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Abstract

The aim of the study was to determine how adenine affected biological proprieties of soil.
The performance of this precursor cytokinine was tested in a pot trial. The question posed was
whether it was possible to improve efficacy of adenine by enlarging populations of bacteria
from Azotobacter species in soil. The experiment was carried out on proper brown soil, formed
from dust clay sand with pHyq 6,9. Pots were filled with 3.2 kg of soil. The investigations
were performed in two series: with and without addition Azotobacterin to soil. Tow rates of ni-
trogen fertilisation: 0 and 50 mg N-kg'! of soil were applied in test. Adenine was applied in
the following quantities: 0; 5; 10 and 15 mg-kg! of soil. Radish, 6 plants per pot, was the test
plant.

It was confirmed that the adenine had a significant effect on growth and development of
radish. It positively affected microbiological and the biochemical proprieties of soil. The counts
of total oligotrophic bacteria, oligotrophic sporulation bacteria, total copiotrophic bacteria, co-
piotrophic sporulation bacteria, ammonifying bacteria, immobilizing bacteria, celulolytic bacte-
ria, Azotobacter sp., Artrobacter sp. and Pseudomonas sp. were increased, and the number of
fungi diminished. Adenine also stimulated activities of dehydrogenase, urease and alkaline pho-
sphatase, although it depressed the activity of acid phosphatase. The inoculation with bacteria
from Azotobacter species applied to soil failed to improve efficacy of adenine. Nevertheless, it
increased counts of these bacteria, which had a beneficial influence on the development of
oligotrophic bacteria, immobilizing bacteria, celulolytic bacteria and actinomyces, while negati-
vely affecting fungi, ammonifying bacteria and Arthrobacter.
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MIKROBIOLOGICZNE I BIOCHEMICZNE WEASCIWOSCI GLEBY
KSZTALTOWANE PRZEZ ADENINE I AZOTOBAKTERYNE

Abstrakt

Celem badan byto okreslenie wptywu adeniny na biologiczne wiasciwosci gleby. Dzialanie
tego prekursora cytokinin testowano w doswiadczeniu wazonowym. Sprawdzano mozliwosé
wzmocnienia efektywnosci adeniny przez zwigkszenie w glebie puli bakterii z rodzaju Azotobac-
ter. Badania wykonano w prébkach gleby brunatnej wtasciwej, wytworzonej z piasku gliniastego
pylastego o pHy 6,9. W wazonach umieszczono po 3,2 kg gleby. Badania obejmowaly dwie
serie: bez i z dodatkiem do gleby szczepionki Azotobakteryny. W do$wiadczeniu zastosowano
zréznicowane nawozenie azotem: 0 i 50 mg N- kgl gleby. Adenine stosowano w nastepujacej
iloéci: 0; 5; 10 i 15 mg-kg! gleby. Rodling doswiadczalna byta rzodkiewka — 6 roélin w wazonie.

Stwierdzono, ze adenina istotnie wpltywala na wzrost i rozwdj rzodkiewki. Korzystnie od-
dziatywala na mikrobiologiczne i biochemiczne wtasciwosci gleby. Zwiekszata liczebnosé bakte-
rii: oligotroficznych ogétem, oligotroficznych przetrwalnikujacych, kopiotroficznych ogétem, ko-
piotroficznych przetrwalnikujacych, amonifikacyjnych, immobilizujgcych azot, celulolitycznych,
Azotobacter sp., Arthrobacter sp., Pseudomonas sp. oraz promieniowcow, a zmniejszata liczbe
grzybow. Stymulowata takze aktywno$é dehydrogenaz, ureazy i fosfatazy alkalicznej, natomiast
hamowata aktywnosc fosfatazy kwasnej. Zastosowana szczepionka ztozona z bakterii z rodzaju
Azotobacter nie poprawiala efektywnosci adeniny. Zwigkszala jednak liczbe tych bakterii w gle-
bie, co wptyneto korzystnie na rozwdj bakterii oligotroficznych, immobilizujgcych azot, celuloli-
tycznych oraz promieniowcow, natomiast negatywnie — na grzyby oraz bakterie amonifikacyjne
i bakterie z rodzaju Arthrobacter.

Stowa kluczowe: adenina, aktywno$é enzymow, liczebnosé drobnoustrojow, rzodkiewka.

INTRODUCTION

Phytohormones are synthesised by plants, lichens, mosses and by mi-
croorganisms (ErcuN et al. 2002, KuaLip et al. 2004). According to JAaMEs-
ON (2000), 80% of microorganisms isolated from the rhizosphere are capa-
ble of synthesising phytohormones. For this reason, plants can be supplied
with growth regulators by introducing their precursors into the soil and
by relying on the ability of soil microbes to synthesise phytohormones
(JamEsoN 2000, KaraDpENIZ et al. 2006, KucHARSKI et al. 1999, WYSZKOWSKA,
Kucuarskr 2001). Phytohormone biosynthesis is most intense in the rhizo-
sphere due to higher availability of substrates in this environment as well
as the quantitative and qualitative diversity of microorganisms. The rate
of biosynthesis is determined by soil fertility and the availability of the
appropriate precursors. Their synthesis can be enhanced by providing soil-
dwelling microbes with optimal conditions for growth and development
(N1eTO, FRANKENBERGER 1990, TAYLOR et al. 2006).

Cytokinins are an important group of growth regulators. They are
produced by, among others, bacteria of the genera Arthrobacter, Azos-
pirillum, Azotobacter and Rhizobium. They are also synthesised in large
quantities by selected phytopathogens, such as Corynobacterium fascians,
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Agrobacterium tumefaciens, Pseudomonas savastanoi), and fungi of the
genera Amanita, Boletus, Dictyostelium, Exobasidium, Glomus, Monilia,
Nectria, Plasmodiophora, Rhizopagon, Suillus and Taphrina (JAMESON
2000, KaraDpEniz et al. 2006, NieTo, FRANKENBERGER 1990, TaAviLor et al.
2006). Cytokinin biosynthesis can also be enhanced through the applica-
tion of adenine to soil (JamEsonN 2000, KaraDENIZ et al. 2006, KUCHARSKI et
al. 1999, Wierzrowska 2006, Wyszkowska, KucHARSKI 2001).

The above findings encouraged us to conduct a study investigating
the effect of adenine (cytokinin precursor), interacting with nitrogen-fix-
ing bacteria (Azotobacter), on the biological properties of soil.

MATERIALS AND METHODS

The study was carried out in 4 replications in a greenhouse at the
University of Warmia and Mazury in Olsztyn. The experiment involved
samples of typical brown soil developed from very fine, light loamy sand
with pHyg of 6.9, hydrolytic acidity of 5.7 mmol(H*)-kgl, total exchange-
able bases of 68.5 mmol(+)-kg! and organic carbon content of 6.6 g-kgl.
Prior to pot filling, soil was fertilised with the following macroelements in
mg-kg! of soil (expressed as pure substance): P — 50 [K,HPO,l; K —
90 [KH,PO,+ KCl]; Mg - 20 [MgSO4-7H210]. Different rates of nitrogen
fertiliser were applied at 0 and 50 mg-kg™t. Mineral fertilisers were intro-
duced into the soil in a single application before plant sowing, and they
were thoroughly mixed with the entire soil material intended for 1 pot
(8.2 kg of soil). The study covered two series of experiments: with and
without Azotobacterin inoculation. Azotobacterin was applied in the form
of a water suspension (one package was dissolved in 1 dm3 of water and
20 cm3 of the suspension was added per pot). Prior to the experiment,
soil was mixed with mineral fertilisers and, in respective plots, it was
combined with adenine which was administered in the following quanti-
ties: 0; 5; 10 and 15 mg-kg! soil.

Soil was placed in pots and kept at a moisture level of 60% of capil-
lary water capacity throughout the entire experiment (42 days). The ex-
perimental plant was radish cv. Saxa (6 plants per pot). The plants were
harvested on day 42 of the experiment. Soil samples were collected re-
peatedly at the same time, and they were subjected to microbiological
and biochemical analyses.

Microbiological analyses involved the determination of the counts of:
oligotrophic bacteria (Olig), spore-forming oligotrophic bacteria (Olig ), co-
piotrophic bacteria (Cop) and spore-forming copiotrophic bacteria FCopp)
— on ONT and HATTORI medium (1983); Azotobacter spp. (Az) — as described
by FENGLEROWA (1965); Arthrobacter (Art), Pseudomonas (Ps), nitrogen-
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immobilising bacteria (Im), ammonification bacteria (Am) and cellulose-
decomposing bacteria (Cel) — on a medium described by Wyszkowska et al.
(2007); actionomyces (Act) — on Kuster and Williams medium with the ad-
dition of nystatin and actidione (PARKINSON et al. 1971); fungi (Fun) — on
MARTIN medium (1950). Microorganisms were cultured on Petri dishes at
a temperature of 28°C for 2 (Azotobacter) to 21 (oligotrophic bacteria) days.
The counts of spore-forming oligotrophic and copiotrophic bacteria were
determined in material pasteurised for 15 minutes at 85°C. The number
of colony-forming units (cfu) was estimated with the use of a colony
meter.

Biochemical analyses involved the determination of the activity of:
dehydrogenases with TTC substrate (OHLINGER 1996), urease — by the
method proposed by ALEF and NANNPIERI (1998), acid phosphatase and
alkaline phosphatase — as described by ALEF et al. (1998). The activity of
dehydrogenases was indicated in cm3 H, required to reduce TTC to TFP,
of urease — in mg N-NH, produced from hydrolysed urea, of phosphatases
— in mmol p-nitrophenol (PNP) produced from sodium 4-nitrophenyl phos-
phate.

The results were verified statistically by Duncan’s multiple range test
with the use of a three-factorial analysis of variance (StatSoft, Inc....2005).
This study presents only selected results obtained in respect of the inves-
tigated factors, but it does not illustrate the interactions observed be-
tween those factors because the reported interactions had no significant
effect on the quality and reliability of the presented results.

RESULTS AND DISCUSSION

Adenine applied at a dose of 5 to 15 mg-kg! d.m. of soil significantly
increased the abundance of oligotrophic, copiotrophic, ammonification, ni-
trogen-immobilising bacteria, Azotobacter, Arthrobacter, cellulose-decom-
posing bacteria, Pseudomonas and actionomyces (Table 1). Adenine had
a strong inhibitory effect on fungi. The stimulating effect on the above
microorganisms and the inhibitory effect on fungi increased at higher ad-
enine doses. The highest increase was observed in respect of ammonifica-
tion bacteria, and the lowest — in Azotobacter populations. The population
size of ammonification bacteria increased 2.5-fold following the applica-
tion of an adenine dose of 15 mg-kg! d.m. of soil.

Adenine also had a stimulating effect on the activity of dehydrogenas-
es, urease and alkaline phosphatase in the soil, and it inhibited the activi-
ty of acid phosphatase (Table 2). Changes in enzymatic activity were intensi-
fied with an increase in adenine doses.
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Table 1
Tabela 1
The effect of adenine on numbers of soil microorganisms (cfu kg of d.m. soil)
Wptyw adeniny na liczebnosé drobnoustrojéw glebowych (jtk-kg™!s.m. gleby)
) ) Adenine dose (mg kg of d.m. soil)
Microorganisms Dawka adeniny mg-kg?! s.m. gleby r LSDy o4
Drobnoustroje NIR; ¢

0 5 10 15 ’
Olig-108 16.13 20.16 20.70 29.66 0.930 3.89
Oligp- 107 10.57 14.52 16.94 20.88 0.995 1.54
Cop- 108 47.94 54.12 58.16 66.67 0.990 4.11
Copp-107 14.13 16.52 16.70 17.68 0.927 1.11
Am-108 48.93 65.77 95.07 124.19 0.993 6.18
Im-108 45.07 44.81 50.45 56.27 0.936 5.06
Cel-107 47.40 51.26 56.72 60.93 0.998 4.63
Az-10% 16.16 17.62 18.53 20.11 0.995 1.96
Art-107 20.43 23.03 27.06 29.12 0.993 3.47
Ps-107 41.40 41.49 47.76 52.33 0.951 4.52
Act-108 50.90 65.95 74.55 79.57 0.973 5.56
Fun-108 54.75 46.33 41.31 37.37 -0.984 4.78

r — correlation coefficient — wspétczynnik korelacji; Olig — oligotrophic bacteria — bakterie
oligotroficzne, Olig - oligotrophic sporulation bacteria — bakterie oligotroficzne przetrwalnikujgce,
Cop — copiotrophic bacteria (bakterie kopiotroficzne), Cop_ — copiotrophic sporulation bacteria —
bakterie kopiotroficzne przetrwalnikujace) Am — ammonifying bacteria — bakterie amonifikacyjne,
Im — immobilizing nitrogen bacteria — bakterie immobilizujace azot, Cel — cellulolytic bacteria
— bakterie celulolityczne, Az —Azotobacter sp., Art — Artrobacter sp., Ps — Pseudomonas sp.,

Act — actinomyces — promieniowce, Fun — fungi — grzyby

Adenine had a positive effect on the microbiological and biochemical
properties of soil and it stimulated the growth and development of the
analysed radish cultivar (Figure 1). Adenine increased the yield of both
radish shoots and roots as higher doses of the substance were adminis-
tered.

Azotobacterin had a much less pronounced effect on the biological
properties of soil than adenine. The inoculum did not increase the abun-
dance of all analysed microorganisms (Table 3). Azotobacterin stimulated
the growth of oligotrophic bacteria, spore-forming copiotrophic bacteria,
nitrogen-immobilising bacteria, cellulose-decomposing bacteria and action-
omyces, while it reduced the total counts of copiotrophic bacteria, ammo-
nification bacteria, Arthrobacter and fungi. The inoculum had no impact
on bacteria of the genus Pseudomonas. For obvious reasons, Azotobacter-
in enriched the soil with Azotobacter bacteria whose population increased
89-fold.
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Table 2
Tabela 2
The effect of adenine on soil enzymes activity (per kg™ of d.m. soil)
Wplyw adeniny na aktywno$é enzymow w 1 kg s.m. gleby
Adenine dose (mg kg of d.m. soil)
Enzymes Dawka adeniny mg-kg? s.m. gleby - LSDy o;
Enzymy NIR, o;
0 5 10 15 ’
Dehydrogenases
Dehydrogenazy 2.73 3.21 3.26 3.48 0.938 0.12
(ecm3 Hy dh
Urease Ureaza 6.90 7.20 7.56 8.16 | 0.986 0.18

(mg N-NH,-h)

Alkaline phosphatase
Fosfataza alkaliczna 1.15 1.23 1.27 1.31 0.984 0.05
(mmol PNP-h})

Acid phosphatase
Fosfataza kwasna 1.15 1.17 1.08 1.08 -0.793 0.05
(mmol PNP-h})

r — correlation coefficient — wspétezynnik korelacji

5.0

5 0 P

A0 Ao I
oo 3.5
3.0 4

2.5 4.
2.0

above—ground roots — korzenie
czes$ci nadziemne

=10 [=15 [ 10 E=A 15 mg adenine (adeniny) kg

Fig. 1. Effect of adenine on radish yield (in g d.m. per pot)
Rys. 1. Wpltyw adeniny na plon rzodkiewki (g s.m.-wazonl)

Azotobacterin had a completely different effect on the activity of soil
enzymes than adenine (Table 4). It inhibited dehydrogenase and urease
activity. Azotobacterin had a stimulating effect on acid phosphatase, but
no interactions with alkaline phosphatase were observed. Azotobacterin
did not affect the growth and development of radish (Figure 2).

The third investigated factor — nitrogen fertilisation — also influenced
the biological properties of soil. Nitrogen had a varied impact, which was
less explicit than that of adenine, but it was more pronounced than the
influence of Azotobacterin. Nitrogen fertilisation enriched the soil with
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Table 3
Tabela 3

The effect of Azotobacterin on numbers of soil microorganisms (cfu kg™ of d.m. soil)
Wplyw Azotobakteryny na aktywnosé drobnoustrojéw glebowych (jtk-kg?ls.m. gleby)

Microorganisms™ Without Azotobacterin| With Azotobacterin LSDy ¢
Drobnoustroje* Bez Azotobakteryny Z Azotobakteryna NIR0,01
Olig-108 20.07 23.26 2.76
Oligp- 107 14.38 17.07 1.09
Cop-108 61.29 52.15 2.91
Copp- 107 15.81 16.70 0.78
Am-108 87.86 79.12 4.37
Im-108 43.64 54.66 3.58
Cel-107 50.05 58.11 3.28
Az-103 4.08 357.98 13.82
Art-107 26.84 22.98 2.45
Ps-107 46.42 45.07 n.s.
Act-108 59.81 75.67 3.93
Fun-106 51.66 38.22 3.38
* Explanations under Table 1 — Obja$nienia podano pod tabelg 1
Table 4
Tabela 4

The effect of Azotobacterin on soil enzymes activity (per kg of d.m. soil)
Wplyw Azotobakteryny na aktywnos$é enzyméw w 1 kg s.m. gleby

Without Azotobacter With Azotobacter
Enzymes . . LSD) ;
Enzvm inoculum inoculum NIR..
ymy Bez Azotobakteryny 7 Azotobakteryna 0,01

Dehydrogenases
Dehydrogenazy 3.32 3.02 0.08
(cm3 Hy d?
Urease Ureaza
(mg N-NH, ) 7.92 6.99 0.13
Alkaline phosphatase
Fosfataza alkaliczna 1.25 1.23 n.s
(mmol PNP-h})
Acid phosphatase
Fosfataza kwasna 1.06 1.18 0.04

(mmol PNP-h})
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Fig. 2. Effect of Azotobacterin (Az) on radish yield (in g d.m. per pot)
Rys. 2. Wplyw Azotobakteryny (Az) na plon rzodkiewki (g s.m.-wazonl)

spore-forming oligotrophic bacteria, copiotrophic bacteria, ammonification
bacteria and Arthrobacter, and reduced the counts of nitrogen-immobilis-
ing bacteria, Azotobacter, Pseudomonas, actionomyces and fungi (Table 5).
Nitrogen enhanced the activity of urease and phosphatases, but it inhibit-
ed dehydrogenase activity (Table 6). It created a favourable environment
for radish growth and development (Figure 3). Nitrogen had a particular-
ly beneficial impact on the growth of radish aboveground parts.

Various research studies (Arkirova et al. 2007, Kano, Fukuoxka 1996,
MunamMap et al. 2007, NiETo, FRANKENBERGER 1990, WiErzBOowsKA 2006)
suggest that phytohormone precursors are capable of increasing plant bi-
omass. Phytohormone precursors are converted by microorganisms into
growth-regulators, and they have a beneficial effect on the microbiological
properties of soil (KucHARskI et al. 1999, TavLor et al. 2006, WYSZKOWSKA,
Kucuarskr 2001). These interactions most probably occurred in the dis-
cussed experiment. Adenine increased the total counts of soil microbes
and stimulated the activity of most enzymes, thus creating favourable
conditions for the growth and development of radish and, consequently,
increasing radish yield.

Contrary to our expectations, the Azotobacterin inoculum and nitro-
gen fertilisation did not enhance adenine’s positive effect on the microbio-
logical and biochemical properties of soil. Although its stimulating impact
on the effectiveness of adenine was not determined, Azotobacterin had
a beneficial influence on the majority of the investigated bacteria and
actionomyces.
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Table 5
Tabela 5

The effect of urea fertility on numbers of soil microorganisms (cfu kg™ of d.m. soil)
Wplyw nawozenia mocznikiem na liczebnosé drobnoustrojéw glebowych (jtk kg™ s.m. gleby

Microorganisms™ Without urea With urea LSDy ¢
Drobnoustroje™ Bez mocznika Z mocznikiem NIR o
Olig-108 21.15 22.18 n.s.
Oligp- 107 13.71 17.75 1.09
Cop- 108 53.05 60.40 2.91
Copp- 107 16.21 16.30 n.s.
Am-108 67.83 99.15 4.37
Im-108 55.29 43.01 3.58
Cel-107 54.31 53.85 n.s.
Az-103 209.28 152.78 13.82
Art-107 23.07 26.75 2.45
Ps- 107 49.37 42.12 3.19
Act-108 70.92 64.56 3.93
Fun-106 51.66 38.22 3.38
* Explanations under Table 1 — Obja$nienia podano pod tabelg 1
Table 6
Tabela 6

The effect of urea fertility on soil enzymes activity (per kg1 of d.m. soil)
Wplyw nawozenia mocznikiem na aktywnosé enzymow w 1 kg s.m. gleby

Enzymes Without urea With urea LSDg o1
Enzymy Bez mocznika Z mocznikiem NIR o1
Dehydrogenases
Dehydrogenazy 3.24 3.10 0.08
(em3 Hz-d'l)
Urease Ureaza
(mg N-NH,-h']) 7.08 7.83 0.13
Alkaline phosphatase
Fosfataza alkaliczna 1.15 1.33 0.04
(mmol PNP-h1)
Acid phosphatase
Fosfataza kwasna 1.06 1.18 0.04
(mmol PNP-h'1)
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Fig. 3. Effect of urea fertility (N) on radish yield (in g d.m. per pot)
Rys. 3. Wplyw nawozenia mocznikiem (N) na plon rzodkiewki (g s.m.-wazon')

CONCLUSIONS

1. Adenine had a positive influence on soil bacteria, as it enhanced
the activity of dehydrogenases, urease and alkaline phosphatase, and had
an inhibitory effect on fungi and acid phosphatase.

2. The investigated inoculum improved the microbiological and bio-
chemical properties of soil and positively affected radish growth and de-
velopment.

3. Azotobacterin and urea fertilisation did not enhance the beneficial
effect of adenine on the biological properties of soil.

REFERENCES

Arer K., Nanntpiert P. 1998. Urease activity. In: Methods in applied soil microbiology and
biochemistry. ALEF K., Nann1PIERT P. (eds), Acad. Press. Harcourt Brace & Company, Publi-
shers, London, 316-320 pp.

ALEF K., NANNIPIERI P., TRAZAR-CEPEDA C. 1998. Phosphatase activity. In: Methods in applied soil
microbiology and biochemistry. ALEF K., NaNNIPIERI P. (eds), Academic Press. Harcourt
Brace & Company, Publishers, London, 335-344 pp.

Arurrova T.N., PRINsEN E., VEseLov S.U., MARTINIENKO E.V., MELENTIEV A.J., Kunovarova G.R. 2007.
Cytokinin producing bacteria enhance plant growth in drying soil. Plant Soil, 292: 305-315.

ErciiN N., TopcuopLuS., F., YiLpiz A. 2002. Auxin (indole-3-acetic acid), gibberellic acid (GA,),

abscisic acid (ABBA) and cytokinin (zeatin) production by some species of mosses and lichens.
J. Bot., 26: 13-18.

FeENncLEROWA W. 1965. Simple method for counting Azotobacter in soil samples. Acta Microb.
Polon., 14(2): 203-2086.

JamesoN P. 2000. Cytokinins and auxins in plant-pathogen interactions — an overview. Plant
Growth Regulat., 32: 369-380.



137

Kano Y., Fukvuoka N. 1996. Role of endogenous cytokinin in the development on hollowing in the
root of Japanese radish (Raphanus sativus L.). Scientia Hort., 65: 105-115.

Karapeniz A., TopcuocLu S.F., INan S. 2006. Auxin, gibberellin, cytokinin and abscisic acid produc-
tion in some bacteria. Word J. Microb. Biotech., 22: 1061-1064.

KuaLid A., ArsHAD M., ZAHIR Z.A. 2004. Screening plant growth-promoting rhizobacteria for
improving growth and yield of wheat. J. Appl. Microbiol., 96: 473-480.

KucHARSKI J., WyszkowskA J., Nowak G. 1999. Response of field bean plants and soil microorgani-
sms to cytokinine precursors and N-benzyladenine. Pol. J. Soil Sci., 32(2): 89-95.

MarTIN J. 1950. Use of acid rose bengal and streptomycin in the plate method for estimating soil
fungi. Soil Sci., 69: 215-233.

MunamMap A., Rasuip H., HussaiN 1., Saquan Naqvi S.M. 2007. Proliferation-rate of BAP and
kinetin on Bababa (Musa spp. AAA Group). Hort Sci., 27(5): 1253-1255.

Niero K.F., FRANKENBERGER W.T. 1990. Microbial production of cytokinins. Soil Biochem., 6:
191-246.
OHLINGER R. 1996. Dehydrogenase Activity with the Substrate TTC In: Methods in Soil Biology.

ScHINNER F., 6HLINGER R., KANDELER E., MARGESIN R. (eds), Springer Verlag Berlin Heidelberg,
241-243.

Onta H., Harrort T. 1983. Oligotrophic bacteria on organic debris and plant roots in paddy field.
Siol Biol. Biochem., 1: 1-8.

ParkinsoN D., GrRavyF.R.G., WiLLiams S.T. 1971. Methods for studying the ecology of soil micro-
organisms. Blackweel Scientific Publications Oxford and Einburg, IBP Handbook, 19:
116.

StatSoft, Inc. 2005. STATISTICA (data analysis software system), version 7.1. www.statsoft.com.

Tavror J. L., Zanararia L.I., CHEN H., ANDERsSON E., ABrams S.R. 2006. Biotransformation of
adenine and cytokinins by the rhizobacterium Serratia proteamaculans. Pytochemistry, 67:
1887-1894.

WiERzBOWSKA J. 2006. Wplyw regulatoréw wzrostu stosowanych w powtokach nasiennych bobiku
na wezrost i strukture plonu oraz gospodarke azotem. UWM Olsztyn, Rozpr. i Monogr., 117:
5-128.

Wyszkowska dJ., Boros E., KucHarsk J. 2007. Effect of interactions beteewn nickel and other heavy
metals on the soil microbiological properties. Plant Soil Environ., 53(12): 544-552.

Wyszkowska J., KucHarsk1 J. 2001. Role of Azotobacter sp. and adenine in yield formation
of letucce and bacteria abundance in soil. Scientific works of the Lithuanian Institute of Hor-
ticulare and Lithuanina University of Agriculture, 20(3): 279-285.



