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PE3OME

Lienta Ha HacToALLETO uscneasaHe
e fa npocneau npuaoKeHWeTo Ha Abp-
BEHV BbINVLWA B GMONOIMYHOTO 3e/1eHuy-
KOMPOM3BOACTBO. EKCNEPMMEHTBLT e npoBe-
[JeH B opaHXepus, NpoekThpaHa no pa-
JomMu3smpaHa 6/10koBa cucTemMa C reHoTun
Ha u4ywkn "AmaHga", c MpunoxeHue Ha
rosexga Top 1 6yKoBM AbPBEHU BbI/IMLLA
N KOHTpONa C rosexau Top 6e3 6ykosu
ObpPBEHN BbI/IMLLA. EKCNEPUMEHTBLT e ns-
BbpLUEH B MeCTHOCTTa Tpmuape, o6LmHa
KpylweBsal, B opaHxepuss No paHgoMu3n-
paHa 6/510koBa cuctemMa B 2 NOBTOPEHUS.
3acageHn ca 25 pacteHus, TpeTupaHu ¢
roeexga Top 1 6yKoBM AbPBEHU BbI/IMLLA
n 25 pacTteHusi, TpeTupaHum camo C
roeexga Top, Kato KoHTpona. NunepsT ce
oTrnexaa Kato camocToATesiHa KynTypa.
Llenta e ga ce onpegenv BAWAHMETO Ha
TOopa BBbPXy 6posa Ha N/1040Be BbPXY €4HO
pacTteHue n Terno Ha nnojoBeTe, KOUTO
NPSAKO B/MSAAT BbPXY f06VBa B cuctemara

SUMMARY

The objective of this study was to
research the charcoal application in
vegetable farming under organic conditions.
The experiment was established in the
greenhouse designed by random block
system with pepper genotype Amanda, in
treatment with cow manure and retort
beech charcoal and control with cow
manure without retort beech charcoal.
The experiment was set up at Trmcare
locality, KruSevac municipality in a
greenhouse according to a random block
system in 2 replicates, planting 25 plants
treated with cow manure and retort beech
charcoal and 25 plants treated only with
cow manure as a control. Pepper were
grown on a single tree.

The aim was to determine the influence of
the applied material on the number of
fruits per plant and the weight of the fruit
directly affecting the yield in the organic
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3a 6uonornyHo otrnexgaHe. MapameTb-
pbT, KOTO ce npocnefieH, e AobuB Ha
nunep npu OMONOIMYHO NPOU3BOACTBO.
CnepHuTe nokasaTenu ca HabnwogasaHu
B ekcrnepuvmeHTa: fO6wB Ha nnofose OT
pacTeHue u 6poli NaoA0Be Ha pacTeHue.
Mpu TpeTupaHeTo Cc O6YKOBU [bpPBEHU
Bbrnuwa, reHotun "AmMaHga" nokasa cpe-
OeH pobus ¢ 27.35% M0O-BMCOK OT KOH-
TPOJIHUTE pacTeHus.

KnwouoBu aymn: nnog, 6MonormyHo
oTrnexgaHe, 6OyKOBM [AbpBEHW BBIMIMLLA,
nunep, po6us

YBO[,

Munepbt (Capsicum annuum L.)
uma rosiiMoO MKOHOMWYECKO 3HayeHue B
Cobpbusa. Tolh e egHa OT Hal-3HaUMMUTE
KyNnTypu. ViMa BUCOKa XpaHuTesHa u 6uo-
NorMyHa CToHOCT. MoXe fa ce 13nonssa
Mo MHOIO PasfiMyHM HauuHW, B MpPSCHA,
kucena, neyeHa, 3ampaseHa cdopma, [o-
Mb/IHEHW C Pas3/IM4yHM ACTUA, a B UHAYC-
TpusiTa € CypoBUHA 3a pas3/IM4yHu BUAOBE
ob6paboTka. MpuHagnexu KkbM rpynara Ha
WHTEH3VBHUTE  3e/IEHYYKOBU  KYNTYpW.
N3ucksa ronamMo ydactue Ha 4voBeka B
oTrnexgaHeto my. Toli e CMNHO HapacT-
Ballla Kyntypa, Tbil Kato gasa BUCOK
Joxofd Ha efvHuua naowl,. [bpBOHaYasl-
HO NUMNepbLT e OTI/IeXAaH Karto Aekopa-
TMBHa KynTypa, a nocsie C TeyeHue Ha
BPEMETO Ce MnpeBpblla B efHa OT Hali-
B&)KHUTE 3€/IeHYYKOBU KYy/ITYpu B CBeTa.
MoHacTosilem, TOoW ce oTrnexaga Hai-
MHoro B A3usa, EBpona n Amepuka. Egpu-
Te COpTOBe BMPEAT Hail-Beue B lcnaHus,
Cbpbus, YepHa ropa, Kutan, CAL, Bbn-
rapus, YHrapus, Wtanusa, Pycus, Ykpaii-
Ha, ®paHuma n Ibpumna. OTrnexgar ce
rMaBHO B ymepeHaTa KiMmaTvyHa 30Ha,
JOHAKBbAE Tponuyecka, a B EBpona Tasun
Kyntyparta e oTriexja Ha tor u sawure-
Harta 30Ha Ha cesep. B vKoHOoMuKaTa Ha
Cbpbus, Tesn 3eneHvyum umart ronsmo
3HayeHVe, KaKTo 3a XpaHeHeTo Ha Hace-
NleHneTo, Taka M 3a MexayHapogHaTta
TbProBusi, Tbil KATO OCBEH NPeceH U3HOC
Ce MU3HaCAT pasnyHy NPOAYKTU OT nunep,
KakTo n nognpasku (Tepi¢, 2009).

growing system. The parameter that is
followed is pepper yield under temperate

climatic  conditions. The  following
parameters were monitored in the
experiment: fruit yield per plant and

number of fruits per plant. In the treatment
with retort beech charcoal, the Amanda
genotype had an average yield 27.35%
higher than the control plants.

Key  words: fruit, organic
cultivation, retort beach charcoal, pepper,
yield

INTRODUCTION

Pepper (Capsicum annuum L.) is of
great economic importance in our country.
It is one of the most significant cultures. It
has high nutritional and biological value.

It can be used in many different ways,
such as fresh, sour, baked, frozen,
supplemented with various dishes and in
the industry it is a raw material for
different types of processing. It belongs to
the group of intensive vegetable crops. It
requires a great deal of human work
involvement. It is a highly accumulative
crop because it generates high income
per unit area. Initially grown as an
ornamental and then a herb, pepper has
over time become one of the most
important vegetable crops in the world.

Today, peppers are most grown in Asia,
Europe, and America. The large pepper
fruit is mostly grown in Spain, Serbia,
Montenegro, China, USA, Bulgaria,
Hungary, Italy, Russia, Ukraina, France and
Greece. It is mainly grown in a temperate
zone, somewhat tropical, and in Europe it
is the culture of the south and the protect-
ed area of the north. In the national
economy of the country, these vegetables
are of great importance, both for the
nutrition of the population and for inter-
national trade, because apart from fresh
exports, various products of peppers as
well as spices are exported (Tepi¢, 2009).
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3HayeHneTo Ha nunepa HapacTea B
paioHnTe, KbAeTo ce oTrnexga. Toh e
U3K/TIOYUTENHO NOAXOASAL, 38 UHTEH3UBHO
KyntusupaHe. OTrnexga ce B OTKPUTO Mo-
e 1 B 3aKpuUTK 30HK. Nopaan MHOro6poin-
HUTE CcW ynoTpebu B OWETU, KaKTo U B
npepaboTBaljaTa NPOMULLMIEHOCT, TOW ce
cuuTa 3a MHOTO LEHEH 3e/1eH4YyK. B 3aBu-
CMMOCT OT copTa ¥ nNpegHa3Ha4yeHNeTo Ha
Npon3BOACTBOTO, KynTypaTta ce 13nosi3sa
B TeXHos0rMyHa (u3nonssaema) uaum du-
3noniornyHa (6oTtaHuyecka) 3psNocT B
NPACHO U  NpepaboTeHO  CbCTOsHUE
(Gvozdenovi¢ et al., 2006).

Mpe3 2017 r., pacTeHua nunep ca
3acageHn B Cbpbus Bbpxy nnaoul ot 17
386,00 ha cbc cpegeH fo6us ot 11.4 t ha™
(webrzs.stat.gov.rs, 2018). B 3aBucuMocCT
OT BMAA Ha pacTex, MMnepbT MOXe Ja ce
npounseexja no pasnyHy HauYMHU 1 ga ce
N3Moni3Ba 3a pas/inyHun Lenw.

Tbl KaTo YyLlKMTEe UMaT AbAbl ne-
pvof Ha Beretauus, e Heobxogumo aa ce
OCUIYpSIT XpaHWTesSHM BellecTBa B A0cC-
TbMHa hopma npes uenus nepuogd. Moa-
XpaHBaHeTo TpsibBa ga rapaHTipa 6anaH-
CMpaHO CcHabgsBaHe Ha pacTeHuaTa C
XPaHUTE/THM BellecTBa No BPEME Ha pac-
Texa M pa3BuUTUETO, 0COBEHO B NEpPMOAM
Ha MoBMWEHa HyXxga oT Boga. Henpe-
KbCHATOTO HanosiBaHe yBesMyasa U3B/u-
YaHeTO Ha XpaHuWTesSHW BeLlecTBa OT
nouysata (Gvozdenovic et al., 2006).

MunepbT wM3UCKBA TOP, Aas3OTHMU,
hochopHM 1 KanueBu Topoe. Ton ce
oTrnexpga Ha HeytpasnHa (PH = 6-7) nnn
cnabo kncena noysa. V3knUMTENHO YyB-
CTBUTEJ/IEH € KbM 3acofieHn no4vsu. MNopa-
OV ObNTsS C1 BereTauMoHeH Nepuog, Yec-
TOTO HanosiBaHe W CpaBHWUTENHO C1abo
pasBuTa KOpeHoBa CUCTEMA, Pa3nosioxe-
Ha B MAUTKUSI NOYBEH C/IOW, pacTeHusATa
nmat BUCOKM U3NCKBAHUS KbM OPraHnuyHu-
T€ N MUHEepasIHW XpaHuTeNHW BellecTsa.
CnepoBartesiHo,  BCUYKM  XpaHUTENHU
BellecTBa TpsibBa Aa 6baaT AOCTaBEHM B
necHogocTbnHa popma B KopeHoBarta
30Ha. M3nckBaHMATA KbM XpaHUTENHWTE
BeEllecTBa Ca 3a Lenns BeretauvoHeH
nepuog n ocobeHo no Bpeme Ha ubdre-

The importance of peppers also
arises on the surfaces on which they are
grown. It's a very intense culture. It is
grown in an open field and in a protected
area. Due to its multiple uses in the diet
as well as in the processing industry, it is
considered a highly regarded vegetable.

Depending on the variety and the purpose
of production, it is used in technological
(usable) or physiological (botanical)
maturity in fresh and processed state
(Gvozdenovi¢ et al., 2006).

In 2017, 17,386.00 ha were sown
under these vegetables in Serbia, with an
average vyield of 114 t ha®
(webrzs.stat.gov.rs, 2018). Depending on
the type of growth, pepper can be
produced in different ways and used for
different purposes.

Since peppers have long
vegetation, it is necessary to provide
nutrients in an accessible form throughout
the growing season. Nutrition should
ensure a balanced supply of plants with
nutrients during growth and development,
especially in times of increased water
demand. Continuous irrigation increased

nutrient leaching and increased plant
nutrient uptake (Gvozdenovi¢c et al.,
2006).

Peppers require fertilizers, nitrogen,
phosphorus and potassium fertilizers.
Peppers respond neutral (PH = 6-7) to
slightly acidic. It is extremely sensitive to
saline lands. Due to its long vegetation,
irrigation and relatively poorly developed
root system, the pepper, which is in a
shallow plowed layer, has high requirements
for organic and mineral nutrients.

Therefore, all nutrients must be cured in
an easily accessible form in the root zone.

Nutrient requirements are throughout
vegetation and  especially  during
flowering, fruit formation and ripening
stages (Gvozdenovic¢ et al., 2006).
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Xa, hopMypaHeTo Ha NaoJoBe U 3peeHe
(Gvozdenovi¢ et al., 2006).

BruonornuHoTo 3emegenue chyerta-
Ba Tpaguuus, MHoBauuum WM Hayka, 3a ja
npoussefe 34paBOC/IOBEH NPOAYKT M Ja
3anasu okosiHata cpepa 3awuTeHa. W3-
non3BaHETO Ha aKTMBEH BbI/IEH B OKO-
JIOTMYHO MNPOM3BOACTBO € efHa OT Bb3-
MOXHOCTWTE 3a 3ana3BaHe U NoBuLlaBaHe
Ha KayecTBOTO Ha moyBaTa M cnepoBa-
TeNHO Jo6uBa OT Ky/ITMBMpPaHUTE pacTte-
Hua (Lehman et al., 2005; Biederman and
Harpole, 2013).

BHacsHeTo Ha 6UOBbBI/IEH CE OCHO-
BaBa Ha ONMWUT OT Npeau ABe XUNsau ro-
OVIHW, KOWTO Npe3 nocnegHute gecetune-
TMS ce NOAHOBABA Nopaau LoKa3aHn MHO-
robpoHn nonsm (Chan et al.,, 2007).
Bb34eicTBMETO € KakTo [AbAr0CPOYHO,
Taka 1 kpaTkocpoyHo (Mann, 2005).

Kakto 6UOBBINEHDBT, Taka 1 akTUB-
HUAT BbIJIEH Ca MUPOTEHHU BbINIEPOSHM
BewectBa (PCM). Te ce nonyyasaT ypes
TEPMOXUMUYHA KOHBEPCUSA Ha BbINepos-
HW CYPOBUHN (MUponn3a unn/n akTnempa-
He). BuoBbrNeHbT ce npousBexga oT
yCTONYMBO M3BMMYaHa 6Guomaca u ce
M3Mnon3Ba 3a HEOKUC/UTENHWU MNpPUIoXe-
HWS B CEJICKOTO CTONaHCTBO (Hanpumep B
rnoysaTta) M CbL0 Taka ce obCbxaa kaTto
CypOBMHA 3@ MPOMMULUIEHN MPOLECHU.
BcblHOCT ce M3nos3Ba 3a ynaBsHe Ha
Bbrnepod. CnepgosartesiHo, ako ,OMOBbBI-
NeHbT" ce u3non3ea kKato ropvBo, TOi
usraps 1n BbIIEpoO4bT ce TpaHchopmupa
(okucnsiea) B CO,, M BCBLHOCT ce Kna-
cudmumpa Kato Bbl/ieH. AKTUBHUAT Bbl-
NIeH ce npowusBexja OT BCEKW BbINepo-
[OeH U3TOYHMK (U3Konaemu, oTnagbumn unm
Bb30OHOBSIEMU WU3TOYHULM) U € MpOoek-
TMpaH fda ce M3Mnosi3Ba karto CopbeHT 3a
OTCTpaHsiBaHe Ha 3aMbpCUTENN KakTo OT
rasoBse, Taka M OT Te4YHOCTU. VI gBaTa ma-
Tepuana vMaT CBOsiTa OT4YeT/iMBa WCTO-
pusi, ACHO OTAENEHN HAayYHM OBLLHOCTU U
060Cc06eHN NUTEpaTYpPHU U3TOYHMUM. 3a
CbXasleHMe Mncea obLlionpueTa TepMUHO-
norva un gedwmHuumsa (Hagemann et al.,
2018).

Bbnpekn TOBa, Tbi Kato npeasno-

Organic farming combines tradition,
innovation and science in order to
produce healthy product and keep the
environment protected. The use of
activated carbons in organic production is
one of the possibilities to preserve and
raise the soil quality and therefore the
yield of the cultivated plants (Lehman et
al., 2005; Biederman and Harpole, 2013).

Soil biochar amendment is based
on two thousand years old experience,
which in recent decades has been
renewed because of proven multiple
benefits (Chan et al, 2007). This
importance is largely long-term, but also
reveals the short-term effects (Mann,
2005).

Both biochar and activated carbon
are pyrogenic carbonaceous materials
(PCM). They are produced by
thermochemical conversion of
carbonaceous feedstock (pyrolysis or/and
activation). Biochar is produced from
sustainably sourced biomass and is used
for non-oxidative applications in
agriculture (e.g., in the soil) and is also
discussed as a raw material for industrial
processes. By definition, it is used for
carbon sequestration.

Hence, if “biochar” is used as a fuel, it is
burned and the carbon is transformed
(oxidized) into CO2, it is actually classified
as charcoal. Activated carbon is produced
from any carbon source (fossil, waste or
renewable) and engineered to be used as
sorbent to remove contaminants from
both gases and liquids.

Both materials have their distinct history,
widely separated scientific communities
and separated bodies of literature.
Unfortunately, a generally accepted

terminology and definition is lacking
(Hagemann et al., 2018).
However, as the proposed
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)XEHOTO MU3N0N3BaHe Ha GUOBBLINIEH U ak-
TMBEH BBLINIEH BCE MOBeEYEe Ce NpUnoKpu-
BaT, UH(popmauumsTa 3a ,gpyrata” cgepa
BbB BCEKM Criydail mMoxe pga 6bae oT
nonsa. loHacTosiweM, OWOBLINEHBT U
aKTUBHMAT BbIJIEH Ce U13Mno/a3Bar 3a
Bb3CTaHOBSIBAHE Ha Mo4yBaTa, KaTo npeau
CcaM0 aKTUBHUSI BBLINIEH € WK3MO0J3BaH 3a
Tasu uesn. AKO akTUBHUSIT BbIJIEH He 6bae
OTCTpaHeH cneg npuiaraHeTo 1 ako Toil e
npou3BefeH 0T Bb30OHOBSIEMU CYPOBUHU
1 OTroBaps Ha Apyru cneyudmkaumm, Toi
MOXe fAa ce cumta 3a 6uosbrieH (Laird
2008; Woolf et al., 2010; Hagemann et al.,
2018 ; Yadav et al., 2018).

MHoOro wu3cnegsaHus NOTBbPXAA-
BaT, Ye nouysarta oborateHa ¢ GMOBBLINEH,
MOXe [a nofobpu pactexa Ha pacTeHus
(Seremesi¢ et al., 2015; Tian et al., 2018;
Yadav et al., 2018). Cnopep, Tian et al.,
(2018) BkntOUBaHETO Ha OMOBBINEH Npe-
AV3BYKBa asikanmsauus Ha noysara, Koe-
TO MOXe Ja yBenuum Hutpudmkauusta U
1 HmBaTa Ha a3oT (N). YBennyaBaHeTo Ha
pH Ha nouyBaTa BEPOSATHO LUe NOoBMMUsAE Ha
enekTponposogumocTtTa (EC), KaTMoHHUSA
06meH (CEC) n we yBennum okengute Ha
ankanHu metanm  (Mg®, ca® wn K.
OcBeH TOBa, TO HaMaisiBa pa3TBOPUMU-
Te hopMn Ha aslyMUHWIA, KOUTO ce cunTaT
3a Hai-3HauMMus pakTop Ha 6uoBbIe-
Ha, BNMsiel, BbpXy pasTBopumocTTa Ha P
(De Luca et al.,, 2009; Tian et al., 2018;
Yadav et al., 2018). MNonesHute edektn
Ha OMOBBLINIEHA Ca LUMPOKO MPOYYEHM B
cBeTa. Bbnpekn ToBa B HawaTa Cescko-
CTOMaHCKka Hayka /unceBa ekcrnepumeH-
Ta/IHO NOTBLPXAEHME HA MPUIOXKEHNETO
Ha 6uoBbriieHa. MNMpoyyBaHusaTa 3a U3non-
3BaHeTo Ha OuoBbINIEHa Ce M3BbpLUBaT
rNaBHO BbpXy NOYBWM NPU TPOMUYECKN U
B/I2KHN KIMMATUYHW YC/IOBUS, KOWUTO ca
no-gerpagupany, € adnca Ha MNO4YBEH
opraHuueH Bbrnepog (Seremesi¢ et al.,
2015; Tian et al., 2018; Yadav et al., 2018).

CnepoBartesiHO Uenta Ha HacTos-
LWOTO npoyyYyBaHe e pa ce u3cnensa
NPWIOXKEHNETO Ha ObPBEHM BbI/MWa B
3e/1eHYYKONPON3BOACTBOTO nNpu  6mono-
rMYHO Mpou3BoACTBO. NpocneaeH e fo6w-

applications of biochar and activated
carbon increasingly overlap, awareness of
the “other” domain in each case can be
beneficial. Nowadays both biochar and
activated carbon are used for soil
remediation, which before has been solely
an application of activated carbon. When
the activated carbon is not removed after
the application and if this activated carbon
was produced from renewable feedstock
and is complying to further specifications,
it can be considered as biochar (Laird
2008; Woolf et al., 2010; Hagemann et al.,
2018; Yadav et al., 2018).

Many studies confirmed that soll
incorporated with biochars can improve
plant growing (Seremesic¢ et al., 2015; Tian
et al., 2018; Yadav et al., 2018). According
to Tian et al., (2018) biochar incorporation
induces soil alkalization which can
increase solil nitrification and nitrogen (N)
levels. Increases in soil pH are likely to
affect electrical conductivity (EC), cation
exchange capacit;/ (CEC) and increase
alkaline metal (Mg**, Ca** and K") oxides.

Likewise, it reduces soluble forms of
aluminum, which is suggested as the
most significant biochar factor affecting P
solubility (De Luca et al., 2009; Tian et al.,
2018; Yadav et al., 2018).

Beneficial effects of biochar have been
elaborated in studies word wide. However,
there is a lack of experimental
confirmation of the biochar application in
our agricultural science. Researches of
biochar use have been mainly conducted
on soils under tropical and humid climatic
conditions, which are more degraded and
have a lack of soil organic carbon
(Seremesic¢ et al., 2015; Tian et al., 2018;
Yadav et al., 2018).

Therefore, the aim of this study is to
research the charcoal application in
vegetable  farming under  organic
conditions. The parameter that is followed
is pepper yield under temperate climatic
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BbT Ha NUMNep Mpu yMmepeHu KnumatuyHu
ycnosua. 3a 6MOSIOTMYHOTO MNPOU3BOL-
CTBO € MHOIO BaXHO fa ce usbepe nog-
XOfALL, COPT, KONTO Aa ce oTrnexpga cno-
pen ekonornuuute npuHuunu (Vasic, 2016).
O6wara nnow, Ha cepTuduumnpaHe (kato
ce VMa npefsu OpraHnyHWA cTaTyc Ha
napuenuTe B nepuoga Ha npeobpasyBaHe
B Cbpbus e 7 998 ha, nnwc nuBagn n
nacuwa 1549 ha. Mpes 2014 r. 3eneHYy-
uuTe npegcrasnsasar camo 2% OT cepTtu-
hmumpaHnTe BUAOBE pacTeHUs.

MATEPVAJZT U METOOU

EkCnepyMeHTLT € U3BbpLIEeH B
MecTHocTTa Tpmuape, o6wmHa Kpylwesal,
B OpaHXepusl No paHaomu3vpaHa 6/10koBa
cucTtemMa B 2 MOBTOpeHus. 3acafeHn ca
25 pacTeHus, TpeTupaHu c rosexaa Top u
6ykoBM ObpBEHU BbrAuwa mn 25 pacrte-
HWA, TpeTupaHn camo C rosexga Top,
KaTo KOHTpo/a.

PacTeHusiTa ca 3acageHun BbB -
Tapun. OrpaHnMyeHun ca [0 ABe pasKioHe-
HWS, Ypes npuLLmnBaHe.

PasctosiHneTo Mexnay peposeTte e
40 cm, AoKaTo pa3CToAHMETO MeXay pac-
TeHnata B eanH peg e 30 cm. [lMpowus-
BOZCTBOTO Ha pa3cap, oT reHotun Amanda
3anoysa npe3 20 mapt 2019 r. B cTbK/IE-
Ha opaHXepus, a pacTeHusTa ca 3acaje-
HM Ha 20 maili 2019 r. B napHuk. MNpean
ceutba nmnouysata e noAroTBeHa upes
[o6aBKa Ha rosexaun Top B KO/IM4eCTBO OT
200 kg Ha 60 m® Ha AbNGOUMHATA Ha
centbeHus cnoii. Cegem OHWM Npeay 3acax-
JaHe, Ha AbnboynmHata Ha centbeHus
C/I0i e BHeCeHa CMeC OT roBexau Top B
kKonnuectso 200 g/pacteHne wn 200
g/pacteHne OYKOBM [ObpPBEHM BbrMLWA.
KoHTponata He e o6paboTeHa ¢ GyKoBU
ObPBEHN BBLIMLA, & CaMo C roBexaa Top
B Konuuyectso ot 200 g/pacteHue. N3non-
3BaHUAT 3a Tasu Lesl aKTMBEH BbLIJIEH €
npoussefeH OT eCTeCTBEHU CYPOBUHU U
noslydeH uypes kapboHusMpaHe Ha Oyk,
noabpaH CbINaCHO CTPOro onpejesieHu
TEXHUYECKN N3NCKBAHWNSA Ypes aKTUBMpaHe
Ha napa B cTatuyHa newy,

BnarogapeHne Ha CBOSi opraHu4eH

conditions. For the organic production, it
is very important to choose the right
genotype to be grown according to
ecological principles (Vasi¢, 2016). The
total area under certification (taking into
account the organic status of the plots
and plots in the conversion period) in
Serbia is 7,998 ha, plus meadows and
pastures of 1,549 ha. In 2014, vegetables
accounted for only 2% of the certified
plant species.

MATERIAL AND METHODS

The experiment was set up at
Trmcare locality, KruSevac municipality in
a greenhouse according to a random
block system in 2 replicates, planting 25
plants treated with cow manure and retort
beech charcoal and 25 plants treated only
with cow manure as a control.

The peppers were planted in the
rafters. The plants were pinched on two
branches, as a binder used as a support
for the pepper plants.

The row spacing was 40 cm, while
the plant spacing in one row was 30 cm.
The production of pepper Amanda
genotype seedlings has been started on
20 March, 2019 in the glasshouse, and
the seedling has been done on 20 May,
2019 in the greenhouse. Before sowing,
the soil was prepared by adding cow
manure in the amount of 200 kg per 60 m?
at the depth of the sowing layer. Seven
days before planting, a mixture of cow
manure in the amount of 200 g/plant and
200 g/plant of retort beech charcoal was
introduced at the depth of the sowing
layer. The control was not treated with
retorted beech charcoal, but only with cow
manure in the amount of 200 g/plant. The
activated charcoal used for this purpose
was produced from natural raw materials
and obtained by carbonation of beech,
selected according to strictly defined
technical requirements by activation of
steam in a static furnace.

Due to its organic origin and
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npomsxog W MeTOo4 Ha NpoU3BOACTBO,
ObpBeEHUTE BbIWLWA MMaT onpegeneHa
CTeneH Ha akTMBHOCT (A0AHO 4mMcno oT
233-750 mg/g), KoATO My MO3BOSsBA Aa
3anasBa BOAHM 3anacu u no TO3W HauuH
OCUrypsiBa HyXxHarta Bfiara 3a pacTeHus-
Ta. /13non3BaHeTo Ha aKkTMBEH BbI/IEH B
6MO/I0TMYHOTO MPOM3BOACTBO € MHOrO
nosie3Ho nopaan BbBexAaHeTo Ha N, P,
K, mukpoenemeHTtn (mg/kg: Ca-8590, Mg-
1260, K-7400, P-380, S-350 Mn-32, Fe-
230, Zn-20, Cu-23), opraH/4HN BeLLecTBa,
XYMWHOBW KUCENNHW N aMWHOKUCESIUHW,
KOMTO nognomarar pacTexa Ha pacTeHus-
Ta U nogob6psieat 34paBHWUS MM cTaTyc.
CTpykTypaTa Ha MaTepuasia rapaHtupa,
ye noyesata € pOxKkaBa, Tbil Kato He ce
pastBaps B Hes. B TO3M ekcnepumeHT ce
M3Mo/i3Ba aKTUBEH BbI/IEH C FPaHy/IOMeT-
pusa ot 0-2.5 mm. lNenenta Ha Taka nony-
YeHuss maTepuan MMa BUCOKO CbAbpXa-
HME Ha efIeMEHTU KaTo OKCUAMW Ha Kanui,
Ka/uuin n marHesmuii.

CblUO Taka, aKTUBHUAT BbI/IEH Cb-
ObpXa No-BUCOK MPOLEHT AbPBEHU Bbr-
nvwa, Taka 4Ye mma hocpatv B nenenta,
KOETO € OT/IMYEH U3TOYHWK Ha TO3U MUK-
poenieMeHT 3a pacTeHuneTo. Mopagn npo-
M3xoda U CbObPXAHMETO Ha asKaHu
MeTanu, pH Ha T03u matepuan e 9-11.

Uywiknte ca oTriexaaHun Ha otaen-
HO pacTeHue. CnegHuTe nokasatenu ca
HabnogaBaHy B ekcrepumMeHTa: o6ms Ha
naoaoBe OT pacTeHne n 6poii NogoBe Ha
pacteHue. M3nonsesaH e AuCNepcUoHeH
aHanm3 (ANOVA) B cTatucTuyeckaTa
nporpama Statistica 8 3a nscnegsaHe Ha
pasMknuTe B W3MEPEHWUTE XapakTepuc-
TUKN MeXay TPeETMpPaHUTE U HETPETUPAHM
pacTeHust Ha MuNep U TEXHUTe B3aMMO-
[OelicTBMA, KaTo ce 13nosi3ea T-TeCTbT Ha
CTtiogeHT ¢ HuBO Ha 3Haummoct 0.05.
Pesyntatute ca npeactaseHu B rpaduka.

PE3YNTATU

[o6MBBLT OT TPETMPaHUTE pacTeHns
e cpegHo 2125.00 g OT pacTeHue, a B
KOHTPO/IHUTE pacTeHusa cpenHo 1543.00 g
(durypa 1). Macata Ha nfoga e xapakre-
puctvka Ha reHotMna u e eguH oT

production method, charcoal has a certain
degree of activity (iodine number of
233-750 mg/g), which allows it to retain
water reserves and thus provide the
moisture needed by the plant.

The use of activated carbon in organic
production is very useful because of the
introduction of N, P, K, trace elements
(mg/kg: Ca-8590, Mg-1260, K-7400, P-380,
S-350 Mn-32, Fe-230, Zn-20, Cu-23),
organic substances, humic acids and
amino acids that help the plant’s level and
improve their health. The granulometric
range of the material ensures that the soil
is loose because it does not dissolve in
the soil. Activated carbon granulometry
0-2.5 mm was used in this experiment.
The ashes of the material thus obtained
have a high level of elements such as
oxides of potassium, calcium and
magnesium.

Also, activated charcoal contains a
higher percentage of charcoal so it has
phosphates in ash, which is an excellent
source of this microelement for the plant.
Due to the origin and content of alkali
metals, the pH of this material is 9-11.

Peppers were grown on a single
tree. The following parameters were
monitored in the experiment: fruit yield per
plant and number of fruits per plant.

Analysis of variance (ANOVA) in Statistica
8 statistical program was used to examine
differences in the measured characteristics
between treated and untreated pepper
plants and their interaction, using the
Student's T-test of significance level 0.05.
The results were presented in a graph.

RESULTS

The vyield of treated plants
averaged 2,125.00 g per plant and in the
control plants averaged 1,543.00 g
(Figure 1). Fruit mass is a genotype
characteristic and is one of the factors
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thakTopnTe, KOUTO Onpeaensit HelHoTOo
npefiHazHaueHue.

that determine its purpose.

Yield per plant (g)

2500

2000

1500

1000

500

Treatment

Control

®ur. 1. BAvsaHWe Ha pasnnYHMUTE BapuaHTW Ha TOPEHE U KOHTposata BbpXy

[obuBa (rpam Ha pacTeHue)

Fig. 1. Effect of treatment and control on yield of the friut (grams per plant)

AncnepcnoHHmaT aHanm3 (ANOVA)
3a f06MB Ha nnogoBe (rpam Ha pacTeHune)
nokasa CTaTUCTUYECKM 3HAYMMa pasfvka
Mexay pacTeHusita, TpeTupaHu ¢ GyKOBU
ObpBEHN BbI/MWLE, W HeTpeTupaHuTe
pacTeHusl, KakTo U TEXHUTEe B3auMogeii-
cTBus. Mo KOHKpEeTHO, Gelle yCTaHOBEHO,
ye TpPeTMpaHWTe pacTeHus umart cTaTuc-
TUYECKN 3HAYUTESTHO MO-BUCOK A06UB OT
nnogose (B rpam OT pacTeHue), OTKOMKO-
TO pacTeHusiTa OT KOHTposiaTa.

YCTaHOBEHO € CbWo, 4Ye uma
CTaTUCTUYECKN 3HAYMMA pas3niuka Mexay
obwusA gobmB Ha udylKM U Bpos UM OT
TpeTMpaHUTe B CPaBHEHUE C KOHTPOSTHUTE
pacTtenus (durypmn 2 n 3).

Analysis of variance (ANOVA) for
fruit yield (grams per plant) indicated a
statistically significant difference between
plants treated with retorted beech
charcoal and non-treated plants as well as
their interactions. Specifically, it was
found that the plants from the treatment
had a statistically significantly higher fruit
yield (in grams per plant) than the plants
from the control.

It was also found that there was a
statistically significant difference between
the total fruit yield and the number of fruits
on the pepper plants under treatment
compared to the control plants (Figures 2
and 3).
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Total yield (g)

Treatment

dur.

Control

2. 06w, pobws OT nsiogoBe (rpamMoOBe) OT TPeTUpaHu U HeTpeTUpaHu

pacTeHns Ha nunep ¢ 6YKOBU BbIIEHN BbImwa
Fig. 2. Total fruit yield (grams) of treated and untreated pepper plants with

retorted beech charcoal

TpeTMpaHuTe pacTeHWss U KOHTPO-
nara ca pasfiMyHu, Kakto B 06Wwusa nobus
Ha nnogoBe OT pacTeHue, BpeMe 3a npu-
6upaHe Ha pekontarta, Taka v npu nno-
JofjaBaHeTo BbB BpemeTo. [lpu pacte-
HUATA, TPETMpPaHN C AbPBEHWN BbI/IMLLA,
nbpBUTE NN0A0BE ca CbbpaHu Ha 28 1u
2019 r., a nbpBarta pekosita OT KOHTPO/I-
HUTE pacTeHuss e npubpaHa Ha 7 aBryct
2019 r. YcTaHOBM ce CblO, Ye TpeTupa-
HUTE pacTeHWs uMar Mo-paBHOMEPHO
pasnpegeneHne Ha nNaoLoBeTe OTKOIKOTO
pekonTata OT KOHTPOJIHWUTE pacTEHUs.
PacteHusita, TpeTUpaHn C aKTUBEH BbI-
NeH, 3anoysBar Aa fasaT nnogose no-
paHo, B CpaBHEHME C KOHTPOSIHUTE. YCTa-
HOBEHO € Cblo, Ye TpeTupaHuTe pacTe-
HUS MMat no-ronsam 6poli No-maskm u
efjHakBW Mo pasmep NJ040Be B CpaBHe-
HWMEe C KOHTPOJIHUTE PacTEHUsA, KOUTO umart
no-mMasibk 6poii no-rosiemn nnogoBse, C
HeegHakBu pasmepu (durypa 3).

Treatment and control varied, both
in total fruit yield per plant, harvest time
and fruit yield over time. In plants treated
with charcoal the first fruits were
harvested on July 28, 2019 and the first
harvest for plants in control was on
August 7, 2019.

It was also observed that the plants in the
treatment had more even distribution of
fruits for harvest than the plants in the
control. Plants treated with activated
charcoal began to bear fruits rather than
plants in control.

It was also found that the plants under
treatment had a larger number of smaller
and uniform fruit sizes compared to
control plants that had a smaller number
of larger fruits, of unequal size (Figure 3).
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Total number of fruits
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Treatment
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®ur. 3. BAnsiHMe Ha TpeTupaHuTe BapuaHTU U KOHTposiaTa BbpXy 06LMUsA 6poii

nnoaoee

Fig. 3. Effect of treatment and control on total number of fruits

Pasnuknte B fobusa mexay Tpetu-
paHuTe W KOHTPOJSIHWUTE pacTeHus npu
BCAKa OTAefIHa pekonta ca CcraTtuctu-
Yyecku 3HauMMK, a Hali-mankaTa pas/ivka
e B nocnepHara pekonta. CpefHo npu
TpeTMpaHeTo M KOHTpofarta, Haii-BMCOK
[o6uB e pernctpupaH npu nocrnegHarta
pekonta (®urypu 1, 2 n 3).

Oo6wmaT [obus Ha nnofoBe 3a
TpeTupaHuTe pacteHnsa e 56 348.00 g, a
3a KOHTposiHUTE pacTeHuns - 40 940.00 g.

Ha6niogasaHu ca cbLo pasmepuTe
Ha nfogoseTe W cnej 06paboTka Ha
CTATUCTUYECKUTE [AaHHW Ce YCTaHOBEHW,
ye TpeTupaHuTe NaoLoBe ca No-Maskum ot
KoHTponaTta (Purypa 4, 5).

The differences in yield between
treatment and control within each
individual harvest were statistically
significant, with the smallest difference
within the last harvest. On average, in
treatment and control, the highest yield
was recorded at the last harvest (Figures
1, 2 and 3).

The total fruit yield for the pepper
plants under treatment was 56,348.00 g
and for the control plants 40,940.00 g.

We also monitored the dimension
of the fruits and after statistical data
processing it was observed that the fruits
from the treatment were smaller than the
fruits from the control (Figure 4, 5).
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Average fruit length (cm)
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26,5
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Treatment Control

dur. 4. BnvsaHne Ha TpeTupaHuTe BapuaHTU M KOHTPOJiaTa BbpPXY pasmMepuTte Ha
nao4oBeTe Ha nunep
Fig. 4. Effect of treatment and control on the dimension of pepper fruit

Average fruit volume (cm)

15,4
15,2

15
14,8
14,6
14,4
14,2

14

13,8

Treatment Control

dur. 5. BAvgHne Ha TpeTMpaHuUTe BapuaHTU UM KOHTpoJiaTa BbpXy pa3mepa Ha
naogose oT gomat
Fig. 5. Effect of treatment and control on the dimension of tomato fruit
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OBCBbXOAHE

OnTmanHuTe  Temnepatypu U
CBEeT/IVHaTa B paHHUTE eTanu Ha pa3Bu-
Te onpegenat fobuea M kavyecTBOTO Ha
nnogosete (Rylski et al., 1994).

Cnopepn Bogdanovi¢ et al. (2012),
Hali-BMCOKM [J06MBM Ha nunep OT copT
Amdopa, Bbpxy 1 6e3 tonmo, ca nonyye-
HW npu: TOpeHe, cnej ToBa KOMMOCTU-
paHe CbC CBMHCKM TOp, 3EMEH 4YepBe,
nperopsisia 06opcka Top, a Halk-HUCKN Npwu
NPUIOXKEHNE CaMO Ha MUHEpasiHN TOpoBe
(NPK). Mo-ronsamo Bb3aencTene Ha Topta
BbpXy 40OUBa Ha munep B CpaBHEHWE C
APYrv NPUIOXKEHN OpPraHUYHU TOpPOBE Ce
Ob/MKN Ha TexHosormsATa My Ha npowus-
BOZCTBO M HeroBus cbceTas. Fertor e rpa-
HyNIMpaH OpraHuvyeH MUIELKN Top, KOMTO
ce pobaBs KbM ApYyrM OpraHvyHu Belyec-
TBa OT pacTuTeNeH NpPomsxos U Cbabpxa
BCUYKM BMOreHHn enemeHTn. ChbLUO Taka,
TpeTVpaHeTo C KOMMOCTMpaHa CBUHCKAa
TOp € [OBeNno A0 No-BUMCOKM A06MBKU OT
nunep oTrnexgaH ¢ (posmo B cpaBHEHue
C rNyTeHa, Nperopsisia roBexga Top U Mu-
HepanHu Topose (NPK), koeTo ce 065cHS-
Ba C MHOIO Mo-BUCOKaTa pasTBOPUMOCT U
Ha/INYNETO Ha OMOrEHHU efleMeHTH, npe-
OVMHO a30T. OTKOJIKOTO B KOMMOCTUpa-
naTta CBMHCKa TOp, N0 OTHOLLEHNE Ha Apy-
r cuctemu 3a TopeHe. Cnopef uscneg-
BaHus Ha Deni¢ (2010) BbpXYy Lapesuua.-
Ta 1 Bogdanovi€ et al. (1995) BbpXy niie-
Huuata Bb3gencTBneto Ha NO3-N ot
TeyHa CBUWHCKa TOp npe3 roguHara Ha
npunaraHe Bbpxy Ao6mBa € UAEHTUYEH C
Bb3AENCTBUETO Ha NpwiaraHuTe MuHe-
pasiHu TopoBe (NToKanHo uuT. Bogdanovi¢
et al., 2012).

B HacToslieTo npoy4BaHe e ycTa-
HOBEHO, Ye pacTeHusl, TpeTupaHu ¢ Byko-
BM [AbPBEHW BbLIAVWA, WMAT NO-BUCOK
o6w, Ao6uB Ha njogoBe OT pacTeHue,
KakTo U B CpaBHEHUE C KOHTPO/IHUTE pac-
TeHns. Taka 3a TpeTupaHuTe pacTeHus
nbpBaTa pekonTa e npubpaHa Ha 28 nu,
[oKaTo 3a pacTeHusiTa OT KOHTpona nbp-
BaTa pekosita e npubpaHa Ha 7 aBryct
2019. o6uBBT Ha nnogoBeTe ce obycna-
BS [/1aBHO OT TEHETUYHW MOJSINFEHHNU

DISCUSSION
Optimal temperatures and
brightness in the early stages of

development determine the yield and
quality of the fruit (Rylski et al., 1994).
According to Bogdanovi¢ et al.
(2012) of applied organic fertilizers, the
highest yields of pepper of the Amfora
variety, on and without foil, were achieved
with: fertilizer system, then composted pig
manure, earthworm, burnt bovine manure,
and the lowest only with mineral fertilizers
(NPK). The greater effect of fertilizer on
pepper yield compared to other applied
organic fertilizers results from the
technology of production of this fertilizer
and its composition. Fertor is pelleted
organic chicken manure that has been
added to other organic materials of plant
origin and contains all biogenic elements.

Also, treatments using composted pig
manure resulted in higher pepper and foil
yields than gluten, burnt cow manure and
mineral fertilizers (NPK), which could be
explained by the much higher solubility
and presence of biogenic elements,
primarily nitrogen, from composted pig
manure, relative to other fertilization
systems.

According to research by Deni¢ (2010) on
maize and Bogdanovi¢ et al. (1995) on
wheat the effect of NO3-N from liquid pig
manure in the year of application to yield
was identical to the effect of applied
mineral fertilizers (loc. cit. Bogdanovi¢ et
al., 2012).

In this study, it was found that
plants treated with beech retort charcoal
had a higher total fruit yield per plant as
well as compared to control plants.

Thus, for the plants from the treatment the
first harvest was already on July 28, while
for the plants from the control the first
harvest was on August 7, 2019. Fruit yield
is conditioned primarily by genetic
polygenic factors, but is also dependent
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(hakTopu, HO CbLLO Taka 3aBUCU OT BbH-
WwHa cpega. OT HaACTOALWOTO Mpoy4yBaHe
cTaBa AICHO, Ye 6yKoBUTE AbPBEHU BbI/N-
lWa okasBaT NOMOXUTESIHO Bb3AelcTBue
BbPXY A06MBA Ha JOMATU B OpaHXepus.
Hait-egpute nnogose ca nosyvyeHun
OT NbpBUS eTax, Cnej KOeTo pasmepa
cTaBa Mo-mMasbk. Pasnnuuute coptoBe
nunep yspsieaT M MoraT fga ce 6Gepar
MHOrokpatHo. OT TOpeHeTo A0 nepuoga
Ha TeXHOMOrMYHa 3pPS/I0CT, B 3aBUCUMOCT
OT copTa M YCNoBusiTa Ha OTIexgaHe,
06MKHOBEHO OoTHema ok0/10 30 aHun. Yyw-
KATe morat fa ce cboupaT Cblio U BbB
(pasa Ha pumsmonornyHa (6oTaHUYecCKa)
3pSAIOCT, KOrato UBeTbT Ha njoga vm e
YyepBeH, OpaHXeB Wan nunas. Tasun 3ps-
NI0CT Ha N/I0J0BETE Hail-4ecTo ce M3nos-
3Ba B NpomuieHaTa npepaboTka. Jobu-
BbT Ha naogose OT nunep npu dmsmno-
nornyHa 3pganoct 4yecto e ¢ 50% no-
HUCBK OT TO3U, MNOSTYYEH MPU TEXHOOTMNY-
Ha 3psnocT. MNpn 3abaBsHe NpMbUpaHeTo
Ha pekontarta, AOOMBBLT CbLO MOXe fJa
ce noHmwkn ¢ 30%. MNnogoBe cbC cpegHo
KbCHa M KbCHa 3psASIOCT, KOATO € Xapak-
TepHa 3a Hawusa palioH, ca rotoBu 3a
npuéupaHe B Kpas Ha 01 1 Ha4anoTo Ha
aBryct M npogb/hkaBa [0 nepuoja Ha
3acTygsaBaHe (Gvozdenovic et al., 2006).
B nutepatypata HAMa fAaHHM 3a
Bb34ENCTBUETO Ha OyKOBUTE [AbPBEHU
BbINULLA BbPXY A06MBaA Ha nunep.
MoNOXUTESIHO  yBE/IMYaBaHe Ha
fobuBa M Guomacata € YCTaHOBEH Mpu
NpuIoXKeHVe Ha OGUOBbBINIEH Mpoun3BedeH
OT AbpBECcUHa, Liefynos3a, AbpPBECHU CTbp-
roTmHn u ntmnum Top. Yadav et al. (2018)
npaBAaT npernes Ha AaHHW oT 59 cbaoBuU
onuMTM 1 57 NONCKU ekcnepumeHTa oT 21
ObpXaBu 1 ycTaHOBSABAT, Ye Npov3Boau-
TEeNIHOCTTa Ha KynTypuTe ce yBennyasa
cpefHo ¢ 11%. Yadav et al. (2018) cbuwo
OTKpMBaT Mo/3M MNpW MNOJICKA YCNOBMSA,
obukHoBeHo nog 30 t ha™ 1 nocousart, ue
yBE/IMYaBaHETO Ha MPOAYKTUBHOCTTA Ha
KynTypuTe Bapupa cnopej suga uwm, kato
no-rosiiMo noBuaBaHe MMa npu 6060-
BuTe kyntypu (30%), 3enerHuyymte (29%)
n XuTHuTe (14 %) B CpaBHEHME CbC

on the external environment. It is clear
from this study that beech retort charcoal
has a positive effect on tomato yield in the
greenhouse.

The largest are the fruits of the first
floor, and after that the size decreases.
Bouquets of pepper varieties are matured
and can also be harvested multiple times.
From fertilization to technological maturity,
depending on the variety and growing
conditions, it usually takes about 30 days.

Peppers can also be harvested at
physiological (botanical) ripeness, when it
has a red, orange or purple fruit color.
Such fruit maturity is most commonly
used in industrial processing. Pepper fruit
yield at physiological maturity is often
50% lower than that achieved at
technological maturity.

With the delay in harvesting the fruit, the
yield can also be reduced by 30%.
Medium late and late production, which is
characteristic of our area, arrives for
harvest in late July and early August, and
takes place until the occurrence of frosts
(Gvozdenovi¢ et al., 2006).

There are no data in the literature
on the effect of retorted beech charcoal
on pepper yield.

Positive crop and biomass vyield
was found for biochar produced from
wood, paper pulp, wood chips and poultry
litter. Yadav et al. (2018) reviewed
published data from 59 pot experiments
and 57 field experiments from 21
countries and found crop productivity
increased by 11% on average.

Also, Yadav et al. (2018) found benefits at
field aPpIication rates typically below
30t ha™ field application and reported that
increases in crop productivity varied with
crop type with greater increases for
legume crops (30%), vegetables (29%),
and grasses (14%) compared to cereal
crops corn (8%), wheat (11%), and rice
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3bpHEHUTE KYNTypu KaTo uapesuua (8%),
nwenunya (11%) n opus (7%). daHHuTe ca
B CbOTBETCTBME C pe3ynrarute o7
HacTosLwara cratus.

Cnopeg Yamato et al. (2006) npo-
M3BOACTBOTO Ha LapeBuua € 3HauyuTesIHo
MOBULLEHO C/ief, nMpuiaraHeTo Ha gbpBe-
HM BbIMWa B 6egHa nousa. [Monoxu-
TeNHUAT edoekT oT aobaBsHeTo Ha 6uo-
BbI/IEH BbPXY Cyxa LapeBuyHa Gromaca
MOXe fa Ce Ab/DKM Ha NO-ro/IiMO a30THO
cOobpXaHe Ha noyBaTa, KoeTo ce
Habnogasa ot Baronti et al. (2010).

Te3n pesyntatu ca camo npepnsa-
putenHu. Cnegsa fa 6baat npeanpuetu
[ONbAHMTENHM NOAPOOHU NPoyYBaHus, 3a
Ja ce Hamepu Hain-onTMMaslHOTO KOu-
4ecTBO ¥ nepuof 3a npunaraHe Ha Oyko-
B/ AbPBEHM BbINULA 3@ OTI/EX4aHETO
Ha KynTypu B Cbpbus.

N3BOAM

Hali-Bncok JobuB e nocTurHaT npu
pacTeHuss Cc nNpUWIoXKeHWe Ha aKTUBEH
BbI/IEH, AOKATO A0OMBBLT OT KOHTPOJTHUTE
pacteHus e ¢ 27.35% no-HUCHLK. HacTtos-
LLOTO MpoyYBaHe Mokassa MOMIOXUTETHOTO
Bb3feiicTBMe Ha GyKOBM ABbPBEHU BbIMLWA
BBbPXY [0OMB OT NUNEpP B OPaHXepus.

(7%). These data are consistent with the
results of this paper.

According to Yamato et al. (2006)
maize production was significantly
increased after the application of bark
charcoal under a fertilized condition in an
infertile soil environment. A positive effect
of biochar addition on maize dry biomass
could be ascribed to higher soil N-
retention that was observed by Baronti et
al. (2010).

These are only preliminary results.
Further detailed investigations should be
undertaken in order to find the most
optimal amount and time of application of
beech retort charcoal in crops under the
climatic conditions of Serbia.

CONCLUSIONS

The highest fruit yield was achieved
on activated carbon plants, while the yield
on control plants was 27.35% lower. This
study indicates the positive impact of
retorted beech charcoal on the yield of
pepper plants in the greenhouse.
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PE3IOME

M3cnenBaHo e BNAHMETO Ha ONTu-
Ma/THOTO M AePUUNTHO HanosiBaHe C npu-
naraHe Ha HapacTBallM TOPOBWY HOPMW Ha
pobrBa M KauyecTBOTO Ha AomaTu, copT
Solanum lycopersicum 'Big Beef’, oTrnex-
JaHn B HeoToOn/gemMa TyHe/NHa opaHxe-
pus nNpu KarnkoBo HarosiBaHe u epTu-
rauma. EkcnepMMeHTBT € npoBefeH Ha
onuTHOTO nosie YenoneyeHe Ha NHCTUTyTa
no NoYBO3HaHWe, arpoTEXHO/OMMM 1 3awumTa
Ha pacTteHusaTa ,Hukona [ywkapos®, rp.
Cochua npes 2019 r. M3nuTtaHn ca cnepg-
HUTe BapumaHtTn: ViTo — ONTUMasIHO Hanos-
BaHe C NoJMBHa HopMma, onpepjesieHa no
eBanoTpaHcnupauuata; V,T, — onTUMasnHoO
HanosiBaHe, TopeHe Ngos P11g2 Kisgz; ViT2 —
onTUManHO HanosiBaHe, ToOpeHe Nijsg
Pisgs Ki774; V1 T3 — oNTMasiIHO HanosiBaHe,
TopeHe Nisso Poois Kigs; V2T — AednumnTHO
HanosiBaHe  (60%  ETc); Vo,T, -
pevumtHo HanosiBaHe, TopeHe Nggs

SUMMARY
In this study, the effect of optimal
and deficit irrigation by applying

increasing rates of fertilization on yield
and fruit quality of tomato (Solanum
lycopersicum 'Big Beef') cultivated under
drip fertigation with mulch in unheated
tunnel greenhouse was tested. The
experiment was conducted in the
Chelopechene experimental field of the
Institute of soil science, agrotechnologies
and plant protection in town of Sofia,
Bulgaria in 2019. The following treatments
were tested: V;To — full irrigation at
irrigation rate estimated by
evapotranspiration; V,;T; — full irrigation,
fertilization Nggs Pi1g> Kizg7; ViTo — full
irrigation, fertilization Nijs9 Pisgs Ki7.74;
VTs — full irrigation; fertilization Ny, 50
P13 Kigs; VaoTo — deficit irrigation (60%
ETc); V,T, — deficit irrigation, fertilization
Ngos P11.g2 Kizg7; Vol — deficit irrigation;
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Piigz  Kizsn  VoTo - pedvunTHO
HanosBaHe; TOpeHe Niisg Pisgs Kiz7a;
V,T3 — AedUUUTHO HanosiBaHe, TOpeHe
N1450 P20.13 Ki.gs. ,£|,06V|B1>T N KayeCTBOTO
Ha gomaTuTe ca onpeefieHn Nno BapuaHTu.
ExkcnepumeHTasiHUTE pe3ynTatnm nokas-
BaT, Ye KO/IMYECTBOTO Ha BojaTta 3a Ha-
nosiBaHe ¥ Ha B/IOXEHUTEe TOPOBE B/IUAAT
BbpXy MPOAYKTMBHOCTTA Ha JomaTuTe.
Hali-BucokmaT p[obumeB Ha gomatm e
noslydeH ot BapuaHT V,T; — 80.4 t/ha, npu
KOWTO ca Haii-BMCOKM MOJSIMBHATa M TOpPO-
Ba HOpma. HamansaBaHeTo Ha nosvBHaTa
Hopma ¢ 40% Boau A0 NO-HWUCKM A06MBU
3a BapuaHtn V,To — V,T3; B cpaBHeHue C
BapuaHtute V;Tq — VT3 Cc ontumasnHo
HanosiBaHe. lpu HanpaseHUTe U3KKO-
XMMWYHW aHanM3n ca nosyyeHy no-BUCOKU
CTOHOCTU 3a MapamMeTpuTe CyXO BELLECTBO,
peayumpaliy 3axapu, ButamuH C n Tutpye-
Ma KUCEJIMHHOCT 3a JoMaTtute, OTrexaaHu
npu AedUUNTHO HanosiBaHe B CPaBHEHMWE C
Tesu, HanosiBaHN ONTUMAaJTHO.

KnwouoBu aymu: gomatu, KankoBO
HanosiBaHe, chepTurauus, Ao6uUB, Ka4yecTBo,
opaHxepus

YBO/,

Mpe3 nocnegHuTe roguHyu gomartu-
Te npugobuxa LWMPOKa NOMNyNsApHOCT B
cBeTa KaTo 34paBOC/IOBHA XpaHa, KOATO
MOXe fa MNoMOrHe 3a HamansiBaHe Ha
pucka OT Bb3HMKBaAHE Ha onpefeneHu
6onectn npu xopata B T.4. U pak. 3a
Bvnrapua Te ca TpagULNOHEH 3e/1EHYYK 1
npegnouynTaHa xpaHa.

JomaTtuTe ca egHa OT Hali-BaxkHUTE
KynTypy 3a Npou3BOACTBO B OpaHXepuu-
Te. Hesasucumo, 4ye 3a Bwnrapua npes
2018 r. obuwata opaHxepuiiHa naow, € B
pamkute Ha 916 ha, koeTo e eaga 2,08 %
OT BCUYKM NMOLLM, HA KOUTO ce oTrnexaar
3eneHuyun, GnarogapeHve Ha BucokaTa
WHTEH3UBHOCT Ha OpaHXepuiiHOTO NPouns3-
BOACTBO, [eNbT Ha OPaHXepuinHo oTre-
JaHuTe gomatu e noytn 74 % oT npous-
BeaeHuTe B cTpaHata (MAFF, 2019).

Jomatute mMmart ronssMo BOAOMNOT-
pebneHune, KOETO U3MCKBA HanosiBaHe Mo
BpeMe Ha oTrnexgaHeto um (Patane et

fertilization N1159 Pis.g4 Ki7.74; VoT3— deficit
irrigation, fertilization N14.50 P29 .13 K1 88.

The yield and quality of tomatoes were
determined by treatments. The
experimental results show that the
amount of water supplied for irrigation and
fertilizer input affect the tomato
productivity. The highest yield was obtain-
ed from the treatment V,T; - 80.4 t ha, at
which the highest irrigation and fertilizer
rate were applied. Reducing the irrigation
rate by 40% leads to lower yields for the
V,To — V,T3 deficit irrigation treatments
compared to the V,To — V1 T3 full irrigation
treatments. In the physicochemical
analyses performed, higher values of total
soluble solids, reducing sugars, vitamin C
and titratable acidity were obtained for
tomatoes grown under deficit irrigation
compared to those under full irrigation.

Key words: tomato, drip irrigation,
fertigation, yield, fruit quality, greenhouse

INTRODUCTION

In recent years, tomato has gained
widespread popularity worldwide as a
healthy food that can help reduce the risk
of certain human diseases, including
cancer. For Bulgaria they are a traditional
vegetable and a favourite food.

Tomatoes are one of the most
important crops cultivated in green-
houses. Although the total greenhouse
area in Bulgaria was within 916 ha in
2018, which was only 2.08% of total
vegetable area, because of the high
intensity of greenhouse production, the
share of greenhouse tomatoes is almost
74% of those produced in the country.
(MAFF, 2019).

Tomato has high water
requirements (Patane et al., 2011) and
irrigation is needed during the cultivation.
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al., 2011). MNpun opaHXepuiiHOTO OTIIEX-
JaHe, 3a focTaBsAHETO Ha Heobxoaumara
BOZa 3a HanosiBaHe ce pasuvTa efuH-
CTBEHO Ha HanouTesiHaTta cuctema, nopa-
AN KOETO BBbNPOCHT 3a €(IEKTUBHOTO i
[OeNCTBME € 0T 0Cco6eH MHTepec. Npes no-
cnefHUTE rOAVHN B OPaHXepumTe LUMPOKO
Ce 13M0/13BaT CUCTEMM 3a KankoBO Haros-
BaHe, KOWTO MO3BOSIABAT NojaBaHe Ha
HeobxogMMaTa BOfa 3a HarfosiBaHe Ha
pacTteHusiTa HEMNOCPEeACTBEHO B aKTUBHUS
MOYBEH C/10i 6€3 NOBBPXHOCTHU N Ab/I60-
YMHHWM 3arybu Ha Bopga, Npu MUHUMASHU
3ary6u oT msnapeHue n untpauus. Kan-
KOBOTO HanosiBaHe, CbyeTaHO C BHAacsHe
Ha MWHepasHM TopoBe (depTurayms)
npes BereTauuMoHHUA Nepuoj Ha pacTe-
HWATa, BOAW A0 NOJslydaBaHe Ha BUCOKU
[o6mBn. Ho Hee(PeEKTMBHOTO U3MO/I3BaHE
Ha TOpOBE MOXe Aa AoBefe A0 KOMMpOo-
MeTupaHe Ha Ao6uBuUTE, B/OLIABaHE Ha
MOYBEHOTO MNJI0AOPOAME, KAYECTBOTO Ha
noslyyeHata npoAaykuMss u ga HaHece
CEPUO3HMN EKOTOTUYHN LLETN.

Bce noseue n3cnenBsaHnA B CBeTa ca
NOCBETEHN BbPXY eekTnuTe Ha HanosBaHe-
TO M NpuAaraHeTo Ha TOpoBe BbPXY AobmBa
Ha gomMatn U Ka4eCTtBOTO Ha njiogosete UM
(Du et al., 2017, Wang and Xing, 2017).

Llenta Ha ToBa u3cnegBaHe e ga
Ce Npoy4n B/IMSIHMETO Ha ONTUMAJSIHOTO U
AenUNTHO HamosiBaHe C npuaaraHe Ha
HapacTBaly TOPOBU HOPMU BbPXY A06U-
Ba M KA4eCTBOTO Ha OpPaHXepwuiHn goma-
TV, OTIIEX4aHN B HEOTOM/IseMa TyHesHa
OopaHXepusi Npu KarnkoBoO HarnosiBaHe Wu
My/lYMpaHe.

MATEPWNAN N METO4WA

WN3cnepsaHeTo ce nposefe Ha Tepu-
TopuATa Ha ONUTHOTO none ,YesnoneyeHe*
Ha WIMA3P ,Hukona lMywikapos“s HeoToON-
nfgema nonveTusieHoBa opaHXepus C
pasmepy 7.9 x 53 m v o6Lwa nouy, 420 m?.

OnuTHOTO Mnosnie ¢ reorpadCkM Koopau-
HaTu: 42°44'22.8"N, 23°28'3.7"E, e vacT
oT CoguuiAicKOTO nosie, pasnoiokeHO Ha
cpenHa Hagmopcka Buco4vmHa 550 m.

In greenhouse cultivation, the irrigation
system is only source for water supply
and the question of its effectiveness is of
particular interest.

In recent years, drip irrigation systems
have been widely wused in the
greenhouses, which allow supply of the
needed water for irrigation to the plants
directly into the active soil layer without
surface and deep water losses, with
minimal losses of evaporation and
filtration.

Drip irrigation with the application of mineral
fertilizers (fertigation) during the
vegetation period of the plants leads to
high yields.

Inefficient use of fertilizers can result in
compromised vyields, deteriorating soil
fertility, quality of the production and
cause serious environmental damage.

More studies worldwide are
dedicated to the effects of drip fertigation
on the yield of tomato and the fruit quality.
(Du et al., 2017, Wang and Xing, 2017).

The aim of this study was to
investigate the effect of optimal and deficit
irrigation by applying increasing rates of
fertilization on vyield and fruit quality of
tomato (Solanum lycopersicum 'Big Beef’)
cultivated under drip fertigation with mulch
in unheated tunnel greenhouse.

MATERIAL AND METHODS

The study was conducted in the
Chelopechene experimental field of the
Institute of soil science, agrotechnologies
and plant protection in town of Sofia,
Bulgaria in an unheated polyethylene
tunnel-type greenhouse with dimensions
of 7.9 x 53 m and a total area of 420 m®in
2019. The experimental field with geo-
graphical coordinates: 42 ° 44'22.8"N, 23 °
283.7"E is a part of the Sofia Field, located

at 550 m above sea level. This area has

199



KnumatbT € KOHTUHEHTaNIeH CbC CTyAeHa
3uma. NoyBata e KaHeneHa ropcka, usny-
XeHa 1 Moxe fa 6bAe onpegeneHa kaTo
CpefHoO [0 CW/IHO BOAOMPOMNYCKAMBa CbC
cpefHa ounTpaunoHHa CnocobHOCT.

O6eKT Ha n3cneBaHeTo ca AoMatm
copt (Solanum lycopersicum “Big Beef”).

MpoBefeH e ABY(paKTOpeH ekcne-
PUMEHT C hakTopu Ha onNuTa — HanosiBaHe
n TopeHe. ®akTopbT HanosiBaHe ce npu-
nara ¢ e HyBa: Vi — ONTUMasIHO Hanos-
BaHe C MOJSIMBHA HOpMa, onpegenieHa no
eBanoTpaHcnupauusata (ETy) un Vo, —
petvymtHo HanosiBaHe Cc  60% oOT
onTMMasiHaTa NosimBHa Hopma. PakTopbT
TopeHe ce npunara ¢ 4 Huea: T, — 6e3
TopeHe, T, — cybonTuMasiHO TopeHe Nggs
P11.g2 Kizg7, T2 —ONTUManHO TopeHe Nij sg
P1s84 Ki7.74, T3 — TYKCO3HO XpaHeHe Ny so
P20.13 K21.88-

M3nutBaT ce ocem BapuaHTa: VT,
Vi T1, ViTy, ViTa, VoTo, VoTy, VoT,, VoTs.

Cxemata Ha onuta e no metoga C
Abnrute napuenu. FonemuHara Ha onuT-
HaTa napuena e 24 m’ nce chCcToM OT JBa
pega gomatu ¢ o6uwo 81 pacteHus. Te ca
3acafeHun waxmatHo Ha pasctosHue 0.6
m npu pasctosHue mexay pegosete 0.5
m.

MonmBaHeTO Ce OCbLUECTBSABA CbC
cucTeMa 3a KankoBO HarosiBaHe, CbCTOSI-
La ce OT KOMaHAEeH Bb3es 1 ABe batepun
C MO ABe MOJSIMBHM KpWia Ha fexa, pas-
NnosfoXeHn [0 [JBata peja gomaru.
MonusHUTE Kpuna ca ¢ BrpageHu npes 60
cm kankoobpasyBatenv ¢ gebut 1.5 I/h.
O6embT Ha nNogaBaHaTa Boga kbm bate-
puniTe ce KOHTponupa ¢ BOAOMEPWU, MOH-
TMpaHW Ha rnasHuTe Tpbbonposoau. 3a
[ONbAHMTENHO HamMasisiBaHe Ha 3arybute
OT Bofa ce npunara Mmynuupaxe. M3nosn-
3BaHO € YepHO NO/IMETUIEHOBO My/ynpa-
wo convo +UV 15 mic/1.20 m.

HenocpeacTBeHo crnepq 3acaxgaHe-
TO Ha JOoMaTUTe Ha MOCTOSIHHO MSCTO ce
peanusunpa egHa nosnueka 1-2 | Ha pac-
TeHWe 3a npuxeallaHe u ouwe efHa — 7
OHW NO-KbCHO. B 3aBMCMMOCT OT cTagus
Ha pasBuTWe Ha gomartuTe ce nposexaar
nosInBkM € YectoTa 3-7 AeHa. JedunymnT-

continental climate characterized by cold
winter. The soil type of the experimental site
is Chromic Luvisol, which can be defined as
moderate to strong water-permeable with an
average filtration capacity.

The object of the study is tomato
variety (Solanum lycopersicum "Big Beef").

A two-factor experiment was
performed with experimental factors -
irrigation and fertilization. The factor
irrigation was applied in two levels: V; - —
full irrigation at irrigation rate estimated by
evapotranspiration (ET.), V. — deficit
irrigation  (60% ET.). The factor
fertilization was applied at four levels. Ty —
without fertilizer, T, — suboptimal
fertilization Ngos P11.82 Kizg7, T2 — Optlmal
fertilization N1159 Pisga Kl7_74' T3 — |UXUry
fertilization N14.50 P2o 13 K21 8s.

The following treatments were tested:
ViTo, ViTy, ViTy, ViTs, VoTo, VoTy, VoTs,

The experimental treatments were
arranged according to the method with
long plots. Each plot has a surface of 24
m? and consisted of twin rows of tomato
with a total of 81 plants. They are planted
.checkerboard" at a spacing of 0.6 m and
at a distance between rows of 0.5 m.

Irrigation was performed with a drip
irrigation system, comprising a command
unit and two batteries consisting eight
laterals situated next to the each row of
tomato. The laterals were simple 1.3 I/h
dripper lines with a 60 cm emitters
spacing. The volume of water supplied to
the batteries was controlled by water
meters mounted on the main pipelines.
Mulching was applied to further reducing
the evaporation. Black polyethylene mulch
(UV 15 mic/1.20 m) was used.

Immediately after planting the
tomatoes in a permanent place, a
watering of 1-2 | per plant was carried out
to intercept seedlings and next watering 7
days later. Depending on the growth
stage of tomatoes, watering was carried
out with a frequency of 3-7 days. Deficit
irrigation began to be applied from the
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HOTO HarnosiBaHe 3arno4ysa ja ce npunara
OT Hayasl0To Ha oopMuMpaHe Ha NNoAoBETE.

OnTumMasiHaTa MoJsiMBHa HopMa 3a
BapuaHtute Vi Ty, Vi T, Vi T, VT3 ce
onpefens no cymapHara esarnoTpaHcnu-
pauus 3a nepuoga mMexay nBe MOJSIUBKU.
3a BCek/ OeH OT BeretauyoHHUSA nepuojg
esanoTpaHcnMpaunsaTa Ha pgomatute ce
onpegens no oopmynara:

ET.= ke ET,

Kbaeto ETo e eTasioHHaTa eBanoTpaHcC-
nupaumsa, mm, kc e koeduUUMEHT Ha
KynTypara.

EtanoHHata esanoTpaHcnvpayus
ce usyncnsea no gopmynara Ha MeHmax-
MoHTuT (Allen et al., 1998):

800

beginning of fruit formation.

Irrigation rate for the full irrigation
treatments V,Ty, Vo141, VoT3, V,T, was
determined by the sum of daily
evapotranspiration values for the irrigation
interval. For each day of the vegetation
period the tomato evapotranspiration was
determined by the formula:

@)

where ETo is reference
evapotranspiration, (mm) and k. is crop
coefficient.

The reference evapotranspiration
was calculated using the Penman-
Monteith method (Allen et al., 1998):

0.408A(R,-G)+ys—r =zt (e5—2g)

ET — T+272 =

Q A+y(14+0.24u,)

kbaeTo ETo e eTanoHHaTa eBanoTpaHc-
nupaums, mm/day, T — cpegHogHeBHaTa
TemnepaTypa Ha Bb3gyxa (°C); A e
HaKMOH Ha KpuBaTa Ha HansaraHeTo Ha
BogHute napu (kPa/°C); R, — HeTHaTa
pagnauns (MJ m?/day); G — TONAMHHUAT
notok ot nousata (MJ m?day); y -
ncuxpomeTpuyHa koHctaHTa (kPa/ °C); u, —
CKOpOCT Ha BATbpa (M/S); es — cpeaHo-
OHEBHOTO Ha/AraHe Ha HacuTeHuTe
BogHn napu (kPa); e, — AencTeutesnHo
HansraHe Ha BogHute napu (kPa).

Heobxogumute  MeTEeOpOsIOTUYHA
napameTpu 3a M34MUCNSABAHETO i: Temne-
patypa, OTHOCMTE/NHaTa B/IQXHOCT Ha
Bb34yX M C/ibHYeBaTa paguauusi B opaH-
Xepusita, ce usMepBarT C MOMOLTA Ha
aBTOMaTU4YHA METEOPO/IOTMYHA CTaHLMsA U
ce 3anuceaT B pata norep (HOBO USB
Micro Data Logger, USA). MukpocTtaHums-
Ta ce pasnosiara B LEeHTbpa Ha opaHxe-
pusata. B Tabnuua 1. ca gageHn cpeaHo
MeceyHN CTOMHOCTW Ha napameTpuTe Ha
MUKPOKMMATa B OpaHXepusta n Ha eBa-
noTpaHcnvpaumnsaTa npes BereTaumoHHUsS
nepuog Ha gomaTure.

KoehouumeHTbT Ha KynTypaTa ce

(@)

where ET, is reference evapotranspiration
rate, (mm day’), T is mean air
temperature (°C), A is slope of the
saturated vapor pressure curve( kPa/°C);
R, is net radiation flux (MJ mday™); G is
sensible heat flux into the soil (MJ m°day’
Y vy is psychrometric constant (kPa/ °C);
U, is wind speed at 2 m above the ground
(m s'l); e, is mean daily ambient vapor
pressure (kPa) and es is mean saturated
vapor pressure (kPa).

Meteorological parameters
necessary for the calculation: temperature,
relative humidity of the air and the solar
radiation in the greenhouse, were
measured using an automatic weather
station and recorded in a data logger
(HOBO USB Micro Data Logger, USA).
The micro station is located in the center
of the greenhouse. The average monthly
values of the parameters of the
microclimate in the greenhouse and
evapotranspiration during the growing
season of tomato are shown in Table 1.

The values of the crop coefficient
for the various stages of the tomato
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onpegensa 3a pasnuyHuTe dpeHodasn no
nTepaTypHU JaHHW.

development were selected according to
literary data.

Tabnuua 1. CpefHN MeceyHu napaMeTpy Ha MUKPOK/IMMaTa B opaHXepusTa npes
BeretauMoHHUA Nepno Ha gomMaTuTe 1 eBanoTpaHcnnpaums
Table 1. Average microclimatic conditions in greenhouse during the tomato

growing season and evapotranspiration

OTHOocUTeNHa
CnbHueBa TemnepaTypa BNaXXHOCT ETo,
Mecey/ Month paagvauymna Temperature RH mean, mm month™
Solar radiation, %
2

Wim Min,°C  Max, °C

160.05 13.75 36.62 67.57 4.07
FOHw/ June
fonw/ July 141.67 13.63 36.14 63.28 4.04
Asryct/ August 134.36 13.73 36.99 54.04 4.06

Mpe3 eceHTa e U3BBLPLUEHO 3anacs-
Bawo TopeHe c 450 kg/ha P,Os n 500
kg/ha K,O. lMpun 3acaxgaHeTo Ha gomaTute
Ce V3BbpLUBA A30THOTO NoAxpaHsaHe C
amoHueBa cenuTtpa (450 kg/ha). Mo
BpeMe Ha BeretauuoHHUA nepuof Ha fo-
MaTuTe efHOBPEMEHHO C HarosiBaHeTo,
ce BHacAT 100% pa3TBOpMMM BBLB BOAA
TOPOBE, KOUTO CbAbPXaT MakpOHYTPUEH-
™ (N, P, K) n mukpoenemeHtn (Fe, Zn,
Mn, Mg, B, Cu, Ca).

B 3aBucumocT OT cTaguMsa Ha
pacTtex Ha gomartute ce npunarar: cnep
3acaxgaHe Ha gomatute — MUHepasieH
TOp, cbAabpxkaw, 16% N, 69% P,0Os 1 16%
K;O, no BpemMe Ha BeretatMBHOTO UM
passutne — T0p, cbabpxall 27% N, 27%
P,0s5, 27% K,O v B nepuoga Ha nno-
JooThaBaHe npunaraHuAT TOp CbAbpXa
18% N, 11% P,0s, 59% K,0, npn nsme-
HeHue Ha TopoBara Hopma ot 20 go 60
kg/ha. 3a ga ce npunoxm TOYHO TopoBaTa
HOopMa, € U3NoN3BaH  XuapassvyeH
WHXeKTop 3a Top MixRite 2.5 n sBogomep.

[lo6bvB 1 KayecTBO Ha M/ofoBeTe:
lMpe3 nepuoda Ha nnogofasaHe Ha foma-
TUTe ce wu3Bbpwsar 6eputbM no Ba-
pvaHTK, KaTo ce obupart BCUYKM NI0A0BE,
[OCTUTHasIM CTOMaHcKa 3pAnocT.

[o6unBbT Ha gomaTtu ce oTuuTa Ter-
nosHo (kg) u ce npeusuncnsaea B tha™. B

In the autumn, storage fertilization
with 450 kg ha™ P,0s and 500 kg ha™ K,0
was carried out. When planting tomatoes,
nitrogen fertilization with ammonium nitrate
(450 kg per ha) was performed. During
the growing season of tomato simultaneous-
ly with irrigation, 100% water-soluble
fertilizers were introduced, which contain
macronutrients (N, P, K) and micro-
elements (Fe, Zn, Mn, Mg, B, Cu, Ca).

Depending on the growth stage of
tomato were applied: after planting tomato -
mineral fertilizer containing 16% N, 69%
P,Os and 16% K,O, during their vegetative
development - fertilizer containing 27% N,
27% P,0s, 27 % K,0 and in the period of
fruiting the applied fertilizer contains 18%
N, 11% P,0s, 59% K,O, at change of the
fertilizer rate from 20 to 60 kg per ha. In
order to apply the exact fertilizer rate, a
MixRite 2.5 hydraulic fertilizer injector and
a water meter were used.

Yield and fruit quality - during the
period of fruiting of the tomatoes harvests
per treatment were carried out, picking up
all the fruits that have reached full
maturity.

The yield of tomatoes is read by
weight (kg) and recalculated in tha™. In
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Tpu npeacTasutenHn 6epntbu ce Blemar
cpegHn npobu OT gomareHuTe naojoBse
Nno BapuaHTK, KaTo 3a onpefensHe Ha Ka-
4ecTBOTO Ce U3BBbPLUBAT PUINKOXUMUYHU
aHanum3un 3a onpejensHe Ha crefHuTe no-
KazaTenu: Cyx0 BELLECTBO — C BflaroMepHa
Be3Ha ,Kern“; akTMBHa KWUCE/IMHHOCT — C
pH-meTbp ,Hanna®;, Tutpyema KucesnvH-
HOCT — MO TUTPUMETPUYEH MeToj C
0,1nNaOH; sutammH C — no meTtoja Ha
Mypu — TuTpyBaHe C 2,6-guxsopgeHon-
MHAOMEHON; peayuMpawy 3axapu — no
MeToaa Ha LLoop.

Craructnyeckn metoaun: Mscnensa-
HUTE napameTpu ca aHa/M3mpaHu uypes
OBYybakTopeH  AMCNEPCUOHEH  aHau3
(ANOVA). AHaiM3bT Ha gucnepcusita e
U34YMCNEeH C nomMowTa Ha cogTyepHus
naket SPSS Statistics.

PE3SYNTATV N OBCBbXOAHE

Ha 6a3ara Ha faHHWTe 3a napa-
MeTpuUTe Ha MUKPOK/IMMAaTa B OpaHxepus-
Ta: TeMneparypa, B/I&XHOCT U C/TbHYEeBa
pagvauma e onpefensHa exegHeBHaTa
eBanoTpaHcnupauus Ha goMaTute 1 Ha
6asara Ha cymapHata eBanoTpaHCnu-
pauua 3a nepuoga Mexay nosvekuiTe —
nonueBHara Hopma. CpefHata CTOMHOCT
Ha eBarnoTpaHcnupauusaTa Ha gomaTute e
4.41 mm/day. YeTupn OT 3an0XeHuTe
OoCeM BapumaHTa ca HanosiBaHW C OonTu-
MasiHa, a ocTaHa/uTe YyeTupu — C peay-
uupaHa nosveHa Hopma. B 3aBu-cumocT
OT CTagusa Ha pasBuTMe Ha gomaTuTte ca
NnpoBefeHn TpPUAECET U LWeCT MOJUBKM C
yectota 3-4 pgeHa n 9 chepTuraumm ¢
HapacTBaly TOpPOBM HOpMW. EKcnepu-
MeHTa/IHW pe3ynrtatu 3a gobusa gomaTu
Nno BapuvaHTW, Mokassally B/IMAHUETO Ha
HanosiBaHeTO W TOPEHETO C pas/NyHU
MosIBHW M TOPOBW HOPMU, ca AafeHn B
Tabnuuya 2.

three representative harvests, average
samples of tomato fruits are taken per
treatment, and for determination of the
quality physicochemical analyzes are
performed for determination of the
following indicators: total soluble solids -
with moisture analyser Kern; active acidity -
with Hanna pH meter; titratable acidity -
by titrimetric method with 0,1nNaOH;
vitamin C - by the Moore method - titration
with 2,6-dichlorophenol-indophenol;
reducing sugars - by the Shoorl method.

Statistical methods: The studied
parameters were analyzed by two-way
analysis of variance (ANOVA). The
analysis of variance was calculated using
the software package SPSS Statistics.

RESULTS AND DISCUSSION

Daily evapotranspiration of tomato
was determined based on data on the
microclimate parameters in the
greenhouse: temperature, humidity and
solar radiation, and the irrigation rate - on
the basis of the sum of daily
evapotranspiration for the period between
irrigations. The average value of
evapotranspiration of tomatoes is 4.41
mm day™. Half of the eight treatments
were full irrigation treatments, and the
others four — deficit irrigation treatments.
Depending on the stage of development
of the tomato, thirty-six irrigations were
carried out with a frequency of 3-4 days
and 9 fertigations with increasing fertilizer
rates. Experimental results for tomato
yield per treatment showing the influence
of irrigation and fertilization with different
irrigation and fertilizer rates are given in
Table 2.
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Tabnuua 2. o6buB No BapnaHTn
Table 2. Total yield per treatment

Pexuvm Ha HanosiBaHe / Irrigation

TopeHe / Fertilization

[o6us / Total Yield, t/ha

To 69.03
100%ETc T1 71.01
T2 72.93
T3 80.41
To 47.08
60%ETc T1 47.10
T2 50.82
T3 65.98

Hali-BucokM [06uBM ca MOAy4YeHU
npu BapnaHtute V;Tq- VT3, Npn Kouto ce
peanu3vpa onTMMasneH MOJIMBEH PEXUM.
Hali-BucokmaT p[obumeB Ha gomatn e
noslydeH ot BapuaHT VT - 80.4 t/ha, npu
KOWTO € NnpuioXeHa Hai-Bucokara Toposa
Hopma. HamansiBaHeTO Ha nMo/sMBHaTa
Hopma ¢ 40% Boau A0 NO-HWUCKM A06MBU
3a BapuaHTtute V,T,- VT3 CbC CbOTBETHO
c 31.8 %, 33.7%, 30.3% un 18% B cpas-
HeHue Cc BapmaHTuUTe C ONTUMAasIHO Hanos-
BaHe VTo— V T3. U npu T03n pexum Ha
HanosiBaHe, Hal-BMCOK € A06MBBLT npwu
BapuaHta V,T3, HatopsiBaH C Makcumasl-
HaTa TopoBa Hopma — 65.98 t/ha. Mony-
yeHMAT A00KMB 3a TO3M BapuaHT e ¢ 18%
MO-HUCHK OT TO3M MPX ONTUMANIHO Hanos-
BaHe 1 MakcumasniHa TopoBa Hopma, [oKa-
TO [O6GMBBLT Npu BapuaHtTa AeduunuTHO
HanosiBaHe 6e3 TopeHe e ¢ 31.8% no-
HUCBHK OT TO3U MPW ONTUMASIHO Harnos-
BaHe 6e3 TopeHe,

B Tabnuua 3 ca fgageHu nonydye-
HUTE NpU PU3NKO-XMMUYHUTE aHann3u Ha
JomaTteHvTe naofoBe cpefHu CTOMHOCTM
Ha napameTpuTe CyxO0 BelecTBo, ph,
penyuvpaly 3axapu, sutamuH C n tuT-
pyemMa KucenMHHOCT. Buxaa ce, ye kayec-
TBEHMTE MoKasaTeNn Ha opaHXepuiHuTe
Jomatin ce BUAAT OT pasMmepa Ha nosns-
HaTta HopMa. C u3K/IlYeHne Ha napame-
Tbpa akTMBHa peakuus pH, BCUYKK
napameTpu ca C NO-BUCOKM CTOMHOCTU 3a
jomatute, oTrnexgaHu npu AeduumutHO
HanosiBaHe B CpaBHeEHMe C Te3u, Hanos-
BaHu ontumMasniHo. 3a napametbpa pH no-

Highest yields were obtained in the
full irrigation treatments V Ty - VT3, in
which the optimal irrigation regime was
realized. The highest yield of tomato was
obtained from treatment V,T5 - 80.4 t ha?,
in which the highest fertilizer rate was
applied. The reduction of the irrigation
rate by 40% leads to lower yields for the
treatments V,T, - V,T3 by 31.8%, 33.7%,
30.3% and 18%, respectively, compared
to the full irrigation V,To— V; Tz treatments.
And in deficit irrigation treatments the
highest yield was in the treatment V,Tj,
fertilized with the maximum fertilizer rate -
65.98 t ha™. The vyield obtained for this
treatment is 18 % lower than full irrigation
treatment with maximum fertilization,
while the yield for the deficit irrigation
treatment without fertilization is 31.8%
lower than that for full irrigation without
fertilization.

Table 3 shows the average values
of the parameters total soluble solids, pH,
reducing sugars, vitamin C and titratable
acidity obtained by physico-chemical
analyzes of tomato fruits.

It can be seen that the fruit quality
parameters of greenhouse tomato were
influenced by the irrigation levels. With the
exception of the pH parameter, all
parameters have higher values for tomato
grown under deficit irrigation than those
fully irrigated. For the pH parameter,
higher values were found in the full
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BMCOKW CTOMHOCTM ca KOHCTaTMpaHu npu
BapMaHTUTE C ONTUMAJTHO HamnosiBaHe.

irrigation treatment.

Tabnuua 3. MapamMeTpy Ha KAYeCTBOTO Ha AOMaTeHuTe MAoL40Be crnope/ HuBarta
Ha HarnosiBaHe 1 TOpeHe
Table 3. Fruit quality parameters as affected of irrigation and fertilization levels

TopeHe HanosBane / Irrigation (V) ANOVA
Fertilization

(T 100% 60% \Y, T V*T

To 7.20 8.00 * ns ns
Cyxo BeLecTBO T1 8.17 8.69
Total soluble solids, % T, 7.00 9.86
T3 7.82 8.48

To 4.04 4.01 ns ns ns
- T: 4.07 4.00

PH / Acidity

T2 4.11 4.04
T3 4.15 4.09

To 1.64 1.74 ns ns ns
Penyuupallm 3axapu Ta 1.49 1.78
Reducing sugars, % T, 1.46 1.41
T3 1.36 1.82

To 32.34 32.82 ** ns ns
ButamuH C T1 25.83 32.56
Vitamin C, mg % T, 26.05 33.15
T3 29.27 37.75

TO 0.25 0.43 * ns ns
Tutpyema T 0.35 0.50

KMCEeNMHHOCT

Titratable acidity, % T2 0.33 0.46
Ts 0.26 0.35

* *¥* cTaTucTuyecku sHaumm/ significant at p< 0.05, or p< 0.01; ns ctatucTnyeckn HesHauymm/ non significant.

JucnepcuoHeH aHasiM3 Ha ekcnepu-

MEHTa/THUTE AaHHM MoKa3a, Ye HMBOTO Ha
HanosiBaHe VMa wu3paseH edekT BbPXY
TP OT MNOCOYEHUTE MapameTpuTe Ha
KayecTBOTO: CyXO BELLECTBO, BUTaMuH C,
TUTpyemara kKucesimHHocT (Tabnumuya 3).
[JedmymMTtHOTO HanosiBaHe € CbC
3HauMM edpekT (p<0.05) BbpXy CbabpXKa-
HMETO Ha CyXO0 BeLLecTBO Ha njogoBeTe
Ha gomaruTe. YBeNMYeHUeTo Ha Cbabp-
)K@HMETO Ha Cyx0 BELLEeCTBO B N/040BETE
Ha gomatuTte, oTrexaaHu npu gednunt-
HO HanosiBaHe e 8-10% B cpaBHeHue C
ONTMM&/THO  HanosiBAHWTE  BapuaHTW.
TakmBa pe3yntaTu ca [okIagBaHu U OT

Analysis of variance of
experimental data revealed that the level
of the irrigation has a pronounced effect
on three of the indicated quality
parameters: dry matter, vitamin C,
titratable acidity (Table 3).

Deficit irrigation has a significant
effect (p<0.05) on the total soluble solids
of tomato fruits. The increase in the total
soluble solids content in the tomatoes
grown under deficit irrigation is 8-10%
compared to the full irrigation treatments.
Other authors (Birhanu et al., 2010) have
reported similar results.
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apyru astopwu (Birhanu et al., 2010).

lMo-BMCOKA  KOHLUEHTpauuata Ha
ButamMnH C B n/ofoBeTe Ha Jomarturte C
0o 20% ce HabnogaBa Npu BapnaHTuTe ¢
fedununTHO HanosiBaHe B CpaBHEHWe ¢
BapvaHTUTe C ONTMMasIHO HarnosiBaHe,
KaTto Tasu pasfnnka e ctaTUCTUyYecku [o-
KasaHa npu HMBO Ha 3HaymmocT p< 0.01.
MofobHu pesyntatn ca NoNyyYyeHn U npu
npeauiHN NpoyyBaHus, KaTto npuunHata
€ no-HuckaTa akymynaums Ha Boga B no-
posete (Yang et al., 2017; Grancharova
et al., 2018).

Mo oTHOWeHWe Ha napameTbpa
TUTpyeMa KMCENNHHOCT, NO-BUCOKM CTOM-
HOCTW ca NolyYyeHn CbLLO NPU BapuaHTu-
Te ¢ AedMUUTHO HarnosiBaHe, KaTto yBesu-
YEeHVETOo CNPSAMO BapuaHTUTe ¢ onTumall-
Ha nosiMBHa Hopma e cpenHo okosio 30 %,
KaTto CTaTUCTUYeCcKn e JokKasaHa pasnuka
Ha HMBO 5 %.

Mo-BMCOKO CpefHO CbabpXaHne Ha
penyuupaliy 3axapu ce Habnwgasa npu
BapuaHtuTe ¢ AedUUUTHO HanosiBaHe
CNpsIMO BapuaHTWTe C ONTUMAa/IHO HanosiBa-
He, HO CTaTUCTUYEecKMTe u3cfnefBaHus He
nokasaxa CTaTUCTUYECKU 3HAUYUMU Pa3SIVKN.
Apyrv npoyyBaHus CbLUO NokasBart, ye npu
AeMunTHO HamosiBaHe B foMaTtute ce Ha-
Tpynsat noseye 3axapu (Ripoll et al., 2016).

Cratuctuyecknte mUscnensaHus He
nokasaxa 3HauyuMMu pas/ivku Mexay cpeg-
HUTE NO OTHOLWIEeHMe Ha (hakTopa TopeHe
N B3aMMOZENCTBMETO Ha ABaTa (hakTtopa
HarnosiBaHe 1 TOpeHe.

N3BOAN

MpoBeaeH e onuT B OpaHxepus 3a
oTrnexgaHe Ha gomatu copT Solanum
lycopersicum ,Big Beef' npu kankoBo
HanosiBaHe 1 chepTurauusi n e n3BbpLLEHa
OLiEHKa Ha B/IMSSHUETO Ha ONTMMAaSIHOTO U
AedhMunTHO HanosiBaHe C nmpwuiaraHe Ha
HapacTBaly TOPOBU HOPMU BbPXY A06K-
Ba 1 KAYECTBOTO Ha AoMaTuTe.

EkcnepuMmeHTanHnTe pe3yntatu
rnokassaT, Ye PEeXMMbT Ha HanosiBaHe W
KONMYECTBOTO Ha BJ/IOXKEHUTE TOPOBE
B/IMAST BbPXY NPOAYKTUBHOCTTA Ha AoMa-
TuTe. Hali-nogxopsuy, 3a go6poTo pas3su-

Higher concentration of vitamin C in
tomato fruits by up to 20% was observed
in the treatments with deficit irrigation
compared to the full irrigation treatments,
and this difference was statistically proven
at a significance level of p <0.01. Similar
results have been obtained in previous
studies, the reason is the lower
accumulation of water in the fruits (Yang
et al., 2017; Grancharova et al., 2018).

With regard to the titratable acidity
parameter, higher values were also
obtained in the deficit irrigation
treatments, as the increase compared to
the full irrigation treatments wass on
average about 30%, with a statistically
proven difference of 5%.

A higher average content of
reducing sugars was observed in the
deficit irrigation treatments compared to
the full irrigation treatments, but the
statistical studies did not show statistically
significant differences. Other studies have
also shown that more sugars accumulate
in tomatoes under deficit irrigation (Ripoll
et al., 2016).

The statistical tests showed no
significant difference between the average
in terms of factors fertilization and the
interaction of both factors irrigation and
fertilization.

CONCLUSIONS

An experiment was conducted in a
greenhouse for growing tomato variety
Solanum lycopersicum "Big Beef" under
drip fertigation and an assessment of the
impact of optimal and deficit irrigation with
the application of increasing fertilizer rates
on yield and quality of tomato was made.

Experimental results show that the
level of irrigation and the amount of
fertilizer applied affect the productivity of
tomatoes. The most suitable for the good
plant development and obtaining a high
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TMe Ha pacTeHusTa M 3a nosydaBaHe Ha
BUCOK [00MB € ONTUMAa/THUAT MNOJSIVBHUA
pexum (100% ETC), KaTo Hai-BMCOKUAT
[06MB Ha foMaTu e NoslyYeH Npu BapuaH-
Ta, NPW KOITO e NpuioXeHa Hali-BncokaTa
TopoBa Hopma — 80.4 t/ha. JemuntHOTO
HanosiBaHe (60% ETc) Boau [0 MO-HUCKK
[0O6MBM B CpaBHEHWE C nMpuiaraHeTo Ha
ONTMMa&/THO HanosiBaHe. Hali-Bucok e fo-
OUBBLT MpM BapuaHTa C npwiaraHe Ha
MakcumasiHata TopoBa Hopma — 65.98
t/ha, koiiTo e ¢ 18% MO-HUCBK OT TO3U MpK
ONTMM&/THO HanosBaHe, T.e. Npu Hamase-
HWe Ha nosimBHaTta Hopma ¢ 40 % wn nyk-
CO3HO XpaHeHe Ha fomartute, AOOGUBBLT
Hamanssa ¢ 18 % cnpamMo TO3KM npwu
ONTMM&/THO HanosiBaHe.

CTaTUCTUYECKMAT aHauIM3 Ha nony-
YeHUTE eKCMepuMeHTa/IHN pe3yntatn 3a
rokasaTenute Ha KayecTBOTO Nokasa, ye
HanosiBaHEeTO MMa Mo-rofIiMo B/USIHNE OT
TOPEHETO BbPXY KA4YeCcTBOTO Ha npon3se-
JeHaTa npoAykuus gomaTu, Kato ymepe-
HOTO AedVUMTHO HanosiBaHe MOXe Aa ro
nofo6pu B ronsama creneH. MNpu Hanpase-
HUTE PU3MKO-XUMUYHN aHanm3un 6sxa no-
JIy4eHN NO-BMCOKM CTOMHOCTU Ha Mnokasa-
TenuTe Cyxo BelecTBo, peayunpain 3a-
xapu, ButammH C 1 Tutpyema KncenuH-
HOCT 3a gomatuTte, OTr/IeXJaHu npu ge-
PUMUMTHO HamosiBaHe OT Te3u, oTriexgja-
HV NPY ONTUMaJTHO HanosiBaHe.

BNAITOOAPHOCTU

HacTtosiwarta pa3paboTka ce OCHO-
BaBa Ha uscnenBaHvs, ouHaHcuMpaHu ot
®oHa "HayuHn nicnensaHua” Ha MuHuc-
TEpPCTBOTO Ha 06pa3oBaHMETO U HaykaTa
no ABYCTPAHHO CbTPYAHUYECTBO MeXay
Bwnrapusa n Kntaii, Ha Tema: ,CpaBHeHune
Ha KayecTBOTO Ha no4ysata npu opaHxe-
PUAHO OTrAexaaHe 3a YCTOWYMBO 3eMe-
aenve B Kutain n bbvarapmsa“.

yield is full irrigation (100% ETc), as the
highest yield of tomatoes was obtained in
the treatment in which the highest fertilizer
rate was applied - 80.4 t ha™.

Deficit irrigation (60% ETc) leads to lower
yields compared to full irrigation.

The highest yield was in the treatment
with application of the maximum fertilizer
rate - 65.98 t ha™, which is 18% lower
than in full irrigation, i.e. with a 40%
reduction in irrigation and a luxurious
fertilization, the yield decreased by 18%
compared to full irrigation.

Statistical analysis of the
experimental results obtained for quality
parameters showed that irrigation has a
greater impact than fertilization on the
quality of tomato production, and
moderate deficit irrigation can greatly
improve it.

Physico-chemical analyses  showed
higher values of total soluble solids,
reducing sugars, vitamin C and titratable
acidity for tomatoes grown under deficit
irrigation than those grown under full
irrigation.
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PE3IOME

BAnsHMeTo Ha passiMyHn MUKPO-
6uanHu npenapatn (Cbabpxawy apbéyc-
KynapHU MUKOPU3HM Ibbun oT pog Glomus,
NMOYBEHN MUKPOCKOMUYHM MbOMYKM OT poj
Trichoderma 1 nonesHn nouyseHn bakTte-
pun oT p. Bacillus) Bbpxy arpoxmmmnyHuTe
CBOWCTBa Ha MoyBaTa U CbObPXAHUETO
Ha Makpo- M MUKpPOESNIEMEHTU B THOTIOH
BupxuHus e npoydeHo npes 2018 r. npu
YCNOBMWSA Ha MOJICKN ONUT BbpXY JlnBagHo-
kaHeneHa no4sa (Cleyic-Chromic Luvisol).
W3nonseaHu ca cnegHvute MUKpOGUAnHM
Topose: Europlus® (Mtanus), Micotric L®
(WTanusa) n Rhizo-Vam Basic® ([epma-
Hus). OnNUTBLT € 3a/loKeH no 6/1I0KoB
MeToZ, B TPU NMOBTOPEHUS. YCTAHOBEHO €,
ye MOYBEHWTE CBOWCTBA M CbAbPXAHMETO
Ha XpaHWTENHW efNleMEeHTU B THOTIOHA ca
NOBMUSHN OT MMWKPOGMANHUTE MPOAYKTU.
BHacsaHeTO Ha  MuKpobuanHus — Top
Europlus, ¢ u3k/4YeHWe Ha MaHraHa u
UWHKa, noBMWABa [0Ka3aHO CbObpXa-
HMETO Ha Makpo- U MUKPOEsSEMEHTUTE B
nmcTaTa Ha TIoTIoHa. KoHueHTpaumaTa Ha
Mn u Zn e 3HauuTesIHO MO-BUCOKa Mpwu
ynotpebata Ha Rhizo-Vam Basic. Hanuvue
€ NoNoXUTEeNeH epekT OT NPUIOXKEHNETO

SUMMARY

The effects of different microbial
fertilizers (containing arbuscular
mycorrhizal fungi Glomus spp., soil

microscopic fungi Trichoderma spp. and
plant growth-promoting bacteria Bacillus
spp.) on soil properties and concentration
of macro- and micronutrients in Virginia
tobacco have been studied in field
experiment set on Cleyic-Chromic Luvisol
in 2018. Three microbial products were
used: Europlus® (ltaly), Micotric L® (Italy)
and Rhizo-Vam Basic® (Germany).

The experimental design was a
randomized complete block replicated
three times. It was found that soil

properties and plant nutrient levels were
influenced by the use of microbial
products. A comparison of unfertilized
treatment indicated that with the exception
of manganese and zinc, concentrations of
macro- and microelements in Virginia
tobacco leaves were  significantly
increased by the application of Europlus.
The Mn and Zn concentration was
significantly higher by Rhizo-Vam Basic
addition. There was a positive effect of

209



Ha Micotric L BbpXy CbAbpPXaHWETO Ha
asoT, Ka/ui, Kanuuii, marHesunii 1 MaHraH
B /lACTaTa, HO pasMknTe C HEeTOpeHus
BapuvaHT He ca CTaTUCTUYECKU 3HAYUMMW.
Pe3yntatute nokassar, 4e MUKPOGUATHU-
Te TOpOBe, M3MO0M3BaHN B EKCNEPUMEHTA,
MoraT Aa umart NonoxuTesneH epekT Bbp-
Xy noysara, pacTeHuaTa v cnefoBaTesHo
BbpPXY OKOMHaTa cpepa. Heobxoammu ca
W OONB/IHUTENHW M3cneaBaHus, 3a Aa ce
pasbepatr no-gobpe B3anMoAeicTBMATA
pacTeHune-noyYBa-M1MKpoOOpraHM3Mm 7
MUKpoOOManNHUTE NpoAykTM pga 6baar
€KOIOrMYHO NpremnBa anTepHaTnBa Ha
XMMUYHWTE TOPOBE.

KnouoBn gymn:  MUKpPOGUanHu
TOpoBe, THOTHOH, MOYBA, MaKpOEIEMEHTMH,
MUKPOESIEMEHTH

YBO/,

TopeHeTo nma K/o4voBa posnd npu
hopmupaHe Ha AobuBa M Ka4yecTBOTO Ha
TIOTIOHA. B TexHosornsaTa Ha oTrnexgaHe
Ha TIOTIOH BupXuHuA ce npunarar MuHe-
pasiH1 TOpPOBE, CbhAbpPXally [MaBHO as3orT,
doocchop 1 kanuii. HenpaBUAHOTO U3MOJI-
3BaHe Ha TOPOBETE MOXE Ja uma OTpu-
uaTtesiHn arpOHOMMWYECKUN, EKOJTIOTUYHU W
MKOHOMMYECKM nocrieguun. MNpekomepHa-
Ta ynoTpeba Ha XMMWYECKM TOpPOBE Mpu
oTrNiexaaHeTo Ha TIOTIOHA BoOAM [0
HeraTMBHU M3MEHEeHWs B CBoOlicTBara Ha
noysaTa, B/OWaBa Ce U Ka4yecTBOTO Ha
cypoBuHaTa (Shi et al.,, 2009). 3a ga ce
Hamanu OTpuUaTesIHOTO  Bb3AelCcTBUe
BbPXY OKOJIHAaTa cpeja n fa ce cbXxpaHu
nJo4OpPOAVETO Ha Mo4YBaTa, arpapHute
noaMTUKM Ha EBponencko 1M CBETOBHO
HVMBO MpPeaBWXAAT OrpaHWYyaBaHe Ha ynoT-
pebaTta Ha XMMWYHW CYyBCTaHLUM KakTo 3a
HaTopsiBaHe, Taka W 3a pacTuTenHa
3awuTa (Tsvetkov et al., 2017hb).

MuKpoopraHmamute, nognomaraim
pacTtexa Ha pacTteHusita (PGPM), ca Bax-
Ha rpyna MWKPOOHW WHOKYyNaHTW, KOUTO
cbllecTByBaT B pu3ochepara m umart
crnocobHocTTa Aa obuTaBaT KOpPEHUTe Ha
pacTteHusiTa U ga nofobpsaT TAXHOTO pas-
BuTME. MNONOXKUTENHOTO MM BAWSHUE Ce
nocTura ypes noBuaBaHe JOCTbMHOCTTA

Micotric L application on concentrations of
nitrogen, potassium, calcium, magnesium
and manganese in leaves, but differences
with non-fertilized treatment were not
significant. The results show that
microbial  fertilizers used in this
experiment can have a positive effect on
the soil, the plants, and therefore the
environment.  Additional research is
necessary in order to have better
understanding of plant-soil-microorganisms
interactions and these microbial products
to be ecologically acceptable alternative
to chemical fertilizers.

microbial fertilizers,
macronutrients,

Key words:
tobacco, soil,
micronutrients

INTRODUCTION

Fertilization plays key roles in
tobacco yield and quality. Chemical
fertilizers containing mainly nitrogen,
phosphorus and potassium are used in
the Virginia tobacco cultivation. Excessive
use of mineral fertilizers can have
agronomic, environmental, and economic
consequences.

Because of the over use of chemical
fertilizers, the soil environment used for
tobacco planting gradually deteriorates,
and the quality of tobacco leaves also
decreases (Shi et al., 2009). In order to
reduce the negative effects on the
environment, and to increase soil fertility,
agrarian policies at European and world
level envisage limiting the use of chemical
substances for both fertilization and plant
protection (Tsvetkov et al., 2017b).

Plant growth promoting micro-
organisms (PGPM) are an important
group of microbial inoculants, which exist
in rhizosphere and have the ability to
inhabit the root of the plants and improve
their development. Their positive influence
is achieved through solubilization of
phosphorus, nitrogen fixation, production
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Ha docopa, dMKcupaHe Ha asoTa,
NPOu3BOLCTBO Ha XpaHWUTESIHU BellecTsa
1N (OUTOXOPMOHM, 3awmTa OT NaTtoreHn u
Bb3CTAHOBSIBAHE MPU CTPECOBU YC/I0BUSA
Ha okosfiHaTa cpegfa. ToBa ca OCHOBHUTE
NMPUYMHKM 3a HapacHasata ynoTpeb6a Ha
MUKpobanHuTe TopoBe (Stamenkovi¢ et
al., 2018). NMpoyuBaHusaTa Ha Cheng et al.
(2012) nokasBart, Ye MUKPOOBUANHUAT TOp
(FZB42) nognomara pactexa Ha THTHoHe-
BUTE pacTeHusi, Nnogo6psBa UKOHOMUYEC-
KUTE XapakTepucTuK/ Ha simcTarta, TAXHO-
TO KayecTBO W nywartesiHX CBONCTBA.
Tsvetkov et al. (2017a) cbvobuwasart, 4e
BapuvaHTuUTe, BKIOYBALLM MWUKOPU3HUTE
rb6u Glomus un Trichoderma nemMoHCTpu-
paT Hali-BUCOKM CTOMHOCTU Ha ycBOsiBaHe
Ha MVHepasiHW efleMeHTN OT pa3cafHuUKo-
BW OBOLLHWM pacTeHus: BapuaHT Glomus
npu akymynumpaHe Ha N u Fe, a BapuaHT
Trichoderma — Ha Mg. MNpunaraHeTo Ha
61OTOp, CbAbPXALL MUKOPU3HW TbOU W©
Tpy BUAa 6aktepuu, NoBuLLABa 3HaUMTeN-
HO pacTexa Ha uapesuyata (Wu et al.,
2005). Cbwmte aBTOpM CcbobWaBar, 4ye
MUKPOOHUAT MHOKY/NIyM NOBULLABA YCBOS-
BaHETO Ha XPaHWUTeNHW eflIeMeHTn oT
pacTtenusaTa (06w, N, P n K) n nogobpssa
cBolicTBaTa Ha noysara KaTo BOAM [0
HapacTBaHe CbAbpPXaHWETO Ha OpraHuu-
HO BelLlecTBO 1 06y N B Hes.
N3cnepBaHusTa 3a Bb3gelicTBMETO
Ha MVKpOGWanHUTEe nNpPOAYKTM npu OT-
rnexgaHeTo Ha THIOTIOHA ca OrpaHuyeHw.
OT TOBa Mpon3nusa LenTa Ha HacTosALLo-
TO u3cfiefBaHe, a UMEHHO fa Ce Mnpoyyn
B/IMSHWETO HAa pas3/IMyHN MUKpPOOUaHU
npenapaTyi BbpXy arpoxXMMMYHUTE CBOICTBa
Ha noysBaTa WU CbAbPXAHWETO Ha Makpo- U
MWUKPOESIEMEHTU B TIOTHOH BUPXMHUS.

MATEPVAJT U METOOU

3a u3nuTBaHe BAWAHMETO Ha pas-
NNYHU MUKpOGManHu npenapatu (Cbabp-
Xawm apbyckynapHM MUKOPU3HU Iboun OT
pog Glomus, no4YBeHW MUKPOCKOMUYHK
rbouukm ot pog Trichoderma n nonesHu
noyseHn Gaktepumn ot p. Bacillus) Bbpxy
arpoxXxmMmmuvHuTE cBolicTBa Ha nouysaTa U
CbAbpPXaHNETO Ha MakKpo- N MUKPOEJIEMEH-

of plant nutrients and phytohormones,
protection from pathogens and recovery
from stressful environmental conditions.

This is the main reason for the increasing
usage of many PGPMs  which
formulations are commonly known as
microbial fertilizers (Stamenkovi¢ et al.,
2018). The microbial fertilizer (FZB42)
could obviously promote the growth of
tobacco plants, increase the expanding
extent and economic characters of
tobacco leaves, and improve the internal
quality and smoking quality of tobacco
leaves (Cheng et al., 2012). Tsvetkov et
al. (2017a) reported that the variants,
including mycorrhizal fungi Glomus and
Trichoderma demonstrated best mineral
uptake rates: the variant Glomus — in N
and Fe accumulations, Trichoderma — in
Mg ones. The application of biofertilizer
containing mycorrhizal fungus and three
species of bacteria significantly increased
the maize growth and microbial inoculum
not only increased the nutritional
assimilation of plant (total N, P and K), but
also improved soil properties, such as
organic matter content and total N in soil
(Wu et al., 2005).

Studies on the impact of the
microbial fertilizers in the cultivation of
tobacco are limited. Hence, the aim of this
study was to investigate the effect of

different microbial products on the
agrochemical properties of soil and
concentration of macro- and

micronutrients in Virginia tobacco.

MATERIAL AND METHODS

The effects of microbial fertilizers
on soil properties and concentration of
macro- and micronutrients in Virginia
tobacco (Virginia 0514) have been studied
in field experiment set on Cleyic-Chromic
Luvisol in 2018.
The experimental

design was a
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TM B TIOTIOH BupxuHua (copT BupxuHus
0514), npe3 2018 r. e usBefeH NOJICKN EKC-
nepumeHT BbPXY JIMBafHO-KaHeleHa noysa
(Cleyic-Chromic Luvisol). OnuTbT e 3ano-
XeH no 6/10KOB MeTof, B TPU MOBTOPEHUS.
TIOTIOHBT € pascafeH npu Mmexaypenoso
pa3sctosHue 110 cm n BbTpepenoso - 40 cm
(2250 pacTeHus/da). ArpoTexHuyeckute u
pactuTenHo-3awmTHUTE MeponpuaTns (no-
nvBaHe, 6opb6a c nneeenuTe, 6onectute m
HenpuaTennTe) ca cbobpaseHn C TEXHOJO-
rmaTa Ha oTrexgaHe Ha THOTIOHa OT Tasu
copToBa rpyna.

KaTo M3TOUYHMK Ha MUKOPU3HU IbOM 1
Ha nNofiesHN noyBeHW OGaktepum ca
M3NoNn3BaHu cregHUTe TbProBCKM NPOAYKTY:

Europlus®, EUROVIX, Ntanuna
(Glomus spp.+ Bacillus spp.);

Micotric L®, EUROVIX, Wtanusa
(Glomus spp.+ Trichoderma spp.);

Rhizo-Vam Basic®, FepmaHus
(Glomus intraradices).

MukpobranHute npenapaTmu

(Europlus — 0,4 g/pacteHue, Micotric L — 4,4
ml/pacteHne u Rhizo-Vam Basic — 13,3
g/pacTeHne) ca BHeCEeHM epfHa cegmuLa
cnep pascaxjaHeTo M MHKopnopupaHu Ha
AbnboumHaTa Ha KopeHoBaTta cucTema.

3a arpoxvMuyeH aHanu3 ca B3eTu
npo6un OT OpHUSA CNOW Ha NnoyBaTta nNpe3 M.
aBryct (npes macoBus LbTEX Ha THOTHO-
Ha). MouBeHUTe Npobu ca aHasmM3upaHu
3a: PH (120) - MOTEHUMOMETPUYHO, amo-
HMEB N HUTpaTEH a3oT — 4ype3 JecTuna-
LMA U pefyKums Ha HATpaTuTe; NoasuxXeH
ocdop — no ONCEH U YCBOUM Kasnii — B
2N HCIl. CbabpxaHMeTo Ha noaskHUTE
Ca n Mg e onpegeneHo B nssnek ot 1N
KCI. 3a u3BnuuaHe noaBmxHMTE hopmu
Ha Fe, Mn, Zn n Cu e 13nons3BsaH pa3TBop
Ha 0,005 M DTPA + 0,1 M TEA, pH =7,3.

KoHueHTpaumsata Ha N, P, K, Ca,
Mg, Fe, Mn, Zn 1 Cu B TIOTIOHa € onpege-
NleHa B TEXHWYECKU 3pesiv nncTa oT cpe-
OeH 6epuTbeH nosc. PactuteniHuTe npo-
6 ca M3MMBaHu, cnep KoeTo ca M3nsak-
BaHW C JectunupaHa soga. CmunaHu ca
cnepj uv3cywasaHe [0 Bb3,%yLUHO Cyxo
cbCTOsiHME 3a 12 h npn 75 "C. O6wmat
asor e onpegeneH no Kengasn. MNoarortos-
KaTta Ha pactuTenHute npobu 3a onpe-

randomized complete block replicated
three times. Plants were spaced at 110
cmlin rows and 40 cm apart (22500 plants
ha™).

Cultural practices such as irrigation,
weeding, pest and disease control were
applied in accordance with the
recommended practices for commercial
plantations.

The following commercial products
were used as the source of mycorrhizal
fungi (MF) and plant growth-promoting
bacteria (PGPR):

Europlus®, EUROVIX, Italy
(Glomus spp.+ Bacillus spp.);

Micotric L®, EUROVIX, Italy
(Glomus spp.+ Trichoderma spp.);

Rhizo-Vam  Basic®,  Germany

(Glomus intraradices).

One week after transplanting, the
microbial products (Europlus — 0.4 g per
plant, Micotric L — 4.4 ml per plant and
Rhizo-Vam Basic — 13.3 g per plant) were
incorporated in the top soil layer.

In August (when tobacco was at full
flowering stage), soils from the different
treatments were sampled for studying
effects of microbial fertilizers on soil
fertility. Soil samples were collected from
the upper layer (0-25 cm) of each plot.
The following soil characteristics were
determined: pH in water, N, (NH;+NO3),
available P — by the Olsen method,
available K — in 2N HCI. Available Ca and
Mg were determined by using 1N KCI. A
solution of 0.005 M DTPA+0.1 M TEA, pH
7.3 was used for extraction of the Fe, Mn,
Zn and Cu mobile forms from soil.

The concentration of N, P, K, Ca,
Mg, Fe, Mn, Zn and Cu in mature leaves
from middle stalk position was
determined. All samples were washed
with tap water to remove any adhering soll
particles and rinsed afterwards with
distilled water. Following drying at 75°C
for 12 h samples were ground. Total
nitrogen in the plants was determined by
the Kjeldahl method. The preparation of
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JensHe cbAabpXxaHueTo Ha cocgop,
Ka/nin, KanuuiA, MarHesui, Xensso, MaH-
raH, Mef, N LUVHK € n3BbpLUeHa Ype3 Cyxo
nsrapsiHe 1 pasrsapsiHe Ha nenesnTa B 3M
HCl. ®occopbT € onpegeneH no
mMonubaart-saHafaTHUsA MeTogd. 3a oTum-
TaHe cbabpxkaHueTto Ha K, Ca, Mg, Fe,
Mn, Zn n Cu B noyBeHUTe W pacTuten-
HUTe npobu e U13non3BaH aTtoMHO-
abcopbumoHeH cnekTpoMeTbp “SpektrAA
220", ABCTpasins.

O6paboTkaTa Ha AaHHUTE e U3BbP-
lieHa C nomowTa Ha CTaTUCTUYeCKns
naket PSPP 3a Windows. lMpunoxeH e
TECT 3a MHOrOMoOCOYHO CpaBHsABaHe Ha
pesyntatute no Duncan npu HUBO Ha
BepoATHocT 0,05.

PE3YJITATU N OBCBXOAHE
EdektbT oT MUKpobuanHute
NPOAYKTU BbBbPXY Xapakrepucrtukata Ha
noysarta e npeacrtaBeH B Tabnuua 1.

plant samples for analysis of P, K, Ca,
Mg, Fe, Mn, Zn and Cu was made by
means of dry ashing and dissolution in 3
M HCI. Phosphorus was determined
colorimetrically by the molybdovanadate
procedure. An  atomic  absorption
spectrometer ,SpektrAA 220", Australia
was used for determination of K, Ca, Mg,
Fe, Mn, Zn and Cu content in the soil and
plant samples.

Results were analyzed using the
SPSS statistical package for Windows
and differences were assessed with the
Duncan’s multiple range test at the 0.05
probability level.

RESULTS AND DISCUSSION
The effect of the application of
microbial fertilizers on selected soil
properties is presented in Table 1.

Tabnuua 1. BnumaHne Ha MUKpoOOGUasHUTE rMpenapatu BbPXy MNo4yBeHaTta

Xapakrepuctnka

Table 1. Soil properties as dependent on application of microbial fertilizers
Treatment Nmin P>0s K20 (mg/100 Ca Mg
BapuaHt pHH20) (mg/kg) | (mg/100 g) s)] (mg/100 g) | (mg/100 g)

Control*/KoHTpona¥ 6.76a** 11.92a 1.02c 48.82b 87.4c 47.4ab
Europlus 6.68a 8.94a 1.72bc 51.12b 110.6b 44.6b
Micotric L 6.64a 11.92a 2.22b 54.06a 109.3b 45.6b

Rhizo-Vam Basic | 6.63a 9.24a 3.35a 50.78b 132.3a 50.0a

* KoHTpona — 6e3 BHacsiHe Ha MukpobuaneH Top; *Control - without application of microbial fertilizer
** PasnunyHuTe OYKBY BbB BCSIKA KOJIOHA NOKas3Bar, Yye cpefiHuTe ca CbLiecTBeHOo pasnunyHu (P <0.05);
** Different letters within each column indicate that the means are significantly different (P<0.05)

[aHHuTe couyar, 4ye wu3NUTaHUTE
MUKPOGUaTHM NPOAYKTN He ca A0Be/n 40
3Hauuma gudpepeHumaumns Ha peakumsaTa
Ha rnoysarta no BapuaHTu. Cpepf pasniuy-
HUTE a30THM POPMU aMOHWEBUAT U HUT-
paTHUAT a30T UrpasdT Hali-BakHaTa posis,
Korato ce pasrniexgar OT eKonornyHa
rnefHa Toyka. Kosimyectsoto MyUHepaseH
a3oT, AOCTbMNEH 3a pacTeHusATa, 3aBUCU
OT MHOXeCTBO pakTopu, euH OT KOUTO e
BMAA W KOMNYECTBOTO Ha TopoBeTe
(Schmidt et al, 2000; Sadej and
Przekwas, 2008). CbaobpXaHUeTo Ha Mu-
HepasileH as30T B nouysara npu pas-
nnyHnte BapuaHtm e ot 8,9 pgo 11,9

The data showed that by
comparison with the control, soil pHzo)
values were unaffected by the addition of
microbial fertilizers. Among various
nitrogen forms, ammonia nitrogen and
nitrate nitrogen play the most important
role when seen from the ecological
perspective. The amount of mineral
nitrogen available to plants depends,
among others, on the type and rate of
fertilizers (Schmidt et al., 2000; Sadej and
Przekwas, 2008). The mineral nitrogen
content in soil under different treatments
varied from 8.9 to 11.9 mg kg'l. No
significant differences were determined
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mg/kg, 6e3 CbLECTBEHN Pa3/INKN Mexay
TAX. HuBOTO Ha noaswxHus doocdiop
HapacTBa MpW BHacsHe Ha MUKpobuas-
HWUTE NpoayKTU. Pasnmknte ¢ KoOHTponarta
ca CTaTUCTMYEeCKM 3Ha4yMMu Npu npuna-
raHe Ha Micotric L n Rhizo-Vam Basic.
CbObpXaHMETO Ha YCBOMM Kanuii B
rnoysata ce MOBUWIABA CbLUECTBEHO
CMPSAMO HETOPEHWs BapuaHT Npu BHacs-
He Ha Micotric L. KoHueHTpauusiTa Ha
nogswkHua Ca B nouysBata HapacTBa
[oKa3aHo npw npuiaraHe Ha MyUKkpobuas-
HUTE NPOAYKTW. JInnceaTt [okasaHu pas-
JIVKN B CbAbpXXaHNETO Ha NOABWKEH Mar-
He3nin Mexay KoHTponarta v BapuaHTute
C MUKpOOGMasIHM TOPOBE.

between control plot and treatments with
application of microbial fertilizers. Soil-
available P showed an increase with
application of microbial fertilizers. The
differences in available P between the
control treatment and the Micotric L and
Rhizo-Vam Basic applications were
significant. The addition of Micotric L led
to significant increases in the soil-
available K,O content compared to the
unfertilized soil. The soil Ca concentration
was enhanced by the application of
microbial fertilizers. There were no
signifcant differences in Mg content
between control plot and treatments with
fertilization.

KoHueHTpayumTe Ha DTPA- The concentrations of DTPA-
eKcTpaxmpyemute MeTasM B noyBarta ca | extractable metals in the soil are
npeacraseHu B Tabnvua 2. presented in Table 2.

Tabnuua 2. CbabpXaHue Ha noaswmxkHUTe Fe, Mn, Zn 1 Cu B nousarta
Table 2. Content of available Fe, Mn, Zn and Cu in the soil
Treatment / BapunaHT Fe (mg/kg) Mn (mg/kg) Zn (mg/kg) Cu (mg/kg)
Control*/KoHTpona* 30.0b** 14.67b 12.61a 22.50b
Europlus 28.75b 17.15b 11.85a 28.55a
Micotric L 30.6b 17.92b 11.83a 21.15b
Rhizo-Vam Basic 34.9a 19.37a 13.26a 27.27a

* KoHTpona — 6e3 BHacsiHe Ha MukpobuaneH Top; *Control - without application of microbial fertilizer
** PasnnyHmTe 6yKBM BbB BCAKA KOJIOHA MOKa3BaT, Ye cpefHuTe ca CbLiecTBeHO pasinynu (P <0.05);
** Different letters within each column indicate that the means are significantly different (P<0.05)

Cnopes  knacudmkaumsiTa Mo
MAFF (Mitsios et al. 2005) nouBata ce
Xapaktepmsmpa Kato [O0CTaTbyHO 3ana-
CeHa C noABwXeH Mn, ¢ BUCOKO CbAbp-
XaHue Ha NoABWXHO Fe 1 MHOro BMCOKO
3anaceHa C MNOABMXHUTE LMHK U Me.
HuBoto Ha Fe m Mn B nouysata ce
noBuLLABa CbLECTBEHO OT MPUSIOXKEHMNE-
To Ha Rhizo-Vam Basic. He ce ycTtaHo-
BMXa 3HAYUMU PA3/IMUMA MEXOY BapuaH-
TUTE MO CbAbPXKAHUETO Ha LMHK B NoYBa-
Ta. 3HauUTesNIHO MO-BUCOKO CbAbpXaHue
Ha Cu ce Habnwgasa npuv niaowure, Tpe-
TupaHu ¢ Europlus n Rhizo-Vam Basic.

EdekTbT OT MUKpOOGMaTHMTE TOpo-
BE BbPXY KOHLIEHTpaumaTa Ha makpoene-
MEHTW B incTaTa Ha TIOTIOH BupxuHus e
oTpaseH B Tabnuua 3.

According to MAFF classification
(Mitsios et al. 2005) soil was
characterized as having sufficient level of
available Mn, high content of available Fe
and very high content of mobile zinc and
copper. The soil available Fe and Mn
level increased significantly with Rhizo-
Vam  Basic application.  Microbial
fertilizers resulted in a small
differentiation in the available Zn content
in the soil. Signifcantly higher Cu content
was observed in plots receiving Europlus
and Rhizo-Vam Basic as compared to
control treatment.

The effect of the application of
microbial fertilizers on macronutrient
concentrations of Virginia tobacco leaves
is presented in Table 3.
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Tabnuua 3. CbhabpxaHue Ha MakpoesieMeHTU B uctara Ha THTioHa (% oT

CYXOTO BELLECTBO)

Table 3. Macronutrient concentrations of tobacco leaves (% of dry weight)

Treatment / BapvaHT N P K Ca Mg
Control*/KoHTpona* 1.41b** 0.17b 1.56b 0.27b 0.56b
Europlus 2.28a 0.20a 2.62a 0.66a 0.73a
Micotric L 1.71ab 0.15b 1.89b 0.34b 0.59b
Rhizo-Vam Basic 1.81ab 0.19ab 1.96b 0.35b 0.56b

* KoHTpona — 6e3 BHacsiHe Ha MukpobuaneH Top; *Control - without application of microbial fertilizer
** PasnunyHuTe OyKBY BbB BCSIKA KOJIOHA NOKasBar, Yye cpefiHuTe ca CbLiecTBeHOo pasnunyHu (P <0.05);
** Different letters within each column indicate that the means are significantly different (P<0.05)

[dndepeHynaumaTa Ha CcbAbpXa-
HMETO Ha as3oTa M0 BapuWaHTu e cpas-
HUTENHO pJo6pe u3paseHo. OTyeTeHuTe
cToliHocTn (1,41-2,28%) ca cxogHu c
poknagsaHute ot Campbell (2000) 3a
TIOTIOH BupxuHua (1,3-2,25%). Cbabp-
XaHueto Ha N B nmctata e Hali-HUCKO
Npu KOHTPOJSIHUS BapuaHT U ce yBenu-
yaBa OT TPETMPAHETO C MUKPOOGUATHM
TopoBe. KoHUeHTpauusTa Ha asoTa e
[0Ka3aHo No-BMCOKa OT KOHTpo/iaTa camo
NMpy BHACcsSHE Ha MMWKPOOGMaNHWS NPOAYKT
Europlus.

YcTtaHoBeHUTE KOHUeHTpauun Ha P
B ThTioHa (oT 0,15% po 0,20%) ca
6/1M3KN A0 CTOMHOCTUTE, AOKIafBaHu OT
Campbell (2000), 3a onTUMasIHO CbAbP-
XaHne Ha docop B 3pennte nucTa
(0,12%-0,3%). lMpunaraHeTo Ha MUKPO-
6uanHn TOopoBe € 6e3 eAHOnocoYeH
edekT BbPXY CbabpxaHueto Ha P B
TioTioHa. KoHueHTpaumsta Ha docchopa
B JiMCTaTa Ce MoBMWLAaBa [OKa3aHO Mpu
BapuaHTa, TpetupaH c Europlus.

CbAobpXaHMETO Ha Kamii B
TIOTIOHA HapacTBa W Npu TpuTe BapuaHTa
C MUKpOGUaNHW TOpPOBE, HO pasukute
CMpsSAMO KOHTpOJSlaTa ca CTaTUCTUYEeCKU
[OCTOBEpPHM camMO Mpu BHacsHe Ha
Europlus (P<0.05). Cnopeg Campbell
(2000) koHueHTpaumsitTa Ha K B nuctarta
ot 1,5-2,5% mMoxe pa ce npueme Kato
JocTaTbyHa 3a OCUrypsiBaHe Ha pacTex-
HWUTE NpoLecy 1 3a NoslydyaBaHe Ha 3a40-
BOJINTENHW [OGWBU OT THOTIOH BUpXMHUS.
OTyeTeHNTEe CTOMHOCTM NpPU  BCUYKK
BapuaHTM ca B paMKUTe, MOCOYEHU OT
UUTUpaHna aBTop.

KoHueHTpauusaTa Ha Ca B 3penute

Differentiation of nitrogen content
by variant is expressed relatively well.
The observed values (1.41-2.28%) are
similar to those reported by Campbell
(2000) for Virginia tobacco (1.3-2.25%).
The N content in the leaves was the
lowest in the control variant and
increased in all treatment receiving
microbial fertilizers. Significantly higher N
concentrations in the leaves were
observed at the Europlus treatment as
compared to control.

The concentrations of P in leaves
were from 0.15% to 0.20% and are close
to data observed by Campbell (2000) for
the optimum phosphorus content in
mature leaves (0.12%-0.3%). The
application of microbial fertilizers had no
pronounced effect on P content in
Virginia tobacco. Only Europlus treatment
significantly increased the concentration
of P in the leaves.

Among the three treatments with
application of microbial fertilizer, Europlus
variant led to highest K concentration in
leaves and the differences between
different treatments were significant
(P<0.05). According to Campbell (2000)
the concentration of K in the leaves of
1.5-2.5% can be assumed as sufficient to
ensure the growth processes and to
obtain satisfactory yields of Virginia
tobacco. The values observed for all
treatments were within the acceptable
ranges.

The concentration of Ca in mature
leaves in all treatments was not high —
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INCTa OT BCUYKM BapuaHTy He e BUCoKa —
ot 0,27% po 0,66% n e no-Hucka oOT
CTOHOCTMTE, YCTaHOBeHN OT Mitreva and
Apostolova (1986). Cnopeg McCants and
Woltz (1967) marHe3veB pgedmumt npwm
TIOTIOHA MOXe fa ce Habngasa, Korarto
KOHUEHTpauusita My B /suctaTa € Moj
0,2%. lNonyyeHnte B HaCTOALWIMA eKcne-
puMeHT cToiHocTn (oT 0,56% pfo 0,73%)
ca Mo-BWCOKM OT KpuUTUYHATa KOHLEH-
Tpauusa ot 0,2%. [lobpaTta obe3neyeHoCT
Ha pacTeHusita ¢ Mg BEPOSATHO Ce Ab/IKM
Ha pobpaTta 3amaceHoCT Ha noysaTta C
TO3n enemeHT. C u3K/IKOYEHUE Ha Ba-
puvaHTa, TpetupaH c Europlus, KOHUEH-
TpauunTe Ha Kanuus U MarHesus He ca
MOB/IUSIHN CbLUECTBEHO OT U3NUTBaHWUTE
MUKPOGUaNHN NPOAYKTL.

KoHueHTpaunsata Ha Fe B nuctara
Bapupa ot 454 po 1146 mg/kg
(Tabnuua 4). Cnopeg Campbell (2000)
ONTMM&/THOTO CbAbpXaHue Ha Fe B
3penute TIOTIOHEBM Jsiucta e 40-200
mg/kg. 3a ycnoeusaTa Ha ekcneprMeHTa
N3MEPEHUTE KOHLUEHTpaUUnN Ha Xensa3oTo
ca B MNOCOYEHUTE TPaHuLM, HO NO-HUCKK
OT CTOliHOCTUTE, ycTaHoBeHM OT Golia et
al. (2009). KoHueHTpaymsaTa Ha Xensa3oTo
B JMcTata HapacTBa [okasaHO OT
TpeTupaHeTo ¢ Europlus.

from 0.27% to 0.66% and is lower than
the values obtained by Mitreva and
Apostolova (1986). Mg deficiency may be
expected to occur when the value in the
leaf is 0.2 percent or less of the dry
weight (McCants and Woltz, 1967).
Observed values in our experiment
(0.56%-0.73%) were higher than the
critical concentration of 0.2%. The good
supply of plants with Mg was probably
because tobacco was grown on a soil
with large quantities of available
magnesium. There was no a clear
positive effect of fertilizer treatment on
concentrations of Ca and Mg in the
leaves. With the exception of Europlus
treatment, concentrations of calcium and
magnesium were not  significantly
affected by applied microbial products.

Fe concentration in mature leaves
varied between 45.4 and 114.6 mg kg'l
(Table 4). According to Campbell (2000)
the optimum Fe content in mature
tobacco leaves is from 40 to 200 mg kg™.
For the experimental conditions the
measured concentrations in leaves are
within these limits, but lower than those
found by Golia et al. (2009). The iron
concentration in leaves was significantly
influenced by Europlus addition.

Ta6nvua 4. CbaobpxaH/e Ha MUKPOENEMEHTU B SiucTaTa Ha TioTioHa (mg/kg cyxo

BELeCTBO)

Table 4. Micronutrient concentrations of tobacco leaves (mg kg'1 dry matter)

Treatment / BapunaHT Fe Mn Zn Cu
Control*/KoHTpona* 54.8b** 43.2b 71.7b 19.7b
Europlus 114.6a 67.9ab 75.1b 23.6a
Micotric L 45.4b 55.0b 70.0b 18.5b
Rhizo-Vam Basic 74.4b 91.5a 83.7a 20.9b

* KoHTpona — 6e3 BHacsiHe Ha MukpobuaneH Top; *Control - without application of microbial fertilizer
** PasnnyHuTe 6yKBM BbB BCAKA KOJIOHA MOKa3BaT, Ye cpefHuTe ca CbLiecTBeHO pasinynu (P <0.05);
** Different letters within each column indicate that the means are significantly different (P<0.05)

CbabpxaHmeTo Ha Mn B TIOTIOHA €
or 43,2 po 91,5 mg/kg (Tabnuua 4).
Crnopes, Jones et al. (1991) KoOHUeH-
TpaumsaAta Ha Mn B TIOTIOHEBUTE fMCTa
Bapvpa B 3aBWCMMOCT OT pasaTta pasBu-
TVe Ha pacTteHusiTa oT 20 go 400 mg/kg.
TopeHeTo ¢ Rhizo-Vam Basic e nosu-
LWKMIO [OCTOBEPHO CbAbPXKAHMETO Ha

The content of Mn in mature leaves
was from 43.2 to 91.5 mg kg'1 (Table 4).
According to Jones et al. (1991) Mn
content in tobacco leaves varies
depending on the plant stage from 20 to
400 mg kg_l. Significantly  higher
concentration of Mn was recorded in the
Rhizo-Vam Basic treatment as compared
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MaHraH B JiAcTata B CpaBHEHME C
KOHTPOJIHWSA BapuaHT.

CbabpxaHmeTo Ha uuHk e ot 70,0
no 83,7 mg/kg (Tabnuua 4). OTyeTEHUTE
KOHLleHTpauum ca no-BUCOKM OT cpef-
HUTE CTOMHOCTKU, AoknaasaHu oT Golia et
al. (2009), kouto 3a nucTata OT Nbpsa U
BTOpa 6eputba Npu TIOTIOH BupxumHma ca
cboTBETHO 52,6 1 28,8 mg/kg. Bucokute
HMBa Ha UMHK B /iMCTaTa B HaCTOALMA
eKCNepuMEHT ca BepOATHO CneacTBue oT
BMCOKOTO CbAbpXaHue Ha NoABWXEeH Zn
B noysarta. KoHuUeHTpauusta Ha LUMHK B
TIOTIOHEBUTE JIMCTa € Hali-BucoKa npu
TpeTupaHe ¢ Rhizo-Vam Basic.

CbabpxaHueTo Ha Cu B ninucrtata e
ot 18,5 go 23,6 mg/kg (Tabnuua 4). Tesn
CTOMHOCTM Ca CXOHW WAWN MNO-HUCKU OT
cpefHuTe  KOHUeHTpauuu 3a THOTHOH
BupxuHusa (24-37 mg/kg), yctaHOBEHN OT
Golia et al. (2009), HO no-Bucokn OT
rpaHuyHuTe cToiiHocTn (3-10 mg/kg),
poknaasaHu ot Campbell (2000). 3Hauu-
Te/IHO NMO-BUCOKA € KOHLeHTpauusa Ha Cu
B TIOTIOHa Npu BapuaHTa ¢ Europlus.

N3BOAN

Mukpobuanumute TOpoOBe, M3MOJ-
3BaHW B U3C/neABaHeTo, MMaT pas/iMyHo
Bb3feCTBME BbpPXy CBOWCTBata Ha
noysara. BHacaHeTo Ha Rhizo-Vam Basic
nosulIaBa foKasaHO CbAbpxaHWeTo Ha
noAasmxHute d¢opmum  Ha  dhocdopa,
Kanuus, Xena3oTo, MaHraHa v meara B
noysata B CpaBHEHWe C HeTopeHus
BapuaHT. CbLUECTBEHO € HapacTBaHeTo
Ha nogswxHute Ca u Cu npu TOpeHe cC
Europlus. lMpunaraHeTto Ha Mukpobuan-
HUA npoaykt Micotric L nosuwasa
3HaUUTENHO CbAbPXKAHMETO HA YCBOMMUSA
doocchop, kanmii 1 kanumii B nouysata B
CpaBHEHWe C KoHTponara.

CbAbpXaHNETO Ha XpaHUTesHU
e/1leMeHTU B TIOTIOHA € MOBJIMSAHO CbLLO OT
NPUIOXEHNETO Ha MUKPOBUasiH1Te npo-
OyKTW. BHacaHeTo Ha MUKpobuanHusa Top
Europlus, ¢ u3knioyeHne Ha MaHraHa u
UMHKa, noBuULIaBa [A0Ka3aHO CbAbpxa-
H/ETO Ha Makpo- M MUKpOEeNeMeHTuTe B
nucTarta Ha TioTioHa. KoHueHTpaumsaTa Ha

to control variant.

The zinc content in leaves ranged
from 70.0 to 83.7 mg kg' (Table 4).
These values are higher than the average
values reported by Golia et al. (2009),
which for the Virginia tobacco leaves at
first and second priming was 52.6 and
28.8 mg kg'1 respectively. High levels of
zinc in leaves in the present experiment
can probably be explained by the high
content of available Zn in the soil. The
zinc concentration in the tobacco leaves
was the highest in Rhizo-Vam Basic
treatment.

The content of Cu in leaves was
from 18.5 to 23.6 mg kg' (Table 4).
These values were similar or lower than
the average concentrations for the
Virginia tobacco (24-37 mg kg'l) reported
by Golia et al. (2009), but higher than the
ranges (3-10 mg kg'l) reported by
Campbell (2000). The Europlus treatment
resulted in the significantly highest Cu
concentration.

CONCLUSIONS

Microbial fertilizers used in the
study have different effects on soil
properties. The addition of Rhizo-Vam
Basic led to significant increases in the
soil-available phosphorus, calcium, iron,
manganese and copper  content
compared to the unfertilized soil. There
was significant increase of available Ca
and Cu in treatment receiving Europlus.
Compared to the control, the application
of microbiological product Micotric L
increased significantly the content of
available phosphorus, potassium and

calcium.
Plant nutrient levels were
influenced by the use of microbial

products. A comparison of unfertilized
treatment indicated that with the exception
of manganese and zinc, concentrations of
macro and microelements were
significantly increased by the application
of Europlus. The Mn and Zn concentration
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Mn n Zn e 3HaunTesIHO MoO-BMCOKa MNpw
ynoTtpebaTa Ha Rhizo-Vam Basic. Hanumue
€ NonoXuTeneH eqekt oT NPUIOKEHNETO
Ha Micotric L BbpXy CbAbpXaHMETO Ha
asoT, Ka/ui, Kauuii, marHesunii 1 MaHraH
B /UCTata, HO pas/vKuTe C HeTopeHus
BapuaHT He ca CTaTUCTUYECKN 3HAUUMMN.

Pesyntatute nokassart, 4e MMKPO-
6uasiHATe TOpPOBE, U3MOM3BaHU B eKcre-
pYMeHTa, Morat ga uMmaT MoJIOKMTEsNEeH
edhekT BbpXy MouyBara, pacTeHusita wu
cnefoBaTesiIHO BbpXy OKO/HaTa cpeja.
Heobxoaummn ca W AOMNBAHUTENHU U3-
cnegaHus, 3a ga ce pasbepart no-gobpe
B3aUMOENCTBUSATA pacTeHne-noyYBa-MukK-
poopraHu3aMm n MUKpoOBUanHUTE NPOAYKTU
Ja 6baaT ekonornyHo npuemsimea antep-
HaTMBa Ha XUMUYHUTE TOPOBE.
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was significantly higher by Rhizo-Vam
Basic addition. There was a positive effect
of Micotric L application on concentrations
of nitrogen, potassium, calcium,
magnesium and manganese, but
differences with non-fertilized treatment
were not significant.

The results show that microbial
fertilizers used in this experiment can
have a positive effect on the soil, the
plants, and therefore the environment.

Additional research is necessary in order
to have better understanding of plant-soil-
microorganisms interactions and these
products to be ecologically acceptable
alternative to chemical fertilizers.
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