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Abstract. This paper presents the results of the impact of microbial inoculants on the number of
actinomycetes in the rhizosphere soil of alfalfa (Medicago sativa L.). This plant species in addition to high
yield potential and quality of biomass, is characterized by an intense process of nitrogen fixation. The
rhizosphere of alfalfa abounds in numerous microorganisms. The aim of the research was to investigate the
effect ofinoculating with two nitrogen-fixing bacteria (Sinorhizobium meliloti and Azotobacter chroococcum)
andtwo isolates (CC657 and Coll11) ofthe phytopathogen fungus Colletotrichum destructivum onthe number
actinomycetes in the rhizospheric soil of alfalfa varieties (Affinity, Perry and K-28). The highest number of
actinomycetes was determined in rhisosphere of cultivar Affinity which was inoculated with A. chroococcum
+ isolate Coll-11, while the lowest number was found in rhisosphere of cultivar K-28 inoculate with CC657.
Results of Fisher test shows the absence of statistically significant differences in abundance of actinomycetes
between treatments, meaning there were four homogenous groups: 1 treatments of cultivar K-28 with Coll-11
and CC657 + S. meliloti; 2. treatments of cultivar K-28 with Coll 11 + S. meliloti and control treatment
(without inoculation) in cultivar Perry; 3. treatments with Coll 11 + A. chroococcum in cultivar K-28 and
CC657 +A. chroococcum in cultivar Perry; 4. inoculation with CC657 +A. chroococcum in K-28 and Coll 11 +
A. chroococcum in cultivar Perry.
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INTRODUCTION
Alfalfa (Medicago sativa L.) is, economi-

cally, the mostimportant forage legume. In addi-
tion to high potential foryield and quality ofbio-
mass, this species is characterized by intensive
process of biological nitrogen fixation. This
plant species can fix 100-400 kg N ha.: peryearin
association with Sinorhizobium meliloti (Peo-
ples et al., 1995). In the rhizosphere of alfalfa.
there are numerous microorganisms which are
directly influenced by root secretions (Macek et
al. 2000). Also, these microorganisms can have
different effects on the plant development, so
that microorganisms and plant make one cohe-

sive unit (Raaijmakers etal., 2009).
Rhizosphere microorganisms have partici-

pation in the mineralization of organic com-
pounds, maintaining the soil structure, suppress-
ing pathogens (Janvier et al.. 2007), stimulating
plantgrowth (Jarak et al., 2012). They live onthe
root and in rhizosphere soil (azotobacter,
actinomycetes), while rhizobia lives in the root
tissue. Rhizobia provide macrosymbionts with
nitrogen and, also, synthesize polysaccharides,
vitamins B2 BD B. (Denison., 2006) and bio-
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control substances (Avis et al., 2008). The in-
crease of nitrogen balance is achieved by the
application of free nitrogen-fixers, primarily
Azotobacter spp. which synthesize gibberel-
lins, auxins, pyridoxine and nicotinic acid
(Dobbelaere et al., 2003). The bacteria of
Azotobacter genus give advantage to produc-
tive, neutral soils and are very succeptable to
the moisture deficit. The acidreaction has neg-
ative effect on the number and activity of
Azotobacter spp. (Andjelkovic et al., 2010).
Due to their favorable impact, these microor-

ganisms are used inthe production ofalfalfa.
Rhizosphere soil is rich by root secre-

tions and therefore is a suitable environment
for the growth of actinomycetes (Aldesuquy
et al., 1998). They produce growth sub-
stances, antifungal and antibacterial sub-
stances. Actinomycetes are active
decomposers of organic matter (Williams et
al., 1984). They can break down lignin, pec-
tin, the mostresistantmatter from humus, thus
creating the necessary asimilatives for the
plant (Nolan etal., 1988). Actinomycetes pro-
duce antibiotics, phytohormones and vita-
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mins, which are beneficial for the growth ofvari-
ous plants (Fermino - Soares et al.,, 2007,
Bredholt et al., 2008). Some are antagonists of
phytopathogenic fungi (Gethaet al., 2005,
Minutoet al., 2006) and inhibit growth of certain
phytopathogenic bacteria, like Erwinia
amylovora and Agrobacterium tumefaciens

(Oskay etal., 2004).
One ofthe most important alfalfa diseases is

anthracnose (Vasic et al., 2009). It is most com-
monly caused by Colletotrichum trifolii Bain et
Essary but also by Colletotrichum destructivum
O'Gara (Boland et al., 1989). These microorgan-
isms cause weaker growth or death ofplants and
lower microbial activity in the rhizosphere ofin-

fested plants.
The aim of the research was to investigate

the effect of inoculating alfalfa with two nitro-
gen-fixing bacteria (Sinorhizobium meliloti and
Azotobacter chroococcum) and two isolates
(CC657 and Coll11) of the phytopathogen fun-
gus Colletotrichum destructivum on the number
actinomycetes in the rhizospheric soil of alfalfa
varieties (Affinity, Perry and K-28).
MATERIAL AND METHODS

The experiment was carried out in 10 I vol-
ume vegetation pots in semi-controlled condi-
tions at the Institute for Forage Crops in
Krusevac. The soil chemical characteristics
were the following: pH/KCI 5.90; pH/H20 6.44;
total nitrogen 0.138 %; humus 2.62 %; P.Os ¢ &
mg/100g; KO 24.05 mg/100g. The experiment
was a two-factorial, random block design with 5
replicates, where the first factor was alfalfa
cultivar and the second was the variant ofmicro-
bial inoculation. Research was conducted on
three alfalfa cultivars: K-28 (semi resistant),

(highly resistant) and Perry (susceptible).
Before sowing, the seed was inoculated with

Sinorhizobium meliloti and Azotobacter
chroococcum (.o ml of inoculum per pot with
108 cells in 1 ml). The plants were mown after
six-seven weeks and thereafter treated with
Colletotrichum destructivum: Coll-11 isolate
and CC 657 isolate conidia. The number of
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conidia was 4-6x104/ml. The number of
conidia was determined by means of

hemocytometeraccording to Tom.
The variants of the experiment were the

following:
1. Coll-11+S. meliloti
2. Coll-11+A. chroococcum
3. Coll-11
4, CC 657+ S. meliloti
5.CC 657+A. chroococcum
+ .CC 657
7. Control
The effect ofinoculation was determined

atthe end of the vegetation period. The num-
ber of microorganisms was determined by the
method of agar plates, by introducing a di-
luted soil suspension into proper media and
counted per one gram of absolutely dry soil.
The number of actinomycetes was deter-
mined on synthetic agar according to
Krasiljnikov (Krasiljnikov et al., 1965) (dilu-
tion 10-4) (Jarak et al., 2006). The results
were processed by means of STATISTICS 8.0
programme. The significance of the differ-
ence between the investigated treatments was
determined upon the analysis ofvariance, i.e.
LSD test.

RESULTS AND DISCUSSION
In this research, inoculation of alfalfa

with two nitrogen-fixing bacteria
(Sinorhizobium meliloti and Azotobacter
chroococcum) and two isolates (CC657 and
Coll11) of the phytopathogen fungus
Colletotrichum destructivum had a different
effect on the number actinomycetes. The ef-
fect ofinoculation on the change ofmicrobio-
logical activity in soil depends on soil condi-
tions, plant species, adaptability of intro-
duced microorganisms etc. (Egamberdiyeva

etal., 2007).
The highest number of actinomycetes

was determined in rhisosphere of cultivar
Affinity which was inoculated with A.
chroococcum + isolate Coll-11. Gharib et al.
(2009) (Gharib et al., 2009) point out that the
inoculation of Phaseolus vulgaris L. with



Rhizobium leguminoarum bv. phaseoli and
Azotobacter chroococcum showed increase in
the number of actinomycetes. The lowest num-
berwas found in rhisosphere of cultivar K-28 in-
oculate with CC657. Application ofalarge num-
ber of microorganisms in the soil they can
change the number and composition of domestic

microbial population (Jeonetal., 2003).
The effect of inoculation was dependant

upon alfalfa variety and the applied inocula.
According to results of Fisher test shows the ab-
sence of statistically significant differences in
abundance of actinomycetes between treat-
ments, meaning there were four homogenous
groups. The first group consists treatments of
cultivar K-28 with Coll-11 and CC657 + S.
meliloti; In the second group are treatments of
cultivar K-28 with Coll 11 + S. meliloti and con-
trol treatment (without inoculation) in cultivar
Perry. Inthe third group are treatments with Coll
11 +A. chroococcum in cultivar K-28 and CC657

+ A. chroococcum in cultivar Perry; The
tretmeans of inoculation with CC657 + A.
chroococcum in K-28 and Coll 11 + A.
chroococcum in cultivar Perry are the fourth

homogenous group.
In comparison to the control, in the

cultivar K-28 in all inoculation treatments
there were statistically significant decreases
in the number of studied microorganisms. In
the cultivar Affinity in inoculation treatment
Coll-11 +A. chroococcum positive effect was
noted. Similarwas in the cultivar Perry inocu-
lated with same isolate Coll 11 and S. meliloti,
while in all other treatments the number of
actinomycetes was significantly lowerthan in
the control. In addition to the fact that
phytopathogenic fungi have a negative im-
pact on plants, there might be other possible
consequences on microbial activity of
rhisosphere plants (Andjelkovic etal., 2013).

Table 1 - The effect of inoculants on the number of actinomycetes in the rhizosphere of alfalfa

(104/9)

Variant K-28
1 Coll-11+ S. meliloti 13.
2. Coll-11+ A. chroococcum 122 @
3. Coll-11 15.3d
4, CC 657+S. meliloti 15.2d
5. CC 657+A. chroococcum 101 K
. CC 657 7.7
10. Control 16.3c

Affinity Perry
9.06m 19.2b
23.6a 102 K
7.93p >
8.34 0 Jo
i 123 ¢
11.28 1 11.8 h
13.7 ¢ 131 f

Note: Mean values with the same superscript(s) are not significantly different according

to Fisher’s LSD test (p< 0.05)

CONCLUSIONS
The results ofthe research show the effect of

inoculation, reflected in the number of
actinomycetes which varies depending on the al-
falfa cultivar and inoculation treatments. The use
of beneficial and phytopathogenic microorgan-
isms showed different effects in all ofthe alfalfa
cultivars. In the cultivar K-28, in all inoculation
variants, number of actinomycetes decreased
compared to the control. In this cultivar, the posi-
tive effect was achieved by using Coll 11 and A.
chroococcum as well as Coll 11 and S. meliloti

42

compared to the treatment where only Coll 11
was applied. The increase in the number of
actinomycetes in comparison to the control
(as well as in other treatments) was achieved
in the rhizosphere of the cultivar Affinity
only using the Coll-11 +A. chroococcum, and
similar effect was achieved in the
rhizosphere of cultivar Perry using the Coll-
11 + S. meliloti. This is a preliminary study
and to obtain better information on the effect
of beneficial and phytopathogenic microor-



ganisms on the number and composition of al- ACKNOWLEDGMENT
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PE3IOME
C. AHpxenbkosnyl T. Bacmul XK. Pagosuul C. babuul 3. lyrnul A. Tepxuul C. Oxypuy.

BANAHWNE NPNBMBOK HA UNCNNEHHOCTb AKTUHOMWLUETOB
B PU3OCPEPE JTIOLEPHbI
UIHCTUTYT KopmoBbIX KynbTyp, Kpywesal, Cepbus, snezana.andjelkovic@ ikbks.com ,
Tel: +381648759057

2YHueepcuTeT Hosu-Cag, hakynbTeT cenbCkoro xossaiicTsea, Hosn-Caa, Cepbus

B paHHol cTaTbe npefcTasneHbl pesynbTaTbl BO3AENCTBUA MUKPOOHLIX 6MONpenapaToB Ha 4mcno
aKTMHOMMLLETOB B pr30cthepe nouBbl Nog, touepHy (Medicago Satival..). 3TOT BWg pacTeHnli B [OMOTHEHWE
K BbICOKOMY NOTEHLMany ypoXkaiHOCTM 1 KauecTBa 61oMacchbl, XapakTepusyeTcs MHTEHCUBHBIM NPOLIECCOM
(hukcaummn asoTa. Pusocdepa NroUEpHbl M306MTyeT MHOTMOUYMUCNEHHBIMU MUKpOOpraHnsMamu. Llenbio
nccnefoBaHua ObII0 U3YYEeHWE BAIMAHUA MPUBUBKU  ABYMSA a30THUKCUPYIOLWMMU BakTepusamm
(Sinorhizobium meliloti n Azotobacter chroococcum) u ayx unsonstos (CC657 n Collll) dumTonaToreH
rpmba Colletotrichum destructivum Ha KOAMYECTBO aKTWHOMMLETOB B PU30CHEPHON MOYBE Nog copTamu
nouepHbl (AdguHnTY, Meppn 1 K-28).Hanbonbluee KOMYECTBO aKTUHOMULETOB ObIO ONpeaeseHo B
pu3octepe copta AuHUTYK, B KOTOpyto BHocunn A. chroococcum + isolate Coll-11, B TO Bpems Kak
HaMMeHbLLee KONMYeCTBO 6b110 06HapyxeHo B pusoctepe copta K-28 npueuTeiM ¢ CCE57. PesynbTathl
TecTa PuLlepa NoKasbiBaeT OTCYTCTBME CTATUCTUYECKMN 3HAYMMbBIX Pa3nuunii B M306MNNN aKTUHOMULIETOB
MeXay 06paboTkamu, YTO 03HAYAET, YTO Tam BbIN10 HeTbIpe O4HOPOAHbIE FPYNMbl: 1 06paboTkm copTaK-28 ¢
Coll-11 ¢ npumeHeHnem CC657 +S. meliloti; 2. 06paboTkn copta K-28 npy nomowym Coll 11 +S. meliloti n
KOHTpoONbHasA o6paboTka (6e3 npusrBkM) copTalleppu; 3. 06paboTkm copTta Meppu ¢ npumeHeHnem Coll 11
+A. chroococcum copta K-28 n CC657 +A. chroococcum; 4. npmsueka K-28 ¢ CC657 +A. chroococcum u
coptaMeppyv npn nomowm C6 11 +A. chroococcum.

KntoyeBble cnosa: pu3ocdepa, rpubbl, aKTMHOMULETBI, NFOLEpHa.
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Hosun-Cap yHusepcnTeTi, ayblnwapyauwsinblil ¢akynbTeTi, Hosu-Cag, Cepbus

BAn makanaga MMKpO6TLIK GuonpenapatTapAbiy, Xoubiwka (Medicago Sativa L.) eceTw Tomnbipak
pu3ocdepacbiHAarbl akTMHOMULETTEP CaHbIHA bIKMan eTyiHil, HaTWXKenepi 6eplureH. BMn ecimgik TYpi
Xorapbl eliM TYcCIMAINIriHiL aneyeTi MeH Guomacca canacblHa KOCbIMLIA a30Tbl TUsiHakTay YPLICiHiL
KapKbIHAbIbITbIMEH cunaTTanagbl. XKoLbllKa pusocdepack! anyaH TYpi MKpoopraHusMaepre 6ai.

3epTTeygiL, MakcaThl el a30TTMsIHaKTayLWbl bakTepuameH (Sinorhizobium meliloti sHe Azotobacter
chroococcum) »aHe eto nsonat (CC657 xaHe Collll) Colletotrichum destructivum caubipayk¥narbiHbiL
thmuTonaToreHMeH >xoubilika TYprepi (Affinity, Meppun x3He K-28) eceTiH pu3ochepanbik TomblpakTarsl
aKTMHOMULIETTEP CaHbIHA eKMe XXYPN3YALL, bIKMNabIH 3epTTeYy 6014bl. AKTUHOMULETTEPAIL, Ken MenLepi A.
chroococcum + isolate Coll-11 eknec »acanraH AQPUHATA C PbINTbI XOLbIWKa pu3ocdepacbiHaH
aHblKTanbl, an CC657 erwwreH K-28 cprbIHbIL, pru3ochepackiHaa akTUHOMULETTep caHbl a3 60/1abl. Pulep
TeCTLILL, H3TVXKeNepi eujey apacbiHAarbl akTMHOMULETTEPAIL, Ken 601ybiHAa CTAaTUCTUKA/IBbIK Maubl3fbl
albIpMaLLbIIbIKTaP XXOKTbITbIH KepceTegi, 6/ oHga TepT 6ipTekTi Ton 6onraHbiH 6ingipeai: 1. CC657 + S.
meliloti nainganaHy apkbinbl Coll-11 kemerimeH K-28 c”pbinbiH eygey; 2. Coll 11 + S, meliloti kemenmeH K-
28 cpbInTbl eufey Xa3He MMeppu ¢ pbinTbl (ekneus) 6Gakbinay eugey; 3. Coll 11 + A. “roococcum
nanganaHymeH lMeppu c”pbinTbl, CC657 + A. Chroococcum-meH K-28 c”pbinThl eugey; 4. CC657 + A
chroococcum kemenmeH K-28 aHe C6 11 +A. chroococcum kemenmeH MNeppu ¢ ApbInbIHA eKre Xypna3y.

KinTTi cesgep: pusocepa, cauplpayk¥nakrap, akTMHOMULETTED, XKOLbILLIKA
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