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ABSTRACT:

Arbuscular mycorrhizal fungi (AMF) have become attractive as bio stimulants in agriculture due to
plant nutrient uptake enchantment and stress tolerance. Plants frequently interact with microbes
under natural conditions, which directly mediate plant responses to environmental adversities. As a
crucial element of soils, microbes are an integral part of the agricultural ecosystem. AMF are
ubiquitous widespread soil microorganisms that can form symbiotic associations with most of
agricultural plants. These beneficial microbes can offer an array of advantages to host plants. The
focus of this Special Issue is to consider different points of view relating to the use of AMF as an
environmentally friendly tool both in greenhouse and field crop production. This perspective is
emphasized by the published studies on the application of mycorrhizal fungi to enhance crop
performance and production as well as on the role of these soil microorganisms in crop stress
tolerance and sustainability improvement.

PE3IOME:

ApOyckynapauTe MUKOPH3HH THOM (AMI) ca aTpakTUBHH KaTo OWOCTHUMYJAHTH B CEJICKOTO
CTOIIAHCTBO TMOPaJy YHUKAITHOTO CH BIIMSHUAE BBHPXY YCBOSBAHETO Ha XPaHUTEIHU BEIIECTBA OT
pacTeHHMATa W YCTOHYMBOCTTa Ha cTpec. PacTeHusiTa 4YecTo B3aMMOJCHCTBAT C ITOYBCHUTE
MHUKPOOPTAaHU3MH TP €CTECTBEHHU yCIOBHS, KOUTO JUPEKTHO MEANHPAT PEAaKIUUTEe HA PACTEHUSITA
KbM HEOJArONpUATHUTE YCIOBHS Ha OKOJHATa cpefa. KaTo KIIFOUOB €JIeMEHT Ha IOYBHTE,
MHUKpPOOPraHM3MHUTE ca HepasJielHa YacT oT arpo-ekocucremure. AMIT ca moBceMecTHO
pasmpoCTpaHEeHU TTOYBEHH MUKPOOPTaHU3MH, KOUTO MOTaT Jia 00pa3yBaT CHMOMOTHYHU aCOIMAIINN
C TIOBEUETO CEJICKOCTOIAHCKHM pPAcTeHHs. Te3W IMOJIe3HW MUKPOOPTaHW3MHU MOTaT Jia IMPeaoxar
HabOp OT MpeANMCTBA Ha PACTEHHUATA TOCTONPUEMHHUIN. DOKYCHT Ha TOBA CIIEIIHAITHO H3/IaHUE € 1A
pasriiea pas3aUYHU TJICIHU TOYKH, CBBpP3aHU ¢ u3NoiBBaHeTo Ha AMI karo ekojorudeH
WHCTPYMEHT, KaKTO B OPaHXEPUHHOTO, Taka M B TMOJCKOTO MPOu3BOACTBO. llyOmnkyBaHuTe
MpOy4YBaHUS TOAYEpTAaBaT TPWIAraHETO Ha MHKOPM3HM TBOM 3a TOAOOpsBaHEe Ha
MPOU3BOAUTEITHOCTTa HAa KYJITYpUTE, KaKTO M POJSATA HAa TE3W IMOYBEHH MHUKPOOPTaHH3MH B
TOJIEPAHTHOCTTA Ha KYJTYPHUTE KbM CTPEC U NMOBHIIIABaHE HA YCTOMYHUBOCTTA MM.
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ABSTRACT

Physalis peruviana L. is one of the most favorable tropical fruit due to its fast growth and nutritional
properties. The current research outlined the response to drought stress of golden berry plants
inoculated with arbuscular mycorrhizal fungi Claroideoglomus claroideum and propagated in vitro as
well as from seeds. The implementation of mycorrhizal symbiosis was determined by root
colonization, glomalin content, and alkaline and acid phosphatases in roots and soil. The plant
protection was assured by enzyme and non-enzyme antioxidants. The adapted in vitro propagated
plants demonstrated higher resistance to drought than plants developed from seeds indicated by
increased growth parameters (shoot, root biomass, fruit number), plastid pigment content, antioxidant
activity, and less enhancement of oxidative markers levels in water-deficient conditions. The findings
in the present research are relevant to obtain the optimal mycorrhizal association and type of
propagation in an adverse environment for golden berry development and will lead to the
establishment of a database and model of varied plant responses to stressful conditions such as
drought.

PE3IOME

Physalis peruviana L. ¢ emuH 0T Hal-0JaronpuUATHUTE 3a OTIJICKIAHE TPOMUYCSCKU TUIOIOBE TOPAIH
OBbp3us CH PacTeX M XpaHUTEIHU CBOicTBA. HacTosiuTe n3ciienBaHus oyepTaxa OTroBOpa Ha cTpeca
KbM 3aCylllaBaHe Ha OTIJICKIAHUTE PACTCHUs (HU3aIUC, HHOKYJIUpAHH ¢ apOyCKyJTapHH MHUKOPU3HH
re0u Claroideoglomus claroideum v pa3MHOXEHU in vitro, KakTo U OT ceMeHa. OChINECTBIBAHETO Ha
MHKOpHU3HATa CUMONO03a Ce ONpeesst OT KOJOHH3AIUITa Ha KOPEHUTE, ChIbP)KAaHUETO Ha TJIOMAIHMH U
aNKaTHUTE U Kucenute Gocdatasd B KOPCHUTE U MOYBATA. 3al[UTaTa HA PACTCHUATA € OCHUTYPEHA OT
CH3UMHHM W HECH3MMHHM aHTHOKCHIAHTH. AJAaNTHPAHUTE PACTEHHs CIIEA in Vitro pa3MHOXaBaHE,
JIEMOHCTPHPAT TO-BUCOKA CYXOYCTOHYUBOCT OTKOJIKOTO PACTCHUSITA, PA3BUTH OT CEMEHa, MOKa3BaiKu
MOBHIIIABAHE B MapaMeTPUTE Ha pacTex (OMomacata Ha HaJ3EMHH YacTH M KOPEHH, Opoil miozose),
ChIBPKAHUETO HA IUIACTUIHHM MUTMCHTH, aHTHOKCHIAHTHATA AKTHMBHOCT M IO-CJab0 MOBHIIIABaHE
HUBAaTa Ha OKCHIATHBHUTE MAapKEPH B YCIOBHUS Ha MeQUIUT Ha Boaa. KoHcTaTanuuTe B HACTOAIIOTO
M3CEBAHEe Ca OT 3HAYCHHE 3a [MOJyJYaBaHe HA ONTHUMAajHa MHKOPH3HA acouualvs | THI
pa3MHOXaBaHe B HEOIAromnpusTHA cpela 3a pa3BUTHE Ha (PU3ANKC U IIe TOBEAAT J0 Ch3IAaBAHETO HA
0a3a JaHHHU U MOJICT HA PEaKIMUTE HA PACTCHHITA KbM CTPECOBH YCIOBHS KATO 3acylllaBaHe.
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Origanum heracleoticum L. flower and leaf extracts and their essential oil profiles of
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ABSTRACT

The composition of the essential oils and the antioxidant properties of Origanum heracleoticum L.
leaves and flowers collected from four different natural populations in Bulgaria (two locations in
Kresna Gorge and two locations in Rhodopes Mountain) were studied and compared with those of
micropropagated and field-adapted plants. Explants for micropropagation from wild-growing plants
from Gorna Breznitsa (Kresna Gorge) were used. The enzyme antioxidant potential characterised by
the activity of superoxide dismutase, catalase, guaiacol peroxidase, ascorbate peroxidase as well as the
non-enzyme antioxidant potential characterized by the content of phenols, flavonoids, water- and
lipid-soluble antioxidant metabolites, were affected by environmental conditions and type of
propagation (wild or micro). The highest enzyme antioxidant potential was observed in the flowers
and leaves of the micropropagated plants, followed by the plants collected from Gorna Breznitsa. The
variation in the content of metabolites with antioxidant potential in the Greek oregano collected from
the two locations from each two areas of Bulgaria was detected. The higher content of phenols and
flavonoids was detected in micropropagated plants as well as in wild-plants collected from two
localities from Kresna Gorge, when compared with the wild-plants collected from Eastern Rhodopes.
Forty-five compounds in the O. heracleoticum essential oil collected from the native populations were
identified. Based on the essential oil composition, and especially on the carvacrol and thymol contents,
the O. heracleoticum plants from all investigated natural populations in Bulgaria belonged to the
carvacrol chemotype. Besides environmental conditions, another factor that affected the composition
of O. heracleoticum essential oil was the existence of chemotypes.

PE3IOME

ChCTaBbT HAa CTCPUYHUTE Macjia M aHTHOKCHUIAHTHUTE CBOICTBAa HA JINCTaTa M I[BETOBETC Ha
Origanum heracleoticum L., cbOpaHN OT YETHUPH Pa3IUIHH MPUPOIHU TIOMyJIAMA B beiarapus
(nBe MmectomonoxeHuss B KpecHeHckoTo nedune u aBe MectomojiokeHus B Pomomwmte), Osixa
W3CNIE/IBAHH M CPaBHEHW C TE3W HAa MUKPOPa3MHOXEHHW M aJalTUPaHd PACTCHUS B TIOJICBU
ycioBusi. M3mon3BaHu ca ©KCIUIAHTH 32 MHKPOPa3MHOXKaBaHE OT JUBOPACTSIU PACTCHHUS OT
l'opua bBpesnuna (Kpecnenckoro geduie). EH3UMHHAT aHTHOKCHIAHTCH TOTEHITHAI,
XapakTepu3Hpalll ce ¢ aKTUBHOCTTA Ha CYNEPOKCH]] TUCMYyTa3a, KaTajas3a, ITBasKoJl TIepOKCHIasa,
ackopOart mepokcuaa3a, KakTo U HECH3MMHUAT aHTUOKCUIAHTEH MMOTCHIIMAN, XapaKTepU3Upalll ce
ChC CHIbpKaHUETO Ha (eHoIH, (ITABOHOWIHW, BOJO- U JIMITUIOPA3TBOPUMH aHTHOKCHJIAHTHU
METa0OoNNTH, OsXa TIOBIHUSHU OT OKOJTHATA CpEJia, YCIOBHATA M BUJ HA pa3MHOKaBaHe (IMB WIIN
MUKpo). Hali-BHCOK €H3MMEH aHTHOKCHUJIAHTEH MOTCHIIMA Ce Ha0JIt01aBa B I[BETOBETE W JINCTATa
Ha MHKPOPa3MHOXKEHHWTE PACTCHUS, CIICJBAHM OT pacTeHusTa, chOpanu ot ['opHa Bpesnwua.
YcTaHOBEeHU ca BapualMi B ChIBPKAHUETO HAa METAOOIUTH C aHTHOKCHJAHTCH TOTCHIMAN B
TPBIKHS PUTaH, ChOPaH OT JBETE JIOKAIWHU OT BCSKA OT JBeTe obiacTu Ha bwirapus. [To-Bucoko
ChIbpikaHue Ha (peHoNM 1 (IIABOHOMIN € YCTAHOBEHO B MHUKPOPA3MHOXKEHU PACTCHHS, KAKTO U B
JUBU pacTeHus, ChOpaHW OT NBe Haxomuina oT KpecHeHckoTo aedwuie, B cpaBHCHHE C IVBH
pacrtenust, cbOpanu oT M3rounu Pogonu. bsxa naeHTHGHUIIMpaHT YETHPHIECET U MET CheAMHCHHS
B erepuyHOTO Macio ot O. heracleoticum, CbOpaHM OT MECTHUTE TOmMyJanuu. Bb3 ocHOBa Ha
ChCTaBa Ha €TEPUIHOTO MACIIO M OCOOCHO Ha ChIBPKAHHETO Ha KAPBAKPOJ U TUMOJ, PACTCHHSATA
O. heracleoticum OT BCUYKH W3CJICBAHH MPHUPOIHU TOMyJIanyuy B beirapus npuHaIIexKaT KbM



XeMOTHIa KapBakpoJ. YCTaHOBEHO Oe, e OCBEH YCIIOBHATA Ha OKOJIHATA cpena, ApyT (axTop,
KOHTO TIOBNUSIBA ChCTaBa Ha erepuyHOTO Macio oT O. heracleoticum, € ChIIECTBYBAaHETO Ha
Pa3IMYHU XEMOTHUIIOBE.
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ABSTRACT

Sage (Salvia officinalis L.) is a medicinal plant commonly used in the traditional medicine.
Polyamines are reported to protect various plant species against salinity stress. The aim of the present
investigation was to assess the ability of foliar spermine application to decrease the adverse effects of
salinity in Salvia officinalis plants with special focus on rosmarinic and carnosic acids — sage’s active
substances with pharmacological value. Salinity provoked inhibition of sage growth accompanied by
loss of turgor. NaCl treatment considerably increased the concentrations of malondialdehyde, free
proline and free thiol-containing compounds, but decreased the levels of hydrogen peroxide (H,O, ),
total phenolics, rosmarinic acid, and carnosic acid. Pretreatment with spermine diminished the effects
of salinity on the measured parameters and increased the content of rosmarinic and carnosic acids. The
results suggest that in pot experiments the foliar application of spermine partially alleviated the
negative consequences of salt stress in sage.

PE3IOME

I'pamuackuaT gait (Salvia officinalis L.) e nedeOHO pacTeHne, YECTO M3IOI3BAHO B TPaIUIIMOHHATA
MeaunuHa, ChoOIIaBa ce, ue MOJMaAMHHUTE TpEa3BaT pa3iudyHu PACTUTEIHU BUIIOBE OT COJICBU
ctpec. llenta Ha HacTOAIIOTO WU3CienBaHe Oemie Ja ce OICHH CIIOCOOHOCTTa Ha JIMCTHOTO
MIpUJIaraHe Ha CIEPMHH 3a HaMassBaHe Ha HeOjaronmpusaTHHTE edeKTH OT 3acoiisasBaHe B Salvia
officinalis ¢ aKueHT BHPXy HATPYNBAaHETO Ha PO3MAPHUHOBA M KaPHO3MHOBA KHCEIMHA — aKTHBHH
BEIIECTBA B IPAJMHCKHS Yail ¢ (papMaKOIOTHIHA CTOMHOCT. 3aCOSIBAaHETO MPOBOKHUPA MHXHUOMpaHe
Ha pacTeXka Ha TPaJUHCKUS dYal, NMpUIpPYyXKeHO oT 3aryba Ha Typrop. Tpermpaneto c¢ NaCl
3HAYUTENTHO TOBHWIIaBa KOHIEHTPAIMUTE HAa MAaJOHAMAIACXHUA, CBOOOAECH TMPOJIMH W CBOOOTHU
THON-CHABPIKAIN ChEAUHEHHUS, HO HaMmalsBa HWBata Ha BojopoxacH mnepokcun (H,O,), obmu
(eHONM, po3MapUHOBA KHCEIWHAa W KapHO3MHOBA KucenwHa. lIpeaBapurenHata oOpabOTKa ChC
cepMHUH HamaisiBa e(eKTUTe Ha 3acosIBaHE BBPXY H3MEpPEHHTE MapaMeTpd W ITOBHUINABA
CBhIBPKAHUETO HA PO3MApUHOBA M KAPHO3MHOBA KHCENWHA. Pe3ynraThte IMOKa3Bar, 4Ye IpH
JIUCTHOTO TPUJIaTaHe Ha CIIEPMHUH YACTUYHO C€ OOJIEKYaBAaT HETaTUBHUTE TOCICTUIIM OT COJICBUS
CTpEC MpU TPAJIUHCKHU Yai.
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ABSTRACT:

This study highlights the development and achievements made for the micropropagation of Greek
oregano (Origanum heracleoticum L.) using stem tip explants. The shoots were cultured on
Murashige and Skoog (MS) medium followed different concentrations of plant growth regulators
(PGR) - 6-benzyl aminopurine, thidiazuron and zeatin at concentrations (0.5 or 1.0 mg L™). The
induction of multiple shoots from stem tip segments was the highest in MS medium supplemented
with 1.0 mg L' zeatin. It was the most effective medium for shoot formation, which produced
multiple shoots (2.7) with an average height of 3.5 cm. These shoots were transferred on half
strength MS medium containing three different auxins: indole-3-butyric acid, a-naphthalene acetic
acid or indole-3-acetic acid (0, 0.1 and 0.5 mg L) for rooting, Multiple shoots were the most
efficiently rooted on %3 MS medium supplemented with 0.5 mg L 'indole-3-butyric acid. Rooted
plants showed the best adaptation on pots containing peat: perlite (2: 1 v/v). The higher rates of
shoots number and height per plant have a positive relationship with the production of metabolites
with antioxidant potential as phenols and flavonoids as well as with ferric reducing antioxidant
potential.

PE3IOME:

ToBa mpoy4BaHe MmomyepTaBa pPa3BUTUETO M MOCTIKCHHUATA, HATIPABEHU 32 MUKPOPA3MHOXKABAHE
Ha TpbItku purad (Origanum heracleoticum L.), W3M0M3Baiiki €KCIDIAaHTH OT BbpXa Ha CTHOIOTO.
Te ce kyntuBupaT BbpXy cpema Murashige u Skoog (MS) B pa3ivuHH KOHIICHTpAalMd Ha
perynaropu Ha pactexxa (PGR) - 6-0eH3mI1 aMHHONYpUH, THIUA3YPOH U 3€aTUH B KOHIEHTPAIIUH
(0,5 win 1,0 mg L™). MHaynmpaHeTo Ha MHOXKECTBO PAa3KIOHEHHS OT CEIMEHTH Ha BbpXa Ha
cTBOJIOTO ¢ Hail-BuCOKa B MS cpema, nombineHa ¢ 1,0 mg L' searmn. ToBa Gemie Haii-
edexTUBHATA cpea 3a oOpa3yBaHe Ha pa3kioHeHus (2,7) ¢be cpeaHa BucouuHa 3,5 cm. Te Osixa
MPEXBBPICHH BBPXY Y2 MS cpema, chappikama Tpu pPa3iIdYHH AyKCHUHH: HWHIOJ-3-MacieHa
KHCEINHA, 0-Ha(THUI olleTHA KUCeNWHA Wi uHAoA-3-oretHa kucenuna (0, 0,1 u 0,5 mg L'l) 3a
BKOpeHsBaHe. Haii-edukacHoTo BKOpeHsBaHe ¢ Ha 4 MS cpena, mombinena ¢ 0,5 mg L™ unjon-
3-maciieHa KucenwHa. BKOpPEHEHHTE pacTeHHMs II0Kazaxa Hai-100pa ajanrtanus B CakCHH,
ceabpkamm Topd:mepmut (2: 1 v/v). [lo-Bucokure CTOHHOCTM Ha OpOs HAa Pa3KIOHCHHSTA H
BHCOYMHATa HA PACTEHHATA MMAT IOJIOKHTETHA BPB3Ka C MPOHU3BOJICTBOTO HAa META0OJIUTH C
AHTHOKCHUJAHTCH IOTCHIMANT KaTo (eHonmu u (PIIaBOHOWAM, KAKTO M C JKEIA30-perylrpant
AHTHOKCHIAHTEH TOTEHITHAI.
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ABSTRACT

The biologically active compounds present in the methanol extracts from Hyssopus
officinalis that were cultivated from seeds, in vitro propagated, and from natural habitats,
were compared. The content of the investigated nonenzymatic low molecular metabolites with
antioxidant capacity, phenols and flavonoids were the highest in flowers and leaves in plants
that were in vitro propagated. Leaf and flower extracts of H. officinalis in all three plant
groups differed in their antioxidant potential, but the highest values were observed in those
that were in vitro propagated. The highest concentration of essential oil was noted in plants
from natural habitats.

PE3IOME

CpaBHeHu 0sixa OWOJIOTMYHO AKTUBHUTE CHEIAWHEHUS B METAHOJOBUTE EKCTPAaKTH OT
Hyssopus officinalis, KynTUBUpaHU OT CEMEHA, PAa3MHOXXEHHU in Vitro M OT eCTECTBEHHU
Mectoobutanua. CbAbPKAHUETO HA  U3CJIEIBAHUTE HEEH3UMHHM  HHCKOMOJEKYJIHU
METa0OJMUTH C AHTUOKCHJIAHTEH KamaluTeT, (eHoiu U (IAaBOHOMIU € Hal-BHCOKO B
[[BETOBETE U JIUCTATa HA PACTEHUATA, KOUTO Ca Pa3MHOXKEHH in vitro. EKCTpakTUTe OT JIUCTa U
uBeTst Ha H. officinalis m B TpUTE Ipynu pacTeHHs c€ pa3IMyaBaT 10 CBOS aHTHOKCHAAHTCH
MOTEHITMAJ, HO Hal-BUCOKM CTOWHOCTH C€ HaOJoJaBaT MpU pa3sMHOXKEHUTE in vitro. Haii-
BHCOKAaTa KOHIEHTpAIMsi Ha €TepUYHO Macjio € oTOens3aHa B pacTEeHHATa OT €CTECTBEHH
MECTOOOUTAHHUS.

7. Ivanova D., Geneva M., Hristozkova M., Stancheva I., Mincheva J., Petkova Z. (2019). A
new type of biological activators and organic fertilizers used in the growing of medicinal
plant calendula (Calendula officinalis L.). Comptes Rendus de |’Academie Bulgare des
Sciences 72 (4), 561-144 Q2 1F=0,343
DOI: 10.7546/CRABS.2019.04.18

ABSTRACT

The use of organic fertilizers is a suitable alternative for safe food production, healthy
environment and human health, instead of the use of chemical fertilizers with harmful effect. The
objective of this study was to evaluate the effect of bio-fertilizers (Humipromoter, Biopromoter and
manure) alone and in combination with natural bioactivators (Amminostim Bio and Aminosol) on the
antioxidant capacity of pot marigold (Calendula officinalis L.). The use of bio-fertilizers using had a
significant positive effect on the biometrical and antioxidant parameters. Adding of natural
bioactivators AB or AS to the plants fertilized with organic fertilizers or manure does not lead to
significant changes to the flowers biometrics. The highest content of flowers carotenoids was recorded
in plants fertilized with Biopromoter alone and in combination with both natural bioactivators. When
plants are fertilized with manure in combination with both natural bioactivators the highest content of
phenols, flavonoids, and water soluble metabolites with antioxidant capacity were measured.



PE3IOME

W3nom3BaHeTo Ha OpPraHUYHHM TOPOBE € IMOIXOSINA aNTepHATHBA 3a 0E30MacHO NPOHM3BOACTBO HA
XpaHH, 3/APaBOCIOBHA OKOJHA Cpela M YOBEIIKOTO 3[paBe, BMECTO H3IMOJ3BaHETO HA XMUMUYECKU
TOpOBE C BpeaHO Bb3aeicTBre. LlenTa Ha ToBa mpoyduBaHe Oemie ga ce oueHH eekTa Ha OHO-TOpOBE
(Humipromoter, Biopromoter m 000pcku TOp) CaMOCTOATENIHO W B KOMOWHAIMS C €CTECTBEHHU
OounoaxkTuBaTopu (Amminostim Bio m Aminosol) BbpXy aHTHOKCHMAAHTHHUS KalalmUTeT Ha HEBEH
(Calendula officinalis L.). I3non3BaneTo Ha OMOTOPOBE MMa 3HAYMUTEIICH MOJIOKUTEICH e(DEeKT BEPXY
OMOMETPUYHNTE W aHTHOKCHIAHTHUTE HapameTpu. [loOaBsiHETO Ha ecTecTBeHH OmoakTHBaTOopu AB
win AS KbM pacTeHHATa, TOPEHH C OPTraHNYHH TOPOBE MM OOOPCKH TOpP, HE BOAM 10 3HAYUTEIHH
MPOMEHU B OMOMETPUYHHTE TIOKA3aTeNN Ha BeToBeTe. Hail-BUCOKOTO ChABpKaHKE HA KAPOTCHOUIH €
pETUCTpUpaHO NPU pacTeHHs, HATOPEHH caMmo ¢ Biopromoter u B KOMOMHAIUS C ABAaTa €CTECTBCHH
OomoakTuBaTopa. Koraro pacreHusaTa ce TOIXpaHBAT ¢ OOOPCKHM TOpP B KOMOWHAmMs C JBaTa
€CTEeCTBEHH OMOaKTHBATOpa, C€ M3MEpBa HAW-BHCOKOTO CHAbpKaHWE Ha (eHoNH, (praBoHOUAM U
BOJIOPA3TBOPUMH METAOOIHUTH C aHTHOKCHAAHTEH KalalnuTeT.

Hristozkova M., Gigova L., Geneva M., Stancheva I, Velikova V., Marinova G. (2018)
Influence of mycorrhizal fungi and microalgae dual inoculation on basil plants performance.
Gesunde Pflanzen Q3 1F=0,789

DOI:10.1007/s10343-018-0420-5

Zusammenfassung

Die Mikrobengemeinschaft im Wurzelraum ist ein Komplex aus Organismen, die auf verschiedenste
Weise miteinander verbunden sind, miteinander in Wechselwirkung stehen und auf ihre Umgebung
reagieren. In der vorliegenden Studie wurde der Einfluss der Doppelinokulation mit Arbuskuldren
Mykorrhizapilzen (AMF) und Mikroalgen (Scenedesmus incrassatulus R83 und Synechocystis sp.
R10) auf die Leistung von Basilikumpflanzen untersucht. Unterschiedliche Arten der Inokulation von
Basilikum (AMF, Mikroalgen sowie eine Kombination aus beiden) wurden analysiert. Charakterisiert
wurden die Funktion von AMF (Kolonisierung und Glomalin-verwandte Bodenproteine), die Aktivitét
saurer Phosphatase (in Wurzeln und im Boden), das Pflanzenwachstum, Photosyntheseparameter,
sekundére Metaboliten (Fluoreszenznachweis des Chlorophyllgehalts der Blétter, Flavonolgehalt,
Stickstoffbilanz-Index) sowie die Aktivitdt von Pflanzenenzymen in der Verbindung des Stickstoff-
und des Kohlenstoffmetabolismus (Glutamatsynthase, Aspartat-Aminotransferase und NADP-
abhéngiges Malatenzym). Die hochsten Werte dieser biometrischen Daten resultierten aus der
Anwendung von Mykorrhiza allein sowie aus der gemischten Behandlung mit beiden
Mikroalgenstimmen. Die doppelte Inokulation mit beiden Mikroalgen und AMF stimulierte die
Mykorrhizafunktion (Konzentration Glomalin-verwandter Proteine). Die Indizes sekundérer
Metaboliten (Flavonole und Anthocyane) stiegen nach der Behandlung mit Scenedesmus (All und
AM+All) im Vergleich mit Kontrollpflanzen. Die Zugabe von Synechocystis allein und in
Kombination mit Pilzen hatte einen positiven Einfluss auf den Stickstoffbilanz-Index.
Unterschiedliche Arten der Inokulation erhdhten Gasaustauschparameter in allen Variationen im
Vergleich zu den Kontrollpflanzen. Die Ergebnisse zur Aktivitdt von Stickstoff-Kohlenstoff
metabolisierenden Enzymen zeigten einen engen Zusammenhang mit dem Pflanzenwachstum. Die
Wurzelbesiedelung von Basilikum mit Mykorrhiza konnte von betrichtlicher wirtschaftlicher
Bedeutung sein. So wiirde die Zugabe geeigneter AMF in den Wurzelraum signifikant das Wachstum
und die Produktivitit im kommerziellen Anbau von Ocimum spp. verbessern.



PE3IOME

MukpoOHaTa OOIIHOCT B pu3ocepaTa € KOMIUIEKC OT OPTaHU3MH, CBHP3aHU U B3aMMOJACHCTBAIIH,
KaKTO MOMEX]Ty CH, TaKa U C OKOJHATa cpeia. B HacToAmOTO M3caenBaHe € MPOYYeHO BIUSHUETO Ha
JBOWHOTO MHOKYJIHpaHe ¢ apOycKynapHu Mukopusau reou (AMI) u mukpoBogopacnu (Scenedesmus
incrassatulus R83 wu Synechocystis sp. R10) Bepxy mnpousBoguTenHocTTa Ha Oocwiek. bsxa
aHAJIM3UPaHH Pa3IMyHU BHIOBE HHOKYyJIHMpaHe Ha Oocwiek (AMI', MUKpoBogOpacin U KOMOWHAIIHS OT
nsere). MscnenBana Oeme QyHkiuara Ha AMIT (KonoHHM3auusi U CBBpP3aHU C TIOMAIMH MOYBEHU
MPOTEHHHM), KUceluHHa (ocdaTasHa aKTUBHOCT (B KOPEHHM M II0YBa), HATpylBaHe Ha Ouomaca,
napaMeTpu Ha OTOCHHTE3aTa, (IIyOPECIICHTHO 3aCHUaHe Ha ChIBbPIKAHHUETO Ha XJIOPO(MI B JIUCTATA,
ChIbp)KaHHEe Ha (DIABOHONM, MHIEKC Ha a30TeH OaJaHC M aKTHBHOCTTa HA PACTHUTEIHUTE CH3UMHU
CBBp3Ballld MeTaboJIM3Ma Ha a30Ta W BbIIIepoja (TIIyTaMaT CHHTAa3a, acrapraT aMHHOTpaHchepaza u
NADP-3aBucum manareH eH3uM). Haii-Bucokure cTOMHOCTH Ha OMOMETPHUYHHTE JaHHH Ca PE3yJTar
OT TIpWIAaraHeTO Ha MHKOpPW3a CaMOCTOSATENHO M OT CMECEHOTO TpeTHpaHe C JBaTa Mjama
MHKpoBojopaciy. JIBoiHaTa WHOKYJAIUs C MHKpoBogopacin u AMI' cTtumynupa MHUKOpPH3HATa
¢$yHKUMS, W3pa3eHa upe3 KOHICHTpaUusITa Ha TiaoManuH. VHaekcuTe Ha BTOPHYHHTE META0OIUTH
(¢maBoHOM M aHTOIIMAHMHU) CE€ MOBHUIIABAT ClIe] TpeTupane cbe Scenedesmus (All u AM All) B
CpaBHEHHE C KOHTPOJHUTE pacTeHus. JlobGaBsHeTo Ha Synechocystis caMOCTOATEIIHO U B KOMOMHALIUS
C ThOM OKa3Ba IOJIOKHUTEIHO BIMSHHE BHPXY HHJICKCAa Ha a30TeH OanmaHc. PasnmuuHuTe BHAOBE
VWHOKYJIaIlMM TIOBWINABaT MapaMeTpUTe Ha ra3oo0MeHa BBB BCHYKHA BapUAaHTH B CpaBHEHHE C
KOHTPOJIHUTE pacTeHus. Pe3ynTatuTe OT aKTUBHOCTTa Ha EH3UMHUTE, METAaOOIM3Wpalld a30Ta u
BBIIIEpOIa, IIOKA3BaT TSCHA BpB3Ka C pacTexa Ha pacTeHHsATa. KopeHoBaTa KOIOHU3AIMs HAa OOCHIIEK
C MUKOpH3a MOXe€ Aa ObJe OT 3HAYMTEIIHO UKOHOMUYECKO 3HaueHHe. 1o To3u HaumH 100aBSIHETO Ha
nogxonsam mamM AMIT B 30oHaTa Ha KOpeHHWTe OM TOJOOPWIIO 3HAYMTETHO pacTeka U
MPOM3BOAUTETHOCTTA NP THPTOBCKO OTTIIeXKAaHe Ha Ocimum Spp.

Zayova E., Stancheva I., Geneva M., Hristozkova M., Dimitrova L., Petrova M., Sichanova
M, Salamon I, Mudroncekova S. Arbuscular mycorrhizal fungi enhance antioxidant capacity
of in vitro propagated garden thyme (Thymus vulgaris L.). (2018) Symbiosis, 74 (3) 177-187,
DOI 10.1007/s13199-017-0502-7, SJR:0.6, IST [F=2,009 Q1

ABSTRACT

Garden thyme (Thymus vulgaris L., Lamiaceae) is an important aromatic herb used for its medicinal
values including antioxidant and antimicrobial properties. The present study was performed to analyze
the changes in natural antioxidants after inoculation of in vitro propagated garden thyme plants with
arbuscular mycorrhizal fungi (AMF). An efficient and low-cost protocol for large-scale multiplication
of this aromatic plant was developed. The explants were cultured on full and half strength Murashige
and Skoog (MS) medium containing indole-3-butyric acid (IBA). The maximum number of shoots and
roots was obtained on 2 MS medium supplemented with 0.1 mg L—1 IBA after 4 weeks of culture.
The successfully adapted in vitro plants (survival rate 95%) were inoculated with arbuscular
mycorrhizal fungi (Claroideoglomus claroideum, ref. EEZ 54). Plants were then transferred into field
conditions. Mycorrhizal fungi enhanced the activity of some soil enzymes, acid and alkaline
phosphatase, urease as well as the levels of extractable glomalin-related proteins in plant rhizosphere.
Arbuscular mycorrhizal associations with higher plants promote the accumulation of antioxidant
metabolites such as phenols and flavonoids and increase the activity of antioxidant enzymes. The
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results from the present study suggest enhanced antioxidant capacity of the inoculated T.
vulgaris plants which was due mainly to increased accumulation of phenolic compounds (total phenols
and flavonoids) together with stimulation of the activity of superoxide dismutase (SOD) and guaiacol
peroxidase (GPO).

PE3IOME

I'pamunckara mamepka (Thymus vulgaris L., Lamiaceae) ¢ BakHa apoMaTHa OWJIKa, H3ITOJI3BaHA
3apagy Jie4eOHUTE CH CTOHHOCTH, BKJIIOUMTENTHO AHTUOKCHIAHTHH M aHTHMUKPOOHU CBOHCTBA.
Hacrosioro wm3cienBaHe € MPOBEJACHO, 3a Ja CE aHAM3UpaT MPOMEHHTE B €CTECTBEHHTE
AQHTUOKCHJAHTHU CJIel MHOKYJHMpaHe Ha in Vifro Pa3MHOXEHH PAacTeHHS OT TpajuHCKa Maliepka c
apOyckynapHun Mukopu3HH Tb0u (AMI'). Paspaboten e edekTuBeH M €BTMH HPOTOKON 3a
MIHEPOKOMAanIabHO pa3MHOXKaBaHE HA TOBA apOMATHO pacTeHHe. EKCIIIaHTHUTE ce KYJITUBUPAT BBPXY
bJIHA M TOJIOBHH cpefa Murashige u Skoog (MS) cpena, chabpskaina UHI0MI-3-MaclieHa KHCEIHHA
(IBA). MakcumamHUAT Opoii pa3KIOHEHUS W KOPEHU ce MojiydaBa Ha Y2 MS cpena, nomsireHa c 0,1
mg L-1 IBA cmenq 4 cenMmumm KyJATHBHpaHE. YCIEIIHO aNanTHPAHUTE in Vitro pPacTeHUS
(mpexxuBsiemoct 95%) Osaxa WHOKynupaHu c¢ apOyckymapHu MukopusHu re0u (Claroideoglomus
claroideum, ped. EEZ 54). Cnmen ToBa pacTeHmsITa OsiXa TPEXBBPICHH B IIOJICBU YCIIOBHS.
Mukopu3HUTE THOM MOBHIIABAT AKTUBHOCTTA HAa HAKOM MOYBEHM EH3UMHM, KHCENa W aJlkajiHa
¢doctharaza, ypeaza, KakTO M HHBaTa Ha CKCTPaxXUpPyeMHU TIOMAIWH-CBbP3aHU MPOTEUHH B
pactuTenHara puzocdepa. ApOycKylIapHUTE MUKOPU3HHU acOIMAIllUK C BHCIIM PACTCHUS HAChpUYaBaT
HATPYNBAaHETO Ha AHTHOKCHIAHTHH META0ONUTH KaTto (eHond Hu (IaBOHOMAM H TOBHIIABAT
AKTHUBHOCTTA HA aHTHOKCHIAHTHHWTE €H3UMH. Pe3ylraTuTe OT HACTOSIIOTO MPOydYBaHE MPEAIOoJarat
MOBHIICH AHTHOKCHJIAHTEH KalaluTeT HAa WHOKYJIUpaHWTE pacTeHus 1. vulgaris, KOETO ce IbIDKU
TJIABHO Ha TOBUIIICHO HATPYNBaHE Ha (CHONHU ChenuHEHMs (00 GeHomu u (DIaBOHOUIN) 3aeTHO
ChC CTUMYJIMpPAHE Ha aKTUBHOCTTA Ha cynepokcu nucmyTasa (COJI) u reasikon nepokcunasa (I'T10).

Zayova E., Geneva M., Stancheva 1., Dimitrova L., Petrova M., Hristozkova M., Salamon I.
Evaluation of the antioxidant potential of in vitro propagated hyssop (Hyssopus officinalis L.)
with different plant growth regulators. (2018) Medicinal Plants — International Journal of
Phytomedicines and Related Industries, 10 (4) 261-270. Q4 SJR=0,156
doi:10.5958/0975-6892.2018.00044.8

ABSTRACT

An efficient method for the micro propagation of hyssop (Hyssopus officinalis L.) has been developed.
The plants were cultured on Murashige and Skoog's medium supplemented with 6-benzyl-
aminopurine, thidiazuron, zeatin and indole-3butyric acid after four weeks of culture. Maximum
numbers of shoots, shoot length, fresh weight and dry weight were established at 1.0 mg/L 6-benzyl-
aminopurine and 0.1 mg/L indole-3-butyric acid. For induction of root, uniform micro shoots were
excised and transferred to the rooting medium (half strength Murashige and Skoog medium macro and
microelements) supplemented with 0.1 mg/L indole-3-butyric acid and 20 g/L sucrose. Indole-3-
butyric acid increased culture rooting, number of roots and root length more efficiently at 0.1 mg/L
after four weeks of culture. The multiple plants were successfully ex vitro adapted with 90% survival.
The described protocol allows the establishment of numerous micro propagated plants of AH.
officinalis. The used growth regulators for hyssop micro propagation influenced plant antioxidant
system. Antioxidant defence of micropropagated H.officinalis determined by the activities of
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antioxidant enzymes (superoxide dismutase, catalase, ascorbate peroxidase and guaiacol peroxidase)
resulted in higher shoot formation and increasing of shoot number per explant.

PE3IOME

PazpaGoren Oe edekTuBeH MeTo;l 3a MHKpOpa3MHOkaBaHe Ha wucomn (Hyssopus officinalis L.).
Pacrenusita ce KyntuBupar B cpena Ha Murashige u Skoog, mombiHeHa ¢ 6-O€H3UI-aMUHOITYPHH,
TUINA3ypOH, 3€aTHH W WHJOJ-3-MacliecHa KHCEIMHA Clie[] YEeTUPH CEIMUIM KYJITUBUpPAHE.
Makcumanern Opodl pa3KJIOHCHHS, TAXHATa AB/DKMHA, CBEKO M CYXO TEIIO ca ycTaHoBeHHW mpu 1,0
mg/L 6-6ensmn-amudonypud u 0,1 mg/L uumon-3-mMacjieHa KuCeluHA. 3a HHAyLHMpPaHE Ha KOPEH,
CIHAKBU pa3KJIOHEHHUs Osxa OTPsA3aHM U MPEXBBPJICHH B cpenarta 3a BkopeHsBaHe (¥ Murashige u
Skoog), nombineHa ¢ 0,1 mg/L unmon-3-maciena kucenuna u 20 g/l 3axaposa. MHmon-3-mMacineHara
KHCEITMHA MTOBUIIIaBa BKOPCHSIBAHETO HA KYJITypara, Opos U JbJKHHATA Ha KOPCHHUTE MO-€()eKTUBHO
npu 0,1 mg/L cien yeTupyu ce MU KyNTHBUpaHe. Pa3MHOKEHUTE pacTeHUsl Osxa YCIEITHO ex Vitro
apantupanu ¢ 90% mpexussieMocT. ONHUCAHUAT MPOTOKOJ IMO3BOJISIBA Ch3ABAHETO HA MHOXKECTBO
MUKpOpa3MHOXeHH pacteHus H. officinalis. V3non3BaHuTe perynatopu Ha pacTexa 3a
MUKpPOpa3MHOXKaBaHE Ha WMCON IOBIUSIBAT AHTUOKCHUJAHTHATA CHCTEMa Ha PaCTCHUSTA.
AHTHOKCHIaHTHATA 3allliTa Ha MUKpOpa3MHOXeH H. officinalis e onpeneneHa OT akKTUBHOCTHTE Ha
CH3MMUTE CYMEPOKCHU] JUCMyTa3a, KaTtaiasa, ackopOaT MepoKcHiaza W TBasKoJI Hepokcuaasza. [Ipu
TE3W PACcTECHUs ce 00pa3yBat Mo-rojsiM OpOH pa3KIIOHEHHS U CKCIUTAHTH.

Hristozkova M., Geneva M., Stancheva 1., Velikova V. (2017). LED spectral composition
effects on mycorrhizal symbiosis formation with tomato plants. Applied Soil Ecology 120:
189-196 Q1 IF=2,916; doi:10.1016/j.aps0il.2017.08.010
https://www.sciencedirect.com/science/article/pii/S0929139317304031

ABSTRACT

The present study discusses physiological and biochemical nature of relationships between below- and
aboveground processes affected by three different lights spectra. Our objective was to characterize the
effect of light quality on Solanum lycopersicum L. by determination of the mycorrhizal function, soil
enzyme activities and plant performance (growth, photosynthesis, secondary metabolites and the
enzymes linking nitrogen and carbon metabolism). A growth chamber experiment was conducted with
young tomato plants and the light was provided by fluorescent tubes (white light, WL) and computer
controlled light system that combines four lamps with 4 cm” arrays of red, green, blue, amber LEDs.
The combinations were RB (Red 66%, Blue 33%) and RG (Red 66%, Green 33%). Under WL
mycorrhizal fungi promoted soil fertility increasing enzyme activities and this was linked to the higher
plant biomass accumulation. Also, we found the same upward trend between the values of root and
soil alkaline phosphatase together with acid root phosphatase activity and accumulation of flavonoids
in leaves. RB light stimulated shoot biomass production and gas-exchange parameters in inoculated
tomatoes. The enhancement of soil urease activity, mycorrhizal development and nitrogen content in
the leaves in parallel with nitrate reductase activity were as a consequence of RG lightening. Plant
responses to the light quality and quantity precise manipulation and inoculation with beneficial soil
microorganisms could be perspective in extending the production economic efficiency and nutrition
potential of vegetables grown in controlled environments.
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PE3IOME

Hacrosimoro  w3cnenBane  oOckkiaa — (U3HONOTMYHATA M OWOXMMHYHA  TNPHPOAA  HA
B3aMIMOOTHOIIICHUSATA MEX/IY MOAMOYBCHUTE W HAJA3EMHHUTE MPOICCH, TI0]] BIUSHUEC HA TPU Pa3TUIHU
CBETIIMHHU ClieKThpa. Harmrarta nen Geme fa xapakrepuzupaMe eekra oT KaueCTBOTO Ha CBETIIMHATA
BBpXYy Solanum lycopersicum L. 4pe3 ompenensHe Ha MHKOpU3HATa (DYHKIMS, aKTUBHOCTTa Ha
MMOYBEHUTE CH3MMH M MPOU3BOJUTEIHOCTTA HA pacTeHUsATa (pacTek, (OTOCHHTE3a, BTOPUYHHU
MeTa0OJINTH W CH3WMHUTE, CBBp3BallM MeTaboim3ma Ha a3ora W BeIyepona). llposenen Oe
SKCIIEPHMEHT B KaMmepa 3a pacTeX ¢ MIIau JOMATCHHM PacTCHUs, a CBETJIMHATA OCIe OCUTYpPEeHa OT
(dbmyopecnienTHE TpHOM (Osuta cBeTiMHA, WL) M KOMITIOTBPHO KOHTPOJIMpPAaHA CBETIWHHA CHCTEMA,
KOSITO KOMOWHMpAa YeTHpH JaMmi ¢ 4 cm’ MACHBH OT HYEePBEHH, 3CJCHH, CHHH CBETOIHMOIH.
KomOunanuute 0sixa RB cBernmna (uepBena 66% u cunst 33%) u RG cernuna (uepBena 66% u
senena 33%). [Ipuy WL MukopusHHTe I'bOM HAChpUaBaT IUIOJOPOJMETO Ha MOYBATA, MOBHIIABAWKA
CH3UMHHUTE aKTUBHOCTU W TOBAa € CBBHP3aHO C IO-BHCOKOTO HATPYIBAaHE Ha PAaCcTUTENIHA OMoMaca.
ChII0 Taka OTKPUXME ChIIaTa BB3XOJISIA TEHACHIIUS MEXKIy CTOMHOCTUTE Ha ankaiHarta gocdarasa B
KOpPEHa W TI0YBaTa 3acJHO C aKTUBHOCTTA Ha KHcelara KopeHoBa Qocdaraza W HATpyNBaHETO Ha
¢naBonounu B nmcrata. RB cBeTiimHaTa cTUMynMpa TPOW3BOACTBO Ha HaJ3eMHa Ouomaca
napamMeTpuTe Ha ra3o00MeH B WHOKYJIHUpaHH JoMaTH. [IOBUIIaBaHETO HA ypea3HaTa aKTUBHOCT Ha
MOYBaTa, pa3BUTUETO HA MUKOPH3a U ChIBPKAHUETO HA 30T B JINCTATa, YCIIOPEIHO C aKTHBHOCTTA HA
HUTpAT pejaykTaszara, ca cielnctBre oT RG ocBersiBaHe. Peaknusara Ha pacTeHUsITa KbM IMpelU3HATa
MaHHMITyJIAlHs Ha KA4eCTBOTO M KOJIMYECTBOTO HA CBETJIMHATA M WHOKYJIUPAHETO C MOJIE3HU MOYBCHU
MUKPOOPTaHU3MU MOXKE Jla ObJIe MEPCIeKTHBA 3a pa3lIUpsIBaHE HA MKOHOMUYECcKaTa ePEeKTUBHOCT Ha
MPOM3BOJICTBOTO M XPAHHUTEITHHSI MOTECHIIMAN Ha 3eJICHYYIUTE, OTTIICKIaHN B KOHTPOJIMPAHA Cpe/ia.

Hristozkova M., Gigova L., Geneva M., Stancheva 1., Vasileva I., Sichanova M., Mincheva
J. (2017). Mycorrhizal fungi and microalgae modulate antioxidant capacity of basil plants.
Journal of Plant Protection Research 57(4), 417-426. Q2 SJR=0,438
doi:10.1515/jppr-2017-0057

ABSTRACT

Mycorrhizal fungi, algae and cyanobacteria are some of the most important soil microorganisms and
major components of a sustainable soil-plant system. This study presents for the first time evidence of
the impact of green alga and cyanobacterium solely and in combination with arbuscular mycorrhizal
fungi (AMF) on plant-antioxidant capacity. In order to provide a better understanding of the impact of
AMF and soil microalgae on Ocimum basilicum L. performance, changes in the pattern and activity of
the main antioxidant enzymes (AOEs), esterases and non-enzymatic antioxidants including phenols,
flavonoids, ascorbate, and a-tocopherols were evaluated. The targeted inoculation of O. basilicum with
AMF or algae (alone and in combination) enhanced the antioxidant capacity of the plants and the
degree of stimulation varied depending on the treatment. Plants in symbiosis with AMF exhibited the
highest antioxidant potential as was indicated by the enhanced functions of all studied leaf AOEs: 1.5-,
2- and more than 10-fold rises of superoxide dismutase (SOD), glutathione-S-transferase (GST) and
glutathione reductase (GR), respectively. The greatest increase in the total esterase activity and
concentration of phenols, flavonoids and ascorbate was marked in the plants with simultaneous
inoculation of mycorrhizal fungi and the green algae. 2,2-diphenyl-1-pycril-hydrazyl (DPPH) free
radical scavenging method and ferric reducing antioxidant power (FRAP) assay proved the increased
plant antioxidant capacity after co-colonization of green algae and mycorrhizae.
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PE3IOME

Mukopu3HnTe THOW, BOIOpACIATE WM LHAHOOAKTEpUUTE Ca €IHW OT HaW-BaXHUTE IOYBEHH
MHUKPOOPTaHM3MH M OCHOBHHM KOMIIOHEHTH Ha €IHa yCTOWYHMBAa CHCTEMa IOYyBa-pacTeHue. Tosa
Mpoy4YBaHe MPECTaBs 3a MbPBH ITHT J0KA3aTEICTBA 32 BH3ACHCTBUETO HA 3€JICHUTE BOAOPACITH U
IUaHOOAKTEPUUTE CaMOCTOATEIIHO M B KOMOHMHALUs ¢ apOycKylnapHH MUKOpu3HH I'bou (AMI)
BBPXY aHTHOKCUIAHTHHUS KalalluTeT Ha pacTeHUsTa. 3a 1a ce yCTaHOBHU Bb3aelicTBueTo Ha AMI 1
MTOYBCHUTE MHUKPOBOJOPACIM BBPXY Mpou3BoguTeHOCTTa Ha Ocimum basilicum L. 0sxa
W3CIIeBaHN, TPOMEHUTE B MOJIeNia M aKTUBHOCTTa Ha OCHOBHUTE aHTHOKCUAAHTHU eH3umHu (AOE),
ecTepa3d W HECH3WMHH aHTHOKCHJIAHTH, BKIIOYUTENHO (eHonu, (raBoHOWIW, ackopOar, U o-
tokodeponu. Muokynanusta Ha O. basilicum ¢ AMI' wnu Bomopaciu (CaMOCTOSTETHO U B
KOMOWHANus) MOBUIIaBa aHTHOKCHIAHTHHUS KallallUTEeT Ha PAacTCHUSATa M CTENCHTa HA BIUSIHUE
Baprpa B 3aBHCHMOCT OT TpeTHpaHeTo. PacTenmsita B cumOmo3a ¢ AMI' mokas3BaT Hai-BHCOK
AHTUOKCHJAHTEH MOTEHLMAJ, KaKTO € MOKa3aHOo OT MoJo0peHuTe (PyHKIMU HA BCHUKH H3CIICIBAHH
muctan AOE: 1,5-, 2- n moBede ot 10-kpaTHO MOBHINIaBaHE CHOTBETHO Ha CYIEPOKCHUI THUCMYTa3a
(COM), rnyratnon-S-tpancgepasza (I'CT) u rmyratnon penykrasza (I'P). Haii-romsamo yBenuuenue
Ha oOmiara ecTepa3Ha aKTHMBHOCT M KOHLEHTpalusaTa Ha (eHoiH, (QraBOHOMIAM M ackopbaT ce
HaOmojaBa TMPHU pACTeHUATA C €JIHOBPEMEHHA WHOKYJAIMs HAa MHKOPU3HH T'hOM M 3eleHH
Bozopacinu. 2,2-audenun- 1 -mukpun-xunpasun (DPPH) meTox 3a ynaBsiHe Ha CBOOOJHUTE pafnuKaiu
U aHAIM3 Ha JKes3o-pemynupania aHTuokcumantHa cuia (FRAP) nmokazaxa moBuIIeHHS
AHTHOKCHIAHTEH KalaluTeT Ha pacTEHHUTA Clie]] ChBMECTHA KOJOHHU3AIMS Ha 3€JICHH BOJIOPACIH H
MHUKOpH3a.

Stancheva 1., Geneva M., Hristozkova M., Sichanova M., Donkova R., Petkova G., Djonova
E. (2017). Response of Vigna unguiculata grown under different soil moisture regimes to the
dual inoculation with nitrogen fixing bacteria and arbuscular mycorrhizal fungi.
Communications in Soil Science and Plant Analysis 48(12) 1378-1386.Q2 IF=0,54
doi:10.1080/00103624.2017.1358740

ABSTRACT

The interaction between legumes, rhizobial and arbuscular mycorrhizal (AM) partners benefits plant
nutrition and improves plant tolerance to water stress. The present research evaluated the effectiveness
of symbioses between cowpea plants (Vigna unguiculata (L.) Walp.), AM fungi (Glomus intraradices)
and two strains of Bradyrhizobium japonicum on the mycorrhization, acid phosphatase activity
(APase), enzymes related to nitrogen fixation and assimilation, and biomass accumulation at three soil
moisture levels. The results revealed that the soil moisture optimal for the formation of active
symbiotrophic associations in cowpea cultivation was about 60% water-holding capacity (WHC),
where both Bradyrhizobium strains and AM fungi function well with respect to mycorrhization,
nitrogen and phosphorus uptake, nitrogen fixation and plant biomass production. Under conditions of
reduced water supply, the symbiotic association between Br. japonicum-273 and GI. intraradices was
better for cowpea cultivation, while in elevated soil moisture association between Br. japonicum-269
and Gl. intraradices was more appropriate.
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PE3IOME

B3aumoeiicTBHeTO Mexay 0000BH pacTeHHs, pU300HATHU OaKTepHH U apOyCKyJIapHH MHKOPU3HU
(AM) mapTHROpPHM € OT TOJN3a 3a XPAaHEHETO Ha pacTEHHUsITa M TOJOOpsSBa TOJNEPAaHTHOCTTA HA
pacTeHHsTa KbM BOMHHS cTpec. HacTosSIIoTO H3CNe[BaHE MpaBU OIlCHKA e(PEKTHBHOCTTA Ha
cumbuosute Mexay nanyna (Vigna unguiculata (L.) Walp.), AM re6u (Glomus intraradices) n nBa
mama Ha Bradyrhizobium japonicum BBPXYy MHKOpH3AIUATa, AKTHUBHOCTTA HA KHCEIIMHHATA
dochataza (KD), ensumure, cBbp3aHu ¢ (PUKCUPAHETO HA a30T W ACHMUNIAIIMS M HATPYMBAaHE Ha
Oromaca Npu TPU HHUBA Ha BIAYKHOCT Ha Mo4YBarta. Pe3ynraruTe mokasBart, ue BI2YKHOCTTA Ha MOYBATA,
OINITUMAJTHA 332 00pa3yBaHETO HA aKTUBHHM CUMOMOTPOGHH aCOIUAIINY TP OTTIICKIAHETO HA TaIy/a, €
okoJio 60% kamanuteT 3a 3aabpkane Ha Boja (WHC), kprieTo kakTo mamoBete Bradyrhizobium, Taka
u AM rp6ure (QyHKIMOHUPAT YCIEIIHO MO OTHONICHHWE Ha MUKOPHU3AIMATA, YCBOSBAHETO HA a30T U
docdop, a3oT (ukcupaHe W MPOUM3ZBOJCTBO HA pacTHTEIHA OuoMaca. B ycnmoBusaTa Ha HaMaJeHO
ChABpPKAHUE HA BOAa, CMMOMO3aTa MeXny Br. japonicum-273 n Gl. intraradices e mo-0J1aronpusaTHO
3a OTIJIeXKAaHe Ha Mamyja, JOKATO TP IMOBUIIICHA BIKHOCT HAa MOYBATa acolUalMATa MEXIy Br.
Japonicum-269 u Gl. intraradices Genie o-noIXOSMIIO.

Hristozkova M., Stancheva 1., M. Geneva, M. Boychinova (2017). Comparison of
several arbuscular mycorrhizal fungi and sweet marjoram (Origanum majorana 1.)
symbiotic associations in heavy metal polluted soil. Bulgarian Journal of Agricultural
Science, 23(3) 436—442.Q3 SJIR=0,262 http://www.agrojournal.org/23/03-12.pdf
ABSTRACT

Mycorrhizal fungi participated in plant nutrient assimilation, root development and metal
absorption from the soil depending on the resistance and stress tolerance of the involved strain.
The overview of several mycorrhizal and marjoram symbiotic associations represented the effect
of the studied stress over different strains and their interactions with the plants. We tested four
mycorrhizal isolates, derived from various rhizospheres: Claroideoglomus claroideum (Ccl),
Rhizophagus clarum, Claroideoglomus claroideum (Cc2), Funneliformis mosseae. In order to
get insight into the role of mycorrhizal symbiosis in protecting Origanum majorana L. against
the excess of metals (Cd and Pb), we investigated growth, uptake and distribution of heavy
metals in the plant parts, mycorrhizal colonization status, glomalin- related soil proteins and acid
phosphatase activity (in root and soil). Pb and Cd partitioning in non-mycorrhizal plants were
soil>shoots>root while in symbiotic associations variants changed to soil>root>shoots. Bio
concentration factor (BCF) and translocation factor (TF) values confi rmed by the less heavy
metals shoot uptake in inoculated than control plants. The root dry weight increased in plants
inoculated with C. claroideum strain (Ccl), which is isolated from industrially metal-
contaminated sites. The highest shoot biomass correlated with the percentage of mycorrhization,
relative mycorrhizal dependency, glomalin production and acid phosphatase activity was
determined by C. claroideum (Cc2) and Funneliformis mosseae. Both strains derived from
natural metalliferous sites. The findings in this study are essential to get the most benefi ts of
mycorrhizal association in unfavorable conditions connected with plant development and herbal
products free of harmful ingredients.
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PE3IOME

Mukopu3HnTe ThOM y4dacTBaT B aCHMWJIALIMATA HA XPAHUTEIHUTE BEIIECTBA B PACTEHUSATA,
Pa3BUTHETO Ha KOpEeHHUTe u abcopOmmaTra Ha MeTalud OT I[oYBaTa B 3aBHCUMOCT OT
YCTOWYHMBOCTTa M TOJEPAHTHOCTTa KbM CTpeC Ha ydactBamus mam. [IperiyenbT Ha HIKOIKO
CUMOMOTHYHH acOIMAllMd Ha MUKOPHU3a U MaiopaHa Npe/cTaBs eQeKTa OT U3CICABAHUS CTPEC
BBPXY pa3M4YHM IIaMOBE W TEXHUTE B3aUMOJCUCTBUS C pPACTEHUATA. TecTBaxMe 4YEeTUPH
MHUKOPHM3HH H30JjiaTa, MOJIydeHH OT paszaudnu pusochepu: Claroideoglomus claroideum (Ccl),
Rhizophagus clarum, Claroideoglomus claroideum (Cc2), Funneliformis mosseae. 3a na
pazbepeM poisiTa HAa MUKOpH3HaTa cuMOmo3a B 3amurara Ha Origanum majorana L. cpemry
n3munrbka ot Metanu (Cd u Pb), Hue n3cienBaxme pactexa, yCBOSBAHETO U paslpeesieHHETO
Ha TEXKKH METAIM B YacTUTE HAa PACTCHHETO, ChCTOSHHETO HA MUKOPH3HATa KOJOHU3AIHs,
CHIIbP)KAHUETO Ha TJIOMAMH B MMO4YBaTa W Kuceinara QocdarazHa akTUBHOCT (B KOPEHH H
noyBa). Pasmpenenennero Ha Pb u Cd B HeMHKOpH3HHTE pacTeHus Oelle MOYBa>HaI3EMHU
4aCTH>KOPEH, JOKAaTO B CHMOMOTUYHHUTE acOIMAIMH BapUAHTUTE CE MPOMEHUXA B CIEIHUS pel
noyBa>KopeH>Haa3eMHn 4acTtu. CroliHocTuTe Ha (akropa Ha Oumoxonuentpauus (BCF) u
(akropa Ha Tpancnokarus (TF) 0sxa mOTBBPJACHH OT MO-MAJIKOTO YCBOSIBAHE HA TEXKKU METAIIN
OT Ha/I3eMHHTE YacTH B MHOKYJIMPAHUTE B CpaBHEHHUE C KOHTPOJIHHUTE pacTeHus. CyXOoTo Terio
Ha KOpEHa ce yBeln4aBa B pacTeHusTa, mHOKyimpanu c¢ mam C. claroideum (Ccl), koiito e
M30IMpaH OT TI0YBa WMHIYCTPHAHO 3aMbpceHa C MeTanu. Haii-Bucokara Omomaca Ha
HAJ3€MHUTE YacTH, KOpelupa C TPOIEeHTA Ha MHUKOpPW3alWsA, OTHOCHUTEIIHATA MHKOPH3HA
3aBHCHMOCT, TPOM3BOJICTBOTO Ha TJOMAJMH M aKTUBHOCTTa Ha Kucenara (ocdataza, Osxa
OTIpeJIeICHN BB BapuaHTute, nHOKympanu ¢ C. claroideum (Cc2) n Funneliformis mosseae. 1
JBaTa IaMa NPOM3IN3AT OT €CTECTBCHH METAJIOHOCHHM Haxonuiia. KoHcraTanmuute B TOBa
MpOy4YBaHe ca OT CHIUIECTBEHO 3HAYEHHE 3a MOJy4yaBaHe Ha HAl-MHOTO IOJ3H OT MHUKOpPH3HATA
acouuanysi TpU HEOJIArompHsITHA YCIOBHS, CBBP3aHH C pa3BUTHETO HA pacTEHUSITa U
MOJTy4aBaHe Ha OMIIKOBU IPOJYKTH 0€3 BPEJIHU ChCTABKHU.

Hristozkova M., Geneva M., Stancheva L., Iliev 1. (2017) Symbiotic association between
golden berry (Physalis peruviana L.) and arbuscular mycorrhizal fungi in heavy metal-
contaminated soil. Journal of Plant Protection Research 57(2) Q2 SJR=0,438
doi:10.1515/jppr-2017-0024

ABSTRACT

Physalis peruviana is one of the most promising tropical fruit plants because of its rapid growth, high
yield, and nutritional quality. Th is study was designed to investigate plant development under heavy
metal contamination (Cd, Pb) and responsiveness to arbuscular mycorrhizal fungi (AMF) colonization
by Rhizophagus clarum and Claroideoglomus claroideum. The antioxidant capacity, total lipid content
and fatty acid profile in fruits, accumulation of Cd and Pb in different plant parts, plant dry biomass,
and mycorrhizal colonization were determined. As a result of inoculation, a considerable reduction in
Cd and Pb in the fruits was observed, compared with non-inoculated plants. The fruit number and dry
weight increased in plants associated with C. claroideum. These plants also showed higher acid
phosphatase activity, root protein accumulation and glomalin production. The type of antioxidant
defense was AMF strain-dependent. Antioxidant activity and H,O, neutralization were enzymatic
rather than non-enzymatic processes in the fruits of C. claroideum plants compared with those forming
an association with R. clarum. Mycorrhizal establishment changed the composition and concentration
of fruits’ fatty acids. The ratio of unsaturated fatty acids was increased. With respect to the



16.

accumulation of bioactive compounds in golden berry the present findings are important for obtaining
the optimum benefits of mycorrhizal association under unfavorable conditions.

PE3IOME

Physalis peruviana € eqHo oT Hail-oOelIaBamUTe TPOITMYCCKU OBOIIHU PACTEHHUS TOpaau Obp3Us CH
pacTex, BUCOKHSI TOOWB U XPaHUTEITHUTE CH KauyecTBa. ToBa MpOyYBaHEe € MPeIHA3HAYCHO Ja U3CIIe/IBa
Pa3BUTUETO Ha pacTeHusATa NpH 3ambpcsaBaHe ¢ Texxku Mertand (Cd, Pb) m peakmusta kbM
KOJIOHM3alusl Ha apOyckynapHu MuKOpu3HH rv0u (AMI)-Rhizophagus clarum n Claroideoglomus
claroideum. M3cnenBann Osxa aHTUOKCHAAHTHHS KarallUTeT, OOMIOTO ChIbP)KAHWE HA JHUIUAIAA U
npouaa Ha MacTHM KUCEIWHU B IUtofoBere, HarpynBanero Ha Cd u Pb B pasnmunm uwactu Ha
pacTeHHATa, CyXaTa pacTUTeNIHA OMoMaca ¥ MUKOPU3HATa KOJIOHHU3aIws. B pe3yarar Ha MHOKyIausTa
ce HabmonaBa 3HaunTeHO HamansBane Ha Cd u Pb B mionoBere B cpaBHEHHE ¢ HEMHOKYIUPAHHUTE
pacTeHus. BposT Ha MIOAOBETE M CYXOTO TEINIO C€ YBEIMUYaBaT MpH pacTeHusTa, cBbp3aHu ¢ C.
claroideum. Te3m pacTeHHMsI CBIO TOKa3BaT IO-BHCOKAa aKTHBHOCT Ha KHCeNMWHHaTa Qocdarasa,
HaTpyNBaHE Ha TPOTEUHU B KOPECHUTE W IPOU3BOJACTBOTO HAa IIOMAJIMH. THI'BT aHTHOKCHIAHTHA
3amuTa 3aBucu oT AMI mama. AHTHOKCHIaHTHATa aKTUBHOCT U HeyTpanusupanero Ha H,O, ca mo-
CKOPO €H3WMHH, OTKOJIKOTO HEeH3WMHH TIPOIIECH B IIOAOBETe Ha pacTteHusita nHokymupanu c¢ C.
claroideum B cpaBHeHHWE C Te3u, KOUTO OOpaszyBar cumOmo3a ¢ R. clarum. YCTaHOBSBaHETO Ha
MUKOPU3HU CHUMOMO3M TMPOMEHS CHhCTaBa W KOHIIEHTPALMATAa HAa MAaCTHUTE KHCEIWHH B TUIOJOBETE.
ChOTHOIIEHNETO Ha HEHACUTEHNUTE MaCTHHU KHCEJIMHU ce yBenndasa. [1o oTHOIIeHne Ha HaTPpyIIBaHETO
Ha OMOAKTUBHU CHCIUHCHUS BBHB (DM3AIIMC, HACTOSAIIUTE OTKPHUTHS Ca BaKHH 3a TOJTy4YaBaHE Ha
OINITUMAJTHH TIOJI3H OT MUKOPH3HATA aCOLMAIINS TIPU HEOIArONpPUSTHA YCIIOBUSL.

Mitova I., Nenova L., Stancheva 1., Geneva M., Hristozkova M., Mincheva J. (2017) Lettuce
response to nitrogen fertilizers and root mycorrhization. Bulgarian Journal of Agricultural
Science, 23 (2): 260-264 Q3 SJR=0,262

doi:https://www.agrojournal.org/23/02-13.pdf

ABSTRACT

Two lettuce varieties Ysi 43301/5638 (green lettuce) and Matador 5635 (red lettuce) plants were
grown as a spring crop under glasshouse conditions in order to evaluate the effect of different
synthetic nitrogen fertilizers applied solely and in combination with mycorrhizal fungi on the yield and
quality. Mineral nitrogen was applied as NH4;NO;, CO(NH,),, Ca(NOs), and (NH4),SO, and an
inoculum of arbuscular mycorrhizal fungi, Glomus intraradices EEZ 01 was used. The effect of
mycorrhizal inoculation on plant biomass more clearly distinguished in variety Ysi 43301/5638, where
biomass accumulation significantly increased in the treatments with CO(NH;),, Ca(NOs), and
(NH,4),SO, in combination with GI. intraradices. The most favorable effect on the plant biomass of the
other variety Matador 5635 was observed in plants inoculated with G/. intraradices and fertilized with
(NH4),SO,. Deterioration of lettuce quality (reduction of protein content, soluble sugars and increased
nitrate content) was observed in Ysi 43301/5638 in the treatments with urea in combination with
mycorrhizal fungi. The strong reduction in the values of pigments also in both varieties was estimated
as a result of fertilization with urea in non-mycorrhizal and mycorrhizal treatments. The interactive
action of nitrogen assimilatory enzymes - nitrate reductase and glutamine synthetase are not in
accordance with biomass accumulation.
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PE3IOME

IlBa copra Mapynas Ysi 43301/5638 (3enena mapyis) u Matador 5635 (uepBena Mapyis) ca
OTIIICKIaHN KaTO MpOJIETHA KyATypa B OpaHKEPUIHU YCJIOBHUS, 3a Ja CE OLEHH BIUSIHHUETO Ha
pa3NUYHU CUHTETHYHU a30THU TOPOBE, NPHUJIAraHU CaMOCTOSITEIHO U B KOMOMHAIMS ¢ MUKOPHU3HU
rb0M BBPXY J0OHMBa M Ka4ecTBOTO HA MPOAyKIMATa. MuHepamHUT a30T ce npuiara kato NHsNO;,
CO(NH,),, Ca(NO;), n (NH4),SO4 u ce u3mon3Ba MHOKYJIyM OT apOyCKyJapHH MHKOPHU3HH T'HOH,
Glomus intraradices EEZ 01. llomoxxutemHuar edeKT Ha MHKOpH3HATA HWHOKYJIAIHSI BBPXY
HaATPYIBAaHETO HA PacTUTEIHA OHoMaca € TO-ACHO pa3rpaHuieH B copT Ysi 43301/5638 u 3HaunTenHO
ce yeemnmuaBa mipu Tpetupanero ¢ CO(NH,),, Ca(NO;), m (NH4),SO, B komOunarmus c Gl
intraradices. Hali-OnaronpusiteH eekT BbpXYy pacTuTenHaTta Ouomaca mpu copT Matador 5635 ce
HaOIIto/IaBa B pe3ynTar Ha uHokynupane ¢ Gl. intraradices v Hatopenu ¢ (NH,4),SO,4. Bromasane Ha
KayecTBOTO Ha Mapyisita (HaMalsBaHE Ha ChIbP)KAaHUETO Ha IIPOTEHHH, PAa3TBOPUMHU 3axapu U
MOBUINIEHO ChIbpXKaHWE HA HHUTpaTH) ce HaOmomaBa B Ysi 43301/5638 mpu Tpetupane ¢ ypes B
KOMOMHAIMS C MUKOPH3HM I'bOM. 3HAUNTEIHOTO HAMAJISBAHE CTOMHOCTHTE HA MHUTMEHTUTE U TIPH
JBaTa copTa € HaOJIoJaBaHO B PE3YyNlTaT HA TOPEHE C ypes NpU Haludhe W JIUICca Ha MUKOPH3HO
WHOKynupaHe. JleficTBUeTO0 Ha a30TaCUMWIMpAIINTE €H3MMHU - HHUTpaTpeAyKTa3a W TIIyTaMHH
CHHTETa3a He € B ChOTBETCTBUE C HATPYIIBAaHETO Ha OMoMaca.

Hristozkova M., Geneva M., Stancheva 1., Boychinova M., Djonova E. (2016) Contribution
of arbuscular mycorrhizal fungi in attenuation of heavy metal impact on Calendula officinalis
development. Applied Soil Ecology 101:57-63 Q1 IF=2,786

doi:10.1016/j.aps0il.2016.01.008
https://www.sciencedirect.com/science/article/pii/S0929139316300087

ABSTRACT

The mycorrhizal fungi community is a significant soil rhizosphere component that benefits plant
nutrition and improve plant tolerance to abiotic stresses. The present research compared the influence
of three mycorrhizal strains over pot marigold (Calendula officinalis L.) development and their
contribution to promoting the valuable secondary metabolites accumulation in the condition of heavy
metal (Cd and Pb) pollution. Two Claroideoglomus claroideum isolates (from industrially and
naturally enriched metal-contaminated sites) and Funneliformis mosseae (derived from a soil with a
high concentration of various metals) were studied. The mycorrhizal status and acid phosphatase
activity were best exposed in the roots associated with C. claroideum (from native metalliferous sites)
and corresponded with the highest total phenols and flavonoids concentrations. Neither Pb nor Cd was
detected in the marigold flowers (Calendula flos drug) following targeted mycorrhizal treatment. The
higher Cd and Pb levels in non-mycorrhizal plants lead to the lowest flower weight, but in the aerial
plant parts, we found a slight distinction. The tested strains stimulated the accumulation of important
secondary metabolites (total phenols, flavonoids, carotenoids) in pot marigold flowers and, therefore,
enhanced the antioxidant capacity. The carotenoid profile of mycorrhizal plants performed notable
differences between the primarily defined constituents (lutein, lycopene, B-carotene). The highest -
carotene values (respectively vitamin A) and lycopene were found in pot marigold—F.
mosseae association. The findings are essential to obtain the optimum benefits of mycorrhizal
association in unfavorable conditions concerning pot marigold bioactive compounds synthesis.
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PE3IOME

CroOIIecCTBOTO HA MHUKOPH3HUTE I'bOM € BaXKCH KOMIIOHCHT Ha TOYBeHaTa pu3ocdepa, B moyza 3a
XpaHEHEeTO Ha pacTeHHATa U TMOJOOpsSBaHE TOJEPAHTHOCTTA HA PACTEHHUATA KbM aOMOTHYEH CTpeEcC.
Hacrosmoro u3cnensane cpaBHsABa BIUSHUETO HA TPU MUKOPH3HHU IlaMa BbPXY Pa3BUTHUETO HA HEBEH
(Calendula officinalis L.) n TexHus NpUHOC 3a CTUMYJIMpaHE HATPYNBAaHETO HA LIEHHU BTOPUYHHU
MeTaOOJIMTH B YCIOBHATA Ha 3aMbpcsBane ¢ Texxku Metanu (Cd u Pb). Uscnenpanu ca aBa u3ojara Ha
Claroideoglomus claroideum (0T TOYBH, TPOMHUIIIEHO M €CTECTBEHO OOOTATEHHM C METAlU) H
Funneliformis mosseae (M30MUpaH OT TOYBAa C BHUCOKAa KOHIICHTPAIMs HA pAa3IMYHHA METAH).
MUKOpH3HHSAT CTATyC M aKTUBHOCTTA Ha Kucenata hocdarasa ca Haif-m1o0pe MpeacTaBeH! B KOPCHUTE,
cebp3anu ¢ C. claroideum (OT eCTECTBEHH METAJIOHOCHU TMOYBH) M CHOTBETCTBAT HA HAN-BHCOKHTE
o011 KOHIIEHTpauuu Ha ¢eHoau u ¢uaBoHouau. Huro Pb, Huto Cd Osxa OTKPUTH B U3BICK OT
IBETOBETE Ha HEBEH Cliej] TpeTupane ¢ Mukopusa. [lo-Bucokute HuBa Ha Cd u Pb B HemMukopusHuTE
pacTeHHs BOIAT 0 HAl-HUCKOTO TETJIO Ha IIBETOBETE, HO B HAA3EMHHUTE PACTUTEIHH YaCTH OTKPUXME
MaJKa pasjiuka. TecTBaHWTE IMaMOBE CTHMYJIHPAT HATPYNBAHETO HAa BaKHW BTOPUYHH METaOOIHTH
(oOmum QeHonw, ¢raBoHOWUIN, KAPOTCHOHWU) B IIBETOBETE HA HEBCH W CJICIOBATCIHO IOBHINABAT
AHTHOKCHUIAHTHUS KamanurteT. KapoTeHommHuAT mnpodun Ha MHUKOPU3HUTE pPACTEHUS IIOKa3Ba
3HAYUTEITHU Pa3IINKU MEXK]y TbPBOHAYAIHO Je(UHUPAHUTE CHCTaBKU (JIyTE€UH, JIMKOIICH, 3-KapOTHH).
Haii-Bucokure croHOCTH Ha [-KapoTWH (CHOTBETHO BHUTAMHUH A) W JIUKOIEH Ca OTKPUTH BHB
BapHaHTH HAa HEBEH WHOKYJHpaH ¢ F. mosseae. KoHcTaTanmunuTe ca OT CHIIECTBEHO 3HAYCHHE 32
MOJTy4aBaHE Ha ONTHUMAIIHU TIOJA3W OT MHUKOPH3HATa acolHallvsl MpPU HEOJIArOnpUsTHU YCIOBUS IO
OTHOIIIEHUE Ha CHHTE3a Ha OMOAaKTUBHU ChEIMHEHHUS OT HEBEH.

Vassilevska-Ivanova R., Shtereva L., Stancheva 1., Geneva M., Hristozkova M. (2016)
Determination of the antioxidant capacity of Sideritis scardica specimens collected at
different regions in Bulgaria. Comptes Rendus de |’Academie Bulgare des Sciences 69(10) Q3
IF=0,251

doi: http://www.proceedings.bas.bg/cgi-bin/mitko/0DOC abs.pl?2016 a 08

ABSTRACT

Antioxidant capacity of leaves and flower extracts of Sideritis scardica was determined by the
DPPH" (free radicals scavenging activity) and FRAP (Ferric Reducing Antioxidant Power) assays,
total phenolics and flavonoids content, and the level of water-soluble (WS-AOC) antioxidant capacity,
expressed as equivalents of ascorbate. The results revealed that antioxidant capacity of leaves and
flowers extracts from wild S. scardica grown at peak Alibotush (Slavyanka Mountains) was much
higher than other herbal samples. Also, a difference greater than 6-fold among the total antioxidants
measured by FRAP in the wild growing S. scardica flowers harvested in two different locations of
Slavianka Mountains (specimen 7 and 8) was found; a similar trend was observed in the total
antioxidant capacity assessed by DPPH where the difference was about two-fold. Out of all studied
specimens, plants harvested from Alibotush Peak (Slavyanka Mountains) was differentiated based on
the high measured FRAP, DPPH and phenolic and flavonoids content in comparison with the same
parameters of seven other specimens. Great differences in total phenolic and flavonoids content (up to
several times between separate specimens) always corresponded to the same differences in FRAP and
DPPH measured. The results suggested that both leaves and flowers from S. scardica have a high level
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of ascorbic acid and, therefore, they might be used by native people in the traditional way of intake of
plant-derived antioxidants such as herbal infusions rich in vitamin C.

PE3IOME

AHTHOKCUIAaHTHUSAT KalalUTeT Ha EKCTPAKTH OT JINCTa W NBETOBe Ha Sideritis scardica Oe
ompenened upe3 DPPH' (akTuBHOCT Ha ynaBsHe Ha cBoOogHHMTE paaukann) U FRAP (xensa3o-
penynupania aHTHOKCHAAHTHA CHJIA) aHAIM3HM, KaKTO M OOIIOTO ChIbpXKaHWe Ha (eHomu u
¢maBoHouan ¥ HUBOTO Ha Bomopa3TBopuM (WS-AOC) aHTHOKCHAAHTEH KamamuTeT, U3pa3eH
KaTO eKBUBAJCHTH Ha ackopOar. Pesynratute mokas3BaT, ye aHTHOKCHIAHTHHAT KaralUTeT HA
EKCTPaKTH OT JIUCTA U LBETOBE OT AUBOpACTIIL S. scardica, Mpou3XoKaal] OT BpbX AIHOOTYII
(CnaBsiHKa), € MHOTO TIO-BHUCOK OT Apyru nmpodu. Chio Taka Oerie OTKpUTa pa3inka, Mo-rojsmMa
OT 6 IbTH MEXIy OOIINTE aHTHOKCUIAHTH, u3MepeHu upe3 FRAP B nisetoBe Ha nuBopacTsiu
pactenus S. scardica, chOpaHu Ha ABE pa3InUHU MecTa B IiaHnHata CrassiHka (oOpaszer 7 u 8);
mojo0Ha TEHIEHIMS ce HaOJIfoJaBa B OOIIMSA aHTHOKCHUIAHTEH KamaluTeT, oneHeH or DPPH
KBJETO pa3iukaTa Oemie okojo ABa MbTH. OT BCHYKH HM3CIEIBAaHH EK3EMIUIAPH, PACTCHUSATA,
cbOpanu oT Bpbx Ammborym (CnaBsiHka), Osixa audepeHIMpaHH Bb3 OCHOBA Ha BHUCOKHTE
crorinoct Ha FRAP, DPPH u chabpikanue Ha peHoNM U (hJIaBOHOUIU B CPABHEHHE ChC ChHIUTE
napamMeTpH Ha celleM JApYTu ek3eMIusipa. ['onemure pa3iauku B 00LI0TO ChIbpKaHUE HA (PEHOIH
u (QraBoHOMIN (0 HAKOJIKO ITBTH MEXIy OTAEIHH EK3EMIULIpH) BHUHAIW CHOTBETCTBAT HA
ChUIUTE pa3nuku B u3MepeHute mnokazarenun FRAP u DPPH. Pesynratute mnpeamonarat, ue
KaKTO JICTaTa, Taka U LIBETOBeTe Ha S. scardica UMaT BUCOKO HUBO Ha aCKOPOMHOBA KHCEIMHA U
CJIEZIOBATEIIHO MOTAT Jia ce U3I0JI3BaT OT MECTHUTE XOpa IIPY TPaAUIMOHHUS HAYMH 32 IIPUEM Ha
pacTUTETHH AaHTHOKCHIAHTH, KaTo OMJIKOBH OTBapH, Ooratu Ha BuTaMuH C.

Hristozkova M., Geneva M., Stancheva 1., Boychinova M., Djonova E. (2015) Aspects of
mycorrhizal colonization in adaptation of sweet marjoram (Origanum majorana L.) grown on
industrially polluted soil. Turkish Journal of Biology 39:461-468 Q2 1F=1,183
doi:10.3906/biy-1408-47

ABSTRACT

The current study reveals the effects of mycorrhization on heavy metal uptake and accumulation,
antioxidant potential, and essential oil composition of Origanum majorana L., grown on soil polluted
with industrial Cd and Pb. Two strains of Claroideoglomus claroideum (EEZ 54 and EEZ 55) were
isolated from soil that is naturally rich in metals. EEZ 35 (Funneliformis mosseae) was isolated from a
place with industrial contamination. The percentage of mycorrhizal colonization with the EEZ 54
strain was higher than those of the other strains; there was no significant difference between EEZ 55
and EEZ 35. The highest value of the total identified essential oils was observed in plants inoculated
with EEZ 35, where Pb accumulated in the roots. Mycorrhizal colonization led to a change in the
content of the main compounds of marjoram essential oil. The EEZ 54 and EEZ 55 strains, isolated
from areas with naturally high levels of metals, significantly reduced Pb accumulation in marjoram
shoots and roots as compared with nonmycorrhizal plants. Antioxidant activity in marjoram aerial
parts increased as a result of inoculation with EEZ 54 and EEZ 35 arbuscular mycorrhizal fungi strains
due to the elevated levels of phenolic compounds.

PE3IOME
HaCTOﬂH_IOTO IMPOYYBAHC pa3KpHBa G(l)eKTI/ITC OT MUKOpH3alMATa BbPXY YCBOABAHCTO W HATPYIIBAHCTO
Ha TCXKKHW MCTaJId, aHTUOKCHJIAHTHHA IIOTCHOHAJI W CbhCTaBa Ha C€TCPUYHO MACIO OT Or iganum



20.

majorana L., oTmiemaH BBpPXy mnpoMmuIniecHO 3aMmbpceHa mouBa ¢ Cd wm Pb. Jlara mama
Claroideoglomus claroideum (EEZ 54 n EEZ 55), n3non3Banu B IPOyYBAaHETO ca HM3OJUPAHH OT
MOYBa, KOSTO € ECTECTBEHO Oorara Ha Metanu, fokato EEZ 35 (Funneliformis mosseae) € n3onupaH ot
MSICTO C MPOMMUIILICHO 3aMbpcsBane. [IponeHTsT Ha MUKOpU3HA KomoHu3arws mpu maMm EEZ 54 e no-
BHCOK OT TO3W IpU JpYyTUTE BapHaHTH; HAMa 3HauuTenHa pasnuka Mexny EEZ 55 u EEZ 35. Haii-
BHCOKaTa CTOMHOCT Ha OOUIUTE HMICHTHU(QHUIIMPAHW STCPUYHU Macjia ce HaOnrogaBa TpU pPacTCHUS,
unokynupanu ¢ EEZ 35, xpaero Pb ce Harpynea B kopeHuTe. MuUKopu3HaTa KOJIOHH3ALMS AOBEIC 10
MPOMSTHA B ChIbPKAHUETO HA OCHOBHUTE ChEJMHCHUS Ha €TEPHUYHOTO MAacIo OT Maiiopana. [IlamoBere
EEZ 54 u EEZ 55, w3onupanu OT palloHM C €CTECTBEHO BHUCOKM HHBAa Ha METaH, 3HAYUTEITHO
HaMaJIIBaT HATPyNBaHETO Ha Pb B Haj3eMHHUTE YacTH W KOPEHUTE HA MaliopaHa B CpPaBHCHHE C
HEMUKOPU3HUTE PACTCHUSA. AHTHOKCHJIAHTHAaTa aKTUBHOCT B HAA3ECMHHUTE YacTH Ha MaiiopaHa ce
ToBHUIIIaBa B pe3yarar Ha mHOKynupaneto ¢ EEZ 54 m EEZ 35 apOyckynapHu MHKOPH3HH IIIaMOBE
MOpajIv MOBUIIICHUTE HUBA HAa (DEHOIHU ChEIUHEHUS.

Stephanie A.F., Hristozkova M., MainassaraZ-A., Schulze J. (2010) Elevated CO,
concentration around alfalfa nodules increases N, fixation. Journal of Experimental Botany
61(1):121-130 Q1 1F=5,292

doi:10.1093/jxb/erp287

ABSTRACT

Nodule CO, fixation via PEPC provides malate for bacteroids and oxaloacetate for N assimilation. The
process is therefore of central importance for efficient nitrogen fixation. Nodule CO, fixation is known
to depend on external CO, concentration. The hypothesis of the present paper was that nitrogen
fixation in alfalfa plants is enhanced when the nodules are exposed to elevated CO, concentrations.
Therefore nodulated plants of alfalfa were grown in a hydroponic system that allowed separate
aeration of the root/nodule compartment that avoided any gas leakage to the shoots. The root/nodule
compartments were aerated either with a 2500 pl I”' (+CO,) or zero ul 1! (-<CO,) CO,-containing
N»/O, gas flow (80/20, v/v). Nodule CO, fixation, nitrogen fixation, and growth were strongly
increased in the +CO, treatment in a 3-week experimental period. More intensive CO, and nitrogen
fixation coincided with higher per plant amounts of amino acids and organic acids in the nodules.
Moreover, the concentration of asparagine was increased in both the nodules and the xylem sap. Plants
in the +CO, treatment tended to develop nodules with higher %N concentration and individual
activity. In a parallel experiment on plants with inefficient nodules (fix") the +CO, treatment remained
without effect. Our data support the thesis that nodule CO, fixation is pivotal for efficient nitrogen
fixation. It is concluded that strategies which enhance nodule CO, fixation will improve nitrogen
fixation and nodule formation. Moreover, sufficient CO, application to roots and nodules is necessary
for growth and efficient nitrogen fixation in hydroponic and aeroponic growth systems.

PE3IOME

Oukcupaneto Ha CO, B rpyakure upe3 PEPC ocurypsiBa mManar 3a GakTepoWanuTe M OKcajioareTar
3a acummnanus Ha N. CleqoBaTeNIHO MPOLECHT € OT ICHTPAIHO 3HAueHWe 3a e(eKTHBHATa
azorpukcanus. HW3eectHo e, ue ¢Qukcanusira Ha CO, B TpylIKHTe 3aBHCH OT BhHIITHATA
koHreHTpanus Ha CO,. Xumore3ara Ha HACcTOAIIATa CTATUS €, Ye (PUKCalusATa Ha a30T B JIIOIIEpHA
Ce 3acWiBa, KOraro TPYJKUTE ca M3JIOKEHHW Ha nopuieHN koHneHTpanuu Ha CO,. [Topaau ToBa
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a30T(UKCHpALIUTE PACTEHUS JIIOIEPHA CE OTIIEXKIAT B XHAPOIIOHHA CHCTEMa, KOSTO ITO3BOJISIBA
OTZICJTHO aepupaHe Ha CHUCTEMaTa KOPEH/TPYIKH, KOETO M30srBa BCSAKAKBO M3THYaHE HA Ta3 KbM
Haj3eMHnTe yacTh. CHcTeMaTa KopeH/rpyaku 6emme aepupana win ¢ 2500 pl 1! (+CO,) nmn myna pl
I (-CO,) CO,-chappskam N»/O, razos motok (80/20, v/v). ®ukcupanero va CO, OT TPYIKHTE,
a3oTUKcauusiTa W pacrtexa Osfxa CHIHO yBenmuueHH mnpu Tpetupane ¢ +CO, B 3-cemmuueH
excriepuMeHTaneH nepuop. [lo-uatensuBHara ¢ukcanus Ha CO, W a30T ChHBMaAa C MO-BHCOKA
KOHIIEHTpAaIusI Ha aMHHOKHCEIMHHUTE W OpraHWYHUTE KHCENMHM B Tpyakure. OCBEH TOBa
KOHIEHTpalUusATa Ha aclapardH ce IOBHIIABA KAKTO B TPYAKUTE, Taka M B KCHJIEMHHS COK.
Pacrennsara npu tpetupane ¢ +CO, ca CKIOHHM J1a 00pa3yBaTr IpyIKU ¢ ITO-BUCOKA KOHIIEHTPALU
Ha %N U MHIUBUIYyajHa aKTUBHOCT. B mapaneneH ekcepuMEHT BbPXY PacTeHUs ¢ Hee(EKTHBHU
rpynku (fix—) tperupanero ¢ +CO, octaBa 6e3 edekrT. Hammurte naHHW MOAKpensT Te3ara, ue
¢ukcupanero Ha CO, B IPYIKUTE € OT OCHOBHO 3HA4YCHHME 3a e(PEeKTHBHATa a30THA (UKCAIHSL.
3aKIIIOYeHNETO €, Y€ CTpaTeruuTe, KouTo mnomobpsiBaT ¢ukcupanero Ha CO, B rpyakure, Iue
monoopAT azordukcarmaTa U obpazyBaHeTo Ha Tpyaku. OCBEH TOBa € HEOOXOAMMO TOCTAaTHYHO
npwiarane Ha CO, KbM KOpPEHHTE M TPYOKUTE 32 pacTeX M eQeKTHBHA a3oTdukcanmus B
XUIPOIIOHHU M a€POTIOHHN CHCTEMH 32 PACTEXK.

Hristozkova M., Geneva M., Stancheva 1. (2010) Regulation of nitrogen assimilation

in foliar fed legume plants at insufficient molybdenum supply D.K. Maheshwari (ed.), Plant
Growth and Health Promoting Bacteria, Microbiology Monographs 18, Springer-Verlag
Berlin Heidelberg; DOI 10.1007/978-3-642-13612-2 18

ABSTRACT

Formation and function of N,-fixing systems between bacteria from Rhizobiaceae family and legume
plants from Fabaceae family are especially sensitive to molybdenum (Mo) deficiency. The hypothesis
of the present work was that nitrogen fixation and assimilation in Mo deficient pea and alfalfa plants
are enhanced when the nutrients were supplied through the foliage. It was established that foliar
fertilization resulted in the increase of nitrogen fixation and biomass accumulation in the absence of
Mo. The positive effect of foliar fertilization at insufficient Mo supply on the nitrogen uptake is better
expressed in garden pea than in alfalfa. Otherwise, alfalfa was more sensitive to Mo starvation than the
pea plants. Insufficient Mo supply leads to significant reduction in plant Mo content and nitrogen
fixing activity, while stress induced free amino acids increased repeatedly. The negative effect of Mo
exclusion from the nutrient media on nitrogen assimilation and biomass accumulation diminished
through the foliar absorbed nutrients.

PE3IOME

O6pazyBanero u GyHKIUATA Ha Np-QUKCHpaIId CHUCTEMH MEXIy OaKTepuH OT CEMEHCTBO
Rhizobiaceae u 6060BU pacTeHHs OT ceMeHCTBO Fabaceae ca 0COOEHO UyBCTBUTEIHH KbM ACHUIUT
Ha MonuoaeH (Mo). XunoTe3ara Ha HacTosIara padoTa e, 4ye pukcanuaTra 1 aCHMWIALMSITA Ha a30T B
pacteHusTa Tpax W JoNepHa ¢ Ae@uIMT Ha Mo ce 3achiBaT, KOraro XpaHWTEIHUTE BEIIECTBA Ce
JOCTaBiIT TIpe3 JIMCTaTa. YCTAaHOBEHO €, Y€ JUCTHOTO TOPEHE BOAM [0 YBEJIMYaBaHE Ha
a30T¢UKCcaNUATa U HATPYNBaHETO HA Onomaca npu Jimnca Ha Mo. [TonokuTeTHuAT eeKT Ha JTUCTHOTO
TOpEeHEe MpH HEAOCTaThUHO cHaOasBaHe ¢ Mo BBPXY yCBOSBaHETO Ha a30T € MO-J00pe M3pas3eH mpu
TPaJAMHCKUS TpaX, OTKOJKOTO NPH JIIOLEpHaTa. B MpoTHBEH ciydail JionepHara € Mmo-4yBCTBHTEIIHA
KbM TiIagyBaHe Ha Mo OT TpaxoBWTe pacTeHHs. HemocrarhbuHOTO CcHaOmsBane ¢ Mo Bomu 10
3HAYUTETHO HaMajsBaHE ChAbPKAHUETO HA Mo B pacTeHHATa W aKTUBHOCTTA Ha a30T(PHKCAIUATA,
JIOKAaTO HHAYIHPAHUTE OT CTPEC CBOOOMHM AMHHOKHCEIMHH C€ YBEIMYaBaT MHOTOKPATHO.



22.

OtpuniatenHusT e(peKT oT M3KI0YBaHEeTO Ha Mo OT XpaHUTeNHara cpefa BhPXYy aCHMWJIAIMATa Ha
a30T ¥ HaTPYIBaHETO Ha OFoMaca HaMasiBa upe3 abcopOupaHHTe OT JINCTaTa XpPaHUTEITHHN BEIECTBA.

Stancheva 1., Geneva M., Hristozkova M., Markovska Y., Salamon I. (2010) Antioxidant
capacity of sage grown on heavy metals polluted soil. Russian Journal of Plant Physiology
57(6) 799-805 Q3 IF=0,558

doi:10.1134/S1021443710060087

ABSTRACT

Oxidative stress response and essential oil composition of sage (Salvia officinalis L.), grown on
industrially polluted soil were studied. Sage plants were grown on the soil polluted with Cd, Cu, Pb,
Zn, and non-polluted control soil. One-year-old sage possessed a high potential for heavy metal
accumulation mainly in the roots. Heavy metal pollution resulted in root and shoot dry biomass
inhibition. The increased levels of hydrogen peroxide and MDA showed that the heavy metal uptake
caused oxidative stress. The increase towards the control was observed in the levels of glutathione,
ascorbate, dehydroascorbate, catalase, dehydroascorbate reductase, and glutathione peroxidase. Weak
activities of the most enzymes of the ascorbate-glutathione cycle allowed to suppose that
H,O, neutralization is rather non-enzymatic than enzymatic process. Observed decline in a- and -
thujones and elevated camphor content in the sage leaves did not indicate a deterioration of the
essential oil quality. Sage grown on heavy metal-polluted soil successfully accumulated cadmium,
lead, and zinc, which is resulted in plant biomass inhibition, but essential oil yield and quality was not
declined.

PE3IOME

B HacTosAmoro wu3cnenBaHe ca IpPOYYEHH OTrOBOpPa KBM OKHMCIUTENTHHS CTpeC M ChCTaBa Ha
E€TEPUYHOTO Maciio oT camBus (Salvia officinalis L.), oTriexmana BbPXY MPOMHIIUICHO 3aMbpCeHa
noyBa. PacteHusaTa oT rpaAMHCKM 4ail ce OTIIeXIAT BHpXy mousa, 3ambpcena ¢ Cd, Cu, Pb, Zn u
He3aMbpCeHa KOHTPOJNHA TMoYyBa. EHOroAuimHaTa caiBUsl TpUTEkKaBa BHCOK IOTECHIHMAN 32
HaTpyIIBaHE Ha TEXKH METalM IJIABHO B KOPEHWUTE. 3aMbpCSIBAHETO C TEXKKM METaJlld BOIU 10
WHXMOMpaHe HATPYIBAHETO Ha cyXa OnoMaca B KOPEHUTE U HaJ3eMHHUTE YacTH. [loBUIIeHNTE HIBA Ha
BozopoJieH nepokcua 1 MDA mokasBat, ye yCBOSIBAHETO Ha TEKKHM METaJIU IIPUUIMHSABA OKCHJIATUBEH
crpec. IloBuimaBaHeTo cHpsMO KOHTposiaTa c€ HaOlroJaBa B HHMBaTa Ha TIJIyTaTHOH, ackopoar,
nexuapoackopbaT, Karamasza, AEXHIpoackopOaT peaykTa3a M TIyTaTHoH mnepokcunasa. Cmabarta
aKTHBHOCT Ha IOBEYETO €H3UMHU OT acKopOaT-IIIyTaTHOHOBMS LIUKBJI II03BOJIABA Aa CE MPEIIIOI0KH,
ye HeyTpainmsupaneto Ha HyO, e mo-ckopo HeeH3UMEH, OTKOJIKOTO eH3uMeH npouec. HabiaronaBanoto
HaMaJIsiBaHE Ha o- ¥ J-TyHOHUTE U MOBHUILEHOTO ChAbP)KaHHE Ha KaMQop B JINCTAaTa HA cajBUATa HE
[IOKa3BaT BJIOIIaBaHE Ha KAauyeCTBOTO HA E€TEPUYHOTO Macio. ['paiuMHCKM yail, OTINICKIAaH BBPXY
3aMbpCeHa ¢ TEKKH METaJIM I10YBa HATPYINBa KaJMHM, OJIOBO U IIMHK, KOETO BOJIM 10 WHXUOMpaHEe Ha
pactuTenHara OuomMaca, HO 100MBa M Ka4eCTBOTO Ha €TEPUYHOTO MAcJIO HE CE BJIOLIABAT.
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Geneva M., Hristozkova M., Yonova P., Boychinova M., Stancheva 1. (2010) Effect of
endomycorrhizal colonization with Glomus intraradices on growth and antioxidant capacity
of Sideritis scardica Griseb. Gen Appl. Plant Physiology, 36 (1-2), Special issue, part II (47-
54).

http://www.bio21.bas.bg/ippg/bg/wp-content/uploads/2011/06/GAPP_v36 1-2 47-54.pdf
ABSTRACT

The effect of Glomus intraradices inoculation on the growth and antioxidant activity of mountain tea
(Sideritis scardica Griseb.) was determined. Two-months-old mountain tea seedlings were grown
during 10 weeks on the soil/sand (w/w=3:1) substrate in a glass house. Mycorrhizal colonization
improved shoot and root dry biomass accumulation and increased total phenols and flavonoid content.
During the period of vegetative growth the level of antioxidant metabolites (ascorbate acid and
reduced glutathione) and the antioxidant enzymes guaiacol peroxidase and catalase decreased as a
result of the mycorrhizal colonization. A favorable effect of root colonization with Glomus
intraradices was observed regarding the levels of ascorbate peroxidase and super oxide dismutase. We
conclude that inoculation of Sideritis scardica Griseb. with Glomus intraradices resulted in enhanced
plant dry biomass accumulation, but the antioxidant defense was not efficient enough during the
period of vegetative growth.

PE3IOME

Onpezenen O0e edekra oT nHOKYNIalusaTa Ha Glomus intraradices BbPXy pacTexka U aHTHOKCHUIaHTHATA
AKTUBHOCT Ha IUTAHUHCKU Yait (Sideritis scardica Griseb.). [IBymecedeH pas3caj OT IJIAHKHCKH Yaif ce
OTINIeK]Aa B NpoAbbKeHne Ha 10 ceqMunu BepXy cyOCcTpaT OT mouBa/msichK (W/w=3:1) B opamxepus.
MuKopu3HaTa KOJIOHH3AIMS ToI00psiBa HATPYIBAHETO HA CyXa OMoMaca OT HaJ[3¢MHU YacTH W KOPCHU
W yBeIMYH OOIIOTO ChABpKaHHE Ha (eHomu U (GruaBoHoMAH. [Ipe3 mepuona Ha BEreTaTUBEH PACTExX
HUBOTO HA AHTHOKCHUIAHTHUTE META0ONUTH (acKopOaT U peAyIrpaH IyTaTHOH) U AHTHOKCHIAHTHHUTE
CH3MMHU TBAasKOJN TEPOKCHa3a W KaTalla3a HaMaysgBaT B pe3yiTaT Ha MHUKOPH3HATA KOJOHH3AIIWS.
HabnronaBa ce OnarompusiteH e(ekT OT KoloHHM3auusiTa Ha KopeHa ¢ Glomus intraradices 1o
OTHOIIIGHWE Ha HUBAaTa Ha ackopbar IepokcHula3za W CYIMEepPOKCHI IUCMyTa3a. B 3akiodeHwue,
nHOKynanusta Ha Sideritis scardica Griseb. ¢ Glomus intraradices noBeJie 10 TIOBUIIICHO HATPYIIBaHE
Ha cyxa pacTUTElIHa OMomMaca, HO aHTHOKCHIAHTHATA 3alliuTa He Oellle MOCTAThYHO e(EKTHBHA TIO
BpeMe Ha Meprojia Ha BETETaTUBEH PACTEK.

Hristozkova M., Geneva M., Boychinova M., Stancheva I. (2009). Effect of foliar feeding on
growth and nitrogen assimilatory enzymes in alfalfa plants at insufficient molybdenum
supply, Acta Biologica Hungarica 60 (2) 211-219 Q3 1F=0,551
doi:10.1556/ABi0l.60.2009.2.8

ABSTRACT

The influence of foliar feeding on the nitrogen assimilation in alfalfa plants under conditions of Mo
shortage was studied. It was established that foliar fertilization with 0.3% solution of Agroleaf ®
resulted in increase of nitrogen fixation and nitrogen assimilation in the absence of Mo. Insufficient
molybdenum supply leads to significant reduction of plant Mo content and nitrogen-fixing activity,
while stress induced amino acids as alanine, GABA, threonine, proline and serine increased
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repeatedly. The negative effect of Mo deficiency on the enzyme activities related to the primary
nitrogen assimilation (NR, GS, GOGAT) and plant growth diminished due to the foliar absorbed
nutrients.

PE3IOME

W3cnenBano € BAMSIHMETO HA JUCTHOTO MOAXPAaHBAaHE BHPXY YCBOSIBAHETO Ha a30Ta B JIIOLIEPHA MPHU
yclioBUsl Ha Hemnoctur Ha Mo. YcraHoBeHO e, 4ye ymctHoTo Topene ¢ 0,3% pastBop Ha Agroleaf ®
BOAM /O TOBHWINABAaHE HA a30THAaTa (UKcAIWs M a30THATa acHMWIANKS B OTCHCTBHETO Ha Mo.
HenocratbuHoTo cHabasIBaHe ¢ MOJIHOICH BOJH JI0 3HAYUTEITHO HAMAaJIsIBAHE ChIbPKAHUETO HA Mo B
pacTeHusITa ¥ a30TPUKCHUpaIIaTa aKTUBHOCT, TOKATO aMUHOKHCEIIMHUTE HATPyNaHUTE B PE3yaTaT OT
ctpec amannH, GABA, TpeoHHH, NMPOJMH U CEPHH C€ yBEIMYaBaT MHOTOKpAaTHO. OTpUIATETHUST
edekT or aedpunuTa Ha Mo BbpPXY €H3UMHUTE aKTUBHOCTH, CBHP3aHU C MbPBUYHATA aCHMWJIALNS Ha
azor (HP, I'C, TOT'AT) u pactexka Ha pacTeHHsATA, HaMalsBa IMOpPaAWd JHCTHO aOcopOMpaHHTE
MUHEPAJTHH BEIECTBA.

Hristozkova M., Stancheva 1., Geneva M. (2009) Growth and nitrogen fixation of different
Medicago sativa — Sinorhizobium meliloti associations under conditions of mineral elements
shortage, Biotechnology and Biotechnological Equipment, Special issue, 23, 225-229. Q4
IF=0,291

doi:10.1080/13102818.2009.10818406

ABSTRACT

Sinorhizobium meliloti is an a-proteobacteria of the family Rhizobiaceae that alternates between a
free-living phase in soil and a symbiotic phase within the host plant cells, where the bacteria
ultimately differentiate into nitrogen-fixing organelle-like cells, called bacteroids. The present study
was designed to compare the difference in responses to nitrogen and carbon limitation in free living
Sinorhizobium meliloti strains and their ability to form symbiotic association with alfalfa (Medicago
sativa) plants. The effectiveness of observed symbiotic associations was evaluated by number of
formed nodules, nitrogen fixing activity, and plant biomass production in control environmental
conditions of a growth chamber. A wild type strain Sinorhizobium meliloti 1021 and two mutants—
Sinorhizobium meliloti NitR and Sinorhizobium meliloti TspO were used in this research. Both mutant
strains were previously created to study the general stress response in Sinorhizobium meliloti and its
regulation mechanisms. The products of the genes named tspO and nitR, act either as direct or indirect
regulators of gene expression in response to various stresses, including starvation. The up- and down
regulated genes under conditions of nitrogen and carbon limitation were identified in free living forms
of the three strains. Comparison of the genes differentially expressed in the wild type strain to those
found in the tspO and nitR mutants showed no significant difference. In both starvation conditions the
most effective symbiotic system was established between alfalfa and Sinorhizobium meliloti TspO,
concerning nitrogen fixing capacity and plant biomass production.
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PE3IOME

Sinorhizobium meliloti e o-poTeoO0aKkTepusi OT ceMercTBO Rhizobiaceae, KOSATO € KaKTO CBOOOIHO
JKUBEeINa B TI0YBaTa, Taka M CUMOMOHT ¢ KOPSHOBHUTE KJIIETKH Ha PACTCHUETO-TOCTONPUEMHUK, KBICTO
OakTepuuTe B KpaiiHa cMeTKa ce JudepeHIupar B KIETKH, NOJM00HN Ha a30TQHUKCHUpPAIIA OpTaHEIH,
HapedyeHH OakTepouau. Hactosmoro npoyuBaHe € MpeHAa3HAYCHO J1a CPABHH pa3jIMKaTa B OTTOBOPUTE
Mpy JTUMHUTHPAaHE Ha a30Ta W BBINIEPO/a B cpelara Ha CBOOOTHO >KHMBECHIH IamoBe Sinorhizobium
meliloti 1 cnocoOHOCTTa UM J1a 00pa3yBaT CUMOMOTHYHA acoluanus ¢ JouepHa (Medicago sativa).
EdexruBHocTTa Ha HAOMOMaBaHWTE CUMOMOTHYHM acolualu Oelie OlleHeHa upe3 Opos Ha
00pa3yBaHUTE TPYIIKH, AKTHBHOCTTA Ha a30T(HUKCAINSI ¥ MPOU3BOACTBOTO HA pacTUTeNHa OHMomaca B
KOHTPOJIMPAHU YCJIOBUS Ha OKOJIHATA Cpejia B KaMepa 3a pacTek. B ToBa m3cienBaHe ca W3IMON3BaHU
B THN 1maM Sinorhizobium meliloti 1021 u ngBa myranta - Sinorhizobium meliloti NitR un
Sinorhizobium meliloti TspO. W nBara MyTaHTHU IIamMa ca CH3IaJCHH MPEIN TOBA 3a M3CJCIABAHE Ha
obmara peakuus Ha cTpec B Sinorhizobium meliloti M HETOBUTE MEXaHU3MU 3a peETyJIHpaHe.
[Mponykrute Ha reruTe, HapedeHH tspO U nitR, melicTBar KaTo JUPEKTHU WIIM KOCBEHH PETYIaTOPH Ha
TeHHATa EKCIPECHs B OTTOBOP Ha PA3JIMYHH BUJIOBE CTPEC, BKIIIOYUTEIHO raayBane. CTUMYIUpaHETO
M TOTHCKAHETO EKCIPECHsATa Ha TeHU IMPH YCIOBUS HA JUMHUTHpAHE HA a30Ta W BhBIepoja Osaxa
WACHTUQUIMPaHd B CBOOOMHO kuBeemu (opmu Ha Tpure mama. CpaBHEHHETO Ha TCHUTE,
TUQPEPEHIIMATHO SKCIIPECUPAaHU B JIMBHS THUI IaM C Te3H, OTKpuTH B tspO u nitR myranTHTe, HE
MOKa3Ba 3HAYMTENIHA pa3Nuka. M mpu JBeTe ycCIIOBHS Ha TNaQJ € yCcTaHOBeHa Hali-epeKTHBHATa
CUMOHMOTHYHA CUCTeMa MEX Ty JitoriepHa u Sinorhizobium meliloti TspO 110 OTHOIIICHHE Ha KamalyuTeTa
3a (puKcHpaHe Ha a30T W MPOU3BOJCTBOTO HA paCcTUTEHA OMoMaca.

Hristozkova M., Geneva M., Stancheva 1. (2008) Effects of Sinorhizobium meliloti strains
(1021 and NitR) on nitrogen assimilation of alfalfa plants under conditions of mineral
elements shortage. Gen Appl. Plant Physiology 34(3-4), Special Issue 327-338.
http://www.bio21.bas.bg/ipp/gapbfiles/v-34 pisa-08/08 pisa 3-4 327-338.pdf

ABSTRACT

Two Sinorhizobium meliloti strains (1021 and NitR) were used for inoculation of alfalfa plants to
study nitrogen assimilation under nutrient deficiency conditions in hydroponics experiments. The wild
type Sinorhizobium meliloti 1021 was compared with a mutant strain — S. meliloti NitR. NitR protein
was found to be a regulator of S. meliloti hmgA expression under nitrogen deprivation conditions,
suggesting the presence of a ntr-independent nitrogen deprivation regulatory system. nitR insertion
mutations were shown not to affect bacterial growth, nodulation of Medicago sativa plants, or
symbiotic nitrogen fixation under the physiological conditions examined. The relationship between
free living and symbiotic bacterial forms was revealed indirectly by the changes of nitrogen fixation
and assimilation under conditions of nutrient deficiencies. Before seeds inoculation, bacteria were
cultivated in Vincent minimal media with limited nitrogen source. The alfalfa plants were grown on a
nutrient solution in the presence or absence of molybdenum. The differences between the two
symbiotic systems were established by the variations of nodule formation and enzyme activities
participated in nitrogen fixation and assimilation (nitrogenase — NG: EC 1.7.99.2; glutamine
synthetase — GS: EC 6.3.1.2; glutamate synthase — NADH-GOGAT: EC 1.4.1.14 and nitrate reductase
— NR-NADH: EC 1.6.6.1). Negative effects of Mo shortage on the rate of nitrogen fixation and nitrate
reduction in both symbiotic systems were found. When plants were inoculated with strain S. meliloti
NitR and grown under nitrogen limiting conditions, the highest stability of nitrogen fixation and
nitrogen reduction was determined in conformity with characterization of this mutant strain.
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PE3IOME

IBa mama Sinorhizobium meliloti (1021 u NitR) 6sxa W3MON3BaHM 3a WHOKYIHpPAaHE HA PaCTECHUS
JIOIlepHa 3a M3ClelBaHe Ha aCHMWIALMATa HAa a30T NPU yCIOBUS Ha Ne(UIUT HA XPaHWUTEITHH
BEIIECTBA B XHUJIPOIIOHHU ekcriepuMeHTH. JuBusaT tun Sinorhizobium meliloti 1021 Gemre cpaBHEH ¢
myTtaHTeH mam — S. meliloti NitR. YcranoBeno e, ue npotenna NitR e perynarop Ha excnpecusara Ha
hmgA mpu S. meliloti B ycioBus Ha NMIIaBaHe OT a30T, KOETO Npearnojara HaJMYHeTO Ha ntr-
HEe3aBUCHMAa OT JIMICaTa Ha a30T peryiaropHa cuctema. ITokazaHo e, ye MyTalliiTe Ha BMBbKBaHE Ha
nitR He 3acsarar OakTepmamHHsA pacTeX, rPyAKoOOpasyBaHETO Ha pacteHusta Medicago sativa wnu
CUMOMOTHYHATA a30THA (UKCAlUs TP H3CIeABAHUTE (U3MONOTMYHH YyCIOBUs. Bpb3kara Mexmy
CBOOOZHO >KMBECUIUTE W CUMOMOTHYHHTE OakTepuaHi (OpPMHU Ce Pa3KpuUBa KOCBEHO OT IMPOMEHHTE
BbB (PUKCHUPAHETO HA a30T M AaCUMWJIALMATA MPU YCIOBUS HA ACQUIUT HA XPAHUTEIHU BEILECCTBA.
[Ipean MHOKYIMpaHETO HA CEMEHara, OaKTepHUTE ce KYATHBUpPAT B cpela Ha Vincent ¢ orpaHWYeH
W3TOYHHUK Ha a30T. JlroepHaTa ce oTIiex1a BbPXY XpaHUTEJICH Pa3TBOP B MPUCHCTBUE UM OTCHCTBHE
Ha MOJIMOJIeH. PasnmkuTe MeXy ABETE CHMOMOTUYHU CHCTEMH 0SIXa yCTAaHOBEHH Upe3 BapUAIMUTE Ha
0o0pa3yBaHETO Ha TPYOKH M EH3UMHHUTE AaKTUBHOCTH, KOMTO YydYacTBaxa BbB (HUKCHPAHETO U
acuMunanusaTa Ha azor (Hurporenaza — NG: EC 1.7.99.2; myramun cunretasza — GS: EC 6.3.1.2;
moytamar cuaTasza — NADH- GOGAT: EC 1.4.1.14 u murpat pemykraza — NR-NADH: EC 1.6.6.1).
VYcraHOBeHH ca OTpHUIATeNHH €eKTH OT HexocTura Ha Mo BBpXy CKOpOCTTa Ha a3oT(uKcanusTa u
HaMalsBaHe HA HUTPATHTE B JIBETC CHMOMOTHYHU cucTeMu. KoraTo pacTeHusITa ce HHOKYIUPAT C MaM
S. meliloti NitR m ce oTmIe)aar IpH yCIIOBHSA Ha a30THO JIUMUTHpaHE, CE OMpenelis Hail-BHCOKara
CTaOMIIHOCT Ha a30TUKcanusITa U a30THATA PENyKIHs B CbOTBETCTBHE C XapaKTEPHUCTHKATA Ha TO3U
MYTaHTEH IIaMm.

Hristozkova M., Geneva M., Stancheva 1., Georgiev G. (2007) Nitrogen assimilatory
enzymes and amino acid content in inoculated foliar fertilized pea plants grown at reduced
molybdenum concentration. Journal of Plant Nutrition 30 (9) 1409-1419.Q2 1F=0,593
doi:10.1080/01904160701555838

ABSTRACT

A possibility to improve nitrogen assimilation in nitrogen fixing molybdenum (Mo) deficient pea
plants was shown. The influence of foliar supplied nutrients in addition to root nutrition resulted in
reducing the unfavorable effects of inorganic nitrogen on nodule function and Mo deficiency on the
nitrogen assimilatory enzymes. Inoculated pea plants were grown on liquid nutrient solution both with
and without Mo. The following variants were tested: Mo supplied plants with root nutrition (F1 +
Mo); Mo supplied plants with root and foliar nutrition (F2 + Mo); Mo deficient plants with root
nutrition (F1 — Mo); and Mo deficient plants with root and foliar nutrition (F2 — Mo). Foliar
application of nutrients had a positive effect on the glutamine synthetase and glutamate synthase
enzyme activities in the roots and nodules of Mo deficient plants. It was found that the foliar
fertilization reduced the inhibitory effect of Mo shortage on the aspartate/asparagine content in the pea
shoots.
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PE3IOME

B HacTOsIIOTO M3CllenBaHE € IO0Ka3aHa Bb3MOMKHOCTTA 3a MOJNOOpsBaHE acHUMWIAlMATa Ha a30T B
a30T(UKCUpAIIN TPaxoBH pacTeHusl mnpu nepuuut Ha MonubaeH (Mo) B cpenmara. BnusiHueTo Ha
JIMCTHO JIOCTaBSIHUTE XPAHUTENIHH BEILECTBAa B JONBJIHEHHE KbM KOPEHOBOTO XpaHEHE IOBEAE 10
HaMaJsiBaHe Ha HeONaronpuATHUTE epeKTH Ha HeOPraHWYHHA a30T BHPXY (QYHKIUITA HA TPYIKUATE U
neguumTa Ha MO BBPXY a30TaCUMWJIMPAIIUTE CH3UMHU. VHOKYIMpaHHUTEe TIpaxoBH pacTEHUs ce
OTIVISKIAT BBPXY TEU€H XPaHUTEJICH pa3TBOp KAaKTO NpH Haiauuue, Taka u 0e3 Mo. TectBanu ca
CIIEAHWTE BapuaHTU: cHabaeHn ¢ Mo pacrenuss u kopeHoBo xpaHeHe (F1+Mo); cuabnenu ¢ Mo
pacTeHuss ¢ KOPEHOBO M JUCTHO moaxpanBane (F2+Mo); Pacrenus ¢ aedurur Ha Mo ¢ KOPEHOBO
xpanene (F1 — Mo); u pactenust ¢ neguuut Ha Mo ¢ KopeHoBO U nucTHO noaxpansade (F2 — Mo).
JlucTHOTO TpMIaraHe Ha XpPAaHUTENHM BELIECTBA HUMa MOJOXKHTENEH e(eKT BBPXY CH3UMHHTE
aKTMBHOCTHU Ha INIyTaMUH CUHTETa3aTa U INIyTaMaT CUHTa3aTa B KOPEHUTE U I'PYJKUTE Ha PACTEHUS C
neguuut Ha Mo. YcTaHOBEHO €, 4e JTUCTHOTO TOPeHE HaMansiBa MHXHOupamus eeKkT Ha HelocTUra
Ha Mo BBPXY ChIBP)KAaHUETO Ha acrapTraT/acliaparvd B HaA3eMHHUTE YacTH Ha Ipax.

Hristozkova M., Geneva M., Stancheva 1., Georgiev G. (2007). Response of inoculated foliar
fed pea plants (Pisum sativum L.) to reduced Mo supply. Acta Biol. Hungarica, 58, 1, 87-92.
Q3 1IF=0,447; DOI https://doi.org/10.1556/ABi0l.58.2007.1.8

ABSTRACT

The application of nutrients to the roots and leaves of inoculated pea plants grown under conditions of
reduced Mo supply was studied. Pea plants (Pisum sativum L.) were grown on liquid nutrient solution
excluding Mo from the media until the 35th day under glasshouse conditions. Plants were inoculated
with the bacterial suspension of Rhizobium leguminosarum Bv. Vicae , strain D293 at approximately
10% cells per cm’ . The foliar fertilizer Agroleaf® was applied at 0.3% concentration. Changes in the
root nodulation and the activities of the enzymes connected with nitrogen assimilation pathway
(nitrate reductase — NR-NADH: EC 1.6.6.1; glutamine synthetase — GS: EC 6.3.1.2; glutamate
synthase — NADH-GOGAT: EC 1.4.1.14 and nitrogenase — NG: EC 1.7.99.2) were observed. It was
established that the foliar application of nutrients reduced the inhibitory effect on the root nodulation
and nitrogen assimilatory enzyme activities due to the Mo shortage.

PE3IOME

W3cnensano e mpuiaraHeTo Ha XpaHUTENHH BEIIECTBAa KbM KOPEHUTE U JIMCTAaTa Ha WHOKYJIHMPAHU
IPaxoBH pPacTeHHUs1, OTIIICKIAHHN NIPU YCIOBHS Ha HamalieHo cHaOasBaHe ¢ Mo. ['paxoBure pacteHus
(Pisum sativum L.) ce otrnexmgar 35 OHH B OpamXepus BbpPXYy TEUEH XpaHHUTENEH pas3TBOP,
m3KIIoYBan] Mo ot cpenara. PacteHnsara ce MHOKyIMpaT ¢ OakTepuanHa CycneH3us Ha Rhizobium
leguminosarum Bv. Vicae, mam D293 npu npubmmsurenso 10° xmetkn ma cm’. JIMCTHHAT TOp
Agroleaf® ce npunara B konnentpanus 0,3%. HabmromaBanu Osxa mpoMeHH B OOpa3yBaHETO Ha
TPYyOKM IO KOPEHHWTE M AaKTHBHOCTTa Ha CH3MMHUTE, CBBbpP3aHH a30THaTa acUMMiIauusi (HUTpat
peaykraza — NR-NADH: EC 1.6.6.1; rmyramun cunreraza — GS: EC 6.3.1.2; rmyraMar cuHTaza —
NADH-GOGAT: EC 1.4.1.14 u mutporenaza — NG: EC 1.7.99.2). YcraHoBeHO €, 4€ JMCTHOTO
npriaraHe Ha XpaHUTEIHN BEIIEeCTBa HaMaJlsiBa HHXHUOUTOPHUS e(peKT BbpXy TPyAKO0Opa3yBaHETO Ha
KOPEHHUTE U aKTUBHOCTTA Ha a30T aCUMWJINPALINTE €H3UMHU, IIOpagyu HepocTur Ha Mo.
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Hristozkova M., Stancheva 1., Geneva M. (2006) Response of pea plants (Pisum sativum L.)
to reduced supply with Mo and Cu. International Journal of Agriculture and Biology, 8(2)
218-220. Q3

doi:1560-8530/2006/08—2-218-220
https://www.fspublishers.org/Issue.php?y=2006&v_no=8&categorylD=32

ABSTRACT

The role of molybdenum (Mo) and copper (Cu) in regulation the activities of the enzymes involved in
primary nitrogen assimilation in particular the nitrate reductase (EC 1.6.6.1) and glutamine synthetase
(EC 6.3.1.2) was examined. Pea plants were grown in a phytotron chamber at 12 h photoperiod, day
/night temperature 25/18°C and photon flux density of 95 umolm™ s until 21-st day. Plants were
grown at full strength Helriegel nutrient solution completed with micronutrients as in Hoagland and
Arnon and reduced Mo and Cu concentrations. Although only extremely small amounts of Mo and Cu
are required for normal plant growth, reduced supply with Mo and Cu to the growth medium
decreased activities of the enzymes(nitrate reductase and glutamine synthetase) involved at initial
steps of nitrate assimilation, fresh weight, and plastid pigment content (total chlorophyll and
carotenoids). Accumulation of nitrates in plant tissues enhanced, especially in the variants with
restrictive Cu concentration.

PE3IOME

N3cnensana e ponsta Ha monuOmeH (Mo) m men (Cu) B perymmpaHe akKTHBHOCTTa Ha CH3UMHTE,
y4YacTBallW B IIbPBUYHATA acCUMHJIALMSA HA a30T, MO-creuuanHo Hutpar penaykrazara (EC 1.6.6.1) u
rytamuH cuHTeraszata (EC 6.3.1.2). ['paxoBuTe pacTeHHs Ce OTIICXK AT BbB (PUTOTPOHHA KaMepa MpHu
12-4acoB ¢oronepuos, qHeBHA/HONHA Temmeparypa 25/18°C u misTHOCT Ha (OTOHHHS HMOTOK OT 95
pumolm™ s 10 21-ns nen. PacTeHnsTa ce pa3BHBAT BbPXY IThJICH XpaHHTEleH pa3tBop Ha Helriegel ¢
MukpoenemeHTH 1o Hoagland u Arnon u nurica Ha Mo u Cu. Berpeku, ue 3a HOpMaJIHUS pacTeX Ha
pacTeHHATa ca HEOOXOJUMH HUCKM KOHIeHTparuu Ha Mo u Cu, To JTurcara UM B pacTexHara cpesia
HaMalisgBa aKTHMBHOCTTAa HAa E€H3UMHUTE (HUTPAT peayKTa3a M TIyTaMHH CHHTETa3a), y4acTBallh B
HadaJJHUTE €Tanmy Ha acHUMWJIAIMATa Ha HUTPATH, CBEXXOTO TETNI0O M CHIBPKAHUETO HA TUIACTHIIHU
MUrMeHTH (001 XJIOpoHII U KapoTeHOUM). HarpynBaHeTo Ha HUTpaTH B PACTUTEIHUTE THKAaHU CE
3acmiBa, ocobeHo npu BapuanTute 6e3 Cu.

Hristozkova M., Stancheva I., Geneva M., Georgiev G. (2006) Response of inoculated pea
pants (Pisum sativum L.) to root and foliar fertilizer application with reduced molybdenum
concentration in nutrition solution. Gen. Appl. Plant Physiology, Special issue -Proc. of the
International Workshop PISA, 73-79.

http://obzor.bio21.bas.bg/ipp/gapbfiles/pisa-06/06 pisa 73-79.pdf

ABSTRACT

The effects of foliar absorbed nutrients on root processes related to assimilation of nitrogen under
presence or absence of molybdenum (Mo) were studied. Pea plants (Pisum sativum L.), var. Avola
were grown until the 15th day in a glasshouse on liquid nutrient solution both without and with Mo
added to the media. Plants were inoculated with bacterial suspension of Rhizobuium
leguminosarum bv. Viciae strain D 293 at approximately 108 cells per cm®. Application of a liquid
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foliar fertilizer at a concentration of 0.3% was performed twice a week by spraying under high
pressure. The effects of foliar supplied nutrients in addition to root nutrition on dry biomass
accumulation, protein content, root nodulation and activities of the enzymes of primary nitrogen
assimilation (nitrate reductase (NR - NADH, EC 1.6.6.1), and glutamine synthetase (GS: EC
6.3.1.2) during the early stage of nodulation were studied. Foliar application of nutrients had a
positive effect on the activities of NR and GS enzymes in shoots of Mo-supplied plants. It was
found that foliar application of nutrients reduced the inhibitory effect of Mo shortage on root
nodulation, plant dry biomass and protein content. The negative influence of Mo exclusion from the
nutrient media on biomass accumulation and nodule formation was diminished through the foliar
absorbed nutrients.

PE3IOME

UzcnenBanu ca edexTuTe Ha JTUCTHO aOCOPOMpaHUTE XPAHUTEIHH BEIIECTBA BBPXY KOPEHOBHTE
IIPOIIECH, CBbP3aHU C aCUMWJIALMATA Ha a30T B IPUCHCTBUETO WIN OTCHCTBUETO HAa MosinbOeH (Mo).
I'paxoBu pacrenus (Pisum sativum L.), var. Avola ce oTrnexnaT 10 15-us 1eH B OpaHXepHs BbPXY
TEYEeH XpaHWUTENICH pa3TBOp KakTo Oe3, Taka m ¢ Mo, mobaBeH kbM cpenara. PacreHusara ce
WHOKYJIMpAT ¢ OaKTepuaiHa CyCIIeH3Us OT Rhizobuium leguminosarum bv. Viciae mam D 293 mpu
npuGmmsutento 108 knetku Ha cm’. [IpHaraHeTo Ha TeUeH JTHCTEH TOp B KoHueHTpamus 0,3% ce
U3BBPLIBA [[BA IIBTH CEAMUYHO Upe3 IIPBCKAHE I10Jl BUCOKO HassraHe. IIpoyuenu ca edexrurte Ha
JIMCTHO JIOCTaBSHUTE XPAHUTEIIHM BEILECTBA B JAONBIHEHHE KbM KOPEHOBOTO XPAaHEHE BBPXY
HATPYNBAaHETO Ha Cyxa OHoMaca, ChABPKAHHETO Ha MPOTEHHHU, 00pa3yBaHETO Ha TPYIKH B
KOPEHHUTE U aKTMBHOCTTA HA CH3UMMUTE 3a IbPBUYHA aCUMMIALUS Ha a30T (HUTpar penykrasa (NR -
NADH, EC 1.6.6.1) u rnyramun cunreraza (GS: EC 6.3.1.2) mo Bpeme Ha paHHHS CTaaudl Ha
oOpa3yBaHe Ha rpyaku. JINCTHOTO mpuiaraHe Ha XpaHUTEITHH BEIIECTBA MMA MOJIOXKUTEICH e(eKT
BBpXY akTuBHOCTHTE Ha NR 1 GS eH3umuTe B HaJ3€MHUTE 4acTH Ha pacTeHusTa cHabaeHu ¢ Mo.
VYcraHoBeHO e, Ye IMCTHOTO NMpHJaraHe Ha XpaHUTEIHU BEIeCTBA HAMANABa HHXUOUTOPHUSA e(eKT
Ha HejocTura Ha Mo BbpXy 00pa3yBaHETO Ha I'pyIKU B KOPEHUTE, cyXaTa pacTUTEIHa Ouomaca u
CHIBP)KaHUETO Ha MPOoTenHH. OTPUIATEIHOTO BIMSHUE HA U3KII0UYBaHETO HA Mo OT XpaHUTeIHATa
cpeda BBpPXY HATpylnBaHEeTO Ha Ouomaca M o0pa3yBaHETO Ha TPYAKH Oelle HaMaleHO dpe3
abcopOMpaHHTE OT JTUCTaTa XPAaHUTCITHHA BEIIECTBA.

. Hristozkova M., Stancheva I., Geneva M., Georgiev G. (2005) Effect of different foliar

fertilizer concentrations on pea plants nodulation at reduced Mo supply. Proceedings of the
Balkan scientific conference of biology in Plovdiv (Bulgaria) (eds B. Gruev, M. Nikolova and
A. Donev), p.365-372.

http://web.uni-plovdiv.bg/mollov/bio/bscb2005/part1/365-372.pdf

ABSTRACT

Garden pea Pisum sativum L. var. Avola inoculated with bacterial suspension of Rhizobium
leguminosarum bv. Vicae strain D 293 were grown in the greenhouse until the 15th day on liquid half
strength nutrient solutions of Hellriegel, contained 0,5 mM NOj™ in the all experimental variants. The
complementation of nutrients with micronutrients was done according to Hoagland and Arnon
excluding Mo from the nutrient medium. The following variants were tested: (1) control plants with
root nutrition only and presense of Mo; (2) control plants with root nutrition only without Mo (3)
plants with combined root and foliar nutrition (0,1%Agroleaf); (4) plants with combined root and



foliar nutrition (0,3%Agroleaf); (5) plants with combined root and foliar nutrition (0,5%Agroleaf).
Application of foliar fertilizer in elevated concentrations had a positive effect on the Mo deficient pea
plants. An increase of nodule number, plant dry weight, total shoot nitrogen and leaf soluble sugars
have been found. The highest nodule number and leaf soluble sugar content was observed at spraying
with 0.3% concentration of Agroleaf.

PE3IOME.

I'pamuncku rpax Pisum sativum L. var. Avola, HHOKynupaH ¢ OakTepHaiHa CcycrneH3us Rhizobium
leguminosarum bv. Vicae mam D 293 ce oTriexxga B opamkepus 10 15-us meH BbpXYy TedHa
xpanutenHa cpena Ha Hellriegel ¢ namanena Ha mOIOBMHA KOHIIGHTpANUs Ha CIEMCHTHTE,
ceabpkaimm 0,5 mM NO; - BbB BCUYKH ONMTHU BapuaHTH. J0OaBIHETO HAa MUKpOCIECMEHTH Oele
n3BbpuieHo cbriacHo Hoagland u Arnon, xato ce u3kirouBa Mo oT cpexa. TectBanu ca ciegHHUTE
BapuaHTu: (1) KOHTPOJHM pacTeHHsS caMO C KOPEHOBO XpaHEHEe W Hainuue Ha Mo; (2) KOHTPOJIHU
pacTeHHs caMO C KOPEHOBO moaxpaHBaHne 0e3 Mo (3) pacTeHust ¢ KOMOMHUPAHO KOPEHOBO U JINCTHO
noaxpanBane (0,1% Agroleaf); (4) pacreHus ¢ KOMOMHUPaHO KOPEHOBO M JIUCTHO noaxpansane (0,3%
Agroleaf); (5) pactenns ¢ KOMOMHHpaHO KOpeHOBO W JucTHO moaxpanBaHe (0,5% Agroleaf).
[Ipunaranero Ha JIMCTEH TOP B MOBUIIEHU KOHIICHTPAIIUY UMa ITOJIOKUTENICH e(DEKT BbPXY IPaXxOBUTE
pacteHus ¢ geguuut Ha Mo. YcraHOBeHO € yBennuyaBaHe Ha Oposi Ha TPYAKHUTE, CyXOTO TErjo Ha
pacTeHusATa, oOUTUA a30T B HA3EMHHUTE YacTH W PA3TBOPUMHUTE 3axapH B jucTara. Haif-Bucok Opoii
TPYAKU W ChIbpXKaHHE Ha Pa3TBOPUMH 3axap B JucTata ce HaOmromaBa mpu npbckane ¢ 0,3%
KOHIIeHTpaIus Ha Agroleaf.



