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PE3IOME

duar (Vicia sativa L.) e epgHoro-
OVLIHO pacTeHue OT CeMelicTBO 6060BM
(Fabaceae), koeTo npousnnsa oT ymepe-
HUA KNMMaTn4deH nosic Ha Espona u Asuns.
Toihi nMa cneumanHo MACTO B ocurypsisaHe-
TO Ha (hpypax 3a XMBOTHU B 30HAaTa Ha yme-
peH knumaT. Toi npuHaanexmu Kbm dypax-
HUTE KyNTYpW C BUCOKOKAYECTBEH MPOTEVH.
Bcaka rogvHa, 3abonsiBaHusitTa npu-
UMHEHW OT rbOHM huToNaToreHn okasearT, B
no-rofsmMa WNM no-maska cTeneH, 3Hauu-
Te/IHO Bb3AeNCTBUE BBbPXY [06MBUTE U
KauyecTBOTO Ha KpaliHus nNpoaykT. Te CbLio
MoraT fa MOBAMSAT TbpProBusiTa C pacTu-
TefleH Matepuan v aa npeausBrKaT pasnpo-
CTpaHeHue Ha 3a60/151BaHETO B HOBW 06Nnac-
TN, B KOUTO ce oTrnexaar 606081 pacTeHus.
B Cbpbus He e MpoBEXAAHO CUCTe-
MaTUYHO nNpoyyBaHe Ha Mukodnopata Ha
chusa. HacTosweTo nicneasaHe nma 3a uen
[Ja npeacTaBu pesynTatu oT npeaBaputes-
HO npoyyBaHe Ha Mukonynaumsata Ha 20
pasnnyHn reHotunose dumin. O6WO ca
n3cnegsarHu 800 pacteHusa u 400 cemeHa n
ca u3onuMpaHm 8 popa rvbu: Fusarium,
Phythophthora, Rhizoctonia, Phoma,
Verticillium,  Alternaria, Sclerotinia
Penicillium. Mpn pacteHuaTa, oT KOUTO ca
U30NMpaHn rboUYKUTE, MMalle SICHO BUAW-
MW MaKpPOCKOMCKM CUMMATOMM Ha MHAEKLMS.
KntovoBum gymn: natorenu, v

SUMMARY

Vetch (Vicia sativa L.) is annual
plant from the legume family (Fabaceae)
and originates from the temperate zone of
Europe and Asia. It has a special place in
the provision of animal fodder in the zone
of moderate climate. It belongs to high-
quality protein fodder plants.

Diseases caused by phytopathogenic
fungi every year have a significant impact
on yields and quality of the final product to
a greater or lesser degree. They can also
affect trade plant material and cause the
expansion of the disease in new areas
where legumes are grown.

There has not been a systematic
research of vetch mycoflora in Serbia. This
research aims to present the results of
preliminary research of mycopopulation of
20 different genotypes of vetch. Total of 800
plant parts and 400 seeds have been
examined and 8 genera of fungi were
isolated: Fusarium, Phythophthora,
Rhizoctonia, Phoma, Verticillium, Alternaria,
Sclerotinia, and Penicillium. On the plants
from which the fungi were isolated, there
were  macroscopically clearly visible
symptoms of infection.

Key words: pathogens, vetch
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O6ukHoBeHUAT chuii (Vicia sativa)
Ce 13Mno/3Ba LUMPOKO KaTo 3efieH Top, 3a
nawa, Cunax, CEHO 1 3a 3bPHEH ypax.
Vicia sativa e LWMPOKO pasnpocTpaHeHa
doypaxHa Kyntypa, BbNPEKU 4e U3BBLH
KyNTUBMPAHOTO OTr/exaaHe, 4YecTo ce
cMsATa 3a nneses. TON NPUHAANEXN KbM
CEMENCTBOTO Ha 6060BUTE pacTeHus,
Leguminosae (M3BecTeH CbWO Kato
Fabaceae) n, nogo6HO Ha MHOro Apyru
6060BM pacTeHus, nMa cnocobHoCTTa Ja
doMkcMpa a3oT OT Bb3Ayxa, Ab/bkawa ce
Ha CcMMOMOTMYHA Bpb3Ka C OGakTepuw,
KOMTO Ce HamupaTt B KOPEHOBUTE TPYAKN.
B pesyntaTt Ha ToBa, 0GMKHOBEHMAT huii
€ C BWCOKO CbAbpXaHue Ha MpoTenHU
(MiSkovi¢, 1986).

Bonectute no 6060BMTE pacTeHus,
NPUYMHEHN OT MTONATOreHHW oK, ce
cpeLuar no-cuaHo nnu no-cnabo, exeros-
HO, BbB BCUYKM 4YacTu Ha cBeTa. Te
OKa3BaT 3Ha4MTE/IHO Bb3AENCTBME KaKTO
BbpPXY HamasisiBaHETO Ha MNOTEHUMaTHUS
[OOMB Ha Te3n KynTypu, Taka U BbpXy
KayeCTBOTO Ha KpaliHUS NPOAYKT, Tbpro-
BMATA C pacTUTeNleH mMatepuan 1 paswiu-
psiBaHe oTrnexaaHeTo Ha 6060BK pacTe-
HuA B HOBWM ob6nactm (Porta-Puglia and
Aragona, 1997). AHTpakHO3a no uin 1
606 ce npuumHaBa OT rbbata Ascochyta
fabae Speg. (Teleomorph Didymella
fabae G. J. Jellis & Punith.) (Tivoli et al.,
2006). Uromyces viciae-fabae (Pers.) J.
Schrét. npuunHaABa pbXga npyu uin
606, 1 MMa LWKMpOoKa rama oT roCcTonpuem-
HMLUM, KOUTO MoOraT fa ce 3apassaT 1 ToBa
ca pacTuTenHu BWUAOBE OT pPOAOBETE
Pisum, Lathyrus and Lens (Sillero and
Rubiales, 2014). [sa Buga 0T pop
Fusarium, F. verticilioides un F.
proliferatum ca ycTaHOBEHM BBPXY
cemeHa ot couii (Milicevic et al., 2013).

CblUO Taka, MHAYKTOpW Ha 3abons-

BaHuA Kato Erysiphe pisi, Botrytis cinerea,
Rhizoctonia solani, Cercospora
medicaginis, Pseudopezia medicaginis,
Sclerotinia trifoliorum, Stemphylium
botryosum, Verticillium albo-atrum,

Aphanomyces euteiches, kakTo 1 B1aoBe

INTRODUCTION

Common vetch (Vicia sativa) is
widely used as green manure, pasture,
silage, hay and for grain for livestock feed.
Vicia sativa is a widely grown forage crop,
although outside cultivation it is often
considered to be a weed.

It belongs in the legume family,
Leguminosae (also known as Fabaceae),
and, like many other legumes, it has the
ability to fix nitrogen from the air due to a
symbiotic  relationship  with  bacteria
housed in root nodules.

As a result, common vetch is high in
protein (MiSkovi¢, 1986.).

The diseases of legumes caused
by phytopathogenic fungi occur, in a
stronger or weaker intensity, regularly
every year in all areas of the world. They
have a significant impact on the reduction
of potential yield of these cultures, but
also the quality of the final product, trade
of plant material and expansion of
legumes into new areas (Porta-Puglia and
Aragona, 1997).

Vetch and bean anthracnose is caused by
the fungus Ascochyta fabae Speg.
(teleomorph Didymella fabae G.J. Jellis &
Punith.) (Tivoli et al., 2006). Uromyces
viciae-fabae (Pers.) J. Schrét. is the
cause of rust in vetch and bean and has a
wide range of hosts, which it can infect,
and those are plant species from the
genera Pisum, Lathyrus and Lens (Sillero
and Rubiales, 2014). Two species of the
genus Fusarium, F. verticillioides and F.
proliferatum were determined on the vetch
seeds (Milicevic¢ et al., 2013).

Similarly, inducers of diseases such

as Erysiphe pisi, Botrytis cinerea,
Rhizoctonia solani, Cercospora
medicaginis, Pseudopeziza medicaginis,
Sclerotinia  trifoliorum, Stemphylium
botryosum, Verticillium albo-atrum,

Aphanomyces euteiches as well as
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oT popa Phytium, Leptosphaerulina,
Phoma, Phythophthora un Alternaria ca
3HauuTeNHn 60/1eCTOTBOPHU areHTn npu
v,  pasnpocTpaHeHW BbB  BCUYKU
061acTM Ha HerosoTo NPOM3BOACTBO
(Morgan and Johnson, 1965; Stovold and
Walker, 1980; Hughes and Grau, 2007,
Villegas-Fernandez and Rubiales, 2011;
Salam et al., 2011, Sillero et al., 2014).
Kato ce uma npeasug 3HavyeHMeTo
Ha dwma kaTo doypaxHa kyntypa B Cbp-
6us, uenta Ha Tasu cTaTua e onpege-
NAHETO Ha puTonaToreHH rvow, KoUTo
npuunHABaT 3abonsBaHusa npu dwmii, 3a
Mo-ACHO Bb3MNpUeMaHe Ha npobnemuTe
(3armBaHe Ha pacTeHus, HamassBaHe Ha
[obusuTe, B/OLWIABAHE KAyeCcTBOTO Ha
XpaHata W Apyru), npousnusawmy B
pes3ynTar Ha NPUCbCTBUETO Ha Te3un rbow.

MATEPVAT U METOOU

3a wuscnegsaHe Ha Mukononyna-
uumMTe ca B3eTU Npobu OT LWecTHajeceT
eKCnepuMeHTa/IHN pacTUTESIHN reHoTuna
Ha cmii (Vicia sativa L.), npomnsxoxgawim
oT ABcTpanus, aBa ameu reHotuna (Vicia
sativa L.) ¢ npousxog oT Cbpbus, oT
palioHa Ha PacvHa 1 aBa AuBM reHoTuna
(Vicia villosa Roth.) ¢ npousxog ot
AscTpanus. MNpobuTe ca cbbpaHu Mexay
Maii n toHn 2015 r., B pailoHa Ha WVIHCTK-
TYT 3a dypaxHu Kyntypu B [nobogep.
UacTn OT pacTeHus, KakTo U cemeHa oT
Hey3pesnu LWyLWYkn ca U3MATU BHUMA-
TenHo nog Tevawa soga. Cnep nsaMmsaHe
4yacTu OT CTbO/I0 U KOpPEeHU ca Haps3aHu
Ha napyeta c pasmep 0,5-1 cm. lNpurot-
BeHWTe nNpobun OT KopeHwu, cTbba n ceme-
Ha ca ge3unHdekunpaHu ¢ 96% etaHon B
npoab/mkeHne Ha 10 cekyHaw, creg ToBa
¢ 1% wHatpues xunoxsoput (NaOCl) B
npoAb/HKEHME Ha 1 MUHYTa, cnef KoeTo
ca NpoMUTK TpY NMbTU B CTEPUIHA AECTU-
nvpaHa Boga. Cnep ToBa ca W3CYyLIEHU
BbPXY CTepuiHa (UATbPHA XapTusa 1 ca
NnocTaBeHn BbpPXy KapToeHOo-4eKCTPO3eH
arap (PDA) cbc cTpenTomMuumH. MeT Kbe-
yeTa OT pacTeHue (KOpeH u cTb6J10) U nNeT
cemMeHa ca NnocTtaBeHN BbB BCAKO neTpue-
BO 6711040, B 4eTupu nosTopeHus. Te ca

species of genus Phytium,
Leptosphaerulina, Phoma, Phythophthora
and Alternaria are significant disease
agents in vetch, spread in all the areas of
its production (Morgan and Johnson,
1965; Stovold and Walker, 1980; Hughes
and Grau, 2007; Villegas-Fernandez and
Rubiales, 2011; Salam et. al.,, 2011;
Sillero et al., 2014).

Given the importance of vetch as a
fodder crop in Serbia, the aim of this
paper is the determination of
phytopathogenic  fungi that cause
diseases in vetch for a clearer perception
of problems (the extinction of plants,
reducing yields, deterioration of the quality
of feed and other) arising as a result of
the presence those fungi.

MATERIAL AND METHODS

For the study of mycopopulations,
samples were collected from the sixteen
experimental plant genotypes of vetch
(Vicia sativa L.) originating from Australia,
two wild-genotype (Vicia sativa L.)
originating from Serbia, from the Rasina
region, and two wild genotypes (Vicia
villosa Roth.) originating from Australia.
The samples were collected between May
and June 2015 at the location of the
Institute for forage crops in Globoder.
Parts of plants as well as seeds from
immature pods are carefully washed
under running water. After washing, the
parts of stem and roots are cut to piece of
0.5-1 cm in size. Prepared samples of
roots, stems, and seeds were disinfected
with 96% ethanol for 10 seconds and with
1% sodium hypochlorite (NaOCI) for 1
min. and then washed three times in
sterile distilled water.

They were then dried on sterile filter paper
and placed on potato dextrose agar (PDA)
with streptomycin. Five pieces of the plant
parts (roots and tree) and five seeds were
placed in each Petri dish in four
replications. They were kept in a
thermostat at 25 °C in 12 h light / 12 h
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ObpXaHn B TepmocTaT npu 25 °C, B pexum
12 yaca csetnmHa / 12 vaca Houwl. Hab6nto-
[JeHusATa ca U3BbPLUEHN Ha BCEKU 3 OHU U1
noBevyeTo OT MULLE/IOBUTE NPobu ca passu-
™ go 14 aHn. Pa3sutute muuenu ca npose-
peHn Bbpxy HOB PDA cy6ctpatr u crneg
Haya/IHMA pacTeXx Ha muuena, BbpXoBuTe
MY 4YacTu ca BbpHaty 0THOBO B PDA.
MMKPOCKONCKOTO u3cnensaHe bGelle
M3BBbPLUEHO C MuKpockonu Olympus CX31.
MopdponornyHa ungeHTudukaums Ha poga
r6u Gewe un3BbPWEHA C MomowTa Ha
ctaHgapteH wmetof. W3uucneHa  Gelue
yectotaTta Ha wu3onNupaHe B% CbI1ACHO
topmynata Vrandec€ic i sar., (2011):

night regime. The observations were
performed every 3 days, and the majority
of mycelium samples were developed up
to 14 days. Developed mycelia were
screened to a new PDA substrate and,
after an initial grow, the peak part of the
mycelium was reseeded on PDA again.

Microscopic examination was
performed using microscopes Olympus
CX31. Morphological identification of fungi
to the genus was carried out using a
standard key. Calculated by the frequency
of isolation in % according to the formula
Vrandeci¢ i sar., (2011):

Bpoii cermeHTH, ChabpXallm reouyHUTE BUAOBE

MPOLIEHT Ha M30MpaHe

Number of segments containing the fungal species

The isolation percentage =

061 6poii M3MoN3BaHU CErMEHTU B U30/1aLus

x 100

Total number of segments used in the isolation

PE3YJ/ITATA

B HacToAweTo npoyysaHe Ha MUKO-
nonynaumMmTe Ha reHotunose ¢uii ca Ha-
6n1t0gaBaHm 0610 800 YacTy OT pacTeEHNETO
n 400 cemeHa. lMpn BCUYKM pacTeHus, OT
KOWTO ca M30aMpaHy rbouYKM, umalle SACHU
cUMNTOMK MO cTbbnata, nog dopmara Ha
neTHa M HEKPOTUYHWU nopaxeHus. OT Te3n
pacteHMs ca wu3o/mpaHn rLbu OT BuAa
Fusarium, Phytophthora n Alternaria. Cbw,0
Taka, npu ronsm 6poli pacTeHus wuma
HEeKpo3Mn ¢ 651 Bb3AyLleH MULen B gonHaTa
TpeTa oT cTb6/10TO U ca U30ampaHn rLom ot
pog Sclerotinia. B HAKoM pacTeHua ca
HabnogaBaHN  YepHU NUKHUOUW  BBPXY
cTbbnata, 3a KOMTO € YCTaHOBEHO, u4e
npvHagnexar kbM pog Phoma (Tabnvua 1).

MmMa cumnToMn Ha CBET/I0-TbMHOKA-
hsABN HEKPO3M BBPXY KOpeHoBsarta cuctema
Ha pacTeHusaTa 1 OT TAX ca U30NnpaHn rbom
oT poga Fusarium, Phythophthora, Phoma n
Rhizoctonia. Cbwo Taka, npu ronsm 6poii
pacTeHus ce HabnwogaBa ob6e3ugeTsaBaHe
Ha NpoBoASALLMTE ThbKaHU BbPXy KOpeHoBaTa
cuctema M OT TAX € u3onupaHa r.ba or
Buga Verticillium.

Camo npu ocem reHotTuna Ha i,
b oT poga Fusarium, Sclerotinia n
Penicillium ca w3onupaHn OT cemeHarta.
(Tabnuua 1).

RESULTS

In this study of mycopopulations of
vetch genotypes, total of 800 parts of the
plant and 400 seeds were observed. On all
plants from which fungi were isolated, there
were clear symptoms on stems in the form
of spots and necrotic lesions. From these
plants, fungi from genus Fusarium,
Phytophthora and Alternaria were isolated.
Also, in large number of plants, there were
necroses with white airy mycelium in the
lower third of stems and fungi from the
genus Sclerotinia were isolated from those
plants. In some plants, black fruiting bodies
(pycnidia) were observed on stems, which
have been found to belong to the genus
Phoma (Table 1).

There were symptoms as a light to
dark brown necroses on the root system of
the plants and from these plants fungi of the
genera Fusarium, Phythophthora, Phoma
and Rhizoctonia were isolated. Also in a
large number of plants decolorisation of the
conduction tissues on root system was
observed and from these plants fungus of
the genus Verticillium was isolated.

Only at eight genotypes of vetch,
fungi of the genus Fusarium, Sclerotinia and
Penicillium have been isolated from seeds.
(Table 1).
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Tabnuuya 1. YecTtoTa Ha rb6MYHa nsonayms Ha douii
Table 1. Frequency of fungal isolation on vetch

Bpoii npo6u/Number of samples

YacT Ha YacT Ha YacT Ha Bugose ru6m - (%) YecToTa Ha Bugose rv6m- (%) YecToTa Ha Buaose rv6m- (%) YecToTa Ha
Bupa/Species pacTeHue- pacTteHve- pacteHue- cTbbn10/Fungi nsonauus/Isolation KopeHu/Fungi n3onauus/isolation  cemeHaFungi  u3onaumsi/Isolation
cTbbno/Plant KopeHPlant  cemePlant species-stem Frequency species-root Frequency species-seed Frequency
part-stem part-root part-seed
Vicia sativa (A) 20 20 20 Phythophthora sp. 15 Fusarium sp. 10 - -
Fusarium sp. 10 Verticillium sp. 15
Vicia sativa (A) 20 20 20 Phythophthora sp. 15 Phythophthora sp. 20 Fusarium sp. 5
Fusarium sp. 10 Fusarium sp. 15 Sclerotinia sp. 10
Verticillium sp. 15
Vicia sativa (A) 20 20 20 Phythophthora sp. 15 Phythophthora sp. 40 Sclerotinia sp. 5
Phoma sp. 15 Phoma sp. 5
Alternaria sp. 5
Vicia sativa (A) 20 20 20 Phythophthora sp. 25 Alternaria sp. 15 Fusarium sp. 35
Rhizoctonia sp. 35 Sclerotinia sp. 15
Vicia sativa (A) 20 20 20 Sclerotinia sp. 15 Phythophthora sp. 15 Penicillium sp. 10
Phythophthora sp. 20 Fusarium sp. 10
Alternaria sp. 5
Vicia sativa (A) 20 20 20 Rhizoctonia sp. 25 Phythophthora sp. 20 - -
Phoma sp. 5
Fusarium sp. 25
Vicia sativa (A) 20 20 20 Phoma sp. 10 Phythophthora sp. 25 - -
Fusarium sp. 15
Alternaria sp. 5
Vicia sativa (A) 20 20 20 Sclerotinia sp. 10 Phythophthora sp. 10 - -
Phythophthora sp 15 Phoma sp. 5
Alternaria sp. 5 Rhizoctonia sp. 35
Vicia sativa (A) 20 20 20 Rhizoctonia sp. 25 Rhizoctonia sp. 15 - -
Fusarium sp. 20
Alternaria sp. 15
Vicia sativa (A) 20 20 20 Phythophthora sp 15 Phythophthora sp. 10 Fusarium sp. 10
Rhizoctonia sp. 10 Phoma sp. 25
Fusarium sp. 15
Vicia sativa (A) 20 20 20 Fusarium sp. 15 Verticillium sp. 10 Sclerotinia sp. 15
Alternaria sp. 10 Phythophthora sp. 20
Rhizoctonia sp. 30
Vicia sativa (A) 20 20 20 Phythophthora sp. 5 Phythophthora sp. 15 - -
Rhizoctonia sp. 20 Rhizoctonia sp. 10
Phoma sp. 25
Vicia sativa (A) 20 20 20 Phythophthora sp. 20 Rhizoctonia sp. 25 Fusarium sp. 15
Phoma sp. 5 Phythophthora sp. 5
Alternaria sp. 10
Vicia sativa (A) 20 20 20 Phythophthora sp. 20 Phythophthora sp. 15 - -
Phoma sp. 5
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Vicia sativa (A) 20 20 20 Fusarium sp. 15 Phythophthora sp. 10 -
Alternaria sp. 10 Fusarium sp. 10
Phoma sp. 5

Vicia sativa (A) 20 20 20 Fusarium sp. 15 Fusarium sp. 10 -
Rhizoctonia sp. 15

Vicia sativa (SR) 20 20 20 Verticillium sp. 25 Phythophthora sp. 10 -
Verticillium sp. 30

Vicia sativa (SR) 20 20 20 Verticillium sp. 15 Fusarium sp. 5 -
Fusarium sp. 10 Verticillium sp. 20
Phythophthora sp. 25

Vicia villosa (A) 20 20 20 Rhizoctonia sp. 15 Fusarium sp. 15 -
Fusarium sp. 10 Phythophthora sp 30

Vicia villosa (A) 20 20 20 Fusarium sp. 15 Rhizoctonia sp. 20 Sclerotinia sp.

The results indicate that vetch is
vulnerable to the attack of a large number

Pe3yntatute nokaspat, ye uAT €
YS13BMM Ha aTakata Ha ronsm 6pon

gouTonaToreHHn rbvoW, KOMTO MoraT fJda
OKaXaT 3HauYUTeNHO B/IUSIHNE  BbPXY
NMoHMXaBaHe Ha [o6uBa U KavyecTBOTO
My. CbwWwo Taka OT MoJydYeHUTe
pesyntatu MOXeM Ja 3akIlouuMm, 4e
cemeHata OT dwmii ce 3apassBaT B
CKNafoBeTe, a He Ha NoneTo.

of phytopathogenic fungi that can have a
significant impact on reducing its yield
and quality. Also from the obtained
results we can conclude that seed of
vetch becomes infected in warehouses
and not on the field.

197



OBCBbXOAHE

Mpn BCUYKN pacTeHusi, C KOUTO ca
npoBefeHn u3onauuu, vmalle SICHO BUW-
OVMY CUMITOMUW Ha Ha/lMyHOTO 3abons-
BaHe. B Te3u npoyyBaHua vma pasnuka B
yectoTata Ha MW30/MpaHe Ha HSKou
pofoBe OT hMTONaTOreHHN rbOMYKK, Kak-
TO B aBCTpa/miickaTa, Taka U B cpbbcka-
Ta nonynauus. Ha6nogasaHo e, ye rb6m
oT poga Verticilium, Fusarium u
Phythophthora B reHoTunute, npowus-
xoxkgawmy ot Cbpbus, ca 4YecTo
n3onmpaHn. Cobllo Taka pogoseTe
Alternaria, = Rhizoctonia, Phoma u
Sclerotinia ca u4ecto w3onMpaHu OT
aBCTPaJINNCKN FrEHOTUMNOBE.

Popose Fusarium, Phytophthora,
Rhizoctonia, Phoma, Verticillium,
Alternaria,  Sclerotinia, Botrytis un
Ascochyta gomuvHMpatr npu roguwHuM u
MHOroroguwH1 6060BK KyNTypu No ceBeTa
(Tivoli et al., 2006; Villegas-Fernandez
and Rubiales, 2011; Salam et al. Sillero
et al., 2014, Vasi¢ et al., 2015). Milievi¢
et al. (2013 r.) otuutaT pABa Buga
Fusarium F. verticilioides wn F.
proliferatum BbpXxy cemeHa Ha duii B
XbpBatusa. [Jokato Salam et. An. (2011)
unTnpa poposete Ascochyta n Botrytis,
ocobeHo Buagose Ascochyta fabae Speg.
(Teleomorph: Didymella fabae) n Botrytis
fabae, Botrytis cinerea kaTo 3HauMmmu
naToreHun no gpacyna B ABCTpaUius.
BaxHO e fga ce oTbenexu, ye napasutu
OoT popa Botrytis npexusasaTr nofg
dhopmaTa Ha ckiepouuuM unnm MuLen B
pactutenHn octarbuM B no4ysarta
(Davidson et al.,, 2004). lNMopagn Te3n
NPUYMHN ce npenopbyBa M3MNo03BaHETO
Ha poTauuss Ha KynTypu Ha 4etupu
rogvHu, Korato CcTaBa BbNPOC 3a
cemtbata Ha dwmii cnep dpacyn u rpax
(Salam et al., 2011). Salam et. An. (2011)
cbwo uutmpa Phoma medicaginis var.
pinodella n Ascochyta pisi kato 3Ha4uMmm
natoreHm B rpaxoBoTo 3BbPHO.
Phytophthora medicaginis e oTuyeTeHa
Nnpn HaxyT B ABCTpans U CbLIO Taka e
YyCTaHOBEHO, Ye TO3W napasut Moxe ga

DISCUSSION

In all the plants from which
isolations were conducted there were
clearly visible symptoms of the disease
present. In these studies, there was
difference in frequency of isolation of
some genera of phytopatgenic fungi in
both Australian and Serbian populations.
It was observed that in the genotypes that
originated in Serbia fungi of genus
Verticillium, Fusarium and Phythophthora
were frequently isolated. Also genera
Alternaria, Rhizoctonia, Phoma and
Sclerotinia were frequently isolated from
Australian genotypes.

Genera Fusarium, Phythophthora,
Rhizoctonia, Phoma, Verticillium,
Alternaria, Sclerotinia, Botrytis and
Ascochyta were dominant in annual and
perennial legumes worldwide (Tivoli et
al., 2006; Villegas-Fernandez and
Rubiales, 2011; Salam et. al., 2011,
Sillero et al., 2014, Vasi¢ et al., 2015).
MiliCevi¢ et al. (2013) determined two
Fusarium species F. verticillioides and F.
proliferatum on vetch seed in Croatia.
While Salam et. al. (2011) cited genera
Ascochyta and Botrytis, especially
species  Ascochyta  fabae Speg.
(teleomorph: Didymella fabae) and
Botrytis fabae, Botrytis cinerea as
significant pathogens on faba bean in
Australia.

It is important to mention that the
parasites of the genus Botrytis overwinter
in the form of sclerotia or mycelium into
plant residues in the soil (Davidson et al.,
2004). So, for these reasons, it is
recommended to utilize crop rotation of
four years, when it comes to the sowing
of vetch after the faba bean and pea
(Salam et. al., 2011). Salam et. al. (2011)
also cited Phoma medicaginis var.
pinodella and Ascochyta pisi as
significant pathogens in pea.

Phytophthora medicaginis was recorded
on chickpea in Australia and it was also
found that this parasite can infect other
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3apas3u gpyru BmaoBe 6060BM pacTeHus
(Salam et al, 2011). Sclerotinia
trifoliorums  Eriks. 4yecTto npuunHaBa
CEepMo3HN npobaemn B MHOTO 6060BU
pacTteHus B Mbpums (Lithourgidis, 2005).

Rhizoctonia solani Kiuhn e no4BeH
napasvt, KOWTO MOXe Jda npuynHM
CEepMo3HN npobsemn B MHOTO 6060BU
pacTeHus, ocobeHo npu thacyn

(Assuncdo, 2011). B Kanapa 304 reHoTuU-
noee chacysn ca u3criefBaHun 3a ycTonun-
BOCT kbM R. solani n camo neT ot Tax ca
naeHTumympaHm ¢ BMCoOKa ycTOMUYMBOCT
(Rashid and Bernier, 1993). Ligoxigakis
et al. (2002) onpepnenu V. dahliae kato
napasut no dwuva u gpyrm 60608BK
pacTteHus B Mbpuus.

B Tasn ctatua ca npencrasBeHu
npegBapuTenHu pesyntatu OT MUKOMy-
naymute Ha 20 ekcrnepuMeHTasiHU FeHo-
TMnoBe ¢uii. PuAT e MHOro BaxHa
dypaxHa KynTypa M HEMHOTO 3Ha4yeHue
KaTo XpaHa 3a XWBOTHWTE Ce paspacTsa
B HawaTa cTpaHa. ToBa npoy4yBaHe €
Hayasio Ha Mo-3a4bN60YEHO M3CeaBaHe
Ha dwmTonaToreHHuTe rbbu no us.
Jocera B Cbpbus HAMa 3HAYUTESTHU
uscneaBaHVs B Tasu MOCOKa, Taka u4e
6baewmnte wuscnenBaHvus, CBbp3aHN C
dwms, Wwe oTvagaTr B nocokara Ha nogoop
Ha reHoTMNOBE C MOBULLEHA TOJIepaHT-
HOCT KbM 60OsIECTM.

BNTATO4APHOCTU

To3n Tpya € doMHaHcuMpaH oT
MuWHUCTEPCTBO  Ha  06GpasoBaHKETO,
HaykaTa U TEXHOMOrMYHOTO pasBUTUE Ha
Peny6nnka Cbpbus, npoekt TR 31057

types of legumes (Salam et. al., 2011).
Sclerotinia  trifoliorums  Eriks.  often
causes serious problems in  many
legumes in Greece (Lithourgidis, 2005).
Rhizoctonia solani Kiihn is soil parasite
that can cause serious problems in many
legumes, especially on faba bean
(Assuncéo, 2011).

In Canada, 304 faba bean genotypes
were tested on the resistance to R. solani
and only five of them were identified with
high resistance (Rashid and Bernier,
1993). Ligoxigakis et al. (2002)
determined the V. dahliae as a parasite
on vetch and other legumes in Greece.

This paper presents the preliminary
results of mycopopulations of 20
experimental vetch genotypes. Vetch is
very important forage crop and its
importance as animal feed is growing
within our country. This work is the
beginning of a more comprehensive
study of phytopatogenic fungi on vetch.
So far, there were no significant
researches in this direction in Serbia, so
the future researches related to vetch will
go in the direction of selection of
genotypes with increased tolerance to
diseases.
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PE3OME

Llen Ha HacTosdweTo u3c/enBaHe
ca 10 reHoTMna OT NponeTeH cwuii: neT
reHoTuna obukHoBeH dmii (Vicia sativa L.)
W NeT reHoTMna Ha BbJIHECTA [/ylIMHA
(Vicia villosa Rooth.). HoBuAT reHeTnyeH
mMaTtepuan B CesIeKLMOHHWUA npouec Lie
JonpuHece 3a 3a MnosiydaBaHe Ha HOBU
copToBe C no-gobpu KayecTBEeHU U KO/u-
YyecTBEHU XapakTepucTuku. W3cnepsaHu-
Te reHOTMNOBE ca B3eTW OT KosekuusAta
Ha VHCTUTYTa No doypaxHu KynTypu, kaTo
UMaT pasnnyeH reorpagocku Npom3xo.
MpoyyBaHWA Ha Masikv napuesnn ca npo-
BEXJaHW B NPOLBLIDKEHNE HA TPU TOLUHU
(2013, 2014 »n 2015 r.) B ONUTHOTO none
Ha WHcTuTyTa no dypaxkHu Kyntypu B
Kpywesal,. MNpoyyeHn ca cnegHute Konu-
yecTBEHM nokasarenu: 6poii LWYLIYIKK Ha
pacTeHue, 6poli CeMeHa Ha LUYLIY/Ka,
Terno Ha 1000 cemeHa. OnpepeneHn ca
06O CbAbpXaHWe Ha NpOTeuH, Hepas-
TBOPUMY MPOTEMHU W Pa3TBOPUMU NPO-
TenMHN Ha dpypaxa (UsS10 pacTeHne) BbB
(hasa nb/AHEHe Ha wWwywynka. Bcuykn

SUMMARY

The objective of this research was
ten genotypes of spring vetch: five
genotypes of common vetch (Vicia sativa
L.) and five genotypes of hairy vetch
(Vicia villosa Rooth.). New genetic
material in the selection process would
contribute to the obtaining of new varieties
with better qualitative and quantitative
characteristics. The tested genotypes
were taken from the collection of Institute
for forage crops, and they have different
geographic origin. The small plot trials,
was conducted in three years (2013,
2014, and 2015) at the experimental field
of the Institute for forage crops Krusevac.

The following quantitative traits were
investigated: number of pods per plant,
seed number per pod, 1000 seed weight.

Total protein content, insoluble proteins
and soluble proteins were determined
from the forage (whole plant) in the phase
of pod filing. All studied chemical
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nscneaBaHn XUMUYHU napamMeTpu nokasa-
Xa 3HauuTesiHa pasfvka mexagy reHoTuno-
Bete u roguHute (P<0.01). Konwuuyec-
TBEHUTE napameTpu (6poii WYLYAKA Ha
pacTeHue, 6Gpoli cemeHa Ha LyLynka,
Terno Ha 1000 cemeHa) BapupaT Mexay
rEHOTUMOBETE, HO HAMA CTaTUCTUYECKU
3HAYUMU Pa3/INKN MEXAY FOQUHNTE.

KntouoBn gymun: kadectBo, Vicia
sativa L., Vicia vilosa Roth.,, o06uo
CbAbpPXaHWe Ha MNPOTEWH, HEpPa3TBOPUM
npoTenH

yBO/[,

duii ce oTrnexga 3a Lenute Ha
oypako 1 3bPHONPOM3BOACTBOTO 3a Xpa-
Ha Ha XUBOTHWTE. MNMOHEeXe e a30TodmKCK-
pawo 6060B0O pacTeHue, TON MOXe ga ce
n3non3ea kato pactuteneH Top. Camo
ceMeHata Morat fda ce u3nonssar 3a
XXMBOTMHCKA XpaHa nopagy BUCOKOTO CK
KayecTBo. PuAT ce oTrnexga 3a dypax,
NpPOU3BOACTBO Ha 3bPHO M KaTO 3efeHa
TopHa pactuTenHocT (Tenopala et al.,
2012). B mHoro Bugose oT poga Vicia nma
MHOro noasuagose u coptose (Maxted,
1995). B nutepatypara umMa MHOrO W3-
cnepBaHnsa Ha OGUKHOBEH ouid, MO-4ecTo,
OTKOJIKOTO Ha BbJIHECTA InylwurHa. B arpo-
HOMWYHWTE NpakThkn B CbpbUsa no-4ecTo
Ce 13non3Ba 06UKHOBEH huii, OTKOIKOTO
BbJ/IHECTaA MNywunHa. Cblo Taka, B "Cnu-
CbK Ha NnpusHaTUTE COPTOBE 3eMefesICKu
pacteHns" Ha Penybnmka Cbpbus
CblUecTByBaT net copra OT OGWKHOBEH
g (V. sativa L.), ABe pasHOBMAHOCTU
Bb/AHecTa raywuHa (V.vilosa Roth.) n
efivH copt MaHoHckn dnin (V. pannonica).

LisnoTo pacTeHne mMoxe pga ce
13Mosi3Ba 3a NPoOU3BOACTBO Ha Ka4YeCcTBEH
doypax. CemeHaTta ca C BUCOKO CbAbpxa-
HMe Ha NPOoTEeMHW U Morat Ja ce U3non-
3BaT W Kato XpaHa 3a >KUBOTHWU
(Buykkartal et al, 2013).

CemeHaTta OT eAHOroAuwHN 6060-
BW pacTeHus, U3Mnon3BaHn Kato dypax,
CbCTaB/ABaT CbLEeCTBEHA 4acT OT 6uo-
mMacarta (Hintz et al., 1992; Caballero et
al., 1996). Ako B3emMeM npenBus, ye Mo-
rofiiMaTa 4acT OT NpoOTeuHa, kaTo eauH

parameters revealed significant difference
between the genotypes, and years
(P<0.01). Quantitative parameters
(number of pods per plant, seed number
per pod and 1000 seed weight) varied
between genotypes, but there were no
statistically significant differences
between years.

Key words: quality, Vicia sativa L.,
Vicia vilosa Roth., total protein content,
insoluble protein

INTRODUCTION

Vetch is widely used for forage and
grain production for animal feeding. As a
nitrogen fixing legume, it can be used as
plant fertilizer. Due to the high quality of
seeds, and only seeds can be used as
animal feed. Vetch is cultivated for forage,
grain production and as a green fertilizer
plant (Tenopala et al., 2012). Within many
species of the genus Vicia there are many
subspecies and varieties (Maxted, 1995).
In the literature there are numerous
references to studies on a common vetch,
more often than on hairy vetch. In the
agronomic  practices in Serbia is
commonly used common vetch, while
hairy vetch is used to a lesser extent.
Also, on the “List of recognized varieties
of agricultural plants” of the Republic of
Serbia, there are five varieties of common
vetches (V. sativa L.), two varieties of
hairy vetch (V.vilosa Roth.) and one
variety of Pannonian vetch (V.
pannonica).

Whole plant is high quality feed for
use in forage production. The seeds are
with high protein content and may be
used as animal feed, too (Buykkartal et al,
2013).

Seeds of annual legumes, used as
forage, contribute to an essential
proportion of the biomass (Hintz et al.,
1992; Caballero et al, 1996). If we
consider that most of the protein, as the
one of the main quality indicators,
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OT OCHOBHMWTE MNoKasaTesim 3a KavyecTso,
Ce CbAbpxa B CEMeHaTa, TO HAKOU BaXHN
KayecTBa (6poAT Ha cemeHaTa B efHa
Wwywynka, 6pos Ha wWylynkute B efHO
pacTeHne n macata Ha 1000 cemeHa)
JONPUHAcAT 3a MO-BUCOKNA AN NPOTENH
B 6uomacatra. MHOro e BaxHO fJa ce
Hamepu 6anaHC Mexay yBesmyaBalloTo
ce CbAbpXaHue Ha NPOTEeNHU B Mb/HEXa
Ha LWyLlysikaTa 1 NoHmKaBaHe KauecTBOTO
Ha BereTaTuBHWTE 4acTW OT pacTeHuaTa
(Alzueta et al.,, 2001). Pesyntatute oOT
Samarah n Ereifej (2009) nokassaTt, ue
no-ronsiMaTa 4acT OT XMMUYECKUs CbCTas
Ha cemeHaTta ce HaTpynsa Mo BpemMe Ha
eTan 3e/IeHNKaBO-Xb/ITa LYLIY/Ka, KOeTo
€ ONTUMa/IHOTO Bpeme 3a npubupaHe Ha
pekonTarta oT cemeHa Ha ¢ms, 6e3 ga ce
HamansBa Macarta Ha ceMeHa u 3arybata
XpaHWUTeHN BeLLecTBa.

OcCBeH CypoBMS MPOTENH, BaXeH
nokasaresn 3a kayecTBOTO € CbOTHOLUe-
HMETO Ha pPa3TBOPMMUS 1 HEPa3TBOPMMUS
npoTenH. PasTBOPUMUAT NPOTEUH ce fJe-
(PUHUPA KaTO UCTUHCKMN MPOTEUH, KOTO €
pa3TBOPMM B KMCENMHHATa cpeja Ha Tbp-
6yxa (Licitra et al., 1996). CbwwWunsT aBTOp
3anBABa, Ye NoBeYeTo pas3TBOpPUMHK a3oT-
H/ KOMMOHEHTM 61BbP30 ce pasrpaxgar B
Tbpbyxa ¥ cnegoBarTesiHO Hamanssar
6enTbka, KOMTO MoXe Aa 6bae npeHeceH
B [JOfHaTa 4acT Ha XpaHUTesHUS TPakT.
Mo-paHHu npouenypu (Wohlt et al., 1973;
Crooker et al., 1978; Waldo and Goering,
1979) ce npunaraT OT 6uonornuyHa rnea-
Ha Touka, KOeTO HamasiaBa B/INAHNETO Ha
cpepata Ha Tbpbyxa. MNo-Aob6bp nokasa-
TeN 3a KayeCcTBOTO Ha diypaxa e Cbhbp-
XaHVWeTo Ha HepasTBOPWM MPOTEWH, Tbil
KaTo Tasu 4acT Hali-yecTo npemuHasa B
JoNHaTa 4acT Ha XpaHWTeNIHWS TPakT U
MOXe Aa ce u3nosnssa 3a (U3no0rMuHN
npouecn. KonmuecTBeHOTO onpegensHe
Ha cypoBaTa npoTeuHoBa (pakuus Ha
pypakHusa uii He e u3cnegBaHo B Mo-
ronsama cteneH (Alzueta et al., 2001).

FeHeTMYHaTa M3MEHYMBOCT B TECT-
BaHNWTE TEHOTUMOBE W 3HaHWATa 3a Hero
JaBaT OCHOBa 3a nofobpsisaHe 1 pas3Bu-
Tue Ha Hoeu copToBe (Miki¢ et al., 2013).

contained in the seed, that the some
important properties (the number of seed
per pod, number of pods per plant, and
the mass of 1000 seeds) contributes to a
higher proportion of protein in the
biomass. It is very important to find the
balance between increasing protein
content in pod filling and decreasing the
quality of vegetative plant parts (Alzueta
et al., 2001).

Results of Samarah and Ereifej (2009)
suggest that the majority of seed chemical
composition was accumulated by the
greenish-yellow pods stage which is
optimal time for harvest of common vetch
seed without reducing seed mass and
nutrient loss.

Besides crude protein, an important
indicator of quality is the ratio of soluble
and insoluble protein.

Soluble protein is defined as true protein
that is soluble in buffer at rumen pH
(Licitra et al., 1996). Same author stated
that most soluble nitrogen components
were rapidly degraded in the rumen, and
therefore reduced protein that could be
passed to the lower tract.

Earlier procedures (Wohlt et al., 1973;
Crooker et al., 1978; Waldo and Goering,
1979) were applied from a biological point
of view, which reduces the impact of
rumen environment. A better indicator of
the feed quality is the content of insoluble
protein, because that fraction mostly
passed to the lower tract and can be used
for physiological processes.

Quantification of crude protein fraction on
vetch forage was not investigated to a
greater extent (Alzueta et al., 2001).

Genetic variability within tested
genotypes and knowledge about it offer a
basis for improvement and developing
new cultivars (Miki¢ et al., 2013). The ten
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[eceT reHoTMna OT KOMeKUusiTa Ha
NHcTUTyTa 3a dpypaxHn KynTypu Kpyliesall
6s1xa n3bpaHun 3a TecTBaHe.

LlenTa Ha HaCTOALLOTO U3cneaBaHe e
Ja ce npoyyn CbAbpXaHMETO Ha NpoTewH
(no-cneunanHo HepasTBOPUMU MPOTENHN)
Ha reHoTMnoBse huil OT pasnnyHK reorpad-
CKW paiioHn. Ha ocHoBaTta Ha ToBa ja ce ce-
NleKTupaTt Haii-nobpute reHoTunoBe 3a Mo-
HaTaTblUHa cenekuus 3a ga ce npomssexaga
BMCOKOKAYECTBEHA XpaHa Ha XXMBOTHUTE.

MATEPVAT N METOON

MaTepvasnibT 3a TOBa U3cnenBaHe
ca 10 reHoTvna nposieTeH ouii oT BUAO-
BeTe V. sativa n V. Vilosa. TecTBaHuTe
reHoTUNoBe ca B3eTM OT MecTHarta
KonekumaTa Ha WHctutyta 3a doypaxHu
KynTypy v uMaT pasfnivyeH reorpadicku
npousxog (Tabnuuya 1).

genotypes from the collection of the
Institute for forage crops KruSevac were
selected for testing.

The aim of this study was to
investigate protein content (especially
insoluble proteins) of vetch genotypes
from different geographical areas. Based
on this, select the best genotypes for
further selection in order to produce high-
value animal feed.

MATERIAL AND METHODS

The material for this study was ten
spring vetch genotypes of species V.
sativa and V. Vilosa. The tested
genotypes were taken from the landrace
collection of Institute for forage crops, and
they have different geographic origin
(Table 1).

Tabnuua 1. U3cnegBaHu reHOTMNOBE U TEXHUSA NPOU3X0L,
Table 1. Investigated genotypes and their origin

leHoTun/Genotype  Bua/Species Mpownsxoa/Origin

VSAl V. sativa Australia/ABcTpanus

VSA2 V. sativa Australia/ABcTpanus

VST2 V. sativa Eastern Serbia/13TouHa Cbpbus
VSA4 V. sativa Australia/AsBcTpanus

VSAC3 V. sativa Central Serbia/LleHTpanHa Cbpbus
VVAL V. vilosa Australia/ABcTpanus

VVA2 V. vilosa Australia/AscTpanus

VVT3 V. vilosa Eastern Serbia/M3TouHa Cbp6us
VVAC1 V. vilosa Central Serbia/LleHTpanHa Cbp6us
VVAC2 V. vilosa Central Serbia/LleHTpanHa Cbpbus

OnutuTe BLPXY Manku napuenu ca
npoBexaaHn B MNPOA4b/KEHME Ha Tpu
roguHn (2013, 2014 w»n 2015 r.) B
eKCrnepumeHTasIHoTo none Ha MHctutyta
3a (pypaxHu kyntypu Kpywesad. Ekcne-
pyMeHTanHarta 30Ha e pasnosiokeHa Ha
BucouuHa 137 m; 43° 34 60" N n 21° 19’
36" E. lNouyBaTa Ha eKCnepmMeHTasIHOTO
none e asnysnanHa. /3nonssaHa e craH-
JapTHa CesiICKOCTOoMaHCcKa TeXHOMNOTUS.

WN3cnepsaHun ca crefgHUTe nokasa-
Tenn: 6poit WyLIYAKM Ha pacTeHne, 6po
CeMeHa B LUylly/iKa, Terno Ha cemeHa,
06O CbAbpXKaHWe Ha NPOTeUHW, pas-

The small plot trials, was
conducted in three years (2013, 2014,
and 2015) at the experimental field of the
Institute for forage crops KruSevac.
Experimental area was located at 137m
elevation; 43° 34' 60" N and 21° 19' 36"
E. Soil type of the experimental field was
relegated alluvium. Standard agricultural
technology was applied.

The following traits were
investigated: number of pods per plant,
seed number per pod, 1000 seed weight,
total protein content, soluble proteins and
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TBOPMMW MPOTEMHU W  HepasTBOPMMMU
NPoOTENHN. EKCNEPUMEHTBT € 3a/10KeH Mo
6/10KOB METO/, C paHAOMU3MPaHo pasnpe-
JeneHve B Tpn NOBTOPEHUA 3a Tpu roau-
HKU. lMpebposiBaHETO Ha OPOS LIYLIYIKA
Ha pacTeHue, 6poss Ha cemeHata B
wyuynka u Ternoto Ha 1000 cemeHa
felle M3BLPLIEHO B CTaguili Ha MbjHa
3psanocT. B3etu ca npobu oT neTt pacTte-
HUA OT BCHAKO MOBTOPEHME, Ha KOUTO ce
npebpounxa 6pos Ha LWYLLY/KATe Ha pac-
TeHMe 1 6posA Ha cemeHaTa B LUYLIYMKaA.
Ternoto Ha 1000 cemeHa e OTYETEHO OT
yHUKaNHuTe o06pasum Ha cemeHaTa OT
BCAKO NMOBTOPEHNUE.

OnpefensiHeTo Ha NPOTEUHOBOTO
CbAbpXaHve ce M3BbPLUM MPU MNeT pacTte-
HWS OT BCSKO NOBTOPEHME BbB hm3nosoru-
yeH cTaauii MbAHEHe Ha wylynkara. MNoko-
CABaAHeTo ce M3BbPLUN B e4VH U Cblun AeH
3a BCUYKM reHoTunose. Llenute pacTteHus
651Xa HaCUTHEHU M3CyLIeHn 1 belle cb3ga-
[eH YHVKasleH Mojen 3a XMMUYeCcKns aHa-
nn3. O6LWOTO CbAbpXaHWe Ha CypoB Mpo-
TenH Gelwe onpegeneHo cbrnacHo AOAC
2011.11. Pa3TBOPUMOTO MNPOTEUHOBO Cb-
AbpXaHue (UCTUHCKM pa3TBOPUM MPOTEMNH)
ce onpegens or Licitra et al. (1996). Ctoi-
HOCTUTE Ha pa3TBOPUMWA MPOTEWH ca [Ja-
[eHn B MpOLEHTV CcypoB npoTenH. Hepas-
TBOPUMUAT MPOTEMH Ce U3YUCNABA KaTo
pasnukata mMexay obLms cypoB NpoTeUH U
CTOHOCTTa Ha PasTBOPUMMS NPOTEMH.

CpefHute MeceyHu Temnepartypu
(°C) 1 obwuTe gaHHK 3a yTasisaHe (mm),
3anucaHy Mo Bpeme Ha nepuoja Ha
uscnepasaHe, ca npeacraBeHn B Tabnuua 2.

insoluble proteins. The experiment was
planted in a randomized complete block
design with three replications.

Counting of number of pods per plant,
number of seeds per pod, and 1000 seed
weight was done in full maturity stage.

Samples were obtained at five plants
from each replication on which number of
pods per plant and number of seeds per
pod were counted. The 1000 seed weight
was counted from the unique pattern of
seed for each replication.

Determination of the protein
content was done at the five plants from
each replication in a physiological stage
of pod filling. Cutting was done in the
same day for all genotypes. Whole plants
are chopped, dried and a unique pattern
for the chemical analysis was made.
Total crude protein content was
determinate according to AOAC 2011.11.
Soluble protein content (true soluble
protein) was determined by Licitra et al.
(1996). Values of soluble protein are
given in percent of crude protein.
Insoluble protein was calculated as the
difference between the total crude protein
and the value of soluble protein.

Average monthly temperatures (°C)
and total precipitations (mm) data
recorded during study period are

presented in Table 2.

Tabnuua 2. CpegHn MeceuHn Temnepatypu (°C) n obwm sBanexu (mm) npes

n3cneaBaHuUTe rogunHn

Table 2. Average monthly temperatures (°C) and total precipitations (mm) in

investigated years

MapTt Anpun Malii HOHN® KOnn  Asryct

March April May June July Aug.
2013 T (°C) 6.4 13.5 18.1 20.0 222 239
Banexw/Precip. (mm) 78.4 54.5 96.8 44.0 6.1 14.4
2014 T (°C) 9.4 11.4 14.9 194 21.3 21.0
Banexwu/Precip. (mm)  80.1 169.9 111.0 1385 753 61.7
2015 T (°C) 6.3 11.4 17.7 19.7 242  23.7
Banexwu/Precip. (mm) 105.8 55.2 62.6 101.7 2.8 22.4
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Pesyntatute ca obpaboTeHmn upes
aHanm3 Ha Bapuauua (ANOVA). N3non-
3BaH e Fisher TecT npu HMBO Ha BEPOAT-
HocT 0.01. 3a cTtartucTMyeckuss aHanus e
n3nonseaH coptyepsuT STATISTICA.

PE3YJITATU N OBCBXXOAHE

B1cokoTO 06WO0 KOAIMYECTBO Ha
BasieXxu (0T MapT Ao toHu 499.5 mm) c no-
HWCKN CPefHW MEeceyHn Temnepartypu Ha
Bb3gyxa (Tabnuua 2), poBegoxa Ao
yAb/hkaBaHe Ha BeretTaunoHHUsA Nepuos 1
3aKbCHsiBaHe (haszaTa Ha UbdTex npes
2014 r. MNbpBaTa rognHa oT n3cnenBaHe-
TO (2013 r.) MMa Hali-HACKO KO/IMYECTBO
Ba/IEXWN, C HaW-BUCOKU CPEAHU MECEYHU
TemnepaTypu nNpes3 pasrfiexgaHusi nepuog,.
TpeTarta roamMHa oT npoyyBaHeTo uma 6na-
TONPUATHK YCNOBWS 3a Pa3BUTUETO Ha CPUA.

Pesyntatute oT mscnepBaHeTo ca
npeactaseHn B Ta6numuya 3. Mpu 06MKHO-
BEHWTE TreHoTunoBe wnii, Hali-masbk
6poii WyLwwyku Ha pacteHme nva VSAC3
(9.31), a Havi-ronam e npu VSA4 (16.71).
MVHUMaNHMAT GPOA Ha LWYLIYKUTE MpK
Bb/IHECTa rNywunHa 6ewe Ha VVAL
(43,90), a makcumanHuAT Gele Ha VVA2
(46,32 wywynkn Ha pacteHue). bpoaT Ha
cemMeHa B LWyulysika € B UHTepBana 3.72
(VVA1l - BbnHecTa rnywuHa) go 5.52
(VSAC3 — 06ukHOBEH ¢owit). Haii-mHoro
CeMeHa B LWylyfka OT Bb/HecTara [/y-
WwrHa uma reHotun VVAL (26.37g) v Haii-
Masiko — reHotun VVACL (23.599g). Haii-
BMCOKOTO Terno Ha 1000 cemeHa B
eKcnepumeHTa wuMa O06UKHOBEH duii
reHotun VST2 (66.43g). Te3n pesyntatu
rnokasear, 4Ye reHOTUNOBETE, NPON3X0XAa-
Wy oT ABCTpasiMs, Umat Mo-rosisim 6poii
LWYLIY/IKM Ha pacTeHne 1 yBenuyasaly ce
6poil cemeHa B WyLLynkKa. Hail-BMcokoTo
Terno ot 1000 cemeHa e nman reHoTun ot
M3TouHa Cbpbusa (VST2). MonyyeHute
pesyntatm OT Te3n XapakTepucTukM ca
MaJIKo No-BUCOKM OT Te3n oT Georgieva et
al. (2016 r.), n 3a gBata Buga cuia.

The results were processed by the
analysis of variance (ANOVA). Fisher test
at the 0.01 probability level was used. For
the statistical analysis, the STATISTICA
software was used.

RESULTS AND DISCUSSION

Very high total precipitation (from
March to June 499.5 mm) with lower
average monthly air temperatures (Table
2) have caused the extension of
vegetation and late of flowering phase
during 2014. First year of investigation
(2013) had the lowest amount of rainfall
with the highest average monthly
temperatures in the examined period.
Third year of investigation had favourable
conditions for the development of the
vetch.

Results of investigating are
presented in the Table 3. Between
common vetches, the smallest number of
pods per plant had VSAC3 (9.31), and the
highest number was at VSA4 (16,71). The
minimum number of pods in hairy vetch
was at VVA1 (43,90) and the maximum
was at VVA2 (46.32 pods per plant). Seed
number per pod was in the interval 3.72
(VVA1 — hairy vetch) to 5.52 (VSAC3 —
common vetch). The largest seed of hairy
vetch had genotype VVAL (26.37g), and
the smallest genotype VVAC1 (23.599).
The highest 1000 seed weight in
experiment had common vetch genotype
VST2 (66.43g). These results indicate that
genotypes originating from Australia have
a greater number of pods per plant and
increasing number of seeds per pod. The
highest 1000-seed weight had genotype
from eastern Serbia (VST2). Obtained
results of these features were slightly
higher than those from Georgieva et al.
(2016), for both types of vetch.
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Tabnuua 3. I3MeHUMBOCT Ha AeceTTe reHoTMna huin 3a cpegHM CTOMHOCTU Ha 6pos LWYLLYNKM Ha pacTeHue, 6poi cemeHa
Ha WwyLynka, Tersio Ha 1000 cemeHa (g), cypoBu NpoTenHu (%), pa3TBopnMn NpoTenHu (%) 1 Hepa3TBOPUMN NPOTENHU
Table 3. Variability of ten vetch genotypes for average values of number of pods per plant, seed number per pod, 1000
seed weight (g), crude proteins (%), soluble proteins (%), and insoluble proteins (%)

Years VSA1 VSA2 VST2 VSA4 VSAC3 VVA1 VVA2 VVT3 VVAC1 | VVAC2 Xs

roanHn
Bpoii wywynkm Ha 2013 10.81" 12.83% | 11.30 18.2° 9.47' 43.3° 45.00° | 44.73" | 45.60° | 44.60" | 28.59™
pacTeHue 2014 10.93 12.63% | 10.73' 16.37% | 9.30' 44.43" | 47.73° 46.73%" | 44.07" | 44.60* | 28.75™
Number of pods per 2015 10.93° 11.77" 10.20' 1557° | 9.17' 44.20" | 46.23° | 44.70" | 46.27" | 4547 | 28.45™
plant X 10.89" 12.41° 10.74™ 16.71° 9.31° 43.90% 46.32° 45.40% | 45.31% 44.89%
Bpoii cemena Ha 2013 5.17"b 5.24‘"‘2 5.27‘"‘2 5.33‘"*2 5.78‘"‘b 3.67° 3.93° 3.96° 3.61° 4.14° 46™
YLy Ka 2014 5.405‘b 5.3oab 5.23: 5.31ab 5.53ab 3.73° 3.97° 3.70° 3.84° 3.92° 4.59™
Seed number per pod 2015 5.33° 5.32° 5.12 5.40° 5.27° 3.77° 4.07° 3.77° 3.82° 3.72° 457"

Xa 5.30° 5.29a 5.23% 5.35% 5.52% 3.72° 3.99" 3.81° 3.76" 3.94°

2013 55.53° 63.77° 66.77° 66.40° 65.10° 25.33°% | 25.03°® | 27.00 | 23.53°® | 23.60°° | 44.19™
Terno Ha 1000 b a a a a cd cde c cde cde ns
cemetia 2014 58.27° 65.33° 66.60 65.97° 66.60° 27.07% 25.00° 27.40° | 2387 | 23.43"% | 44.95"
1000 seed weight (g) 2015 55.97 65.70 65.93a 66.73 65.23 26.70° 21.70° 23.30% | 23.37° 23.67° 43.83

X 56.52° 64.93° 66.43° 66.37e 65.64° 26.37 23.01° 25.90™ | 23.59 23.57

2013 21.67 15.09™ 21.88™" | 18.33"™ | 19.00%" | 22.77® | 16.53" 19.319 | 14.43" 23.53% 19.55°
CypOBU NPOTENHM 2014 22377 | 16.20™ | 22.00™¢ | 19.61 18.73" | 23.17® | 17.67"% | 20.20° | 18.839" | 22.10°“ | 20.09°
Crude proteins (%) 2015 22.20% | 16.03™ | 21.17*° | 18.83°" | 18.20%" | 21.70% 17.074 19.60° | 17.87"% | 21.67 19.43°

X 22.08" 15.77° 21.68° 18.92% 18.64% 22.54' 17.09% 19.70° 18.04° 22.439
PasTBOpMI 2013 43.86:: 46.90f 34.71: 51.272; 40.23:'_7 34.09: 47.8032 35.87:: 46.3039 38.17:1 41.92:
npoTewHN 2014 46.13 hg 49.33° 34.53 52.40 41.23; 35.40 48.47° 36.30 46.17° o 39.60‘k 42.96"
Soluble proteins (%) 2015 44.03° 47.77" | 35.43" 54.20° 42.03" 35.63" 51.33 | 35.,57" | 45.27% 38.87 43.01

Xa 44.67° 48.00° 34.89' 52.62° 41.16° 35.04' 49.20° 35.91' 45.91° 38.88°
HepasTeopuy 2013 56.14‘9h _ 52.80_“k” 65.29° 48.73" 59.77;de 65.91% 52.20" 64.13""2 53.7og:f 61.83“2 58.05:
npoTewHI 2014 53.87? ' 50.67" 65.47° 47.60" 58.77 fe 64.6° 51.53t| 63.70° 53.839h' 60.40°de 57.04"
Insoluble proteins (%) 2015 55.976g 52.23" 64.56:‘ 45.80™ 57.97: 64.37:‘ 48.67 64.43:‘ 54.733 61.13° 56.99

X 55.32 51.90° 65.11 47.37° 58.83 64.96 50.80° 64.09 54.09 61.12°

*EfHakBuTE GYKBM NMOKa3BaT nivncara Ha cTaTucThyecky 3HaummMm pasnuku cnopeg, Fisher LSD TecTta (p<0.01). ®aktop A - reHoTun, chaktop B - roguHa
*The same letters indicate the absence of statistically significant differences according Fisher LSD test (p<0.01). Factor A - genotype, factor B - year
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Bb3 ocHoBa Ha u3cnefsaHuATa Ha
Alzueta et al. (2001), fo6uBBLT Ha CypoB
NPOTEUH OT OBUKHOBEH (huiAi € MOB/NSH OT
ce30Ha Ha pacTeX, HO He U OT pacTuTen-
HaTa 3psi0cT. B HaweTo n3cneasaHe uma-
e nNPOMEHNNBOCT nNpe3 roAuHWTE U 3a
Tasu xapakrepucTuka. Mo-Bucokute temne-
patypy no BpeMe Ha MbpBUA CE30H Ha
pacTex npeavs3BuKaxa HanpefHan craguii
Ha UbMTeX Ha pacTeHuaTa. BUCOKOTO KO-
nnyectBo Banexu npes 2014 r. gosege [0
yOob/hKkaBaHe Ha BeretaumoHHUS Mepuoa.
CypoBOTO CbAbpXaH/We Ha NpoTenHu belle
Nno-BMCOKO npe3 BToparta roguHa (2014 r.),
OTKONKOTO B NbpBaTa W Tpetata. Cbaobp-
XaHWeTOo Ha MpoTenHW Gelle no-BMCOKO OT
22% npu TpuTe W3cnefBaHu FeHOTUMNOBE.
Mpn efvH OT O6MKHOBEHUTE TreHOTUNoBE
duin (VSAL — 22,08%) n npu ABa OT reHo-
TMNoBeTe Ha BbJiHecTa rmywnHa (VVAL —
22,54% n VVAC2 — 22,43%). MUHUmanHo-
TO CbAbpXaHWe Ha NPOTENHN nMalle 06UK-
HoBeH cpuii VSA2 (15,77%) n BbHECTa
rnywmHa VVA2 (17,09%).

Tes3un pe3yntatu 3a CbAbpXaHue Ha
CYpOB NPOTENH ca NO-BWCOKW OT pesysTa-
TUTe, NOMyYeHN Npu uscnenBaHe Ha Cypo-
BUTE NPOTEMHOBU hpakumMm Ha OOMKHOBEH
uin B Tpu eTana Ha cbbupaHe Ha pekos-
Tata B MPOABL/IKEHME Ha [ABe TOAVHN
(Alzueta et al., 2001). Ho n B HaweTo
nscnefBaHe vMame reHOTUMNOBE C Masiko
MO-HUCKO CbAbpPXKaHWe Ha CypOoB NPOTENH.

BaxHo e fa ce m3bepe npaBWUIHOTO
BpemMe 3a KOCeHe, 3a [a ce u13nosn3sa
MakCMManHWa reHeTuYeH MnoTeHuuan 3a
XenaHuTe XapakTepucTukn. CobluecTByBaT
pasnuuust B XMMWYHWSA CbCTaB, CBbP3aHu C
eTana Ha passButne. Samarah un Ereifej
(2009) ca ycTaHOBW/IM, Y€ CbAbPXAHUETO
Ha nenes, MasHNHW, BNakHWUHW, NPOTEUHU Y
BbrexXuapatu ce yBenuyasa Mexay etana
Ha [P (cemeHa B nNbJjieH pasmep) W
3€/1eHNKaBO-Xb/Ta WyLyska (3XK).
CblmAT aBTOp 3asBsABa, Ye MO Bpeme Ha
(hazata Ha u3cylwaBaHe e UMasio yBenuye-
HVe Ha Bbriiexugpatute u pegyuvpaiimre
3axapv U HaMansiBaHEeTO Ha NPOTenHUTE.

PasTBopumara nportenHoBa hpak-
uMs ce pasmMyaBa 3HaAYMTENIHO Mpes
nscnegBaHuTe rogvHun (Tabnuua 2). Haii-
BMCOKOTO CbAbpXaHue Ha pasTBopuMU

Based on the research of Alzueta
et al. (2001), crude protein yield of
common vetch were affected by growing
season but not by plant maturity. In our
investigation there was  variability
between years for this feature, too.
Higher temperatures during first growing
season caused advanced flowering stage
of plants. High amount of precipitations
during 2014 caused extension of the
growing season. The crude protein
content was higher in the second year
(2014), than in the first and the third.

Protein content was higher than 22% in
three investigated genotypes. One of
common vetch (VSAl - 22,08%), and
two of hairy vetch genotypes (VVA1 —
22,54%, and VVAC2 — 22,43%). The
minimum protein content had common
vetch VSA2 (15,77%) and hairy vetch
VVA2 (17,09%).

These results of crude protein
content was higher than results obtained
in investigation of crude protein fractions
of common vetch forage at three
harvesting stages during two vyears
(Alzueta et al., 2001). But, also in our
investigation, we have genotypes with
slightly lower crude protein content.

It is important to choose the right
time of cutting to utilize the maximum
genetic potential for desirable traits.
There are differences in the chemical
composition in  relation to the
developmental stage. Samarah and
Ereifej (2009) founded that ash, fat, fiber,
protein, and carbohydrate content
increased between the FS (full-size seed)
and greenish-yellow pods (GY) stage.
Same author stated that during the
desiccation phase, there was an increase
in carbohydrate and reducing sugars and
a decrease in proteins.

Soluble protein fraction differs
significantly in investigated years (Table
2). The highest content of soluble
proteins was at genotype VSA4
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npoteuHn e npu reHotTun VSA4 (52.62%), a
HaW-HMCKOTO npn VST2 (34.89%). Teswn
pesynTartu ca B CbOTBETCTBME CbC cymara
oT dpakyumn A n B1, nonyyeHn npu nscnea-
BaHe Ha CypoBM MPOTEMHOBW ppakumn B
nscnegsaHe Ha Alzueta et al. (2001).

CpefHute CTOWHOCTM Ha HepasTBoO-
pYMUTE NPOTEVHU CbLLO Ce NPOMEHAT npes
rognHute (Tabnuua 3). Jopn YeTmpu reHo-
TUNa MMaT CbAbpXaHue Ha HepasTBOpUMMU
NpoTenHN no-ronsamo oT 60%, koeTo Owu
6110 MHOrO MHTEPECHO 3a MOo-HaTaTbLUHK
n3cnensaHus. ToBa ca efuvH FeHoTun Ha
06ukHOBEH i VST2 (65.11%) u Tpwu
reHoTuna Ha BfakHecta raywmHa: VVAL
(64.96%), VVT3 (64.09%) un VVAC2
(61.12%). HepasTBOpMMMUTE MNPOTEUNHM Ce
ycBOsiBaT No-406pe B XpaHocMunatenHus
TPaKT Ha XXWBOTHUTE U Ta3n 4acT e 3Hauu-
TENHO MO-MHTEpecHa 3a Mno-HaTaTbLUHK
nscnenBaHus.

n3BOaAN

BpoAT WyLlynkM Ha pacteHue, 6poaT
cemeHa Ha wyulysika u Tersio Ha 1000 ceme-
Ha He ce NPOMEHSA Mo roAuHU, HO 3HaynTen-
HO ce pas/simyasa no reHoTun. CbabpxaHue-
TO Ha CypOoB NPOTEWH, PasTBOPUMY NPOTEn-
HVW 1 Hepa3TBOPMMM NPOTEUHU Ca NOBJIUSAHU
OT rogvHaTa u reHoruna. Yetmpm OT wu3-
C/liefijBaHNTe TeHOTUMNOBE MMaT CbAbpXaHue
Ha HepasTBOPUM MNPOTEWH MO-BUCOKO OT
60%. OT TAX TpWU ca reHOTUNOBE Ha BNak-
HecTa rnywuHa n eavH e reHoTun Ha obuK-
HoBeH donii. CblUO Taka, CbAbpXaHNeTo Ha
CYpPOB MPOTEUH € MO-BMCOKO B [Ba OT Te3u
Tpu reHoTuna Ha BnakHecta rnywuHa (VVAL
n VVAC2). Tesn pesyntatu nokasear, 4e
B/lakHecTaTta  [lylWMHa, nopagn  Te3n
KaueCTBEHU XapakTepucTuku, Moxe ga nva
3HauuTesieH OA71 BbB (PYypaxHOTO Npom3-
BOACTBO. ChLUO Taka, BbBEXJaHeTO Ha HOB
reHeTMyeH martepuan OT Apyrn o6nactn B
cenekumsata 6u gonpuvHecno 3a nofo6ps-

BaHe Ha KauyecTBOTO U TeHeTUyHaTa
MPOMEH/INBOCT.
BNNATOOAPHOCTU

ToBa npoyyBaHe ce nogkpens oOT
MWHUCTEPCTBOTO Ha 06pa3oBaHMETO U
Haykata Ha Penybnuka Cobpoua (TR-
31057, 2011-2014).

(52.62%), and the lowest was at VST2
(34.89%). These results are in
accordance with the sum of fractions A
and B; obtained in investigation of crude
protein fractions in investigation of
Alzueta et al. (2001).

Average values of insoluble
proteins also varied by years (Table 3).
Even four genotypes had insoluble
protein content greater than 60% which
could be very interesting for further
research. These were one common vetch
genotype VST2 (65.11%), and three hairy
vetch genotypes: VVA1 (64.96%), VVT3
(64.09%), and VVAC2 (61.12%). The
insoluble proteins are better exploited in
the digestive tract of animals, and this
fraction is significantly more interesting
for further investigations.

CONCLUSIONS

Number of pods per plant, seed
number per pod and 1000 seed weight did
not varied by year, but significantly varied
by genotype. Crude protein content,
soluble proteins and insoluble proteins
were affected by year and by genotype.
Four of the studied genotypes had the
insoluble protein content higher than 60%.

Of these, three were hairy vetch
genotypes and one was common vetch
genotype. Also, crude protein content was
higher in two of these three hairy vetch
genotypes (VVA1l and VVAC2). These
results indicate that hairy vetch, due to its
quality features, could have more
significant share in forage production.
Also, the introduction of new genetic
material from other areas in the selection
would contribute to improving the quality
and genetic variability.
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PE3IOME

Len Ha wuscnegsaHeTo e pa ce
onpenenu pasnpocTpaHeHWETo Ha nnese-
NN KaKTo B NMOCEB OT floLUepHa, Taka u C
HEeliHW CMecCKW, Aanu oTrexaaHeTo M B
CMEeCKM MOXe 3HauuTesIHO Ja Hamanm
CbOTHOLWEHNeTO Ha nneenute. OCBeH
TOBa, TpsAbBa Aa ce onpejesiv Kak asoT-
HOTO TOpeHe BNUSie BbPXY pasnpocTpa-
HEeHMeTo Ha nnesesiHW BuAoBe. Ekcnepu-
MEHTBT BK/1HOUBaA ABa 6060BU (NtoLepHa 1
ecrnapseTa) U Asa XUTHM Buaa (exoBa
rnasmua w TPbCTUKOBMAHA BacaTtka).
MouepHaTa e nocsata B YMCT NOCEB U B
CMecKka C >XWUTHM TpeBW K ecnapseTa:
nouepHa+exosa rnasuua (50:50),
nouepHa+exosa rnaBnLa+TPbCTUKOBUAHA
Bnacatka (33.3:33.3:33.3) n
nouepHa+exosa raaBnUa+TpbCTUKOBMAHA
BNacaTka+ecnap3seTta (25:25:25:25).
Mapuenute ca TopeHu ¢ 0, 70, 140 n 210
kgN ha™ Ha roguHa. [lenbT Ha nneeenu B
CMeckuTe, B CpaBHeHuWe C MoceB camo C
nwouyepHaTta e HamasieH ¢ 46.8 o 55.6%.
HAavma 3HauuTenHa pasnuka u3Mexay
CMECKMTe B CbOTHOLLEHVETO Ha njieBesnuTe.
A30THOTO TOpEeHe 3HauuTenHO yBenuyasa
nneBefHWss HaTUCK B CTpyKTypata Ha
pactutenHata nokpueka. A30THOTO TOpPeHe

SUMMARY

The aim of the research was to
determine the incidence of weeds in pure
alfalfa crop and its mixtures, whether
growing in mixtures can significantly
reduce the proportion of weeds. Also, it
should be determined how N fertilization
affects the expansion of weed species.

The experiment included two legume
(alfalfa and sainfoin) and two grass
species (orchardgrass and tall fescue).
Alfalfa was sawn in pure crop and in
mixtures with grasses and sainfoin:

alfalfatorchardgrass (50:50), alfalfa +
orchardgrass + tall fescue
(33.3:33.3:33.3) and alfalfa +

orchardgrass + tall fescue + sainfoin
(25:25:25:25).

The plots were fertilized with 0, 70, 140
and 210 kgN ha™ per year. Weed
proportion in the mixtures, compared to
pure alfalfa, was reduced by 46.8 to
55.6%. There was no significant variation
among mixtures in the proportion of
weeds. Nitrogen fertilization significantly
increased weed pressure in canopy
structure. N fertilization increased weed
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yBéJ/indaBa CbOTHOLUEHMETO Ha nJjieBennTe
nosevye B fnocesa C 4YUCTa JIlOUEPHa, cnep
KOETO B HEMHUTE CMECKU C XUTHWU TpEBU 1"
ecnaps3eTa.

Knwo4yoBu Aymun: pasnpocTpaHeHue
Ha nnesenun, 6060BO-IMBAAHN CMECKM,
a30THO TOpeHe

YBO/,

MnesenuTe, KATO MHOTO arpecuBHA
pacTuTenHn BUOOBE, Ca TO/IEMU KOHKY-
PEHTU 3a CBET/IMHA, XpPaHWUTE/NHWN BeLyec-
TBa M BOAA W NPUCHLCTBMETO UM Hamans-
Ba fo6vBa Ha ypax, KayecTBOTO Ha
doypaka 1 ycTOMYMBOCTTa Ha KynTypaTta.
Mpon3BoACTBOTO Ha NIOLEPHA, OCOBEHO B
nepuoga cnefg nocsiBaHe, € MOYTU
HEBB3MOXHO 6€3 Xxepbuumamn, B NPOTMBEH
C/lyyail NpoLeHTLT Ha nneesenute B 6no-
mMacaTa npu NbpBU OTKOC MOXe aa 6bae
MHoro Bucok (Spandl et al., 1999) n oue-
NBAHETO Ha JiloLepHaTa € HeCcUrypHo.
Cnopeg Hoy et al. (2002), BucokuaT asn
Ha nnesenu B noseTara C JouepHa
Hamansea rbCcToTara Ha pacTeHuaTa Ha
nouepHa gopu ¢ > 50%. Kato ce uma
npeasui, Ye nopagu roassMoTo 3amMmbpcs-
BaHe Ha noyBata M BogaTa, OCHOBHaTa
3aja4ya Ha CeJICKOTO CTOMaHCTBO AHEC e
YCMELWHOTO NPOM3BOACTBO, KaTo B CbLLO-
TO BpeMe ce Hamanm ynotpebarta Ha xep-
6uumnan, MHOro y4yeHu ce onuTeaT Ja 3a-
MecTAT cenTbarta Ha NOCEBU Camo C XMUT-
HM 1N 6060BM pacTeHMsI C TEXHU CMECKM,
Cb3aBally KOHKYpPEHTHa cpepa, KOATo
eeKTVBHO e Hamanu fena Ha nne.e-
nite. MHOTOKOMMOHEHTHUTE acouuaumm
MoraTt Aa gosegaT A0 NO-rofisiMo A0Nb/I-
BaHe Ha EKOSIOTMYHWUTE HUWKM KU A0 Mo-
[06po 1M3non3BaHe Ha noYBuTe, BoJaTa u
CBET/IMHHUTE Pecypcu, kaTo no To3u
HauMH HamanseBaT Bb3MOXHOCTUTE 3a
nosiesaBaHe Ha nneseam (Wilsey and
Polley, 2002). B npoy4BaHeTo Ha Surault
et al. (2014), cbOTHOLWEHNETO Ha NneBenn
B CMECKMTE OT JII0LEepHa U XWUTHU TpeBu
ce HamansaBa ¢ 75-90%, B cpaBHeHMe C
nouepHa 6e3 npumeciy. Mpu cbCTaBAHETO
Ha CMECKM € MHOro BaxHO ga ce nsbepart
noaxoaswy BuaoBe, B 3aBMCMMOCT OT

proportion more in pure alfalfa then in
their mixtures with grasses and sainfoin.

weed abundance,
nitrogen

Key words:
grass-legume mixtures,
fertilization

INTRODUCTION

Weeds, as a very aggressive plant
species, are great competitors for light,
nutrients and water and their presence
reduces forage vyield, forage quality and
persistence of the crop.

Alfalfa production, particularly in the
period after planting, is almost impossible
without herbicides otherwise proportion of
weeds in the biomass of first cut can be

very high (Spandl et al.,, 1999) and
survival of alfalfa is uncertain.
According to Hoy et al. (2002), high

proportion of weeds in alfalfa fields
reduces alfalfa plant densities even by >
50%. Considering that due to the high
pollution of soil and water, the main task
of agriculture today is successful
production while reducing the use of
herbicides, many scientists were trying to
substitute sowing of pure crops of grass
and legume with their mixtures and
therefore create a highly competitive
environment that will effectively reduce
the proportion of weeds.

Multispecies communities may express
greater niche complementarity and make
better use of soil, water, and light
resources, thus reducing the opportunity
for weeds to establish (Wilsey and Polley,
2002).

In the study of Surault et al. (2014) the
proportion of weeds in grass-legume
mixtures is reduced by 75-90% compared
to pure alfalfa. When compiling mixtures it
is very important to choose right species
depending on the sward purpose.
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Luenta Ha TpeBoCTOA. Bbnpekn TOBa
XapakTepucTuKUTE Ha BUAOBETEe morar ga
NOB/IUAAT HA NHBA3UBHOCTTA Ha NieBenn-
Te. HAKOW yyeHu TBBLPAAT, 4ye WAEHTUY-
HOCTTa Ha BMAa e Nno-BaxHa OT 6pos Ha
Bngosete B cmecta (Emery and Gross,
2007; Sanderson et al., 2012). Sanderson
et al. (2013) TBLPAAT, Ye exoBaTa rnasu-
La uma MHOro OTpuUaTesIHO Bb3AeCcTBNE
BbpXy pasnpocTpaHeHWeTo Ha nseBenu-
Te. Cbwo Taka, Surault et al. (2014)
3aK/14uMxa, Ye MHOFOroguLLEH paiirpac u
decTynonnym B CMeCKuTe ca gBarta Bnga
XXWUTHW TPEBW, KOUTO Hali-MHOr0 orpaHmya-
BaT pacTtexa Ha niesenuTte, [OKATO Haii-
BMCOK NPOLLEHT nneBenun ce Habasa B
CMecCKM ¢ oBcura v TumoTteika. OT rnegHa
Touka Ha DyHKUMOHaNHWUTe rpynu Roscher
et al. (2009) yctaHoBABaT, Ye HAIMYMETO Ha
chypaxkHu TpeBu UMa OTpuLATENIHO Bb3AEN-
CTBME, [0KaTO Hannumeto Ha 6060BU
KyNnTypy MMa MOJIOXUTENHO Bb3delicTBue
BbpXy 6pos M NNbTHOCTTA Ha nnesenute. B
npoyysaHma Ha Picasso et al. (2008),
CMeckuTe 6e3 Hail-MHOro BuaoBe, NoTucka-
WM nnesenute umar 6.4 MbTUM noBeve
nnesenHa 6momaca, OTKO/IKOTO CMECKUTE C
Hall-MHOro B10Be, NOTUCKALLM M/IEBENNTE.

Llenta Ha u3cnepsaHeto e fda ce
onpefenu yectotata Ha pa3npocTpaHeHue
Ha nneeBenuTe B CaMOCTOSITENTHU MOCEBU
NoLepHa U B CMECKUTE 1 C XUTHU 1 6060BU
dypaxHu TpesBu, U Aann OTrIexgaHeTo B
CMECKN MOXe 3HauuMTesIHO Ja Hamau
KONN4YecTBOTO nnesenu. Thid kaTo a30THOTO
TOpeHe BoAM [0 NPOMEHU B CTPYKTypaTa Ha
CMeckuTe, e Heobxoaumo Aa ce onpegenu
Kak TO B/Msie BbpXy pa3npocTpaHeHMEeTo Ha
nnesenure.

MATEPWNAN N METO4WA

OnuTHLT € NPoBefEH B EKCNEPUMEH-
Ta/IHOTO Nose B VIHCTUTyTa 3a XMBOTHO-
BbACTBO 3eMyH, benrpag (44°49'N,
20°17'E, kota 96 masl). N3cneasaHaTa
noysa e Abnboka ranHecta ¢ pH 7,08.
CpepgHata rogviiHa Temneparypa e 12.8
°C, a cpefH/UTe roAuWHWN Basiexmn ca
640.9 mm. lMpegn 3anaraHeTo Ha onuta
naouita e n3non3eaHa kato obpaboTeae-
Ma 3ems. OnUTLT e 3a/lokKeH No 6/10Ko-

However, species characteristics can
influence weeds invasiveness. Some
scientists state that identity of the species
is more important than the number of
species in the mixture (Emery and Gross,
2007; Sanderson et al., 2012). Sanderson
et al. (2013) claim that orchardgrass has a
very negative impact on the spread of
weeds.

Also, Surault et al. (2014) have concluded
that perennial ryegrass and festulolium in
mixtures are the two grass species that
most limit the growth of weeds, while the
highest proportion of weeds is observed in
mixtures with brome and timothy. From
the perspective of functional groups,
Roscher et al. (2009) have concluded that
the presence of grass has a negative
impact, whereas the presence of legumes
has a positive impact on the humber and
density of weed plants. In studies of
Picasso et al. (2008), mixtures without the
most weed suppressive species had by
6.4 times more weed biomass than the
mixtures with the most weed suppressive
species.

The aim of the research was to
determine the incidence of weeds in pure
alfalfa crop and its mixtures with grasses
and legumes, whether growing in mixtures
can significantly reduce the proportion of
weeds. Since nitrogen fertilization leads to
changes in the mixture structure, it is
necessary to determine how it affects the
expansion of weed species.

MATERIAL AND METHODS

The experiment was performed at
the experimental field in Institute for
Animal Husbandry, Zemun, Belgrade
(44°49N, 20°17'E, elevation 96 masl).
The study soil was deep silty clay loam of
pH of 7.08. Mean annual temperature was
12.8°C and mean annual precipitation
640.9 mm. Prior to the establishment of
trial, the site had been used as arable
land. The experimental design was a
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BUS MEeTOo[, B YeTUPW NOBTOPEHUSA C rone-
MVHa Ha onuTHaTa napuena 10 m®. Onu-
TbT BK/IHOUBA ABa BuAa 60060BU pacTeHus
(ntouepHa 1 ecnapseTa) U Asa BMAa XUT-
HW TpeBW (exoBa rnasuua U TPbCTUKO-
BMAHa BnacaTka). JllouepHata e nocsAta
CaMOCTOSITE/THO U B CMECKU C XWUTHU TPEBU
n ecnap3eTa. MNpoUEHTHLT Ha BCUYKM BUOOBE
B CMECKUTE € CMIeJHUSIT: JIloLepHa + exoBa
rnasuua (50:50), nwouepHa +  exosa
rnaevya + TpbCTUKOBUAHA Bracatka (33,3:
33,3: 33,3) 1 slouepHa + exosa rnasmua +
TPBCTUKOBMAHA BnacaTka + ecrnapseTta
(25:25:25:25), 3a cbliecTByBalWmTEe YCIO-
BMS1 € MpenopbyaHa cfefHaTta rbctotata Ha
3acsaBaHe Ha /ilouepHa, exoBa rnasuua,
TPBCTUKOBUAHA BnacaTka 1 ecnapseta: 25
kg ha™ 3a nouepHa, 35 kg ha™ 3a XuUTHu
TpeBu 1 180 kg ha™ 3a ecnapseta. Mapue-
nite ca Hatopenu ¢ 0, 70, 140 n 210 kgN
ha™ Ha roguHa kato NH,;NO;. EgHa nonosu-
Ha oT N fo3uTe ca NpUIoXKeHN B HAYas1o Ha
BeretTauusi M BTopaTta MOMIOBMHA CcNej
MbpPBY OTKOC.

Mapuennute ca oOKOCsIBaHW BCEKU
MbT, KOraTo 3penoctrta Ha TpeBHaTa
NnoKpmBKa gocturHe hasa 1/3 ybrex, 3a
Ja ce onpefeny npou3BOACTBOTO Ha
pactutenHa maca. lNpean BCAKO KOCeHe
ca B3eMaHu pbyHO Npobu oT BGromacaTa,
ot nnowy 1 m?. MpobuTe ca pasgenexHu no
pactTutenHn BugoBe, B naboparopus,
CylleHn ca npu 60° B NpoAbL/KEHME Ha
72 vaca n ca npeterngHu. 3a oTynTaHe
NPOLLEHTBLT Ha M/eBesiMTe, ca U3vnucneHn
OTHOCUTENHUTE AANOBE HA BCEKN BUA.

AHanM3bLT Ha OTK/IOHEeHusATa e U3-
BbpLUEH Ype3 u3nosi3BaHe Ha obLy, nuHe-
€H Mofen B CTaTUCTUYECKUS nporpameH
naket SPSS (SPSS 20.0). Tect Shapiro-
Wilk e u3nonseaH 3a fJa ce YyCTaHOBM,
jJann  HabnwgeHuata ca  nNpasBWIHO
pasnpefeneHu, a TeCcTbT Ha Levene - 3a
TecTBaHe XOMOreHHOCTTa Ha BapuauumuTe.
CpaBHeHusiTa MO ABOKM ca NPOBeAEHN C
LSD TecT npu BepoATHOCTHO HMBO 0.05.

PE3YJITATN N OBCBXAJAHE
CpegHnTe  CBLOTHOLEHMS  Ha
nneBenMTe B unucTata JilouepHa M
HENHNTE CMECKM C XXWUTHW TPEBM U

randomized block with four replications
and plot size of 10 m® The experiment
included two legume (alfalfa and sainfoin)
and two grass species (orchardgrass and
tall fescue). Alfalfa was sown in pure crop
and in mixtures with grasses and sainfoin.

Proportion of all species in the mixtures
were even: alfalfa+orchardgrass (50:50),
alfalfa+orchardgrass+tall fescue
(33.3:33.3:33.3) and
alfalfa+orchardgrass+tall fescue+sainfoin
(25:25:25:25). Sowing density for alfalfa,
orchardgrass, tall fescue and sainfoin
were recomended for existinq conditions:
25kg ha™ for alfalfa, 35 kg ha™ for grasses
and 180 kg ha™ for sainfoin.

The plots were fertilized with 0, 70, 140
and 210 kgN ha™ per year as NH; NOs.
One half of N doses were applied at the
beginning of vegetation and second half
after the first cut.

Plots were cut each time the
canopy maturity reached one third
inflorescence of alfalfa plants to determine
herbage production. Prior to each cut,
biomass was sampled bzy hand — cutting
from the surface of 1m°. Samples were
separated into different plant species in
the laboratory, dried at 60° for 72 hours,
and weighed. To assess the weed
proportion, relative proportions of each
species were calculated.

Analyses of variance  were
performed using General linear model in
the SPSS statistical software package
(SPSS 20.0). Shapiro-Wilk test was used
to determine wether or not the
observations were normally distributed
and Levene’s test for testing homogeneity
of variances. Pairwise comparisons were
conducted wusing LSD test at the
probability level 0.05.

RESULTS AND DISCUSSION
The average weed proportions in
pure alfalfa and their mixtures with
grasses and sainfoin under different lavel
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ecrnapseta npu pasnuyHn HmBa Ha N
TOpeHe ca npeactaBeHn B Tabnuuya 1.
CbOTHOLIEHNETO Ha nneBennTe B cbbpa-
HaTa 6uomaca e cpegHo ot 1.9 go 8.0%.
CmecKkute 3HauyuMTesIHO HamanssaTt Hanu-
4y/“eTo Ha NnneBesnu, B CPpaBHEHME C YnCTa-
Ta /mouepHa ot 46.8 po 55.6%. B nscnep-
BaHuATa Ha Surault et al. (2014), yecTo-
Tata Ha nnesenvTe, B ABYKOMMOHEHTHU
TPEBHW CMECKM Ha filouepHa ¢ qpypaxHu
TpeBU, CbLLO Ca HamaneHW, HO C Mno-
ronsam npoueHt, B Somme-Vesle 44 po
90% u B Lusignan oT 79 o 98%. Cbluo
Taka, Apyrv npoy4ysBaHusa nokassart nogo6-
Hn pesyntatn (Kirwan et al., 2007;
Sanderson et al., 2012). Hama 3HauuTen-
HU pas/ivkn Mexay CMeckuTe B CbOTHO-
LeHVeTOo Ha nnesenTe. B HAkoW pesyn-
TaTu MOXe Ja ce yCTaHOBU, Ye nsobunne-
TO N paBHOBECUETO Ha BUAOBETE, Karto
MHOIO BaXeH KOMMOHEHT Ha BWAOBOTO
pa3sHoobpasune, MOXe Aa Hamasnu nneses-
Hata uHBasus (Emery and Gross, 2007).
B HawuTe OTKpUTMA TO3M (pakt e
OYEBUAEH CaMO MeXay MOHOKynTypaTa v
CMeckuTe, HesaBuCcMMO OT 6pos Ha
BMaoBeTe u gobuea.

of N fertilization are presented in Table 1.
The proportion of weeds in the harvested
biomass averaged from 1.9 to 8.0 %.

Mixtures significantly reduced presence of
weeds in comparison with pure alfalfa by
46.8 to 55.6%. In research of Surault et al.
(2014), frequencies of weeds, in binary
alfalfa grass mixtures, were also reduced
but in greater percentage, in Somme-
Vesle 44 to 90% and in Lusignan 79 to
98%.

Also, other studies have shown similar
results (Kirwan et al., 2007; Sanderson et
al.,, 2012). There was no significant
variation among mixtures in the proportion
of weeds. In some results, it can be found
that species richness and eveness as a
very important component of species
diversity could reduce the weed invasion
(Emery and Gross, 2007).

In our findings this fact is evident only
between monoculture and mixtures,
regardless of the species number and
contribution.

Tabnuua 1. NMpoueHT Ha NaeBenuTe NPy MOHOKYNTYPU OT NKOLEPHA U CMECKN OT
nrouepHa ¢ 1 6e3 a30THO TOpeHe (CpeaHOo 3a neT rognHn)

Table 1. Weed proportion in alfalfa monoculture and alfalfa mixtures with and
without nitrogen fertilization (average over five years)

BapwuaHTu / Variants

N TopeHe / N fertilization

CpepgHo
Average canopy

0 70 140 210
NIA 393 487 6.80 8.00 5.90°
N+E | A+O 2.33 260 362 371 3.10
N+E+TB / A+O+TF 211 254 377 4.14 3.14°
N+ E+TB+E/A+O+TF+S 190 248 262 3.50 2.62°
CpefHo TopeHe/Average fertilization 2.56° 3.12° 4.20° 4.83
HuBo Ha 3HaunmocT/Level of significance
Cwmecku/Mixture *x
TopeHe/Fertilization *x
B3anmopeiicteue/Interaction ns

N-nouepHa/A-alfalfa; E-exosa rnasuua/O-orchardgrass; TB-TpbcTukoBUAHa Bnacatka/TF-tall fescue;
E-ecnapseTa/S-sainfoin; 6e3 3HauMmMocT/ns- non significant; **3Haunmn npu p<0.01/**-significant at p<0.01

N TOpPEHETO 3HAUYUTESHO YBENMYU
npoueHTa Ha nneBenMTe B yuctata Jo-
LepHa 1 HeitHuTe cmecku. MNpw oTrnexaa-

N fertilization significantly
increased proportion of weeds in pure
alfalfa and their mixtures. Treatment

He 6e3 a30T uma Hal-masiko nnesenu B | without nitrogen had the least weeds in
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6romacata. MoBuiweHoTo TopeHe ¢ N no-
Ka3Ba 3HauYWTE/THO YBE/IMYEHMEe Ha M/ieBe-
nuTe B CTPYKTypaTta Ha TpeBHaTa NokpuBKa.
Cbwo Taka, Blackshaw et al. (2003) e
yCcTaHoBWA, Ye [JobaBsAHETO Ha asoT
CTUMySIMpa pacTexa Ha njeBenvTe, CbLio
KakTo 1 pacTtexa Ha KyntypuTe. N TopeHeTo
yBe/MYaBa CbOTHOLUEHWETO Ha MNeBenunTe
B yMcTaTa /loLepHa, KakTo 1 B CMeckute n
C XWTHW TpeBm 1 ecnapseTa (Purypa 1).

20,00

15,00

10,00

Weeds (%)

5,00

>

biomass. The high N fertilization showed
significant increase of weed abundance
in canopy structure. Likewise, Blackshaw
et al. (2003) have shown that added
nitrogen promotes weed growth same as
crop growth. N fertilization increases
weed proportion more in pure alfalfa then
in its mixtures with grasses and sainfoin
(Figure 1).

@ Alfalfa
TAN Alfalfa+orchardgrass

o) fAIfelfa+0|'cha|'dg|'ass+talI
escue

# Alfalfa+orchardgrass+all
fescue+sainfoin

= pure alfalfa

N fertilization (kgN /ha)

dur. 1. CbOTHOLWEHNE Ha rMJieBenuTe npn 4mncTtTa JilouepHa " HEMHN CMEeCKU

CMpsIMO a30THO TOPEHe

Fig. 1. Weeds proportion in pure alfalfa and their mixtures vs. nitrogen

fertilization

ToBa MOXe fga ce 06scHM C dhakTa,
ye N TopeHeTO, B CMeCcku, 6naronpmnaTcrea
pacTexa Ha >XWTHWTe TPeBUu, KOUTO ca
rolemMy KOHKYpeHTU 3a CBeT/IMHa, Boja U
nouyBa, 1 NpefoTBpaTABaT Hax/lyBaHETO Ha
nnesenuTe, 3aemaikm TexHus 06xBsar.
Comakli et al. (2005) nocousaT NoAo06GHM
OTKPUTWA B M3CNeABaHusTa cu.

Mpe3 roguHuTe, KOIMYECTBOTO nie-
BENN B NOCEBUTE ce NpomeHs. [pes3 nbpBea-
Ta rogvHa cnepj 3acsiBaHeTo, CbOTHOLUe-
HVEeTO Ha nneBennTe e Mo-BNCOKO B CMecC-
KNTe, OTKOMIKOTO B uucTaTa kyntypa. lpes
BTOpaTa roguHa CbOTHOLLEHUETO Ha nieBe-
MTe B CMECKUTE € HaMassnio 3HauUTesHO
noA, npoueHTa B uucTaTa /ouepHa n e
OCTaHa/I0 HUCKO npe3 roauHuTe. Mpy yuc-
Tata nioLepHa, CbOTHOLLIEHNETO Ha nnese-
nMTe e 6uno Hail-HMCKOo npe3 BTopaTta

This could be explained by the fact
that N fertilization, in mixtures, favours
the growth of grasses that are great
competitors for light, water and soil and
they occupy scope preventing weeds to
invade. Comakli et al. (2005) state similar
findings in their research.

During the years, weed abundance
changed between crops. In the first year
after sowing, weed proportion was higher
in mixtures than in pure crop. In the
second year, weed proportion in mixtures
decreased significantly under proportion
in pure alfalfa and remained low
throughout the years. In pure alfalfa crop,
weed proportion was the least in second
production year. In each subsequent year
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roguHa Ha nNpov3BOACTBO. BbB Bcska crel-
Balla roguHa e 6uno no-encoko (durypa 2).
MpoTvBHO Ha HawwuTe OTKpUTUA, Ergon et
al. (2016) TBbLpAM, Ye nneeBenuTe npes
nbpBara rogvHa CbCTaBasaBaT MHOro Masika
yacTt oT gobumea Ha DM (cyxo Bew,ecTBO),
[oKaTo npes3 BTOpaTa W TpeTarta rogvHa Te
yBenMuaBaT CBOSI MPUHOC 3a CMeTka Ha
BCMYKM  3aceTu Bugose. [JenbT Ha
nnesenute B 6OUOMacata OT CMECKM €
NMOCTOSIHEH NpuW Bcska KocuTba. B uncTtata
nouepHa  ToOl  nokasBa  3HAUM-TESHU
pasnuku, Npu nbpBa W TpeTra KocuT-6u
nnesenuTe uMaT no-ronsM Asa, B Cpa.-
HeHne c BTOpaTa M 4yeTBbpTaTa KocuTba.
Moao6HO Ha HawwuTe pe3yntatu, Surault et
al. (2014) pokasBa, Ye HsAMa pasnuka B
n306WIMeTo Ha NaeBesn B Guomacarta npu
CMeckuTe mexay kocutbute. Mpu yncTtata
NoLepHa MMa 3HauYUTeNIHO MO-BUCOK AN Ha
nnesenu B 6momacarta u B 3aBUCMMOCT OT
roguHaTa, TO ce NPOMEHSsi MpU KocUTouTe.
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it was higher (Figure 2). Contrary to our
findings, Ergon et al. (2016) claim that
weeds in the first year made up very
small proportion of the DM vyield, while in
the second and third year they increased
their contribution at the expense of all the
sown species.

Share of weeds in mixtures’ biomass had
been constant per cuts. In pure alfalfa it
showed significant differences, the first
and third cut had higher proportion of
weeds in comparison with the second
and fourth cut. Similar as in our results,
Surault et al. (2014) have concluded that
there is no difference in weed abundance
in mixture biomass between cuts. Pure
alfalfa had significantly higher share of
weed in biomass and depending on the
year it fluctuated per cuts.

21,00 & Altsita

L Alfsfa-orcherdgrass

o Altsita-orchsrdarasestall
M=wcue

5 Altalta orcherdgrass itall
Tascus+saintain
Fure al*alfa

b x

Cut

dur. 2. CbOTHOLWLEHME Ha MNJiIeBeNnTe npun 4ynctarta aruepHa n HENHN CMEeCKM 3a

rognHn mn 3a KOCUTOWN

Fig. 2. Weeds proportion in pure alfalfa and their mixture per years and per cuts

N3BOAN

Crnopes, aHanusupaHuTe [AaHHU
MOXEM [a 3ak/luyMMm, 4Ye CMeckuTe Ha
NoLepHa € XWUTHU TPEBU 3HAUUTESTHO
HamassiBa HanMumeTo Ha nnesenu, B
CpaBHeHWe C yucTata nwouepHa ot 46.8
0o 55.6%. Hama pasnunka mexay CMecKu-
Te B KOJIMYECTBOTO M/1IEBE/IN, HE3ABNCUMO
OT XapakTepucTukiTe Ha BugoseTe, 6pos
n pobuBa. A30THOTO TOpPeHe yBennyasa
nnesenuTe, noseye B MOHOKyNTypaTta oOT
NoLEepHa, OTKOJIKOTO B HEHUTE CMEeCKM,
KOeTO MOXe fla ce 06sicHu ¢ pakTa, 4ye N

CONCLUSIONS

According to analysed data we can
conclude that alfalfa-grass mixtures
significantly reduced presence of weeds
in comparison with pure alfalfa by 46.8 to
55.6%. There was no difference between
mixtures in weed abundance regardless
the species characteristics, number and
contribution.

Nitrogen fertilization increased weeds
preasure more in alfalfa monoculture then
in their mixtures, what could be explained
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TOpeHe 61aronpusATCTBa KOHKYpeHTHaTa
CMOCOBHOCT Ha XUTHWUTE TPEBU 3a ypax.
HaweTto npoyyBaHe noka3sa, 4Ye M3Mos-
3BaHETO Ha >KUTHO-6060BM CMECKM €
Nnosie3eH HauuH 3a npeofosisiBaHe Ha
MHBa3usiTa Ha NseBenvTe N NoaabpXaHe
Ha CTPYyKTypaTa Ha CMecKuUTe.
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by the fact that N fertilization favours
competitive  ability of grasses for
resources. Our study shows that use of
grass-legume mixtures is useful way to
overcome weed invasion and maintain
mixture structure.
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PE3IOME

Llen Ha HacToALWOTO n3cneaBaHe e
Ja ce onuwaT Bb3MOXHUTE Pas/iMky B
KOHUEHTpauusita Ha BbIepos, asor,
KOIMYEeCTBOTO MMUKPOOHa 6Guomaca w
MMKpPOOHaTa akTMBHOCT B NoYBeHa npoba,
B3eTa OT KOpeHoBaTa 30Ha Ha 3uMMHa
nweHuya — Triticum aestivum (camocTos-
TenHa kyntypa, SC-WW), 3uMHa nweHn-
ua (cmeceHo oTriexgaHe Ha kyntypu; IC-
WW) cbC 3umeH rpax — Pisum sativum
var. Speciosum (IC-WP). Mpobute oT
pusocepara ca B3eTM BbB (pasza Ha
UbTex Ha 3uMHa nweHnua (GS 61-69) n
3umeH rpax (GS 61-69). Haii-Bucoko
CbabpxaHne Ha TC e OTKpMTO B Mnoyse-
HUTe npobu ¢ IC, okono 200% B cpaBHe-
HMe ¢ npobuTe OT nouysa npu SC-WW.
KyntueBupaHeto Ha cmecHu kyntypu (IC)
CbLLO nognomara MMKpobHaTa akTMBHOCT
N pa3BUTUETO Ha MUKPOOGHUTE CHO6LLECT-
Ba B 30HaTa Ha pu3ocgepara, KOeTo ce
JoKasBa OT Hali-rofiimarta aepaums Ha

SUMMARY

The aim of this study is to describe
potential differences in concentration of
TC, TN, amount of microbial biomass and
microbial activity in soil sample taken from
root zone of Winter Wheat — Triticum
aestivum (Sole crops; SC-WW), Winter
Wheat (Intercrops; IC-WW) with Winter
Pea — Pisum sativum var. Speciosum (IC-
WP).

The samples of rhizosphere soil were
taken during flowering growth stages of
Winter Wheat (GS 61-69) and Winter Pea
(GS 61-69). The significant highest
content of TC was found in soil samples
from IC, about 200 % in comparison with
the soil samples from SC-WW.

Cultivation of IC also supported microbial
activity and development of microbial
communities  in  rhizosphere  zone
documented by the highest soil respiration
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noysata W KOMMYECTBO Ha MUKPOOHa
Maca BbB BapuaHTute ¢ IC. NamepeHute
CTOMHOCTM NOKa3BaT NOSIOKUTETHOTO Bb3-
[JelicTB/e Ha cMmeceHaTta KynTypa Bbpxy
oTnaraHeto Ha TC B pwusocepata u
CbCTOSHMETO Ha  MUKPOOGHMUTE CbOO-
LiecTea B pusocgepara.

KntovoBn aymu: 3vMHa nweHnua,
3UMEH Fpax, CMECEHMN KYNTYpU, KOPEHOBU
ekcygatu,  pusoccepa, MUKPOGHUTE
cbobllecTBa

yBO/[,

CMeceHOTO OTriexgaHe Moxe ga
6bae onpedesieHo KaTo cucTema, B KOATO
[ABa 1Ny NoBeye BuAa Ky/lTypu ce oTr/1ex-
[JaT Ha efHO 1 CbLIO MSCTO B CE30HA Ha
Beretauma (Hauggaard-Nielsen et al.,
2008; Ofori and Stern, 1987; Brooker et
al., 2015). CmecBaHeTO Ha BMAOBE B CUC-
TemuTe 3a KyNnTvBUpaHe MOxe Ja foseje
[0 peauvua nonsu, uspaseHyn B pas/imyHun
NPOCTPaHCTBEHN U BpemMeBu mawabu, ot
KpaTKOCPOYHO HapacTBaHe Ha gobusa u
KayeCcTBOTO Ha Ky/nTypara A0 Ab/IroCpou-
Ha YCTOMYMBOCT Ha arpoekocucremara
(Malezieux et al., 2009). 3a ga morar 3e-
MegencKnTe cMcTemMu ga octaHaT NpoAykK-
TMBHM, LLEe € Heob6xoaMMo ga ce Monb/-
BaT pe3epBuTE OT XPaHUTENHM BELLECTBA,
KOWUTO ce npemaxsaTt unm 6usat nsryoeHmun
B noysata. B cnydyaa Ha asota (N), BHa-
CAHETO My B CEJ/ICKOCTOMAHCKN CUCTEMMU
MOXe fa ce nosy4dn oT artmoctepHus N,
ype3 6uonornyHa N, chukcaumsa (Peoples
et al., 1995). buonornyHaTta asoTtcmkca-
UUS € BaXEH acnekT Ha YCTON4MBOTO U
€K0/1I0rocbobpasHo  NPOM3BOACTBO  Ha
XpaHu M AbArocpoyHaTa Npou3BOAUTEN-
HocT Ha kyntypute (Kessel and Hartley,
2000). 3bpHeHO-6060BUTE KyNTYpK Morat
Ja NOKPUAT HyXaWTe cu OT asoT upes
6uonoruyHa dmkcaumnss Ha atmoctepHus
N, (Hauggaard-Nielsen et al., 2001;
Trenbath, 1976) 1 cnegoBaTesiHoO ce KOH-
Kypupat no-mMasiko 3a noyseH N i, npwu
CMECEeHOTO OTINeXAaHe CbC XUTHU KyTYy-
pu (Jensen, 1996). YcnexbT Ha cucTema
3a CMECEHO OTIIeX[aHe Ha KynTypu
3aBMCM MbpBOHA4Ya/IHO OT edieKkTMBHaTa

and amount of microbial biomass in IC
variants. Measured values indicate a
positive effect of mixed culture on
deposition of TC in rhizosphere soil and
state of microbial communities in
rhizosphere.

Key words: winter wheat, winter
pea, mixed culture, roots exudates,
rhizosphere, microbial communities

INTRODUCTION

Intercropping can be broadly
defined as a system where two or more
crop species are grown in the same field
at the same time during a growing season
(Hauggaard-Nielsen et al., 2008; Ofori
and Stern, 1987; Brooker et al., 2015).
Mixing species in cropping systems may
lead to a range of benefits that are
expressed on various space and time
scales from a short-term increase in crop
yield and quality to longer-term
agroecosystem sustainability (Malezieux
et al., 2009).

For farming systems to remain productive,
it will be necessary to replenish the
reserves of nutrients which are removed
or lost from the soil. In the case of
nitrogen (N), inputs into agricultural
systems may be derived from
atmospheric N, via biological N, fixation
(Peoples et al., 1995). Biological nitrogen
fixation is an important aspect of
sustainable and environmentally friendly
food production and long-term crop
productivity (Kessel and Hartley, 2000).

Grain leguminous can cover their nitrogen
demand from biological fixation of
atmospheric N, (Hauggaard-Nielsen et al.,
2001; Trenbath, 1976) and therefore, they
compete less for soil N, in intercropping
with cereals (Jensen, 1996).

The success of intercrop farming systems
depends initially on effective nitrogen
fixation and more importantly, on
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azoThmkcaums 1 Hail-Bede OT nocnensa-
LLMA NPEHOC Ha a30T KbM ApPYrn KyNTypw,
pasnuuHm ot 6060BK (Stern, 1993). lNpe-
HOCBHT Ha a30T Ce M3BbPLIBA OT pacTeHus
C MNO-BUCOKO CbAbpXaHne Ha N cbeauHe-
HUSA, KaTo Hanpumep 6060BUTE pacTeHus,
KbM pacTeHusi C MO-HUCKO CbAbpXaHue
Ha N, 1 cnegoBaTesiHO € NO-rofsiMa HyXx-
ha ot Hero. (Carlsson and Huss-Dannell,
2014). PusocthepaTa ob6xBalla MUIUMET-
puTe Ha no4yBaTa, obrpaxaalla KopeHuTe
Ha pacTeHVeTo, KbAEeTO Bb3HMKBAT C/I0X-
HU OWMOMOTMYHN U EKOJIOTUYHW MPOLLECH
(Bais, 2006).

KopeHoBuM ekcypaTu ce OTAeNAaT ot
aKTUBHW KOPEHW MO BPEME Ha pacTexa,
KaTto oka3BaT MHOro6poHN Bb3AeincTBus
BbPXY pacTuTesniHata u noyseHa cucrema
(Gregory, 2006). Bbnpeku 4ye kosumuyec-
TBaTa OpraHN4YHM CbeMHEHWUs, KOUTO ce
OTAenNAT OT KOPeHWTe, He ca ronemu, psaga-
Ko Hagsuwasawy 0.4% oOT hOTOCUHTe-
3upaHusa Bbrnepog (Fornara, 2013), Tbin
KaTO KOpeHOBWTe ekcyaaTu ca KOMIJIeKc-
HVW CMecCu BbINepPoAoChAbpXalU Cbeau-
HEeHUsA, BK/IIOUMTENIHO BbINIEXuapaTv, amu-
HOKWUCE/IMHW, OPraHW4HW KUCesnuHu, de-
HO/IHN CBbEAUHEHWSA, MAaCTHU KUCESINHW,
CTEPONN, BUTAMUHW, EH3UMK, NypuHWU/
HYK/1€031aN, KakTo U HeopraHu4yHu morne-
Kynu, kato Hanpumep HCOj;, OH- n H +
(Dakora and Phillips, 2002). Te okasBart
MHOIO CW/IHO BMSIHWE BbPXY NOYBEHUTE
MWKPOOPraHn3Mm 1 moraT ga nmaT 3Hauu-
TEeNIHO B/IMSHUE BbBPXY HAIMUMETO Ha
XpaHuUTe/IHNW BellecTBa B pacTeHusTa
(Fornara, 2013). CbeanHeHusiTa, oTAeNs-
HV OT KOPEHWUTe Ha pacTeHusATa Nno Bpeme
Ha pactexa, mMorar fja cbCraBnsBal BU-
COK NPOLEHT BBLI/1EPOL, U a30T B NoA3eM-
HaTa yacT Ha pacTteHueTto (BGP) n cnepo-
BaTe/IHO Te BAUSAT BbpXy o6opoTa Ha
opraHn4yHMTE BellecTBa B Mo4yBara WU
Ha/IMUMeTo Ha XpaHWTEeNHU BellecTsa
ypes CTUMyNMpaHe Ha NoYBEHUTE MUKPO-
opraHusmu (Wichern, 2007). KopeHoBute
ekcyaTun, KoMTo ce OTAENAT B 30HaTa Ha
pusochepaTta OT KOpeHUTe Ha pacTeHus-
Ta, B/MAAT BBPXY CbAbPXaHWeTO Ha
Bbrnepog (TC) m asot (TN) B nouysara.

subsequent transfer of nitrogen to the
non-legume (Stern, 1993).

Nitrogen transfer is carried out from plants
with higher content of N compounds such
as leguminous plants into plants with a
lower N content and thus with increased
demand for it. (Carlsson and Huss-
Dannell, 2014). The rhizosphere
encompasses the millimetres of soll
surrounding plants roots where complex
biological and ecological processes occur
(Bais, 2006).

Root exudates are secreted by
active roots during plant growth, and they
have multiple effects in the plant-soil
system (Gregory, 2006). Although the
quantities of organic compounds exuding
from roots are not large, seldom
exceeding 0.4% of the photosynthesized
carbon (Fornara, 2013), because root
exudates are complex mixtures of carbon-
containing compounds including
carbohydrates, amino acids, organic
acids, phenolic compounds, fatty acids,
sterols, vitamins, enzymes,
purines/nucleosides as well as inorganic
molecules, such as HCO;, OH™, and H*
(Dakora and Phillips, 2002).

They do exert a very strong influence on
the soil microorganisms and may be
significant in affecting plant nutrient
availability (Fornara, 2013).

Compounds released by plant roots
during growth can make up a high
proportion of below-ground plant (BGP)
carbon and nitrogen, and therefore they
influence soil organic matter turnover and
plant nutrient availability by stimulating the
soil microorganisms (Wichern, 2007).

Root exudes, which are released in to
rhizosphere zone by plant roots, affect
content of TC and TN in soil.
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Te3n xpaHUTesHM BellecTBa ca Heobxo-
OVMK 33 NOYBEHUTE MUKPOOPraHu3Mu, 3a-
LLIOTO npeAcTaBnsaBar U3TOYHUK Ha eHep-
TMSA N OCHOBHA CbCTaBHa 4acT 3a TAxHaTa
6uomaca. CbCTaBbT Ha KOPEHOBMUSA €KCy-
[aT e NpoMeHNuB (CNoXHa CMec OT 3axa-
pu, BUTaMWHWU, aMUHOKUCE/IMHU U T.H.) B
3aBMCUMOCT OT BUAoBeTe pacteHus. Cre-
JoBaTesiHo, pas3/IniyHN BUOBE pacTeHus
UMaT pasIM4yHO BNUSAHUE BBPXY MUKPOO-
HUTe cbobLLecTBa B pusocgepara, a Taka
U BbPXY NOYBEHOTO Miogopoave (Hauggaard-
Nielsen et al., 2008; Ofori and Stern, 1987
and Brooker et al., 2015). Pa3Hoo6pasue-
TO OT MUKPOOU, CBBP3aHN C KOPEHUTE Ha
pacTeHusiTa, € OrpoMHO, OT MopsAbka Ha
pecetkn xunaam sugose (Berendsen, 2012).
MN3BecTHO e, Ye Ha/IMUMETO Ha BBINEPOS B
pusocdiepata € MHOro no-BMCOKO, OTKOJ/IKO-
TO B ocHoBHaTa no4ysa (Cheng, 1996). Kope-
HOBWTE eKCyAaTtu UrpasT BakHa poss B MO-
OWIM3MPAHETO Ha OrpaHUYeHUTe pasTBOpU-
MW XpaHUTENHW BellecTBa B pusocdepara
(Carvalhais, 2011). Jo6uBbLT Ha KynTypuTte
3aBMCM OT W3B/IMYAHETO Ha [AOCTaTbYHO
XpaHWUTeNIHKM BellecTBa U Boja OT noysarta
(Bengough, 2009). BaxHO B cenckoTo CTo-
MaHCTBO, € KaK B3aMMOAENCTBMATA MeEXAy
ynpaBneHVeTo W nouyseHata 6uonorus
B/IMSIAT BbPXY NPOU3BOAUTENHOCTTA Ha Ky/-
Typute (Purypa 1). KopeHute ca Hepasgesn-
Ha 4YacT oT noyseHaTa 6uonorusa (Watt, 2006).

These nutrients are necessary for sall
microbes because they represent source
of energy and basic compound of their
biomass. The root exudate composition is
variable (complex mixture of sugars,
vitamins, amino acids etc.) depending on
the plant species.

Therefore, different species of plants have
different influence on microbial
communities in rhizosphere soil and thus
on soil fertility (Hauggaard-Nielsen et al.,
2008; Ofori and Stern, 1987 and Brooker
et al., 2015). The diversity of microbes
associated with plant roots is enormous,
in the order of tens of thousands of
species (Berendsen, 2012). It is widely
known that the carbon availability in the
rhizosphere is much higher than in the
bulk soil (Cheng, 1996). Root exudates
play a major role in the mobilization of
sparingly soluble nutrients in the
rhizosphere (Carvalhais, 2011). Crop yield
depends on extracting sufficient nutrients
and water from the soil (Bengough, 2009).
What is important agriculturally is how the
interactions between management and
soil biology affect the performance of
crops (Figure 1). Roots are thus an
integral component of the soil biology
(Watt, 2006).

perfor'mance

Crop

Agronomy X
Cultivar

Soil
biclogy

dur. 1. B3aumogeiicTBuATa Mexay yrnpassieHue, NPoOu3BOANTENHOCT Ha KynTypuTe u
noueeHaTa 6MONOrNS MoraT Aa Ce M3Mo3BaT 3a NofobpsiBaHe Ha 3eMefesiCKuTe

cuctemm (Watt, 2006)

Fig. 1. Interactions among management, crop performance, and soil biology can be
used to improve farming systems (Watt, 2006)
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MukpobHata 6uMomaca Ha nouarta
CbAbpXa Masika 4acT OT 06L0TO opraHuy-
HO BeLlecTBO B no4ysaTa, HO € Mo-AuHa-
MUYHa OT 06LLOTO OpraHM4yHO BELLECTBO B
nousata (Lupwayi, 1998). MukpoopraHus-
MUTEe, CBbpP3aHM C PacTeHUs, WU3MbJIHSABAT
BaXKHW OYHKLMM 3a pacTexa u 34paBeTo Ha
pacteHusita. Pa3nnuHun mMexaHu3mu ydac-
TBaT B MOTMUCKAHETO Ha pacTuTenHuTe na-
TOreHu, KOeTO YeCTO € HEMPSIKO CBbP3aHo C
pactexa Ha pacTeHuaTa (Berg, 2009).
M3non3BaHeTo Ha NpPoAyKTUTE 3a JIOKATHO
OoKMCNsiBaHe Npeau3BMKBa Hai-manko npe-
XO[HO yBe/MYeHVe Ha nouyBeHaTa 6Guoma-
ca, HO YCTONYMBOTO YBESIMYEHME 3aBUCK OT
CbCTOSIHUETO Ha ecTecTBeHaTa Mo4YBeHa
6uomaca, notoka Ha apyrn metabonutun ot
nousata B pwu3occepata M OT BOAHUTE
Bpb3kM B noysata (Lynch, 1991). KopeHute
CbLLO ca OTTOBOPHM 3a CMeK4YaBaHe Ha nap-
HVKOBWTE ra3oBe, KaTo CbXpaHaBaT ronsMo
konnyecteo C B nousute (Fageria, 2013).
MouseHnaT C ce nonyyasa NpegumMHO OT
pacTeHusi, NPSIKO UM HENPSIKO. Bbnpekun ue
aTMocepHuTe BAUSHWA Morat ga ce Obi-
XaT Ha (PU3NYECKN U XUMUYECKU BJIUSIHUS,
noBeyeTo Mnpolecn Ha atMmoctepHn BAWA-
HYS BK/HOYBAT pacTeHusl, NpeayMHO KOpeHu
UM MUKPOOHU akTUBHOCTMW, KOWUTO 3aBUCAT
oT kopeHHusa C (Raven, 2001). Oelbermann
n Echarte (2010) noTBbpxaaeaT, Ye KynTu-
BMPaHETO Ha CMeceHu KynTypa uma nono-
XuteneH eqekT BbpPXy 6uonornyHuTe ”
XMMWYHWUTE CBOWCTBA Ha nouyBaTa cnep
efHa roguHa Ha ynotpe6a.

OcHoBHaTa Len Ha ToBa u3cneasaHe
€ [a ce HaMepsiT 1 KO/IMYeCTBEHO onpege-
NAT NOTEHUMaNHOTO Bb3feicTBne OT cme-
CEHO KyNnTUBMpaHe BbPXY CbAbpPXaHNETO
Ha OCHOBHWUTE XpaHWTeNHW BellecTBa B
nouysata (C n N), KONMYECTBOTO MUKPOOGHA
6uomaca u MuUKpobHaTa akTMBHOCT B
noysara.

MATEPVAJT N METOOU

Monesu onnT

M3cnepgBaHaTa nsowy ce Hamvpa B
paiioHa Ha OfloMOyL, B M3TOYHATa 4acT
Ha Peny6nuka Yexus, Ha 8 KM ceBepHoO OT

rpag lpocTelioB, B pamkute Ha
CE/ICKOCTOMNAHCKMS PErMOoH.
ExcnepvMeHTasHuTe 06eKTH ca

Soil microbial biomass comprises a
small proportion of total soil organic
matter but it is more dynamic than total
soil organic matter (Lupwayi, 1998).
Plant-associated microorganisms fulfil
important functions for plant growth and
health. Diverse mechanisms are involved
in the suppression of plant pathogens
which is often indirectly connected with
plant growth (Berg, 2009). Utilization of
rhizodeposition products induces at least
a transient increase in soil biomass but a
sustained increase depends on the state
of the native soil biomass, the flow of
other metabolites from the soil to the
rhizosphere and on the water relations in
the soil (Lynch, 1991). Roots are also
responsible for mitigation of greenhouse
Gases by storing a large amount of C in
the soils (Fageria, 2013).

Soil C is predominantly derived from
plants, directly or indirectly. Whilst
weathering may be due to physical and
chemical influences, most weathering
processes involve plants, primarily roots,
or microbial activities that depend on
root-derived C (Raven, 2001).
Oelbermann  and  Echarte  (2010)
confirmed that the cultivation of mixed
culture had positive effect on biological
and chemical properties of soil after the
one year of use.

The main objective of this study
was to find and quantify the potential
effects of inter (mixed) crop cultivation on
content of basic soil nutrients (C and N),
the amount of microbial biomass and on
microbial activity in soil.

MATERIAL AND METHODS

Field Experiment

The studied area is located in the
Olomouc region, in the east of Czech
Republic, 8 km north from the city
Prostéjov, within agricultural region.
Experimental sites are situated in the
protective zone of drinking water source
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pasnosiokKeHn B 3aluTHaTa 30Ha Ha
BOAOM3TOUYHMK "Kvartér feky Moravy".
Cnopeg Quitt (1975) ToBa € KAMMaTuyeH
pervoH T2, KbAETO rOAULLHUTE KIUMaTUY-
HU cpegHu Banexu ca 350-400 mm npe3
ce30Ha Ha Beretauus, 200-300 mm Base-
Xun npes 3umata n 8-9 rpagyca cpegHa
rogvlHa TemnepaTtypa Ha Bb3gyxa.
EkcnepyMeHTBbT € HafnpaBeH BbpXY
YyepHo3eM, YMEpPEH, /1boC 6e3 ckener.

MoneBnAT €eKCNepUuMEHT € MpoBe-
AeH npe3 2012 r. ¢ yeTupu NoBTOPEHNS (2
x 10 m) Ha o6paboTka. EkcnepumeHTasiHuTe
nnowm 6sxa nogpeneHn no 6/10KOBUSA MO-
fen. MoAroTBeHU ca cnefHuTe BapuaHTu:

-WW  (SC): 3ummHa nweHuya
(Triticum aestivum) — camocTosTeneH
noces (SC), npunoxeH e 140 kg of N
ha'lyr'l. (100 % oT npenopbuUTENHaTa
[o3a). CemeHarta ca noceTv B ABa peja
Ha cbwaTa Ab/a6o4YnHa oT 2 cm Ha 10-n
okToMBpK 2012.

-WW  (IC): 3uMMHa nweHuya
(Triticum aestivum) — (cmeceHn KynTypwu
(IC) B KOMBUHaUUA (1:1) cbC 3UMEH rpax
(Pisum sativum var. speciosum: 6e3
TopeHe. CemeHaTa ca noceTn CMEeCeHO B
[ABa pefa Ha cbliata Ab/604MHa OT 2 cm
Ha 10-n oktomBpu 2012. MbpBUAT pepg e
3acAaT ¢ Pisum sativumvar. speciosum a
AbnbounHa ot 5 cm. BTopuATt pep e 3acart ¢
Triticum aestivum Ha gbn60o4nHa oT 2 cm.

- WW (IC — N50): 3umHa nweHuya
(Triticum aestivum) — (cmeceHn KynTypwu
(IC) B KOMBUHaUUA (1:1) cbC 3UMEH rpax
(Pisum sativum var. speciosum): 70 kg N
ha™.yr' 50% OT npenopbyYaHUTe A03M OT
N 3a 3vMHa nweHuya.

- WW (IC — N80): 3umHa nweHuya
(Triticum aestivum) — (cmeceHn KynTypwu
(IC) B KOMBUHaUUA (1:1) cbC 3UMEH rpax
(Pisum sativumvar. speciosum): 112 kg N’
ha'l.yr'l 80% oT npenopvyaHuTe 003K OT
N 3a 3MMHa nweHuua.

CemeHara npu IC n SC ca 3acetu
CMeCeHO B pefoBeTe Ha pasnnyHa Ab/i-
6ounHa Ha 10™ okTtomBpu 2012 (nbpsara
roguHa ot onuTta), 5-u oktomepu 2013
(BTOpa roguHa oT ekcrnepumeHTa) n 14™
oktomBpn 2014 (TpeTaTa roguHa oOT

“Kvartér feky  Moravy”.  According
Quitt (1975), this is, the climatic region T2
where annual climatic averages are 350-
400 mm of precipitation in growing
season, 200-300 mm of precipitation in
winter, and 8-9 °C of mean annual air
temperature. The experiment was based
on the black earth, moderate, loess
without skeleton.

Field experiment was conducted in
2012 with four replicates (2 x 10 m) per
treatment. Experimental sites were
arrayed in blocked design. These variants
were prepared:

- WW (SC): Winter Wheat (Triticum
aestivum) — Sole crops (SC), application
of 140 kg of N-hatyr'. (100 % of
recommended dose). Seeds were sown in
the rows into the same depth of 2 cm on
the 10™ of October 2012.

- WW (IC): Winter Wheat (Triticum

aestivum) — (Inter crops (IC) in
combination (1:1) with Winter Pea (Pisum
sativum  var.  speciosum):  without

fertilizers. Seeds were sown mixed in the
rows in the different depth on the 10"
October 2012. The first one was Pisum
sativum var. speciosum into depth of 5
cm. The second one was Triticum
aestivum into depth of 2 cm.

- WW (IC — N50): Winter Wheat
(Triticum aestivum) — (Inter crops (IC) in
combination (1:1) with Winter Pea (Pisum
sativum var. speciosum): 70 kg of Nha
tyr! 50 % of recommended doses of N
for Winter Wheat.

- WW (IC — N80): Winter Wheat
(Triticum aestivum) — (Inter crops (IC) in
combination (1:1) with Winter Pea (Pisum
sativum var. speciosum): 112 kg of N‘ha’
Lyr! 80 % of recommended doses of N
for Winter Wheat.

Seeds of IC and SC were sown
mixed in the rows into the different depth
on the 10™ October 2012 (the first year of
experiment), 5" October 2013 (the
second year of experiment) and 14"
October 2014 (the third year of
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ekcnepumeHTa). MbpBUAT pes e 3acATt ¢
Pisum sativumvar. speciosum Ha Obn60-
YnHa oT 5 cm. BTopuAT pepn e 3acAT C
Triticum aestivum Ha AbN604YMHaA OT 2 cm.
MpenctaBeHn ca camo pesynrtatute oT
WW (SC) n WW (IC) oT nbpBaTta rogmHa
Ha ekcnepumeHTa. MpobuTe oT pusocde-
pata ca B3eTu BbB (dasa Ha UbJTEX Ha
3uMHa nuweHuua (GS 61-69) 1 3umeH rpax
(GS 61-69).

OnpefensiHe ~ Ha  OHOBHO “n
Cy6CTpPaTHO-VHAYLMPAHO AullaHe

OcHoBHOTO auwaHe (BR) ce n3Bbp-
WBa uype3 M3MepBaHe Ha Mpon3BOACTBOTO
Ha CO, OT nouyBa MHKybupaHa B CEPYMHU
OyTUNKM 3a 24 h. BnaxHocTTa Ha nouysaTa
(15 ) e npeterneHa BbLB BCHAKa efHa OT
TpuTe 120-ml cepyMHn ByTUIKKU. ByTunkute
ca 3anevataHu € O6yTWI kaydyykoBa 3ary-
Wwasika n nHkybupaxm npu 25 ° C. Cneg, 3 n
24 vaca 0.5 ml e aHanimsmpaHa npoba ot
BbTpeLlHaTa aTtMoctepa oT Bcsika ByTunka
ypes rasoBa xpomatorpadwmsa  (Agilent
Technologies 7890A GC System, o6opya-
BaHa C [JeTekTop 3a TOMJVHHa MpPOBOAM-
MocT). [uiaHeTo ce mM3uucnsiea ypes yse-
nnyeHneto Ha CO, npe3 21-yacosusa nepu-
oA, Ha uHKy6aums (24-3 h). B kpasd Ha u3-
MepBaHuATa, 06eMbT Ha 06L0TO NPOCTPaH-
CTBO 3a BCSika pern/ukatHa 6yTunka ce
onpefens upes usmepsaHe Ha obema Boja,
HeobX04MM 3a Hamb/iBaHe Ha OGyTwskara.
M3mepeHnte Konuyectesa CO, ce perynupart
cnopef pas3TBOpeHMsi B TeuyHa (pasa ras.
Pesyntatute ce n3passiBar Ha rpam cyxa
nousa u vac (Simek, 2011).

Cy6CcTpaTHO-MHAYLMPaHOTO
Anware (SIR) ce u3BbpLUBa Ypes3 U3Mep-
BaHe Ha npowusBoacTtBoTo Ha CO, oT
noysa UHKybupaHa B cCepyMHU BYTUNKN 3a
24 h cnep npubaBsHe Ha rnwko3a. Joba-
BeHa e B/faxHa noysa (5 g) KkbM TpuUTe
CepymHM 6yTunkm 3a ga ce onpegenn BR
OT npeauwHnUs naparpad, kato e goba-
BEH pa3TBOp Ha rnwkosa ot 2 ml Kbm
BCsika 6yTUAKa (4 mg C 9°* cyxa nousa).
ByTunkute ca 3aneyataHu ¢ O6yTun kay4y-
KOBM 3anyllanku u uHkyéupanu npu 25
°C. Cnes 2 n 4 vyaca e aHa/mMsMpaHa
npo6a ot 0.5 ml oT BbTpewHara armo-
cthepa OT Bcska OyTuka 4pe3 rasoBsa

experiment). The first one was Pisum
sativum var. speciosum in 5 cm depth.
The second one was Triticum aestivum
into depth of 2 cm. The only results from
WW (SC) and WW (IC) from first year of
experiment are presented. The samples
of rhizosphere soil were taken during
flowering growth stages of Winter Wheat
(GS 61-69) and Winter Pea (GS 61- 69).

Determination _of basal and
substrate induced respiration

Basal respiration (BR) was
determined by measuring the CO,

production from soils incubated in serum
bottles for 24 h. Field moist soil (15 g) was
weighed into each of three 120-ml serum
bottles. Bottles were sealed with butyl
rubber stoppers and incubated at 25 °C.
After 3 and 24 h, a 0.5 ml sample of the
internal atmosphere from each bottle was
analysed by gas chromatography (Agilent
Technologies  7890A GC  System
equipped with a thermal conductivity
detector). Respiration was calculated from
the increase in CO, during the 21 h
incubation period (24-3 h). At the end of
measurements, the total headspace
volume for each replicate bottle was
determined by measuring the volume of
water required to fill the bottle. The
measured amounts of CO, were corrected
for the gas dissolved in the liquid phase.
The results are expressed per gram of dry
soil and hour (Simek, 2011).

Substrate induced respiration (SIR)
was determined by measuring the CO,
production from soils incubated in serum
bottles for 4 h after the addition of
glucose. Field-moist soil (5 g) was added
to three replicate serum bottles as
described for the determination of BR in
the previous paragraph, and 2 ml of a
glucose solution was added to each bottle
(4 mg C g™ of dry soil). Bottles were
sealed with butyl rubber stoppers, and
soils were incubated at 25 °C. After 2 and
4 h, a 0.5 ml sample of the internal
atmosphere was analysed by gas
chromatography (see the previous
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XpomaTtorpadus (BvxTe npeauliHusa napa-
rpad). SIR e n3uncneHo cnopepj ysenuya-
BaHeTo Ha CO, npe3 nHkybaLMoHeH Nnepros
oT 4 h (4-2 h). bytunkute ca obpaboTeHn
[JONMB/THUTESTHO KaKTO € OMNncaHo npu nsmep-
BaHeTo Ha BR. KonnyectBoTo Ha n3meHe-
HWETO Ha [/1loKo3ara, HeobxoaMMo 3a Mak-
CYManieH pecnupaTopeH OTroBop U JIMHEW-
HOCT Ha pa3sutneto Ha CO, npes3 nbvpeuTe
4 yvaca, ce MpoBepsiBa B NUIOTHN eKcnepu-
MeHTU (OaHHM He ca nokasaHu), (Simek
2011). BR 1 SIR ca u3mepeHu B no4ysBeHa
npoba, KoATO e cbbpaHa OT pusocepHarta
30Ha Ha WW (SC, IC) n WP (IC).

OnpegensHe Ha 06wy, a3oT u 06,
BbIrNepos B MWKpobuanHa 6Guomaca u
Nno4YBeHU Npobu

Mpouec Ha onpegensHe Ha 06wy
a3oT M 06w, BbINEpod B MUKPOOHa
6uomaca u nouysa e onucaH ot Elbl et al.
(2013). MukpoburanHaTa buomaca e onpe-
JeneHa Kato 4acT OT OpraHM4yHoTO Be-
LLlecTBO B noyBara, KOeTo npeacTasnsBa
XUBN MUKPOOPraHnsmu, no-mankm ot 5-10
pm?®. MouseHata MUKpobHa 6uomaca ce
cuMTta 3a Haxoguuwe 3a nocnegsalia
[OCTaBka Ha XpaHWTESIHM BelwecTBa —
asoT, ¢hocchop m Aap. (Rustad, 2000).
3aroBa HMe cuuTame CbAbPXAaHWETO Ha
asoT v BbrNepo B MUKpobHaTa 6uomaca
(Nmc n Cpic) 3@ BaxeH nokasaTten 3a
MUKpob6HaTa akTMBHOCT B noysaTta (Elbl et
al., 2013). CbabpxaHmeTo Ha Cpic U Npic
ce M3mMepBa, KaTo ce U3nos3sa MeTof 3a
ymuraumsa-ekctpakuma (Friedel, 2002),
Nmic ce namepeH ot (Turner, 2003) n Cyc
e n3mepeH ot (Brookes, 1985).

CTaTucTunyeckn aHanns

MoTeHumanHUTe pasnnku B CTOM-
HOCTWUTE Ha KOHLEeHTpauusaTa Ha asoT U’
Bbrniepos (B noyBata M MuKpobuasniHata
6vomaca) MU AuWAHETO Ha noyeBaTa ce
aHanuampar ypes efgHO(akTopeH gucnep-
cnoHeH aHamm3s (ANOVA, P <0.05) B
KOMOUHaumss ¢ LSD TecT Ha ®uwep.
Bcuukn aHasiman ca M3BBLPLUEHW C MO-
MoLlTa Ha copTyep Statistica 10 CZ. 'pa-
(huyHaTa 06paboTKa Ha U3MepeHuTe AaH-
HU e n3BbpLueHa ¢ Microsoft Excel 2010.

paragraph). SIR was calculated from the
CO, increase during the 4 h incubation
period (4-2 h). The bottles were further
processed as described for BR
measurement. The amount of glucose
amendment necessary for maximal
respiratory response and linearity of CO,
development during first 4 h were both
checked in pilot experiments (data not
shown), (Simek 2011). BR and SIR were
measured in soil sample which was
collected from rhizosphere zone of WW
(SC, IC) and WP (IC).

Determination of total nitrogen and
total carbon in microbial biomass and soil
samples

Process of determining total
nitrogen and total carbon in microbial
biomass and soil was described in Elbl et
al. (2013). Microbial biomass has been
defined as the part of the organic matter
in soil that constitutes living micro-
organisms smaller than 5-10 pm®. Soil
microbial biomass is considered to be a
pool for subsequent delivery of nutrients —
nitrogen, phosphorus etc. (Rustad, 2000).
Therefore, we consider the content of
nitrogen and carbon in microbial biomass
(Nmic and C,ic) to be an important indicator
of microbial activity in the soil (Elbl et al.
2013). Content of C,,. and Ny was
measured using fumigation-extraction
method (Friedel, 2002), Ng was
measured by (Turner, 2003) and C,, was
measured by (Brookes, 1985).

Statistical Analysis

Potential differences in values of
nitrogen and carbon concentration (in soil
and microbial biomass) and soil
respiration were analysed by the one-way
analysis of variance (ANOVA, P<0.05) in
combination with the Fischer’'s LSD test.
All analyses were performed using
Statistica 10 CZ software. Graphic
processing of measured data was
performed in Microsoft Excel 2010.

227



PE3YJITATU N OBCBXXOAHE

Ta3u ctaTus npeacrtaBa NbpBUTE
pes3yntatm OT TMOJIEBU  EKCNepUMEHT,
KOMTO € CbCPefoTOYEH BbPXY Pas/vyHu
Konnuectsa asoT U Bbrepoj B
pusochepara Ha 3uMHa  MweHuua
(Triticum aestivum), oTrnexgaHa karto
camocTodATenHa kyntypa (CL) n cmeceHo
otrnexgaHe Ha kyntypu (IC) cbC 3umeH
rpax (Pisum sativum var. Speciosum) B
CbOTHOWIEHMe Ha cemeHaTa (1:1).
M3non3ea ce meToAbT 3a U3B/MYaAHE C
xnopodopM upes pymmralmsi-ekcTpakums
3a onpegensaHe Ha Cpic U Ny B
noyseHUTe npobu, KOUTO ca B3eTU OT
pusocdepara n mukpobHata akTUBHOCT B
Te3n npobu ce nspassBa Ype3 OCHOBHO U
cybCcTpaTHO-MHAYLMPAHOo AuLlaHe.

Pusoctpepata e nouseHa ob6nacT,
KOSITO € MOB/MSiHA OT KOpPEeHWTe Ha pacTe-
HUATA W Ce XapakTepusvpa C BUCOKa
MMKpo6Ha akTuBHOCT (Hiltner, 1904). YcTa-
HOBeHO e, ye N TpaHcdopmauumTe B pU3o-
cthe-pata ca CBbp3aHu C AMHamukata Ha C
n ocBoboxaaBaHeTO Ha HanuyHus C oT
KopeHuTe. Hanpumep, npu Ha/MuMeTo Ha
LapeBuyHn KopeHwn, 67% noseye MnO4BEH
MuHepaneH N e dmkcupaH B opraHuuyeH N,
OTKO/IKOTO 6€e3 pacTeHWs, BbMNpPeku no-
rofsiMaTa KOHKYpeHLMsi Ha pacTeHusiTa 3a
MuHepaneH N (Qian et al., 1997). KopeHute
Ha pacTeHMeTo moraTt Aa 6baaT eqeKTUBHU
KOHKYPEHTM C MUWKPOOPraHu3mu 3a XpaHu-
Te/fiHUTe BellecTBa, 0CBOOOAEHN OT pasna-
raHeTo Ha OpraHMyHu ocTaTbly, KOUTO ce
Hamupat B noysata (Hodge, 2000). bakre-
pumnTe, CBbpP3aHU C KOPEeHWTe Ha pacTeHus-
Ta, ca OT CbLECTBEHO 3HAYEHNE 3a XpaHe-
HeTO Ha pacteHuATa (pasrpaxgaHe n obpa-
3yBaHe Ha OpraHW4YHK BellecTBa B noysarta
(SOM), BuxTe ®Purypa 2), HacbpyaBaHe Ha
pacTexa u B3aMmogencTeus c 6onectu
(Marschner, 2001).

RESULTS AND DISCUSSION

This work presents the first results
from the field experiment which is focused
on different quantity of nitrogen and
carbon in rhizosphere of Winter Wheat
(Triticum aestivum) grown as sole crops
(SC) and inter crops (IC) with Winter Pea
(Pisum sativum var. speciosum) in seed
ratio (1:1).

The chloroform  fumigation-extraction
method was used to estimate C.,. and
Nnmic in soil samples, which were removed
from rhizosphere zone, and the microbial
activity in these samples was expressed
by basal and substrate induced
respiration.

The rhizosphere is the soil region
that is influenced by plant roots and is
characterized by a high microbial activity
(Hiltner, 1904). It is well established that N
transformations in the rhizosphere soil are
related to C dynamics and release of
available C from roots. For example, in
the presence of maize roots, 67% more
soil mineral N was immobilized into
organic N than without plants, despite
higher competition by plants for mineral N
(Qian et al., 1997). Plant roots may be
effective  competitors  with micro-
organisms for the nutrients released from
decomposing organic patches buried in
soil (Hodge, 2000).

Bacteria associated with plant roots are
fundamentally important in plant nutrition
(decomposition and formation of SOM,
see the Figure 2), growth promotion, and
disease interactions (Marschner, 2001).
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dur. 2. TeopeTnyHa pamKa 3a AMHaMMKaTa Ha noyseHaTa opraHuyHa marepus
(SOM), nogyvepTaBalla LeHTpasiHaTa posid, KOATO MOYBEHUTE MUKPOOPraHn3Mu
UrpasT KakTo Mpu passaraHeTo, Taka U nNpu opmMupaHeTo Ha OpraHuyHuTe
BelwecTBa — Bpb3ka Mexay akTMBHOCTTa Ha MWKPOOHUTE cbobliecTBa B
noysarta, npou3BoncTBoTO Ha CO, M Ka4YeCcTBOTO U KoJsinyectBoto Ha SOM B
nousarta (Bradford, 2013 )

Fig. 2. Theoretical framework for soil organic matter (SOM) dynamics
emphasizing the central role that soil microbes play in both SOM decomposition
and formation — Relationship between activity of microbial community in soil,

production of CO, and quality and quantity of SOM in soil (Bradford, 2013)

CbabpxaHve Ha obuimnsa Bbraepos
1 a30T B pusocdepaTa

MouBeHMAT BLIEPOS M asoT npes-
CTaBNsiBaT BaXHW pe3epBoapu Ha BbI/e-
poA 1 @30T B CyXuTe W MOycyxute paiioHu
(npubnusutenHo 30% oT TeputopuaTa Ha
Penybnuka Uexus), nopagn koeTo Te ca
BaXXHW 3a BCeOOLMA KPbroBpaT Ha BbIne-
po4 W a30T U M3MEHEHMETO Ha KaMMaTa
(Sutton, 2011; Zhang, 2015). O6wwmAT
Bbrniepog (TC) n obwmat asotr (TN) B
noysarta Mrpasit BaxHa ponsi 3a 34paBeTo
Ha noyeBata W AMHaMuKaTa Ha ekocucTe-
mute. TC Moxe ga nogobpu NOYBEHOTO
nnogopoave, KavyecTBOTO U 3abpXaHeTo
Ha BojaTa M B KpaliHa cMmeTka fJa noja-
ObpXa W yBenuuaBa MNPOM3BOACTBOTO Ha
kyntypu. TN e Heobxoaum 3a NOYBEHOTO
nnogopoave (Wang et al., 2006; Mufioz
and Kravchenko, 2011). MNpu nnowute us-
rpageHu Ha ocHoBata Ha 6060BU KyNTypu e
BaXHa MHpopmMauuaTa 3a HaxoguuiaTa Ha
N noA noyseHata NOBBLPXHOCT 3a MpaBwn-

Content of total carbon and
nitrogen in rhizosphere soil

Soil carbon and nitrogen represent
important reservoirs of carbon and
nitrogen in arid and semi-arid regions
(approximately 30% of the territory of the
Czech Republic), thus they are important
in the global carbon and nitrogen cycle,
and climate change (Sutton, 2011;
Zhang, 2015). Soil total carbon (TC) and
total nitrogen (TN) both play critical roles
in soil health and ecosystem dynamics.
TC can improve soil fertility, quality, and
water retention, and ultimately maintain
and increase crop production. TN is
necessary for soil fertility (Wang et al.,

2006; Mufioz and Kravchenko, 2011).

In legume-based leys knowledge about
the below-ground N, pools are important
for correct estimates of the total biological
N,-fixation as well as for the potential N
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HaTa npeueHka Ha 6uonormyHata dvkca-
uma Ha N, ,KaKTo M 3a noTeHunanHaTa
poctaBka Ha N Ha cnegsawmte Kyntypw.
OtnaraHusita B pusocgepata Moxe fa
CbAbpXa MHOXECTBO pas/IniH/ OpraHnyHu
CbeAVHEeHUs, BKIIOUNTENHO BOAOPA3TBOPU-
MW eKkcyaTtun, N3KopeHeHa KOpeHHa TbKaH U
MBPTBM KOPEHW. YTasBaHeTo B pusocgepa-
Ta Ha BbIlepof MoXe pfa 6bAe MHOro
CbLLECTBEHO, HAAXBBPNALO HA/IMYMETO Ha
B/IAKHECTN KOPEHW B Kpas Ha BeretatuBHUSA
ce30H ¢ noBeye oT 20 + 50% OcBeH TOBAa,
3HaunTeNnHW konmyectsa ot N moraT ga
6bAat yTaeHu 3aefHo ¢ Bbrnepoga (Hogh-
Jensen and Schjoerring, 2001).

260

supply to the succeeding crops.
Rhizodeposition may contain many
different organic compounds including

water-soluble exudates, sloughed-off root
tissue and dead roots. The
rhizodeposition of carbon can be very
substantial, exceeding that present as
fibrous roots at the end of the growing
season by more than 20+50%.
Additionally, substantial amounts of N
can be deposited together with the
carbon (Hggh-Jensen and Schjoerring,
2001).
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our. 3. BnusHue Ha kyntuBmpaHeTo Ha IC Bbpxy TC u TN B nouBeHUTe npoodu
(cpegHn cTOMHOCTM * CTaHAapTHa rpelwka, n = 4, pa3iMyHute OykBWM nokassar
3HaUUTESTHU pa3nkn npu HUBO 0.05 - ANOVA, LSD TecT Ha Puwuep, P <0.05)

Fig. 3. Effect of IC cultivation on TC and TN in soil samples (mean values *
standard error, n = 4, different letters indicate significant differences at the level

0.05 — ANOVA, LSD Fischer test, P<0.05)

FopHata ®urypa 3 nokassa 3Hauu-
TenHa pasnuka (P <0.05) mexay oTtaen-
HUTE BapuvaHTM camMO B CbAbpPXaHUETO
Ha TC. 3HauuTesIHO Hal-roNsAMo Konu-
yectBo TC e HamepeHo B IC BapuaHTuTe

The above Figure 3 shows a
significant difference (P<0.05) between
individual variants only in content of TC.
The significant highest amount of TC was
found in IC variants (IC-WW), conversely
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(IC-WW), n o6bpaTHO Hal-HUCKOTO CbAbpP-
XaHue e oTkputo B SC BapuaHTa. Pasnuu-
HW HayyHu paspaboTkm (Hagh-Jensen u
Schjoerring, 2001; Wichern et al., 2007a n
2007b, Song et al., 2007; Fustec et al.,
2010) noTBbpXAaBaT, 4e KynTUBMPAHETO
Ha IC (6060BM pacTeHUs) uma NofIoXUTes-
HO B/IMSIHWE BbPXY XpaHWTeNHWUTE BeLllec-
TBa B 30HaTa Ha pusocdepa, Tbil kaTto Tesn
KynTypu npoussexgaT ronemm Konvyectsa
cbeguHeHns (¢ C, N, P), T.e. kopeHOBU
ekcypatu. OcBeH TOBa, BK/IOYBAHETO Ha
Tasn Kyntypa B centboobpalleHneto mma
NOSIOXUTESTHO B/IMSIHWE BbPXY YyBennyasa-
HeTo Ha cbAabpxaHueto Ha SOM B nouysa-
Ta, KOeTo B nocneacTeme Moxe fa 6bae
MUHepann3MpaHo — pasnpefesieHo Ha
efemMeHTapHuTe xpaHuTesnHun sewecTsa (C
n N). OceeH ToBa Mohsenabadi (2008) no-
TBbpPXAaBa, ye KynTuBupaHeTo Ha MK nma
nonoxutesieH eqekT BbpPXy eeKTUBHOCT-
Ta Ha usnonssaHe Ha Bogarta. Fustec et al.
(2010) nocouBart, 4Ye 6060BMTE 06pasyBaT
cumbunosa ¢ Rhizobium, Ho ocBob6oxaaBaT
ChblLecTBEHa YacT OT 6MONOrNYHO hrKcupa-
HuA N B pusocpepata. EkonornyHute yH-
KUMM Ha Te3u oTnaraHus B pusocdeparta
BCe Olle He ca M3BECTHW, HO Te Morar Aa
npeacrtasnsBar 6bpP30 ChbeauHsABaL, ce
n3To4yHvk Ha C 1 N 3a noyBeHUTe MUKPO-
OpraHu3Mu 1 cbCcefHuTe pacteHus. 3aToBa,
HWe npegnonarame, 4e [ObATOCPOYHOTO
KyntueupaHe Ha IC we gosefe A0 Nofo6-
psBaHe Ha NOYBEHOTO nnogopoane (Cb-
[ObpXaHue Ha OCHOBHW XpPaHUTEsTHU Bellec-
TBa) ¥ 34paBeTo Ha noysata (Bb3CTaHOBSA-
BaHe Ha ecTecTBeHMTe (PyHKUMM Ha no4yBara).

CbAbpXaHvne Ha BbIr/1epos v asoT
B fakTepuanHaTa buomaca

Bbnpeku ye KonmyecTBaTa opraHuy-
HN CbefMHEHUs, U3MYyCKaHW OT KOpeHuTe,
He ca ronemu, psagko HaaxebpnAwm 0,4%
OT (POTOCUHTE3MpaHUA BbINepos, Te oKas-
BaT MHOIO CWJ/IHO B/IUAAHWE BbPXY NOYBEHU-
Te MWUKpoOopraHu3amm u Morat ga wumar
3HAUYUTENHO BNNSHNE BBPXY HaUTMYMETO Ha
XpaHUTesHMW  BellecTBa B  pacTeHusiTa
(Rovira, 1969). Lupwayi (1998), cnopep He-
roBute pesyntaru, nokassa, 4e cemT60060-
poTa Bb3 OCHOBa Ha 6060BU1 KyNTYpuU Nnpes-
cTaB/isiBa No-ycToinuMBa cuctema 3a ynpas-
NneHne Ha Kyntypute. boboBuTte pacTteHus
ca CrnocobHW pJa HaTpynBaT 3HAYUTESTHU

the lowest content was detected in SC
variant. Various scientific works (Hagh-
Jensen and Schjoerring, 2001; Wichern
et al.,, 2007a and 2007b; Song et al.,
2007; Fustec et al., 2010) confirm that
cultivation of IC (legumes) has a positive
effect on content of nutrients in
rhizosphere zone because these crops
produce large amounts of compounds
(with  C, N,P), i.e. root exudates.
Moreover, inclusion of this crop into crop
rotation has a positive influence on
increasing the content of SOM in soil,
which may be subsequently mineralized —
distributed to elementary nutrients (C and
N).

Moreover, Mohsenabadi (2008)
confirmed the cultivation of IC has
positive effect on water use efficiency.
Fustec et al. (2010) state legumes form a
symbiosis with Rhizobium but release a
substantial part of the biologically fixed N
into the rhizosphere. Ecological functions
of these rhizodeposits are still unknown
but they may constitute a rapidly
incorporating source of C and N for soil
microorganisms and neighbouring plants.

Therefore, we assume long-term
cultivation of IC will result in improvement
of soil fertility (content of essential
nutrients) and soil health (restoration of
the natural functions of the soil).

Content of carbon and nitrogen in
bacterial biomass

Although the quantities of organic
compounds exuding from roots are not
large, seldom exceeding 0.4% of the
photosynthesized carbon, they do exert a
very strong influence on the soil
microorganisms and may be significant in
affecting plant nutrient availability (Rovira,
1969). Lupwayi (1998), according to his
results, indicates that legume-based crop
rotations present more sustainable crop
management systems.

Legumes are able to accumulate
substantial quantities of nitrogen, and the
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KonuyectTBa asoT, a nonynauuata  Ha
MUKPOGU B MoyBaTa MMa ronsimara cnocoo-
HOCT pa Hacouu 103 N B npasBunHuTE
ycnosus (Jarvis et al., 1996). Tbii kato
pacTeHusiTa Bb3npuemar camo HeopraHu-
yeH N OT nouyBaTta, HawwuTe pe3ynTaTu
nokaseart, Ye MUKPOGUTE MbpBOHAYASTHO Ce
KOHKypuparT ¢ pacteHusaTa 3a fobaBeHus N,
HO C BpPeMeTO pacTeHusTa ynasaT nosedye
OT MbpBOHA4Ya/IHO AoGaBeHusi N, Tbil KaTo
Te npegctaensAeBar no-6aseH  060poT
(Hodge, 2000). C chymuraHtute e Heobxo-
[VMMO BHMMaHMWE NO OTHOLLEHWE Ha CIOXHU-
Te B3aMMOAENCTBUSI C  XpaHWUTESHUTE
BellecTBa, OTAENSHU OT ybuTuTe KNeTKu.
Mofgo6Hn o6paboTkn npeacTasnsasaT rpybo
CMyLLIeHe Ha NoYBEHWTE OpraHM3mMu, Ho ca
no-f06pu OT Mb/HA CTepuAn3aums, Bbnpe-
KV TOoBa Te OCTaBarT Hai-go6puAT HU MeTof,
3a OLEHKa Ha BCEMpoHUKBalllaTa pons Ha
MoYBEHWTE OpraHW3My B CcUCTeMUTe 3a
oTtrnexpgaHe (Watt, 2006).

800

soil population of microbes has an
enormous capacity to cycle this N in the
right conditions (Jarvis et al., 1996).

As plants only take up inorganic N from
the patch, our results indicate that
microbes initially out-compete plants for
the added N, but with time, plants capture
more of the N originally added as they
represent a slower turnover pool (Hodge,
2000).

With fumigants, caution is needed
regarding confounding interactions with
nutrients released from killed cells. Such
treatments present gross disturbances of
the soil organisms at best rather than
complete sterilisation, nevertheless they
remain our best method for assessing
pervasive roles for soil organisms in
cropping systems (Watt, 2006).
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our. 4. CbabpxaHme Ha C 1 N B MMKpobHaTa 6uomaca (CpeHn CTOMHOCTU +
CTaHOapTHa rpewka, N = 4, pa3/IMyHnuTe 6YKBU NMOKa3BaT 3HAUYUTESTHU Pas3fIMKu
npwv HMBO 0.05 - ANOVA, LSD TecT Ha ®uwep, P <0.05)

Fig. 4. Content of C and N in microbial biomass (mean values + standard error,
n = 4, different letters indicate significant differences at the level 0.05 — ANOVA,

LSD Fischer test, P<0.05)
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[JaHHuTe, npeacrtaBeHn BLB durypa
4, nokasBaT, uYe Ky1TVBMpPAHETO Ha
cmeceHa kyntypa (Bwx BapuaHt IC-WP n
IC-WW) uma NoMOXWUTENHO BIMSIHNE BbPXY
pasBUTMETO Ha MWKPOOPraHM3Mu B NoyBa-
Ta. 3HauuTenHa pasnvka mexgy IC-WP
(WW) n SC-WW e npuynHeHa OT KOpeHOBU
ekcyfaTi, KOMTO umat Npsiko Bb3AeincTeune
BbpXY MOYBEHUTE MUKPOOHWM CbHOOLLECTBA.
MoNoXNTENHOTO Bb3AENCTBME HA KOPEHO-
BUTE eKcyfatu BbpXy pasBUTUETO Ha
MUKPOOHMTE CcboOLLecTBa B pusocdepara
Bb3 OCHOBA Ha HENHUSI CbCTaB € MOTBbP-
geHo ot Maul et al. (2014), Bloem et al.
(2006) u Wenhao (2013). KopeHoBute
eKkcyfaTn ce CbCTOAT MNaBHO OT OpraHuyeH
Bbriepos, (Coyg), KOWTO € noneseH Karto
M3TOYHMK Ha XpaHUTESIHW BeLlecTBa 3a
noYBeHNTe MuKpoopraHusmn Cneposaren-
HO, MUKpOOPraHW3MuMTe MMaT AO0CTaTbyHO
eHeprvs Aa 13nonssaT as3oT M BbI1epos
(BmxTe durypa 3) BbB BapuaHTu c IC.

MukpobHa aKkTWBHOCT — OCHOBHO
U Cy6CTPaTHO-UHAYLIMPAHO AnLliaHe

MVKpobHUTE CcbOOLWEecTBa B MOY-
Bara ce CbCTOAT OT rosIAMO pasHoobpa-
3ve OT BMAOBeE, u3C/nefBally TexHuUTe
MecTo006MTaHusA, kaTo perynupaTr nusobu-
NNeTo Ha nonynauuaTa U CTeneHta Ha
aKTMBHOCT CMNpPSAMO (pakTopuTe Ha OKOJl-
Hata cpega. [louBeHUTe  MUKPOOHU
aKTMBHOCTMW BOAAT 0 OCBOOOX/AaBaHe Ha
HaNuU4HUTE XpaHWTesHW BellecTBa 3a
pacTeHMsiTa U ca OT pellaBallo 3Hauve-
HMe 3a 6uoreoxXMMUYecKnss Kpbrospar
(Bloem et al., 2006). Aepauusi Ha noysBa-
Ta € OCHOBHUAT NbT, B KONTO CO,, dnk-
CupaH OT 3eMHUTe pacTeHus, ce Bpblla B
atmocchepaTa (Schlesinger, 2000). Mpe-
MnHaBaHeTOo Ha CO, OT aepauus Ha
rnoysata e OCHOBEH (PakTop 3a HeTHWS
06MeH Ha BbBIIEpos B CYX03eMHUTE
eKkocuctemu, BTOpPO camo no maiab Ha
hoTocuHTe3ata OT pacTeHusTta (Rustad
et al., 2000).

The data presented in Figure 4
indicated the cultivation of mixed culture
(see variants IC-WP and IC-WW) had
positive effect on development of
microorganisms in  soil.  Significant
difference between IC-WP (WW) and SC-
WW was caused by root exudates having
direct impact on soil  microbial
communities. Positive effect of root
exudates on development of microbial
community in rhizosphere soil based on
its composition was confirmed by Maul et
al. (2014), Bloem et al. (2006) and
Wenhao (2013). The root exudates
consist mainly of organic carbon (Cgg),
which is useful as a source of nutrients
for soil microorganisms. Therefore,
microorganisms had enough energy to
utilize nitrogen and carbon (see Figure 3)
in variants with IC.

Microbial activity — basal and
substrate induced respiration
Microbial communities in soil

consist of a great diversity of species
exploring their habitats by adjusting
population abundance and activity rates
to environmental factors.

Soil microbial activities lead to the
release of nutrients available for plants,
and are of crucial importance in
biogeochemical cycling (Bloem et al.,
2006). Soil respiration is the primary path
where CO, fixed by land plants returns to
the atmosphere (Schlesinger, 2000).

Efflux of CO, from soil respiration is a
major contributor to net carbon exchange
in terrestrial ecosystems, second only in
magnitude to photosynthesis by plants
(Rustad et al., 2000).
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npwv HMBO 0.05 - ANOVA, LSD TecT Ha ®uwep, P <0.05)

Fig. 5. Basal and substrate induced respiration (mean values + standard error,
n = 4, different letters indicate significant differences at the level 0.05 — ANOVA,

LSD Fischer test, P <0.05)

OcHoBHOTO pguwaHe (BAS) e no-
CTOsIHHaTa Hopma 3a AMlaHe Ha noysara,
KOATO NMPOU3X0oxJa OT Kpbrospara Ha opra-
HuyHaTa matepusa (Bloem et al.,, 2006).
CybCTpaTHO-NHAYLMPAHUAT pecnupaTopeH
(SIR) meToq ce ocHOBaBa Ha OTKPMBAHETO
Ha pecnupaTopeH OTroBOP Ha MO4YBEHUTE
MUWKPOOPraHu3mMmn npu SOCTaBAHETO Ha [10-
Ko3a (OpraHu4Hu BBLIEPOAHU CbeanHe-
HMg). [lo TO3M HaunMH ce M3mMepBaT camo
opraHusMu, KOUMTO pearupar Ha rtoko3aTta
M ca aKTMBHM. B1b3 OCHOBa Ha TO3U NPUWH-
umn cybcTpaTHO-MHAYLMPaHUAT pecnmparo-
peH MeTof OTKpuBa NpeavMHO GakTepuan-
Ha 6uomaca (Bloem et al., 2006). Vimaiikn
npeasus  AaHHWTe  npefcTaBeHn BbB
durypa 5, Hali-BUCOKMTE CTOMHOCTU Ha SIR
ca ycTaHOBeHW npu BapuaHTu Ha IC. Te3n
CToOliHOCTK, B CbOTBETCTBME C Bloem et al.
(2006) nokaseaT, 4Ye No-rossiMoO KOSIM4YECTBO
MUKpobGHa bMomMaca npuchbCcTBa B 30HaTa Ha
pusocepata Ha MexaypefoBuTe KyaTypu.

Basal respiration (BAS) is the
steady rate of respiration in soil which
originates from the turnover of organic
matter (Bloem et al, 2006). The
substrate-induced respiration (SIR)
method is based on the detection of a
respiratory response of Soil
microorganisms on supply of glucose
(organic carbon compounds). Thus, only
glucose-responsive and active organisms
are measured. Based on this principle,
the substrate-induced respiration method
detects predominantly bacterial biomass
(Bloem et al.,, 2006). Consider data
presented in the Figure 5, the highest
values of SIR were found in variants IC.

These values, in accordance with Bloem
et al. (2006), show that larger amount of
microbial biomass was present in
rhizosphere zone of intercrops. Moreover,
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OcBeH TOBa, durypa 3 nokasea, 4e BbB
BapuaHtTn c IC e ycTaHOBEHO MO-ronsMo
CbAbpXaHue Ha OpraHuyeH BbLIEPOS,.
CnepoBatesiHo, OTr/1IeXx4aHeTo Ha CMeceHn
KynTypu fJonpuvHacs 3a pasBUTUETO Ha
MUKpobHaTa aktuBHocT (C npefctaBnssa
eHeprysaTa 3a MoYBeHUTe MUKPo6M) U Mo
TO3M HayvH M 3a pPasBUTUETO Ha MOYBEHUSA
OpraHNYHO-MUHEpasieH  Komniekc. Toau
KOMMNMEKC e OT CbLUeCTBEHO 3HayeHue 3a
YyCBOSIBAHETO W M3M0M3BAHETO Ha NoyBeHa-
Ta BOAa — 3a NOYBEHOTO naogopoaue.

Hali-Bucoka MWKpOGHa aKTUMBHOCT
(SIR) e ycTaHoBeHa BbB BapuaHTu, nNpu
kouto ce kyntueupa IC. Cnopepn Hogh-
Jensen n Schjoerring (2001), cbeguHeEHWSA-
Ta (C n N), BHECEHM 4pe3 oTnaraHusATa B
pusocepata, UMart roisamMo Bb3geilcTeue
BbpPXy MJBTHOCTTA W aKTUBHOCTTA Ha
MUKpoopraHusmMuTe B pusocdepatra
OTTaM BbPXY KPbroBparbT U HA/IMYMETO Ha
XpaHUTesTHN BeLecTBa B KOpeHoBaTa 30Ha.
Cnes  MuHepanusauusl,  XpaHuTenHuTe
BeLlecTBa, CbAbpXalin ce B CbCTaBa Ha
CbefVHeHuATa yTaeHn B pu3occepara, Lie
6bAaT YCBOEHW OT pacTeHusATa Wav MUKpo-
6uTe, BCMyKaHU OT noyBaTta WM m3rybeHun
OT NoYBeHaTa cMcTeMa Ha pacTeHuaTa.

N3BOAN

HacToswara cratna npeacrassa Nbp-
BUTE pe3ynTatu OT AbATOCPOYEH MONEBU
onut. CnepgosartesiHo, pesynratnte Tpa6sa
[Ja ce Tb/KyBaT BHMMaTenHo. Hawara uen
6e fa xapakTepuanpame Bb3AeiCTBMETO Ha
CMECEHOTO OTI/IeXAAaHe Ha KY/ITYypu BbPXY
MUKpOOHaTa aKTMBHOCT B 30HaTa Ha puso-
cthepaTta Ha oTAenHn Kyntypu. CbBpemeH-
HOTO CeficKO CTOMaHCTBO ce cHnbckBa C
HOBM npeau3Bukarenctsa u npobéraemu.
EnHa OT Hali-ronemute 3aniaxu e ustolla-
BaHeTO Ha noysara. Pusocdepara e xu3He-
HO NPOCTPaHCTBO 3a MOYBEHW MuUKpoopra-
HM3MM, KOUTO ca HeobXxo4umMu 3a 34paBeTo
Ha noyeBata W nnaogopoaveTo. [opHUTE
pe3yntatu nokassar, ye 6060BuUTE pacTe-
HUS Npou3BexXAaT KOpPeHOBW ekcydaTu C
ronsaAMo KonuyectBo Cgg, KOUTO MMAT NPAKO
Bb3felicTBME BbPXY MOYBEHUTE MUKpOOpra-
Hu3mu Mpeanonarame, ye kyntypute npu IC
umat npeaMMcTBOTO, Tbi KaTto Te Morat ga
CV CbTPYAHUYAT B3auMHO.

the Figure 3 shows that higher content of
organic carbon was found in variants IC.

Therefore, the cultivation of mixed culture
contributes to the development of
microbial activity (C represents energy for
soil  microbes) and thus to the
development of soil organic-mineral
complex. This complex is essential for
uptake and utilization of soil water — for
soil fertility.

The highest microbial activity (SIR)
was found in variants where IC was
cultivated. According Hggh-Jensen and
Schjoerring (2001), the compounds (C
and N) deposited by rhizodeposition have
major effects on the density and activity
of microorganisms in the rhizosphere
and, hence, on the turnover and plant
availability of nutrients in the root zone.
After  mineralisation, the nutrients
contained in the rhizodeposited
compounds will be subjected to plant or
microbial uptake, adsorbed on soil
particles, or lost from the plant soil
system.

CONCLUSIONS

This contribution presents the first
results of a long-term field experiment.
Therefore, these results must be
interpreted with caution. Our objective
was to characterize potential effect of
intercrop cultivation on microbial activity in
rhizosphere zone of individual crops.
Modern agriculture faces to new
challenges and problems. One of the
greatest threats is depletion in sail fertility.

The rhizosphere is a living space for soil
microorganisms which are necessary for
soil health and fertility.

The above results indicate the legumes
produce root exudates with a large
amount of Cyq which have direct impact
on soil microorganisms. We assume the
crops in IC have the advantage as they
can cooperate with each other.
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HaweTto wn3cnegBaHe Moka3a Bb3-
MOXHOCTTa Ha MeXxaypeaoBuTe KynTypu 3a
3a/bpXaHe U 0rnosi30TBOpsABaHe Ha MuHe-
panHus a3oT B noysata. KyntmBmpaHeTo Ha
MeXaypeLoBu KynTypu npegcrasnssa HoBa
Bb3MOXHOCT 3@ CMeK4YaBaHe Ha oTpuuaten-
HWTE BAWSIHUSI HA EKCTEH3MBHOTO 3emefenve—
n3yepneaHe Ha MOYBEHOTO Mogopoave,
Tbil KaTo KynTmBMpaHeTo Ha IC mogabpxa
MMKPOOHMS XMBOT B 30HaTa Ha pusoccheparta.

BJTIATOAAPHOCTWU

CratuaTa e (4acTnyHO) cb3gageHa c
WHCTUTYUMOHaNIHaTa noJkpena Ha Ab/ro-
CpoYHa KoOHUenTyanHa paspaboTka Ha
n3cneposaresnckara opraHusauunsa "Cencko-
cTonaHcku nscneasanma” OO/,

Our research showed the potential
of intercrops for retention and utilization of
mineral nitrogen in soil. Cultivation of
intercrops represents new opportunity to
mitigate the negative influences of
extensive agriculture — depletion in soil
fertility, because cultivation of IC supports
microbial life in rhizosphere zone.
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PE3IOME

W3cnepBaHo e BAMSHWMETO Ha Wwawm
Bacillus subtilis Ne 2-amMnnonntnk BbpXY
KO/IMYecTBOTO 3axap W 06, a3oT BbB
dypakHa Meslaca OT PBLXEHO 3bpHO.
YCTaHOBEHO €, 4e Hai-ronsimMoto o6uo
CbAbpPXaHMEe Ha 3axap U MWHMMasTHO
CbAbpXaHWe Ha asoT e B 0be3zapaseHa
Menaca, kaTto cboTBeTHO e 85.4 g/kg u
1.9 g/kg. Manko no-masiko KOJSIM4ecTBO
06LLM 3axapu e YyCTaHOBEHO B HeCTepw/i-
Ha menaca (85.1 g/kg). MNMpu oTCcbCTBUE B
cybctpata Ha OGaktepum Ha Bacillus
subtilis Ne 2-ammnonuTnkK, 6GMONOrMUYHOTO
npeobpasyBaHe Ha BbIiexugpatm e
He3HayMTeNnHo, 4opW U B MPUCHLCTBMETO
Ha HecTepwu/Ha menaca ot "gueun" Bugose
MUWKPOOPraHU3Mu.

KntouoBn aymu: Kyntypa oT Lam
Ha Bacillus subtilis No 2-amunonuruk,
Menaca, pbX, 3axap, obwy, a3oT

YBO/,

I'Ipes nocsnegHuTe roanHn, BbBB
q)epMI/I C MI'IeKO,CI.aVIHVI XUBOTHU C BUCOK
lEI,O6I/IB Ha MJ/AKO, MMa LNPOKO pasnpo-

SUMMARY

The impact of Bacillus subtilis strain
No. 2-amylolitic on the amount of sugar
and total nitrogen in the feed molasses
from the grain of rye was conducted. It
has been determined the highest total
sugar content and minimum nitrogen
content was in the sterile molasses and
85.4 g/kg and 1.9 g/kg, respectively. Less
content of the total sugars was in a non-
sterile molasses (85.1 g/kg). In the
absence of substrate bacteria Bacillus
subtilis No. 2-amylolitic bioconversion of
carbohydrates is negligible, even in the
non-sterile molasses «wild» species of
microorganisms.

Key words: Culture of Bacillus
subtilis strain No. 2-amylolitic, molasses,
rye, sugatr, total nitrogen

INTRODUCTION

In recent years, in farms with high
milk yield animals, have widely spread
diseases connected with metabolic
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CTpaHeHn 3abonsiBaHWs, CBbp3aHW C
MeTaboNUTHU HapylleHus. Tpou3xXoabT ©
pasBUTMETO UM € CBbP3aHO C HeJOCTUT UK
U3/IMLIBK Ha EHEeprusi, Hucka CMuIaemMocT
Ha XpaHWTenHuTe BellecTBa U GUOMOrMYHO
aKTMBHWTE BellecTBa B AueTtata Ha
XMBOTHUTE, AncbanaHC B CbOTHOLUEHWETO
3axap-npoTenH B xpaHata (Aksenov, 2014).

M3non3saHeTo Ha 3axapu B xpaHe-
HEeTO Ha CesICKOCTOMaHCKM XUBOTHU MMa
nonoxuTeneH edekt Bbpxy npoueca Ha
XpaHocMunaHe w yBenuyasa cMuiae-
MOCTTa Ha XpaHocmunaHeto. OT ppyra
CTpaHa, YycBoMMWUTE BbIIEXUApaTM ca
U3K/TIOYNTENHO HEeobXoauMKM 3a CesiCKo-
CTONaHCKNTE XWMBOTHMW Kato OCHOBEH
N3TOYHMK Ha eHeprus. Hai-obewaBawmart
HauMH 3a npeojosiiBaHe nuncata Ha
3axapu B AMetara Ha >KUBOTHUTE,
0COGEHO B paiioH CbC CUMOUPCKM Kumar,
ca 3bpHEHWTe Menacu, Mosiyd4eHn npwu
npepabotka Ha  pasnNnUYHn  BUAOBE
3bpHeHU cypoBuHM (Motovilov, 2015).

Kato ocHoBa 3a pa3BuUTMETO Ha
neyebHa u npochmnakTuyHa MeauumHa,
nepcrnekTuBHa 3a M3nosi3BaHe BbLB BeTe-
puHapHata MeauvuuMHa, uscnegosarenute
o6pbllaT BHUMaHWE Ha  eKOJIornyYHO
yuctata xmeBa popma Ha crnopoobpasy-
BallM aepobHuM OGakTepum oT popa B.
Subtilis (Antipov and Ermakova, 1990;
Koroljuk, 1996), kouTo ca OCHOBHUTE BU-
[oBe, OTKpUTN B M3C/eBaHeTO Ha YpeB-
HaTa MuKpodpsiopa M ca 6e3BpegHn 3a
TOMN/IOKPBBHUTE XMBOTHU. Te ynpaxHasaT
CBOAITA aHTaAroHNCTUYHA aKTUBHOCT BbPXY
LUMPOK CNEeKTbP OT NaTOreHHW U YCNOBHO
NnaToreHHNn MUKPOOPraHU3Mu, Pe3UCTEHT-
HN Ha JIMTUYHUTE EH3UMM Ha XPaHOCMWU-
naTenHaTta cucteMa U Ha aHTubuotTuumTe —
NEHUUUAVH, TEeTPauMKINH, CTPENTOMULMH,
KOUTO CbLUO Ce cuuTaT 3a TEXHOMOrMYHU B
Npon3BOACTBOTO, CTABGUHU MpPU CbXpaHe-
HMe u ekonormyHo 6GesonacHu (Kuvaeva,
1976; Sattorov, 2012).

CnocobHocTTa pfa ce pasBuBa
BbpXy OOMKHOBEHA MO CbCTaB U €BTUHA
cpefa, BMCOK [06MB Ha MNpoAaykTa, cTa-
OGUTHOCT MpU CbXpaHeHue Ha LamoBeTe
Bacillus, nosBonsiBa cb3gaBaHETO Ha
BUCcokoedpekTuBHM TexHonornn (Brotukhin,

disorders. Their origin and development is
associated with a deficiency or excess of
energy, low digestibility of nutrients and
biologically active substances in the diets
of animals, imbalance sugar-protein ratio
in the feed (Aksenov, 2014).

Using sugars in feeding farm
animals has a positive effect on the
process of digestion and increases the
digestibility of the roughage. On the other
hand, digestible carbohydrates are very
necessary to the farm animals as the
main source of energy.

The most promising way to overcome the
lack of sugars in the diet of animals,
especially in Siberian climate region is
grains of molasses obtained by
processing different types of grain raw
materials (Motovilov, 2015).

As a basis for the development
treatment-and-prophylactic medicine,
perspective for using in veterinary
medicine, researchers pay attention to the
ecologically clean alive of spore-forming
aerobic bacteria of the genus B. Subtilis
(Antipov and Ermakova, 1990; Koroljuk,
1996), which are the main species
detected in the study of the intestinal
microflora and are harmless to warm-
blooded animals.

They exert their antagonistic activity to a
wide spectrum of pathogenic and
conditionally pathogenic microorganisms
resistant to lytic enzymes of the digestive
system and to antibiotics — penicillin,
tetracycline, streptomycin, also
considered as technological in production,
stable at storage and environmentally
safety (Kuvaeva, 1976; Sattorov, 2012).

The ability to grow on a simple in
composition and inexpensive
environments, high product vyield, the
storage stability of Bacillus strains allows
creating highly efficient technologies
(Brotukhin, 1999), and using the enzymes
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1999) u wu3N0A3BAHETO Ha €H3MMK 3a
npou3BOACTBO MM 3a 6MO nekapcTsa
(Antipov and Ermakova, 1990, Koroljuk,
1996; Sattorov, 2012). 3amecTutenuTe Ha
M/ISIKOTO, BUTAMWHHUTE, MUHEPASIHUTE, EH-
3UMHUTE pypaxkHW fobaBkm ce oborartsasar
¢ 1ax (Bacillus subtilis) (lIvanova, 2006).

B fHelHO BpeMe He ca JoCTaTbyH
hypaxHn pobaBkM 3a CefickocTonaHckute
XWUBOTHW, NPOW3BELEHM 4Ype3 MeTof Ha
GVMOKOHBEPCUSI Ha pacTUTENeH martepuall,
CbAbpXall, HuwecTe W  NPOBMOTUYHU
MUKPOOPraHnu3mu.

Llenta Ha Tasum pabota e pga ce
npoy4yn Bb3geincTemeTo Ha wam Bacillus,
kato ce u3nonssa Bacillus subtilis Ne 2-
aMUIONNT BBbPXY KOMMYECTBOTO 3axap U
06, a30T BbB hypaxHaTa Menaca.

MATEPWNAN N METO4WA

BaktepnanHuatr  wam  Bacillus
subtilis Ne 2-amunonntnk e wusonupa
npe3 2013 r. ot S. A Donkov, uneH Ha
ekuna Ha W3cnepoBaTenckus WHCTUTYT
Mo >KMBOTHOBBLACTBO KpacHOApPCK K
NnpexsbpaeH B HaUMOHANHNA NaTeHTeH
JenosnT BbB Bcepycuiickata Konekuus
oT NPOMULLIEHN MUKPOOpPraHn3mm
(ARCIM), KbaeTo e AgokKasaHo, 4ye WwamMbT
npoussexga amunosIMTUYEH eH3UM.

N3cnepgsaHeTo e nposefeHo B 1abo-
paTopunTe Ha KpacHosipckus u3scnegoBa-
TENICKNW MHCTUTYT MO XMBOTHOBBLACTBO M
WHcTuTyTa no 6uodmsuka Ha PegepanHus
n3cnefoBaTenicky LeHTbp «KpacHoApCKu
HayyeH UeHTbp Ha PyckaTa akagemusi Ha
HayKnTe».

Kyntypa Ha wam Bacillus subtilis
Ne 2-amunuotuk e npubaBeHa KbM
Mesiaca OT PbXEHO 3bPHO, MPOU3BEeAEHO
B pasBbgHa epma "TaexuHu" OO/, B
Cyx00y3MMcKn  paioH,  KpacHosipcka
061acT, KOATO ce M3Mnos3Ba 3a XpaHeHe
Ha mnekojanHu kpasu. 3a NPUroTBAHETO
Ha Menaca ce M3non3sa KOMMEKCHOTO
Bb3eNCTBME Ha KaBuTauus, NoHWU3aLNS
n depmeHTaumss, B CbOTBETCTBME C
MeToanyeckn npenopbku (Motovilov, 2015).

PassbaHa thepma "TaexHu" OO[
NnoAroTBU M3NUTaTesIHN M eKCnepumeH-
Ta/lHM Npobu OT 3bpHEeHa menaca, B

for the production or bio medicines
(Antipov and Ermakova, 1990; Koroljuk,
1996; Sattorov, 2012). Milk replacers,
vitamin, mineral, enzyme feed additives
are enriched with them (Bacillus subtilis)
(lvanova, 2006).

Nowadays, it is not enough feed
additives for farm animals, produced by a
method of bioconversion of starch-
containing plant material and containing
probiotic microorganisms.

The aim of this work is to study the
effect of strain of Bacillus, using Bacillus
subtilis No. 2-amylolitic on the amount of
sugar and total nitrogen in the feed
molasses.

MATERIAL AND METHODS

Bacterial strain Bacillus subtilis No.
2-amylolitic was secreted in 2013 by
S. A. Donkov, a staff member of
Krasnoyarsk Research Institute of Animal
Husbandry and transferred to national
patent deposit in All-Russia collection of
industrial microorganisms  (ARCIM),
where was proved the strain produces an
amylolitic enzyme.

The research was held in the
laboratories of Krasnoyarsk Research
Institute of Animal Husbandry and
Biophysics Institute of Federal research
center «Krasnoyarsk scientific center of
Russian Academy of Sciences».

A culture of strain Bacillus subtilis
No. 2-amylolitic was added to molasses
of rye grain, produced in Breeding Farm
Taezhny, Ltd, Sukhobuzimskiy region,
Krasnoyarsk Krai which was used for
feeding to milk cows. To prepare
molasses was used a complex effect of
cavitation, ionization, and fermentation in
accordance  with  the methodical
recommendations (Motovilov, 2015).

Breeding Farm Taezhny, Ltd
prepared testing and experimental
samples from grain molasses in
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CbOTBETCTBME CbC cXemara, AageHa B | accordance with the scheme given in
Tabnuua 1. Table 1.

Ta6nuua 1. Cxema Ha onuta
Table 1. Scheme experience

O6paseu/Example Menacu / Molasses
1°° TecTBaHe HecTtepuniHn menacu
1* testing Non-sterile molasses
1% ekcnepumeHT Hectepunuu menacu + 0,5 m/ml Bacillus subtilis Ne 2-amnaionmtuk
1% experimental Non-sterile molasses + 0,5 m/ml Bacillus subtilis Ne2-amylolitic
2" onut Hectepunuu menacu+ 0,01 m/ml Bacillus subtilis Ne2-amnunonmtuk
2" experimental Non-sterile molasses + 0,01 m/ml Bacillus subtilis Ne2-amylolitic
3" onut Hectepunuu menacu + 0,05 m/ml Bacillus subtilis Ne2-amunonutumk
3" experimental Non-sterile molasses + 0,05 m/ml Bacillus subtilis Ne2-amylolitic
2" TectBaHe CTepunHu menacy
2" testing Sterile molasses
4Tn onut CtepunHu menacu+ 0,5 m/ml Bacillus subtilis Ne2- amunonutunk
4th experimental Sterile molasses + 0,5 m/ml Bacillus subtilis Ne2-amylolitic
5u onut CtepunHu menacu + 0,01 m/ml Bacillus subtilis Ne2-amunonutuk
5th experimental Sterile molasses + 0,01 m/ml Bacillus subtilis Ne2-amylolitic
6un onut CtepunHu menacu + 0,05 m/ml Bacillus subtilis Ne2-amunnonutuk
6th experimental Sterile molasses + 0,05 m/ml Bacillus subtilis Ne2-amylolitic

MbpBata TecTtoBa npoba npeg-
CTaB/isiBa MbpBOHa4Yas/iHaTa HecTepusiHa
Menaca, BTOopatra — CTepunausMpaHa
Menaca B asToknaB npm 0,5 atm B
pamvkute Ha 30 MuUHYTU. OT CTEPUSIHU "
HecTepunHun npobm OT Menaca ca
noslydeHn onuTHM nNpobum c pobaBeHu
MHokynatn Ha Bacillus subtilis Ne 2.-
aMUIONNTKK C pas/imdHa KOHLEHTpauus.
3a TasM uen B €AUH JIMTbP EprieH-
MaiepoBu kosibu ca pobaseHn 200 ml
Menaca U CbOTBETHOTO KOJSIMYECTBO
ceMeHeH MaTepuasl. Bcska npoba e
noAroTBsHa B TpW eTana Ha NoBTOpPeHMUe.

N Taka nbpBata TecTtoBa npoba
CbAbpXa HecTepu/sHW Menacu, BbB
BTOparta, Tpetata M YeTBbpTara ONUTHM
npobu OT HecTepunHM Menacum ca
npnbaseHn Bacillus subtilis Ne 2-
amunonMTnk B Kosmdecteso ot 0,5; 0,01;
0,05 m/ml.

BToparta TecToBa npoba cbabpxa
cTepuiHa mMenaca, a B netata, Lwecrara
n cegMaTa OMWTHM Npobu ca npubaBeHu
Bacillus subtilis Ne2-amunonutuk B
Konnuyectso cwboTtBeTHo 0,5; 0,01; 0,05
m/ml.

First testing sample submitted the
original non-sterile molasses, the second
one — molasses sterilized in autoclave at
0,5 atm within 30 min. Out of sterile and
non-sterile samples of molasses were
obtained experimental samples with
different concentration added inoculums
of Bacillus subtilis No. 2-amylolitic. For
this, in one liter Erlenmeyer flasks was
poured 200 ml of molasses and the
appropriate amount of seed material.
Each sample was prepared in three stage
repetition.

Thus, First testing sample
contained the non-sterile molasses, in the
second, third and fourth experimental
samples of non-sterile molasses was
added Bacillus subtilis Ne 2-amylolitic in
the amount of 0,5; 0,01; 0,05 m/ml.

Second testing sample contained
the sterile molasses and in the fifth, sixth
and seventh experimental samples was
added Bacillus subtilis Ne2-amylolitic in
amount of 0,5, 0,01; 0,05 m/ml
correspondingly.
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MHkybaumaTa npoabawm 48 yaca
npu 37 £ 0,5 °C. 48 yaca cneg gobassHe
Ha MVKpoopraHusMnte ce onpegenu
CbAbpXaHNEeTO Ha 3axap 1 a3or.

PE3YJITATU N OBCBXXOAHE

Cnepn 48-yacoBa WHKybaums Ha
6akTtepuasieH wam Bacillus subtilis No 2-
aMUIONNTUK, W3MOM3BalKM pacTuTenHa
Mesiaca, ctaBa 4YacTMyHa XuAposim3a Ha
HYLLIecTe, KaTo N0 TO3M HaYuH ce HamasisiBa
CbAbPXaHWETO Ha HULIECTe, U CbLyeBpe-
MEHHO Ce YyBeNnyaBa CbAbPXaAHWETO Ha
onnro- u  MoHo3axapuau. Te OT cBos
CTpaHa, 6ugelikm cybcTpaT 3a pacTex Ha
6akTtepusita  Bacillus  subtilis Ne  2-
amuIoNnTuK, MoraTt Aa 6baaT pasnosiokeHu
3aefHO C TAX U B pe3ynTaT Ha ToBa Aa ce
yBENMUM KOHUEHTpauusTa Ha 6GakTepum B
6uomacaTa.

CbabpXxaHUeTo Ha Menaca npeau
n cnep ctepunusauns e B rpaHuuuMTe Ha
rpewwkara npy M3MepBaHeTo U € MnoyTu
naeHTnyHa. Cnep fobaBsiHe Ha WHOKYY-
MW B pa3NI4yHM KOHLUEHTpauuu u nocneg-
BaLl, MHKy6aLNOHEH nepuog, ce onpegens
CbAbpPXXaHNETO Ha OCHOBHUTE KOMIMOHEH-
TV B NPO6GMTE OT YACTUYHUTE NPOAYKTU Ha
6uokoHBepcus. B HecTepunHu menacu, B
JONb/IHEHNE KbM GakTepuanHusa  wam
Bacillus subtilis Ne 2-amunonntuk moxe
CbLLO Taka fa ce pasBugar "aveu' BugoBse
MUKPOOPraHU3Mu.

B Tabnvua 2 ca npeacraBeHn pesyn-
TaTuTe OT U3C/NEeBAHETO Ha Bb3AENCTBMETO
Ha Bacillus subtilis Ne 2-aMn10/IMTUK YBBPXY
KO/IM4ecTBOTO 3axap M 06l a3oT B Mefaca,
npov3BefeHn OT 3bPHO OT PbX.

CbrnacHo pgaHHute B Tabnuvua 2,
Hali-BMCOKOTO CbAbpXaHue Ha 3axap u
MVWHUMa/THOTO CbAbpXXaHWe Ha a3oT e B
cTepunHata Mmenaca (2-"° TtectBaHe) —
cboTBeTHO 85.4 g/kg u 1,9 g/kg. Masiko
no-mMasiko OT obwuTe 3axapyn umMa B
HecTepunHata Menaca. lNpegnonara ce,
ye npu OTCbCTBME Ha cybcTpaTHu BakTe-
pun Bacillus subtilis, No 2-amnnonmtuk
6UOKOHBEPCUSATA Ha Bbraexugparnte e
He3HauuTenHa, Jopy U B MPUCHLCTBUETO
Ha HecTepw/HW Menacu oT "ausun" BUgoBe
MUKPOOPraHU3Mu.

Duration of incubation was 48
hours at 37+0,5°C. In 48 hours after
adding microorganisms the sugar content
and nitrogen were determined.

RESULTS AND DISCUSSION
After 48-hour incubation of the
bacterial strain Bacillus subtilis No. 2-
amylolitic using crop molasses is a partial
hydrolysis of starch, thereby reducing
starch content, at the same time
increasing the content of oligo- and
monosaccharides.

The latter, in turn, being a substrate for
the growth of bacteria Bacillus subtilis No.
2-amylolitic, they can be disposed with
them and as a result increasing biomass
concentration of bacteria.

The content of the molasses before
and after sterilization was in the limits of
measurement error and almost identical.
After adding inoculums in a different
concentrations and the subsequent
incubation period the content of the main
components in the samples of the partial
products of bioconversion was
determined. In non-sterile molasses in
addition to the bacterial strain Bacillus
subtilis No. 2-amylolitic might also grow
«wild» species of microorganisms.

In Table 2 presents the results of
research of the effect of Bacillus subtilis
No. 2-amylolitic on the amount of sugar
and total nitrogen in molasses made from
grain of rye.

According to the data in Table 2 the
highest total sugar content and minimum
nitrogen content was in the sterile
molasses (2nd testing sample) — 85.4 g/kg
and 1.9 g/kg, correspondingly. A little less
of the total sugars was in a non-sterile
molasses. It is suggested that in the
absence of substrate bacteria Bacillus
subtilis No. 2-amylolitic bioconversion of
carbohydrates is negligible, even in the
presence of non-sterile molasses «wild»
species of microorganisms.
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Tabnuua 2. KosimyecTBOTO 3axap M 06l a30T B Mefnaca, NpousBefeHa OT PbXeHOo

3bpHO
Talgle 2. The amount of sugar and total nitrogen in molasses made from grain of rye
n Konnuectso/Amount
po6u/Samples ,
3axap/sugar 06wy a3oT/total nitrogen
g/kg g/kg
1°° TecTBaHe/1* testing 85,1 1,90
1°" onut /1% experimental 54,2 2,56
2" onut/2™ experimental 58,5 2,81
3™ onut /3™ experimental 59,0 3,85
2 tecTBaHe/2™ testing 85,4 1,90
4™ onut /4™ experimental 57,2 2,82
5™ onuT /5™ experimental 57,5 2,92
6" onut /6™ experimental 61,5 3,86

B cbwoto Bpeme Hali-ronsimo
MOHWKEHME Ha CbAbpXaHMeTo Ha obLwm
3axapuv e HabnwogasaHo npu JobaBsHETo
Ha Hali-ronsAMoTO KOMMYECTBO MHOKYNIYM
(0,5 munnona/ml). B 103K cnyyaii cbabp-
XaHMeTo Ha a30T ce yBe/vMyaBa [o
MakcVMasiHO HuBO. ToBa MokKasBa, 4e
y4acTMEeTO Ha a30T B CbAbpXaHWEeTo Ha
MUKPOOHNA NPOTEVH MNOBULLABA KOHLIEH-
TpauusAtTa Ha 6Guomacarta. OueBUAHO e,
ye yBe/IMYaBaAHETO Ha KOHLeHTpaumATa
Ha 6uMomMaca B MUKPOOHWUTE KIETKU e
JoBefle 00 HamansiBaHe CbAbpPXaHWETO
Ha ocTarbyHuTe 3axapu. Kato ce B3emar
npeasus Hali-BepOSATHUTE CTOMHOCTM Ha
MKkoHoMuyeckus daktop ot 0.4-0.5, Ha 1
g 6vomaca TpabBa ga ce pasnpenenart
[0 2 unn noseye rpama BbLIIEPOA,

N3BOAV

Hali-BMCOKOTO  CbAbpXaHue Ha
obwa 3axap ¥ MUHUMa/IHO CbAbpXKaHue
Ha a3oT e B crepwnHata Mmenaca (2-"°
TecTBaHe) — cboTBeTHO 85.4 g/kg n 1.9
g/kg. Manko no-masiko OT ob6LuTe 3axapu
ca B HecTepunHa Menaca (85.1 g/kg).
ToBa npegnonara, 4ye npv OTCHLCTBUETO
Ha cybcTpaTHu 6akTepun Bacillus subtilis,
Ne 2-amunonuTuk 6GUOKOHBEpCUATa Ha
Bbr/IexmgpaTnTe e HesHaumTesHa, 4opu u
B NPUCBHCTBUETO HA HECTEPWU/IHW Menacu
oT "auBK" BUAOBE MUKPOOPraHU3Mu.

At the same time, the highest
decrease in the content of total sugars
was observed in case of adding the
largest quantity of inoculum (0.5
million/ml). In this case the content of
nitrogen increases at a maximum level. It
indicates nitrogen inclusion in content of
microbial protein  when raising the
concentration of biomass. It is obvious
that the increase of  biomass
concentration of the microbial cells, the
content of residual sugars will be
reduced. Taking into account the most
probable values of the economic factor of
0,4-0,5 per 1 g of biomass must be
allocated up to 2 or more grams of the
carbonaceous

CONCLUSIONS

The highest total sugar content and
minimum nitrogen content was in the
sterile molasses (2-testing sample) — 85.4
g/kg and 1.9 g/kg, respectively. A little
less of the total sugars was in a non-
sterile molasses (85.1 g/kg). This
suggests that in the absence of substrate
bacteria Bacillus subtilis No. 2-amylolitic

bioconversion of carbohydrates is
negligible, even in the presence of non-
sterile molasses «wild» species of

microorganisms.
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