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NUMBERS OF PHOSPHATE SOLUBILIZING MICROORGANISMS AN D PHOSPHATASES
ACTIVITIES IN THE RHIZOSPHERE SOIL OF ORGANICALLY A ND
CONVENTIONALLY GROWN WINTER WHEAT

Summary

In the years 2014-2016 four commercial winter whadtivars, released during 2008-2011, were growraifield experi-
ment at RZD Osiny according to organic and conwarai farming systems. Each year in the first orsecdecade of May
samples of rhizosphere soil were analyzed for nusnbecolony forming units (CFU) of phosphate sdlgimg microor-
ganisms (PSM) and for acid and alkaline phosphatadérities. The synthesis of three-year results slaown that PSM
numbers and activity of acid phosphatase in theasphere soil of the tested cultivars were noti@gmtly influenced by
the farming systems used, nor by the cultivarsti@nother hand, in all yeaithe activity of alkaline phosphatase was sig-
nificantly higher in the rhizosphere soil of allntér wheat cultivars grown according to the orgafdaeming system than in
soil under these cultivars grown in the conventigystem.

Key words phosphate solubilizing microorganisms, phosphataginter wheat, rhizosphere soil, organic farmingnven-
tional farming

LICZEBNO SC MIKROORGANIZMOW ROZPUSZCZAJ ACYCH FOSFORANY
ORAZ AKTYWNO SC FOSFATAZ W GLEBIE RYZOSFEROWEJ PSZENICY OZIMEJ
UPRAWIANEJ W SYSTEMIE EKOLOGICZNYM | KONWENCJONALNY M

Streszczenie

Cztery komercyjne odmiany pszenicy ozimej, wpislaneejestru w latach 2008-2011, uprawiano w sezbnaegetacyj-
nych 2014-2016 wedtug zasad rolnictwa ekologiczr(egganicznego) i konwencjonalnego na poletkacfwitdczalnych
w RZD Osiny. K&adego roku w maju pobierano spod badanych odmiaiblprgleby ryzosferowej i oznaczano w nich li-
czebnéé (CFU — colony forming units) mikroorganizmoéw rogpezagcych fosforany (PSM) oraz aktywidofosfatazy
kwasnej i zasadowej. Synteza trzyletnich wynikow wykaza liczebnéé PSM, jak i aktywn@ fosfatazy kwénej w glebie
ryzosferowej badanych odmian nie byly istotnie efrédne zaréwno od systemu uprawy, jak i od odmiazgpicy ozimej.
Jednak we wszystkich latach ggh badaniami aktywré fosfatazy alkalicznej byta istotniegksza w glebie ryzosferowej
wszystkich odmian pszenicy ozimej uprawianych temsys ekologicznym (organicznymj tyich samych odmian uprawia-
nych w systemie konwencjonalnym.

Stowa kluczowemikroorganizmy rozpuszczaie fosforany, fosfatazy, pszenica ozima, glebasfgrowa, uprawa ekolo-
giczna, uprawa konwencjonalna

1. croorganisms is mediated mainly through the syighef
enzymes such as phosphatases, while the principethan
nism for mineral phosphate solubilization is thedarction
of organic acids, siderophores, protons, hydroapisiand

CO, [1, 2, 5, 8]. These processes seem to be pantigula

Introduction

In conventional or integrated crop managemenesyst
requirements of agricultural crops with respecplospho-
rus (P) are satisfied mainly through the applicatd min-

eral phosphate fertilizers, which also build-upl seserves
of this nutrient in cropped soils [1, 3, 5, 9]. Nemous soil
fertilization trials have shown that up to 70-90%soluble
inorganic fertilizer phosphate added to soils magdme
immobilized soon after application as a resulttgfiixation
and precipitation with highly reactive Xland Fé&" in acid-

important is the case of organic agriculture inchharable
crops acquire essential nutrients, including phatgs)
mainly from microbiologically transformed organic
amendments (composts, green or animal manureshand
ural rocks, like apatites [4, 6].

The aim of this work was to find out if organigaind

ic, and C4&' in neutral or calcareous soils [3, 5, 8, 9]. Pconventionally grown winter wheat cultivars diffeith re-

complexes with these metals constitute usuallylaingest
fraction of inorganic phosphate in soils. Soil Rus also
in various fractions of organic matter [5, 9, 1@] &nd or-
ganic forms of P constitute usually about 50% & thtal
phosphorus content in most soils, although they raage
from as low as 5% to as high as 95% [5, 12].

Different groups of soil microorganisms possess th
ability to liberate phosphates from organic andrgamic
pools and thus they can enhance the availability? ab
plants [1, 2, 7]. The liberation of organic phodglseby mi-
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spect to numbers of phosphate solubilizing micranigms
(PSM) and activities of phosphatases (acid andiaiain
their rhizosphere soil.

2. Material and Methods
The study was based on a long-term field experimen
established in 1994 on an Haplic Luvisol (loamydjaim

Osiny Experimental Station (328'N, 22°30'E) belonging
to the Institute of Soil Science and Plant Culiivat Pu-
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lawy, Poland. Some basic properties of this soil aréols
lows: C org. — 0.82%; N tot. — 0.1%; pH(KCI) — 5B0s,
K,0 and Mg (mg/kg) — 86, 102 and 91, respectivelyirMa
characteristics of weather conditions at this site pre-
sented in Table 1. In this experiment agriculturaps are
grown according to three different crop managenssst
tems (organic, integrated and conventional). Fer plr-
pose of this study fields under the organic andseational

systems used, nor by the cultivars. Moreover, augons
between these factors and with years were alsgniisi

cant. However the maximum numbers of these bacteria

were found in the rhizosphere soil of all cultivarsn 2014
and this effect was connected probably with thehémg
rainfall in May of that year (Table 1), which rewd in the
highest moisture content of rhizosphere soil (Ta)leOnly
in 2016 the rhizosphere soil of all cultivars groemconven-

systems were used. The organic system consistévef f tional plots had markedly lower numbers of PSM thHzase

fields (about 1 ha each) on which the followingpgare
rotated: potato — spring wheat (under-sown withvete
grass mixture) — clover-grass mixture — winter whea
oats-field peas mixture. No N mineral fertilizers aised in
the organic system, but phosphorus (150 kg/ha)owi-p
dered phosphate rock was applied once per rotafitth
respect to K fertilization the winter wheat fielcasvtreated
with 150 kg/ha of potassium sulfate before sow@rganic
fertilization in this system included 30 Mg haf compost
plowed in before potato planting. No synthetic jméses
were applied to control pests and spring harrowivas
used to reduce weed infestation in winter wheatsplo

The conventional system consists of three field$1g
each) on which winter rape - winter wheat - spnivigeat
are rotated and managed according to an intensiep c
production technology used in Poland. In this famgnsys-
tem the average annual rates of mineral fertilizegse 140

+ 60 + 80 kg hd of NPK. After harvest, shredded winter

wheat straw and rape stems were plowed in evengnsec
cropping year. To control weeds and pests, app@atspsyn-
thetic pesticides are used according to generasrulo
prevent soil acidification in both systems, limesvapplied
once per each rotation. In 2014, 2015 and 2016 dour-
mercial winter wheat cultivars (Table 2), releaskding
2008-2011, were grown within winter wheat fieldsbafth
cropping systems. In the absence of winter whehivats
bread for the purpose of organic agriculture, cotieaally
bread cultivars were chosen for their high yieldaugential
and good tolerance to foliar fungal diseases. Eadtivar
was planted (4.5 million grains/ha) in 4 replicatad ran-
domized micro-plots (35 fh

Samples of the rhizosphere soil were collectedhin
first or second decade of May 2014, 2015 and 2@1@idp
ging out about 15 plants with soil adhering to ithmebts. In
the laboratory only soil closely adhering to th@tsowas
collected. Moist, sieved (2 mm) soil samples wefeiger-

cultivars grown on organic plots (Table 2).

~ =
Source: own elaborationZrédto: opracowanie wtasne

Fig. 1. Colonies of phosphate solubilizing micraagms
(with clear zones) on agar medium containing tltican
phosphate

Rys. 1. Kolonie mikroorganizméw rozpuszgeggh fosfo-
ran (ze strefami przefaienia) na peywce agarowej za-
wierajgcej tréjfosforan wapnia

Similarly to PSM numbers the tested experimerdal f
tors and their interaction had no significant effea the
activity of acid phosphatase (AcP), but interactibetween
these factors and the years were significant (Taplén the
years 2014 and 2016 activities of this enzyme ia th
rhizosphere soil of conventionally grown winter \eheul-
tivars were markedly lower than in the rhizosphsoé of
organically grown cultivars. In 2015 soil on thengen-
tional winter wheat field on which the studied otdts
were grown was in general substantially more acidan
soil under the organic farming (Table 3) and tbisdr soil

ated (4C). Within one week soil samples were analyzede was probably the main factor causing that thvigc of

for: acid (AcP) and alkaline (AIP) phosphataseshgip-
nitrophenyl phosphate (PNP) as the substrate aicgptd
Tabatabai & Bremner method [11] and for numbersadf
ony forming units (CFU) of phosphate solubilizingcro-
organisms (PSM) using the soil dilution-plate methan
Pikowskya agar medium containing (gRQ, [7]. On this
medium the ability of microorganisms to dissolvé- tr
calcium phosphate is indicated by clear zones afdhair
colonies (Figure 1).

AcP in the rhizosphere soil of conventionally groemti-
vars was higher than that of organically grown icats
(Table 2). These results indicate that not onlynfag sys-
tem, but also soil properties, particularly soil,pslan im-
portant factor influencing the activity of acid Ephatase.
The dependence of the activity of soil phosphatasesoil
pH is well documented [5, 8, 11]. For example,
Lemanowicz and Koper [5] have shown that soil liget
tion with increasing N rates caused a significanik acidi-

The data were subject to the two-way analysisai-v  fication which beneficially affected the activityf &cP in
ance (ANOVA) using the FR-ANALWAR software based ihis soil.

on Microsoft Excel, with significance of differerceas-
sessed by Tukey test@k 0.05.
3. Results and Discussion

Results of the synthesis for the years 2014, 28i®
2016 are presented in Table 2 and they indicate RBM
numbers were not significantly influenced by thenfag
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Results presented in Table 2 show that the agtivit
alkaline phosphatase (AIP) was significantly a#ecby the
farming system but not by the studied cultivarsedactions
between these factors had also significant effelctsall
years included in this study the activity of thizgme was
significantly higher in the rhizosphere soil of ¥én wheat
cultivars grown according to the organic farmingteym
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than in soil under these cultivars grown in theveottional
system (Table 2) and this beneficial effect of oigdarm-

ing on AIP occurred irrespective of soil pH (Tal3pand
the cultivars. In our previous reports on the ldegn ex-
periment in Osiny, on which the present study wesel, it
was shown that soil in the organic system contagiguifi-

cantly more organic matter (OM) and microbial bien&
(MBC) than soil in the conventional system [4, B]was
also shown that in the soil environment AIP is poetd by
soil microorganisms, not by plant roots [2, 12]Jos# posi-

tive relationships between OM and MBC contentsditss
and AIP activities are well documented [2, 5, 12] Thus,
more active AIP in the organic soil found in ournwavas
most probably related to higher contents of sogamic
matter and microbial biomass in this soil as coragatio
that in the conventional system. Results of thiglgtsug-
gest that the activity of AIP could be used aslialvk bio-
logical indicator of organic farming beneficial eft on soil
quality.

Table 1. Monthly mean air temperature and totatipiation (2013-2016), and long-term averageshafsé parameters

(1988-2017) at Osiny Experimental Station

Tab. 1.Srednie miesiczne temperatury i opadéw (2013-2016) ofieinie wieloletnie (1988-2017) w RZD Osiny

Temperature®C) Precipitation (mm)
Month 2013/ | 2014/ | 2015/ 2013/ | 2014/ | 2015/
2014 2015 2016 1988/2017 2014 2015 2016 1988/2017
IX 11,8 14,7 15,3 13,5 58 16 126 58
X 10,2 10,0 7,0 8,3 8 19 30 41
Xl 5,6 47 5.2 35 55 30 47 39
Xl 2,0 0,6 4,0 -0,4 14 55 25 31
| -2,2 0,6 -3,4 -1,7 46 50 33 27
Il 1,9 0,9 3,7 -0,5 23 8 65 27
I 6,3 52 4,3 3,0 41 49 53 33
[\ 10,2 8,2 9,6 8,8 68 29 38 40
\Y 13,4 12,6 15,5 14,1 171 109 72 59
VI 15,7 16,8 19,8 17,2 99 29 28 62
\il 20,6 19,8 20,0 19,4 56 52 87 83
Vil 18,4 22,4 18,7 18,6 106 4 42 68

Source: own elaborationZrodio: opracowanie wtasne

Table 2.Numbers (CFU x 1Qof phosphate solubilizing microorganisms (PSM) awdvities of acid (AcP) and alkaline
(AIP) phosphatase in the rhizosphere soil of wimtheat depending on the farming system (organiccamdentional) and

cultivar in the years 2014-2016

Tab. 2. Liczebn@ (CFU x 10) mikroorganizméw rozpuszczajych fosforany (PSM) i aktywstofosfatazy kwénej (AcP)
i zasadowej (AIP) w glebie ryzosferowej pszenidsnegzw zaleénasci of systemu uprawy (ekologiczny i konwencjonainy)

odmiany w latach 2014-2016

PSM AcP AP
Cultivar (B) Farming system (A) Farming system (A) Farming sys(4)
Organic | Conventional Organid] Conventiona| Organjc @otional

2014

Arkadia 10.33 12.33 93.9 54.8 414 18.0

Bamberka 14.0 7.67 92.2 75.4 40.5 25.7

Jantarka 7.67 9.00 91.5 81.0 41.1 13.2

Sailor 11.33 10.0 89.6 47.0 404 8.0

Mean 10.83 9.75 91.8 64.6 40.9 16.2
2015

Arkadia 5.33 6.67 53.4 70.4 48.6 20.6

Bamberka 1.33 5.00 55.7 66.5 52.1 20.4

Jantarka 9.67 9.00 63.7 58.3 45.9 24.5

Sailor 1.33 5.00 59.1 65.1 54.7 23.0

Mean 4.42 6.42 58.0 65.1 50.3 22.1
2016

Arkadia 5.33 3.00 77.1 70.4 55.6 14.2

Bamberka 9.67 4.00 77.1 66.5 52.9 13.0

Jantarka 6.33 3.67 80.7 58.3 46.2 25.9

Sailor 5.33 3.0 78.7 65.1 44.7 30.7

Mean 6.70 3.42 78.4 59.3 49.9 21.0
Overall mean 7.31 6.53 76.1 64.1 47.0 19.8
LSD A=ns.;B=ns.;B/AIB=ns, A=n.s.;B= ns.; B/A/IB=n.s|l A=2.63;B=n.s.;B/A/B=n.s
B/Alyears = n.s. B/Alyears = signif. p = 0.05) | B/Alyears = n.s.
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Source: own elaborationZrodio: opracowanie wtasne
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Table 3. Water content (%) and pH (in®) of rhizosphere soil of organically and convenétly grown winter wheat cul-

tivars in May 2014-2016

Tab. 3. Wilgotné’ (%) o pH (w HO) gleby ryzosferowej odmian pszenicy ozimej umagjiw systemie ekologicznym

i konwencjonalnym w maju 2014-2016

Water content pH
Cultivar Organic | Conventional Organic |  Conventiongl
2014
Arkadia 10.1 10.3 6.6 6.3
Bamberka 114 104 6.1 6.0
Jantarka 9.5 9.4 6.4 6.3
Sailor 9.8 9.9 6.4 6.2
Mean 10.2 10 6.4 6.1
2015
Arkadia 9.3 9.5 6.2 5.6
Bamberka 10.0 9.0 6.0 5.8
Jantarka 9.2 9.0 6.1 5.8
Sailor 9.1 9.1 6.2 6.0
Mean 9.4 9.2 6.1 5.8
2016
Arkadia 8.8 5.6 5.9 5.6
Bamberka 8.6 6.0 5.8 5.8
Jantarka 8.5 6.0 6.1 6.0
Sailor 8.8 5.4 6.3 6.1
Mean 8.7 6.0 6.0 5.9

4., Conclusions

1. Numbers of phosphate solubilizing microorganisms{4]
(PSM) and activity of acid phosphatase in the rfjhere

soil of the tested cultivars were not significartifluenced

by the farming systems used nor by the cultivars.

2. On the other hand, in all years included in thiglgtthe 5]
activity of alkaline phosphatase (AIP) was sigrifitly
higher in the rhizosphere soil of all winter wheattivars
grown according to the organic farming system timasoil
under these cultivars grown in the conventionalesyis

3. Itis suggested that the activity of AIP could sedas a [©]
reliable biological indicator of beneficial effeof organic

farming on soil quality. [7]
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