106/g soil)
Dana Alina Dana Alina

Control 590.4 585.5 480.8 475.7
Azotobacter chroococcum
straln B 740.3 620.2 622.2 640.1
Azotobacter chroococcum
Sitln BE 820.1 711.2 670.3 590.9
Azotobacter chroococcum !
strain 201 940.4 8§20.4 820.2 680.1
Azospirillum lipoferum
St 900.0 700.0 690.9 590.9
Azospirillum lipofe

i RS 880.2 711.1 711.1 670.2

strain 5
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Tab.4. Effect of Nitrogen- fixing Bacteria on the Total of Fungi and
Actynomicetes in Soil under Sugar Beet

Varieties Fungi Actinomycetes
(10"/ g soil) (10°/ g soil)
Dana Alina Dana Alina
Control 20.4 19.2 21.0 20.4
Azotobacter chroococcum strain 84 12.2 11.2 40.2 35.5
Azotobacter chroococcum strain 86 13.1 10.1 50.2 60.2
Azotobacter chroococcum strain 201 9.1 8.9 60.2 50.1
Azospirillum lipoferum strain 4 8.2 7.1 62.4 30.9
Azospirillum lipoferum strain 5 14.1 14.8 50.0 40.1

Tab.5. Effect of Nitrogen-fixing Bacteria on the Number of Azotobacter and
Oligonitrophilic Bacteria in the Soil under Sugar Beet

Varieties Azotobakter Oligonitrofilne
(10%/ g soil) bakterije
(10°/ g soil)
Dana Alina Dana Alina
Control 20.8 20.0 280.1 190.9
Azotobacter chroococcum strain 84 41.0 30.0 620.2 400.3
Azotobacter chroococcum strain 86 60.2 52.2 599.8 590.9
Azotobacter chroococcum strain 201 94.0 74.4 980.0 490.2
Azospirillum lipoferum strain 4 75.0 62.0 740.0 411.1
Azospirillum lipoferum strain 5 62.0 59.0 700.0 ST

Tab.6. Effect of Azotobacter on Dehydrogenasis Activity of Soil
under Sugar Beet

Varieties Dehydrogenase activity
(g TPF/ 10 g soil)
Dana Alina
Control 350.0 280.0
Azotobacter chroococcum strain 84 750.0 650.0
Azotobacter chroococcum strain §6 700.0 600.0
Azotobacter chroococcum strain 201 990.0 590.0
Azospirillum Ilipoferum strain 4 840.0 650.0

Azospirillum lipoferum strain 5 550.0 680.0
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Conclusion

The use of nitrogen-fixing bacteria in beet production increased beet
yield and microbiological activity of soil, too.

The efficiency of azotobacter was found to depend on the species and
strain as well as on the variety of sugar beet.

Azotobacter, strain 201 and azospirilum, strain 4 reached the best
efficiency in the variety Dana, whereas azotobacter, strain 86 and azospirilum,
strain 5 achieved the best one in Alina.

Introduction of nitrogen fixers with beet seed led to a higher total of the
miroorganisms, ammonifiers, azotobacter, oligonitrophilic bacteria and
dehydrogenasis activity, but to a smaller number of fungi.

In both varieties studied, bacterization of the beet seed with nitrogen-
fixing bacteria caused lower rates of potassium, natrium and alpha-amino
nitrogen in the root.

On the average, the variety Dana indicated the best efficiency and the
strongest microbiological activity, whereas Alina indicated somewhat poorer
ones.
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UTICAJ SOJEVA Azotobacter chroococcumi Azospirillum lipoferum
NA PRINOS SECERNE REPE I MIKROBIOLOSKU AKTIVNOST
ZEMLJISTA
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Rezime

Azotofiksatori su mikroorganizmi koji fiksirani atmosferski azot predaju
biljci u najpovoljnijem obliku. Cilj ovih istrazivanja je bio da se ispita uticaj
Azotobacter chroococcum i Azospirillum lipoferum na prinos Secerne repe i
mikrobioloSku aktivonst zemljiSta pod ovom vaznom industrijskom kulturom.

Secerna repa je uzgajana u poljskim uslovima na zemljiStu tipa
karbonatni ¢ernozem. Pre setve izvrSena je inokulacija semena Secerne repe sa
azotofiksatorima. IstraZivanja su pokazala da je efektivnost azotofiksatora
zavisila od primenjene vrste i soja, kao i sorte Secerne repe.

Najveca efektivnost azotobaktera kod sorte Dana dobijena je sa sojem
201, a azospiriluma sa sojem 4. Kod sorte Alina najvecu efektivnost izazvao je
azotobakter soj 86 i azospirilum soj 5.

UnoSenje azotofiksatora sa semenom Secerne repe izazvalo je i
povecanje ukupnog broja mikroorganizama, brojnosti amonifikatora,
azotobaktera, oligonitrofilnih bakterija i dehidrogenazne aktivnosti, a smanjenje
brojnosti gljiva.

Bakterizacija semena Secerne repe sa azotofiksatorima izazvala je kod
obe sorte smanjenje koliCine kalijuma, natrijuma i alfa-amino azota u korenu.

U proseku, najveca efektivnost i mikrobioloska aktivnost dobijena je kod
sorte Dana, a nesto slabija kod sorte Alina.



