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PE3IOME

N3cnepBaHeTo cpaBHABa HaTpyn-
BaHETO Ha MUKpPOEsieMEeHTU B Haj3emHa-
Ta 4yacT Ha 31MHa MnweHuua cneg nponet-
Ha Beretauus Ha MNoceBUTE B TOAWHU C
KOHTPACTHW METEOpPOSIOTNYHN  YCIIOBUS.
3uMHaTa nieHnua e oTriexgaHa Bbpxy
IMIVHECT YepHO3eM B E€CTECTBEH [OPCKO
CTeneH paioH Ha YkpaiHa. Mpe3 2018 r.
HacTbnBa cyla B Kpas Ha pasa MOoHUK-
BaHe Ha CcTb6NOTO A0 (hasa UbdTex,
npes3 2019 r. - oT pasa UbdTeEX A0 eTan
Ha BOCbYHa 3psAnocCT. M3cnegBaHu ca
yeTMpn CopTa, KOUTO ca MnpusHaTKM 3a
HauuoHasleH cTaHgapT Ha YkpaliHa u 8
pa3HOBWAHOCTM Ha eBPOMNEeCKN COPTOBE.

HabnwgaBa ce MHOrO BMCOKA KOH-
UeHTpaumst Ha Mn, Cu un Hait-Beye Co B
pacTeHusTa, Korato cywara cbBnaga c
(hasa yab/mkaBaHe Ha cTebnaTa-UubdTex.
B pesyntaT Ha TOBa, CbAbpXaHWETO Ha
Cu, Mn B 3bpHOTO npe3 2018 e fieko nosu-
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SUMMARY

The research has focused on the
comparison micronutrients accumulation
in the aboveground part of wheat winter
after spring renewal of vegetation in years
with  contrasting weather conditions.
Winter wheat was growing on Chernozem
Haplic Loamic in the Forest-Steppe nature
zone of Ukraine. In 2018 drought was
occurred from the end of tillering to
anthesis, in 2019 — from anthesis to the
middle of grain ripening stage. Four
varieties that are recognized as national
standards of Ukraine and 8 varieties of
European breeding were studied.

A very high concentration of Mn,
Cu, and, especially, Co in plants were
occur when drought coincided with stem
elongation-anthesis stages. As a result,
the content of Cu, Mn in grain in 2018
were slightly higher than in 2019, and Mn,



LweHo, oTkonkoTo npe3 2019, a cbAbpxa-
HmeTo Ha Mn 1 Co e No-BKUCOKO B crlamara.

Haii-ronemn pasnvkm B KOHCyma-
LuusATa Ha MUKPOESIEMEHTU MeXay COpTo-
BeTe ca 6unu B nepmoanTe CbC CTPECOBU
MEeTeopoornyHK ycnosus. pynn copro-
BE 3MMHa MWeHMua OT €eBPOMenckn u
YKPauHCKN MPON3X0[ Noka3BaT pas/imku B
KOHCyMauumaTa Ha MUKpoesnieMeHTU. Espo-
neickMTe copToBe MMaT MO-BUCOKO HMBO
Ha ycBOSIBaHE Ha MaHraH Mo Bpeme Ha
pasBUTMETO Ha pacTeHMsATa U B 3bPHOTO U
cnamarta. YKpauHCKMTe cOopToBe ca C Mo-
BMCOKO HUBO Ha notpebneHve Ha Zn.
HaTpynsBaHeTo Ha XesifA30 B TbKaHUTe Ha
3UMHara MnweHnLa e no-B1UcoKo 3a eBpo-
nencknTe coptToBe BbB hasa Ha yabiika-
BaHe Ha CTbO/I0TO, a 3a YKpauHckuTe
COpTOBE - BbB (hasa Ha LbTeX.

Hali-cneununyHo cbabpXaHue Ha
MUKpPOENeMEHTM B 3bPHOTO e 3a6ensa3aHo
npn Co (51 %), a Hali-He3Ha4YMTeNHO NpU
Mn. Bbnpeks TOBa, HUTO €4uVH COPT He
nokassa efHOBpPEMEHHO HaTpynsBaHe Ha
BCUYkM mMukpoenemeHtn (Fe, Mn, Zn, Cu
n C0) B 3bpHOTO.

Kniouosn pymn: 3umHa niieHuua,
MWUKpPOENEMEHTH, COPTOBE, METEOPOSIOTNYHM
ycroBus

YBO/,

3vMHaTa nweHvua 3aeMa efHo oT
NbpBUTE MecTa B CTpyKTypaTta Ha Kyn-
TYpuTe Ha MHOIO AbpXaBwu. Bbhpeku, ye
e oTrnexgaHa Xuasagu roanHn, obusmTe
Ha MWeHMua Ha CbBPEMEHHUTE COPTOBE
npogb/hkaeat ga ce yBenuyasaT nopaau
Hanpegbka Ha cenekumsaTa, TEXHoormTe
Ha oTrnexpgaHe v apyru dakrtopu (Maeoka
and Lollato, 2018). Cnopeg Curtis un
Halford (2011), cpeaHOTO HMBO Ha A06uB
Ha 3bpPHO BLB BenunkobputaHus ce e yse-
nnuuno ot 3.5-4.5 t/ha npe3 1961-71 Ha
7.0-8.3 t/ha npe3 2001-2011. Mpe3 1955-
2005 r. OTHOCUTE/NIHOTO TOAMLLHO YyBenu-
yeHue Ha Jobuea OT 24 copTa NweHuua,
Hai-4ecTo cpellaHn B Cbpbus, e 0.62%
(Mladenov et al., 2011). B nepuoga mex-
Ay 1996-2000 1 2011-2015 r. TemnbT Ha
pacTex Ha gobusa B YkpaiHa n Pycus e
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Co in straw — substantially higher.

The most differences in
micronutrients  consumption  between
varieties were in periods with stressful

weather conditions. Groups of winter
wheat varieties of European and
Ukrainian breeding have shown

differences in micronutrients consumption.
European varieties had higher level of
manganese uptake during plant
development, and in grain and straw.
Ukrainian varieties are inherent more high
level of Zn consumption. Accumulation of
iron in tissues of winter wheat was higher
for European varieties at the stem
elongation stage, and for Ukrainian
varieties — at the anthesis.

The most variety's specificity of
grain micronutrient content was occurring
for Co (51 %), and the least specificity —
for Mn. However, any variety did not have
the most  accumulation of all
micronutrients (Fe, Mn, Zn, Cu, and Co) in
grain simultaneously.

Key words: winter wheat,
micronutrients, varieties, drought, weather
conditions

INTRODUCTION

Winter wheat holds one of the first
places in the crop structure of many
countries. Despite many thousands years
of wheat cultivating, a yield of modern
varieties continue to increase all the time
due to progress in breeding and other
factors (Maeoka and Lollato, 2018). As
Curtis and Halford (2011) have shown the
average level of grain yield in UK has
increased from 3.5-4.5 t/ha in 1961-71 to
7.0-8.3 t/ha in 2001-2011.

During 1955-2005 the relative annual
genetic yield gains of 24 wheat varieties
most common in Serbia, was 0.62%
(Mladenov et al.,, 2011). In the period
between 1996-2000 and 2011-2015, yield
growth rates in Ukraine and Russia were
the biggest in the world and reach to 44%



Hai-roneMus B ceeTa u gocturat go 44%
M CbOTBETHO 41%. Bbnpekn ye reHetTuu-
HUTE noJobpeHns urpasT AOoMUHMpaLLa
poss B NOBMLIABAHETO Ha A06MBaA Ha 3bp-
HO, TO KyNTUBMPAHETO W KIUMATUYHMAT
(hakTop CbLLO BIMAAT BbPXY NPOM3BOAM-
TeNHocTTa Ha Ta3u kyntypa (Bons and
Liefert, 2016). OuakBaHUAT HeJOCTUT Ha
3bpPHO B CBETa MpefocTaBs MOLEH CTU-
MY/l 32 YCbBbPLIEHCTBAHE Ha TEXHOJIO-
rMsTa 3a oTrnexaaHe Ha 3¥MHa NieHnua.
MoHacTosiweM, paspaboTBaHETO Ha Kys-
TYpu € NO-BMUCOK JOOGUB 1 NOBeYe XpaHu-
TE/IHWN BELEeCTBa, YCTOWUMBY Ha KIMmMara,
60M1ecTn N BpeanTenn HUKora He e 6uno
no-HanoxuTesnHo (Lozada, 2020). Moxem
Ja odakBame, ye COVID-19 we unsoctpu
BCWYKM Te3n Npean3srkaTescTaa.
Bbnpeku ToBa, gocera npaktukaTta
Ha TOpPEHe B MHOFO CTpaHW He OTroBaps
Ha HY)XAUTE Ha CbBPEMEHHWUTE BWCOKO-
NpPoAYKTUBHU copToBe. Haii-Beue, ToBa ce
06sAcHABa ¢ 6bpP3KA Hanpeabk B o6nacTTa
Ha pacTuTenHara reHeTMka u cenekuus-
Ta, HO OCHOBHAaTa MpU4YMHa e suncara Ha
ekcnepumeHTasiHn gaHuu. bnarogapenue
Ha reHeTUYHUTE NOA0OpPEHM Han-NPOAYK-
TMBHWUTE COPTOBE 3MMHAa MWeHuua mmaTt
BMCOKO HMBO Ha YycBOsiIBaHE U pPemMobu-
nmnsaums Ha asor (Barraclough et al,
2014). Hamner et al. (2017) ot6ensssar,
ye no-BMcokaTa KOHUeHTpauus Ha N B
fleTopacTiTe Ha 3UMHaTta MuweHuua ca
nocneABaHy OT NO-BMCOKa KOHLEHTpauus
Ha HSAKOJIKO ApYrv XpaHUTENHN BeLLecTsa.
3a cbXaseHme, nHopmaumsTa 3a
CbCTaBa Ha XpaHUTesIHATe MUKpPOEeEMEH-
TM B fleTopactuTte, nmcrara, 3bpHOTO K
cflamaTa Ha 3umHarta nweHuua e TBbpae
orpaHuyeHa. Mpu cpaBHABaHE Ha MUKPO-
efleMeHTHMA cbCTaB Ha 14 copTta uyepse-
Ha TBbpAa MWeHnua B ABE eKCNepuMeH-
TasHM noneta, Garvin et al. (2006) ycTa-
HOBUXa, Y€ TEeHEeTUYHUTE MNoJ06peHMs B
CALl poBegoxa p[o0 HamanisBaHe Ha
KOHUeHTpauuaTa Ha Fe, Zn Se B 3bpHOTO,
BbMNpPeEKN 4ye [Jo6uBMTE Ce yBesMvaBar.
Svecnjak et al. (2013) noco4BaT NONOXMU-
TeNHa 3aBMUCMMOCT Mexay [obuBa U Cb-
AbpXaHueTo Ha Mn, Zn, Cu Fe B 3bpHOTO
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and 41 % responsively However, although
genetic improvements play the dominant
role in the rising of grain yield but cultivar
practice and climatic factor affect a
productivity of this crop too (Bons and
Liefert, 2016).

The expected grain shortages in the world
providing a powerful incentive for
improvement of winter wheat growing
technology. Currently, the development of
higher yielding, climate resilient, disease-
and pest-resistant, and more nutritious
crops has never been more urgent
(Lozada, 2020). We might to expect that
COVID-19 will exacerbate all these
challenges.

However, till now fertilizing practice
in many countries does not meet the
needs of modern high-productive
varieties. Particularity, this is explained by
the fast progress in the field of genetics
and plant breeding, but the key reason is
lack of experimental information.

Thanks to genetic improvements, the
most productivity varieties of winter wheat
have a high level of nitrogen uptake and
remobilization (Barraclough et al., 2014).
Hamner et al. (2017) noted that higher
concentrations of N in shoots of winter
wheat were followed by higher
concentrations of several other nutrients.

Unfortunately, information on the
micronutrient composition of shoots,
leaves, grain, and straw of winter wheat is
too limited. Comparing the microelement
composition of 14 varieties of red durum
wheat in two experimental fields, Garvin
et al. (2006) found that genetic
improvements in the United States led to
a decrease in the concentration of Fe, Zn
Se in grain, although yields are increasing.

Svecnjak et al (2013) note a positive
correlation between yield and Mn, Zn, Cu
Fe content in the grain of three varieties of
wheat grown at different levels of nitrogen



Ha Tpu copTa nweHuua, oTrnexaadn npu
pas/iMyHM  HMBA Ha as30THO XpaHeHe,
BbpPXY anyBmanHun noysu B Ceseposanaj-
Ha XbpBaTus.

3HayeHneTo Ha cnamaTta Karto
M3TOYHMK Ha Ha/IMYHU MUKPOEEMEHTHU
Jocera He e OL€eHeHO goctaTbyHo. [lobpe
M3BECTHO €, Ye HaTpynBaHeTO Ha opra-
HMYHA MaTepusi B FOPHWS MOYBEH COW
CTMMy/iMpa o6pa3yBaHeTo Ha no-ctabw-
HW MOYBEHU KOMMJIEKCU OT MUKPOESIEMEH-
TM 1 ce oTpassiBa MOJIOKWUTENIHO BbPXY
XpaHeHeTo Ha pacTteHusaTa (Dhaliwal et
al., 2019). 3a pasnuka OT TOBa, M3rapsiHe-
TO Ha cflaMa HamansiBa CbObpPXaHWETO
Ha MUKPOesIeMeHTW B no4ysata U noema-
HETO Ha MUWKpOEesieMeHTM OT 3uMHarta
nwenuya (Shiwakoti et al., 2019). ETo
3auo, pasdbupaHeTo M KosMyecTBeHaTa
OLUEHKa Ha FeHOTUMVHUTE M3MEHEHUS Npu
norbLWaHeTo U HaTPyNBaHETO Ha MUKPO-
€/leMeHTM B 3bPHOTO W cflamata ca
TOMIKOBa BaXHWU 3a NpaBuiHata cuctema
3a TopeHe. B no-wmpok nnaH, HamupaHe-
TO Ha reHOTUNM C HeobXoouMUTE XpaHu-
TENHW eNeMeHTU B 3MMHaTa nweHuua,
TpsibBa Aa 6bAe CBbp3aHO C pa3paboT-
BaHETO Ha HOBa CTpaTrernda 3a Ka4eCTtBO Ha
KyNnTypuTe W ynpasfieHWe Ha YOBELLKOTO
3gpase (Khoshgoftarmanesh et al., 2010).

Kato ce uma npeaBug orpaHnyeHa-
Ta uHdopmaumsa 3a cbCTaBa Ha MUWKPO-
e/leMeHTMUTEe NMpPU COPTOBETE 3MMHAa MLe-
HULUA OoTrnexaaHn B YkpaiHa n EBpona,
Kakto 1 B rofuHM CbC Cylla npes3 Bereta-
LUWOHHUA nepuog, uenta Ha uicnefBaHe-
TO e ja ce naeHTMduumpaT pasvkite B
npvemMa Ha MUKpOEesieMeHTM OT 3uMMHaTta
nweHnLa Npu pasainyHn MeTeopPOosIOTNYHN
yCNoBMS.

MATEPVAJT N METOOU

lMpoyuyBaHuATa ca NpoBefeHn npes
2018 1 2019 r. B ekcnepuMeHTasIHO nose
JENUTHE" Ha WHCTUTYT MO cefiekums Ha
pacteHnara "B. HOpues" NAAS Ha
YKpaiiHa, B XapkoBcka o6nacT. NMo4yeata
e [/IMHecT u4epHo3em. [lpoyyeHn ca
yeTMpU copTa, KOWUTO ca Mpu3HaTn 3a
HauMoOHa/NHM  CTaHdapTu 3a  3UMHa
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nutrition on alluvial soils of north-western
Croatia.

Importance of straw as a source of
available micronutrients has not been
sufficiently appreciated so far. It is well
known that accumulation of organic
matter in the top soil layer stimulates
formation of more stable soil complexes of
micronutrient and positively reflects on
plant nutrition (Dhaliwal et al., 2019).

In contrast, burning of straw decrease the
content of micronutrient in soil and
microelement uptake of winter wheat
(Shiwakoti et al.,, 2019). That is why,
understanding and quantitate evaluation
of genotypic variation in uptake and
accumulation of micronutrients in grain
and straw are so important for the
properly fertilizer system.

More broadly, finding micronutrient-
efficient genotypes of winter white should
be connected with development of new
strategy of crop quality and human health
management (Khoshgoftarmanesh et al.,
2010).

Taking into account restricted
information on the micronutrient
composition of winter wheat varieties of
Ukrainian and European breeding, as well
as in years with drought during vegetation
period, the purpose of the research was
identification of differences in the
micronutrients intake caused by a factor
of variety and weather condition.

MATERIAL AND METHODS

The studies were carried out in
2018 and 2019 at the variety testing site
of the experimental field "Elytne" of the
Institute of Plant Breeding named after
V. Yuriev NAAS of Ukraine, located in the
Kharkiv region. The soil is Chernozem
Haplic loamic. We have studied four
varieties that are recognized as a national



nweHuya (Rozkishna (cb3pganeHa B — "B.
FOpueB" MIHCTUTYT NO cenekuusa Ha pacre-
Hus), Bunchuk (HaunoHaneH nHCTutyT 3a
pasBbXfaHe W pacTuTeniHa TeHeTuka),
Smuglyanka n Podolyanka (MHCTUTYT no
usnonormss n pactuTesiHa reHeTuka),
Kakto 1 8 pasHOBMOHOCTU Ha Yyxzjec-
TpaHHa cenekyms (Balitus, Panonicus
(Saatzucht Donau, ABscTtpus), Arctis,
Matrix (Deutsche Saatveredelung AG,
FepmaHus), Annica, Mandica (3arpe6cku
Bc uHcTUTYT, XbpBaTus), Bodiéek v Daria
(RAGT Semences, Yexus).

PasvepbT Ha BCeKM OT ekcnepwu-
MEHTa/IHM ydyacTbum e 1.25 x 2.4 m.
Mapuenute ca pasnosiokeHn Ha cryyaeH
MPUHLMN 3ae4HO C ApYrK COpTOBE 3MMHA
nuweHnua Ha exkcrnepvMeHTasHa nsoLwiaj-
Ka 3a u3nuMTBaHe Ha copToBe C obua
nfow, 13.6 xekrapa. XOMOreHHocTTa Ha
noyBeHaTa MNOKPMBKA MO OTHOLLEHME Ha
CbAbpPXaHNETO Ha HannyHuTe QOpMMK Ha
XpaHUTENHW BeLLecTBa € onpejesnieHa Bb3
OCHOBa Ha 12 noyseHW Npobw B3eTn OT
obpaboTBaemus coii npes anpun 2018 r.
BbB (pasa Ha GpaTeHe Ha 3uMMHaTa MLUEeHW-
ua. CbaAbpXaHNETO Ha MuHepaneH asoT
(HUTpaT 1 amoHuii) B NnouBata e 8.2 + 1.4
mg/kg, HannuHmAT coccop n Kanuii ca
n3umcneHm no metoga Ha Chirikov (ekctpak-
umsa B 0.5 M CH3COOH) — 126 + 4 mg/kg
MU cboTBETHO 162+4 mg/kg. ToBa CbOT-
BETCTBa Ha HMCKO HMBO Ha a30TeH 3anac,
BMCOKO — Ha ¢hochop 1 BUCOKO — KaslniA.
HannyHute XxpaHuTesHn MUKpOEeneMeHTu
B nouysata ce onpenenat B O6ydepeH
pa3TBop Ha amoHueB auetat ¢ pH 4.8.
CbAbpXaHMETO Ha HaanyeH Zn e
0.37 £ 0.04 mg/kg, Co - 0.12 + 0.03
mg/kg, Fe - 2.4 = 0.1 mg/kg, Mn -
135 £ 0.5 mg/kg, Cu - 0.16 + 0.03
mg/kg. Te3n CTOMHOCTWN CHOTBETCTBAT Ha
MHOIO HWCKO HMBO B Mnouysara 3a Zn,
cpenHo - 3a Co, Cu 1 noBuLLEHO - 3a Mn.

Bcrukn copToBe 3uMHAa MleHuua
ce oTrnexaart Bbpxy yrap. Cuctemata Ha
TOpeHe cbuyeTaBa nocnegsawns edekT
oT 2.5 t/da TOop M npunaraHeTo Ha
aMOHMEB HUTPAT BbPXY 3aMpb3Hasia u B
nocneAcTene pasmpaseHa mnoysa npes
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standards of winter wheat (Rozkishna
(originator — V. Yuriev Institute of Plant
Breeding), Bunchuk (the National Plant
Breeding and Genetics Institute),
Smuglyanka and Podolyanka (Institute of
Plant Physiology and Genetics)), as well
as 8 varieties of foreign selection (Balitus,
Panonicus (Saatzucht Donau, Austria),
Arctis, Matrix (Deutsche Saatveredelung
AG, Germany), Annica, Mandica (Zagreb
Bc Institute, Croatia), Bodi¢ek and Daria
(RAGT Semences, Czech Republic).

The size of each of the test plots
was 1.25 x 2.4 m. Plots were randomly
placed together with other varieties of
winter wheat on the variety testing site
with a total area of 13.6 hectares.

The homogeneity of the soil cover in
terms of the content of available forms of
nutrients was determined on the set of 12
soil samples from the arable layer in April
2018 in the tillering phase of winter wheat.

The content of mineral nitrogen (nitrate
and ammonium) in soil was 8.2 + 1.4
mg/kg, available  phosphorus and
potassium by the Chirikov method
(extraction in 0.5 M CH3COOH) — 126 + 4
mg/kg and 162 + 4 mg/kg, respectively.
This corresponds to the level of low
nitrogen supply, high — phosphorus, and
high — potassium. Available micronutrient
in soil was determined in acetate-
ammonium buffer extract with pH 4.8. The
content of available Zn was 0.37+0.04
mg/kg, Co - 0.12+0.03 mg/kg, Fe
2.4+0.1 mg/kg, Mn — 13.5+0.5 mg/kg,
Cu - 0.16+£0.03 mg/kg. These values
correspond to very low range of solil
nutrient status for Zn, medium — for Co,
Cu, and enhanced — for Mn.

All varieties of winter wheat were
grown after fallow. The fertilizer system
combined the after-effect of manure 2.5
t/ha and the application of ammonium
nitrate on frozen-thawed soil in March at a
dose of N30. The system of soil treatment



MapT B go3a N30. Cuctemarta 3a noyseHa
06paboTKa 1 pacTuTesiHa 3alimTa e egHa
U CblUa B LeNNsS eKcnepuMeHTasieH 06exT.
B3eTu ca pactuTenHu npobu cneg
Bb30OHOBABAHE Ha MPOSIETHUSA pacTex
BbB (pa3n yab/mkaBaHe Ha CTb6/0TO,
ubTeHe © 3peeHe Ha  3bPHOTO.
HaasemHata 4acT Ha pacTeHusta e
oTpsi3aHa Ha Buco4ymHa 5 cm. MNpobuTe ca
B3€TW B €MH W CbLUM [EeH NPU BCUYKM
copToBe B 3 MOBTOPEHWS, KaTO BCHKA
npoba ce cbCcTom 0T 15-20 pacTteHus.
CbAbpXaHNETO Ha MWKPOEsSIeMeH-
™ (Zn, Cu, Mn, Fe, Co) B pactuTtesiHuTe
npobu ce onpegens cnej TepMmuyHaTa UM
MUHepam3aLms Ypes3 MeToaa Ha aToMHO-
abcopbumoHHa cnekTpod)oTOMETPUS Ha
yctpoiictBo AANALYST 400 Perkin-Elmer.
Cratuctnyeckara obpaboTka Ha ekcnepu-
MEHTaJIHUTE [aHHMW e Wu3BbpleHa C
nomoLyrta Ha nporpama STATISTICA 10.

PE3SYNTATU N OBCbXOAHE

M3BecTHO e, 4ye cHabasBaHeTo C
BOAA M XpaHUTE/HW BellecTBa ca TACHO
CBbp3aH/ NOMEXAy CU, KakTo 1 pacrexa
Ha pacTeHusiTa U NPOAYKTUBHOCTTA Ha
kyntypute. Pryadkina et al. (2014) oTkpu-
Ba TACHA 3aBMCUMOCT MeXxay napameTpu-
Te Ha (POTOCMHTEeTUYHMA anapaT 1 Npous-
BOAUTE/NIHOCTTA Ha 3bPHO 3a pasnyHuTe
TEHOTUNY 3MMHa MWeHnua, OoTrnexgaHu
NPU KOHTPACTHW KJMMATUYHU YCIOBUS.
®OTOCUHTETUYHWNA MOTEHLMa Ha X/10p0-
ouna e no-3aBMCMM OT KOMBUHaUMsATa OT
hakTopu ,,COPT - METEOPOSIOTNYHU YCIIO0-
BUA“, a cnef ToBa ,METe0POsIorMYHN YCo-
BMS - HUBO Ha MUHEPA/IHO XpaHeHe" unu
,COPT - HMBO Ha MUWHepasIHO XpaHeHe".
ETo 3aul0, cpaBHEHMETO Ha pasMyHuTe
COpPTOBE MO OTHOLUEHME Ha TAXHATa
XpaHuTesiHa cneymdguyHocT Tpsibea ga ce
M3BbPLUBA MNPWY KOHTPACTHU MEeTeoposio-
TMYHW YCIOBUS.

TemnepaTypHUSAT U BaJIEXEH PEXUM
cnen Bb30OHOBABAHETO Ha pacTexa Ha
3uMHaTta nweHuua npes 2018 u 2019 r.
uMaT 3HauuTesiHM pasnuku (Tabnuua 1).
MponeTHuAT nepuop Ha 2018 r. Gelwe
MHOro no-cyx. Banexwre npes anpun-mai
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and plant protection was the same
throughout the test site.

Samples of plants were taken after
the resumption of spring vegetation in the
phases of stem elongation, anthesis and
grain ripening. The aboveground part of
the plants was cut at a height of 5 cm.
Samples were taken in the same day for
all varieties in 3 replications, each sample
consisted of 15-20 plants.

The content of micronutrients (Zn,
Cu, Mn, Fe, Co) in plant samples was
determined after their thermal
mineralization by the method of atomic
absorption spectrophotometry on the
device AANALYST 400 Perkin-Elmer.
Statistical processing of experimental data
was performed using the program
STATISTICA 10.

RESULTS AND DISCUSSION

It is well-known that water and
nutrients supply are closely link each
other as well as plant growth and crop
productivity. Pryadkina et al. (2014) found
the close correlation between parameters
of photosynthetic apparatus and grain
productivity of different winter wheat
genotypes grown in contrast weather
conditions.

Chlorophyll photosynthetic potential is
more dependent on a combination of
factors “variety - weather conditions” then
“weather conditions mineral nutrition
level” or “variety - mineral nutrition level”.

That is why comparison of different
varieties in terms of their nutritional
specific should be carried out in quite
contrasting in weather conditions.

The temperature and precipitation
regimes after the resumption of winter
wheat vegetation in 2018 and 2019 had
significant differences (Table 1). Spring
period 2018 was much more dry.



2018 r. 6axa ¢ 2.75 NbTW NO-Manko oOT
cpegHUTe AbATOCPOYHM CTOMHOCTU. 3a
pasnuka oT TsX, HeobMYanHN BUCOKM TEM-
nepartypy M HefoCTaTbYyHO KayecTBO Ha
BasIeXnTe ce nosiBABa B HA4yas/loTO Ha
neTtHuA nepuopg Ha 2019 r., koraTo e 3a-
noysa 3peeHeTo Ha 3bPHOTO U CBbp3aHa-
Ta C Hero pemobunusaums. Mo 103U Ha-
YMH Moxem ga onvwem 2018 kato roguHa
C paHHa cywa 3a 3uMHara nuweHuua, a
2019 r. kaTO roguHa c KbCHa Xera u
cywa. Mopaan ToBa U ABETe OAUHU Ha
n3cneBaHeTo MMart Mo-BUCOKN CpeaHu
MeCeyHN TemMnepartypu OT Ab/ITOCPOYHUTE
CTOMHOCTN.

Precipitation in April-May 2018 was in
2.75 times less than long-term average
values. On the contrast, the abnormal
high temperatures and insufficient quality
of rainfalls occurred in early summer
period 2019 when ripening of grain and
associated remobilization had started.

Thereby, we can describe 2018 as year
with early drought for winter wheat, and
2019 — as year with late heat and drought.
Therewith, the both year of research has
higher average month’s temperatures
than long-term values.

Ta6bnuua. KnumatnyHm nNpomeHu rno BpeMe Ha u3pacTtBaHe Ha 3UMHa MieHuua
cnef Bb306HOBABaHE Ha npoJsieTHaTa pacTuTesiHocT npes3 2018-2019
Table 1. Weather condition during the winter wheat growing after the resumption

of spring vegetation in 2018-2019

Temnepatypa Ha Bb3ayxa/Air temperature, °C Banexwu/Precipitation, mm
Months
April 124 11,5 9,6 12,9 44,5 35,5
May 19,9 18,4 16,1 15,9 43,4 43,7
June 21,6 24,8 20,2 43,5 15,2 63,3
July 23,0 21,4 21,4 28,7 38,8 71,7
CpepHo oT anpun
oo onu/Average 19,2 19,0 16,8 101,0 141,9 214,2
from April to July
Pasnukute B METEOPOsIOrnYHUTE Differences in weather conditions

YCNOBMSA ca XapakTepHU ¢ HaTpynsaHe Ha
MUKPOENEMEHTN B TbhKaHUTE Ha 3umMHaTta
nweHuya npes 2018 u 2019 r. Hai-
3abenexvmnTe pasvku ce HabnwgasaT
npu Cu, Co B thasuTe Ha pactex (yabn-
XaBaHe) Ha cTbbnata n ubgrex (Tabnuua
2). ToBa CbLOTBETCTBA Ha [JaHHUTE OT
Weih et al. (2016), kouto oTb6ensa3Bat
Hali-roNaMo OTK/IOHEHME OT KOHUEeHTpa-
uunMTE Ha 3bLPHOTO B HayasnoTo Ha (hasa
pactex Ha cTbbnara npes nposeTTa.
Bb3MOXHO € TOMKOBa rosieMn pasnnkn B
MUKpOENeMeHTMTE ga 6baat MpPUYMHEHU
OT 6bLP30TO pas3BMTME Ha HaA3emHaTa
YyacT Ha pacTeHWeTOo No BPeEMETO, KoraTto
KOpeHoBaTa cuctemMa He € B CbCTOSIHUE
Ja [ocTaBs [AOCTaTbYyHO XPaHUTEsHM
BewecTBa. CHabasBaHETO C Xefs3o,
MaHraH M LWHK B pacTUTEe/IHUTE ThbKaHu e
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make clear features of micronutrients
accumulation in tissues of winter wheat in
2018 and 2019. The most striking
differences were inherent for Cu, Co in
stem elongation and anthesis stages
(Table 2). This correspond well to Weih et
al. (2016) which note the greatest
deviation from grain concentrations at the
start of stem elongation in spring.

Perhaps, so big differences in
micronutrient might be caused by fast
development of above ground part of
plant at the time when root system does
not able to supply enough nutrients.

Supply of iron, manganese, and zinc to
plant tissues is more efficient.




no-edpektnBHo. Cnopes Kutman et al. | According to Kutman et al. (2011) and
(2011) n Zhao et al. (2019), ronamoTto | Zhao et al. (2019), high N application also
npunoxeHne Ha N cbwo yBenunyasa | increased the distribution of Fe and Zn
pasnpocTtpaHeHneto Ha Fe wn Zn ot | from roots to leaves, and vice versa.
KOpPEHM KbM NINCTa 1 06paTtHo.

Tabnuua 2. JuHamuka Ha CpegHOTO CbhbAbPXKaHME HA MUKPOESTIEMEHTU U TAXHOTO
CbOTHOLLEHNE B Habopa OT BCUYKM COPTOBE 3MMHa nweHunua npes 2018-2019
Table 2. Dynamic of average micronutrients content and their ratio in the set of
all varieties of winter wheat in 2018-2019

CbAbpxaHue Ha MUKpOen. B Npobute
das3un Ha pacTex | MukpoenemeHTn | Micronutrient content in plant samples, CboTHoLwweHune/Ratio
Stages of growth Micronutrients mg/kg Fe:Mn:Zn:Cu:Co
2018 2019 average
Fe 110,0 53,2 81,5
YpabnkaBaHe Ha Mn 45,4 32,5 38,9
cTBL6/10 Zn 17,3 13,3 15,3 1:0,48:0,19:0,031:0,0066
Stem elongation Cu 4,10 0,90 2,50
Co 0,94 0,13 0,54
Fe 30,9 35,5 33,2
Libdhrex Mn 30,5 19,5 25,0
Anthesis Zn 8,22 8,99 8,60 1:0,75:0,26:0,019:0,024
Cu 0,87 0,38 0,62
Co 1,42 0,19 0,81
Fe - 45,12 45,1
Y3psiBaHe(3bpHO) Mn 24,6 23,2 23,9
Ripening (grain) Zn 18,7 18,8 18,8 1:0,53:0,42:0,039:0,0057
Cu 1,95 1,62 1,78
Co 0,27 0,26 0,26
Fe 63,7 24,0 43,9
Y3psiBaHe Mn 22,5 15,4 18,9
(cnama) n 2,07 1,97 2,02 1:0,43:0,046:0,010:0,0091
Ripening (straw) Cu 0,46 0,46 0,46
Co 0,49 0,31 0,40
CboTHOWweHus Fe: Mn u Fe: Zn B Ratios Fe:Mn and Fe:Zn in the

Haf3emMHaTa 4acT Ha pacTeHusiTa ce yBe- | aboveground part of plants increased
nnyaBa npu pasa pacTtex Ha cTtbb6nata | from stem elongation to anthesis whereas
00 hasa ub(Tex, AokaTo CboTHowe- | ratio Fe:Cu and Fe:Co decreased.

HueTto Fe:Cu n Fe:Co Hamansasa. Torasa
CbOTHOWeHuATa Fe: Mn u Fe: Co B | Then, ratios Fe:Mn and Fe:Co in the
neproga ot ubdTex A0 3peeHeTo Ha 3bp- | period from anthesis to grain ripening tend
HOTO ca CK/IOHHU fla HamMansBeaT, HO CbOoT- | to decreasing but ratios Fe:Zn and Fe:Cu
HoweHuATa Fe: Zn u Fe: Cu ce nosuwa- | — to increasing.

Ba. Cnopeg Weih et al. (2016), cbOTHO-
lweHmaTa Ha enemeHTMTe nokassaT 3a | According to Weih et al. (2016), element
MoYTN BCUYKM €/1IeMEHTU 3HauYMTeNHo no- | ratios indicated for nearly all elements
BMCOKM KOHUEHTpauun B pacTeHuaTa B | significantly higher concentrations in the
HayasioTo Ha (pasa yabkKaBaHe Ha | plants at the start of stem elongation in
cTbbnaTta npe3 nposieTTa B cpaBHEHME ¢ | spring compared to seed grain.

(haza seed grain. HactoswoTo n3cnessa-
He Mo3BoJsABa fa ce U3ACHW To3u mogern, | Our research allows to clarify this pattern,
Tbil KaTO UUHKBT U MeATa ce HaTpyneaT | since zinc and copper accumulate more
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Mo-akTUBHO B 3bPHOTO, B CpPaBHEHWE C
Xesna3oTo.

[lobpe M3BECTHO e, Yye KOHLeHTpa-
LUMsATa Ha XpaHWTesSIHW BellecTBa B TbKa-
HUTE Hamanssa nopagu paspexpaHeTo
UM MO Bpeme Ha WHTEH3MBHUA pacTex Ha
BeretaTuBHara pactutesiHa maca (Jarell
and Beverly, 1981). 3HauuteneH ecpekr
Ha paspexpjaHe e ycTaHOBEH B HacTof-
woto npoyuysaHe 3a NPK (Miroshnychenko
et al., 2020). CbLLOTO BaXn U NO OTHOLLE-
HVe Ha mukpoenemeHTute. Mpe3 2018 r.,
CpefHoTOo ChbAbpXaHne Ha Mn B TbkaHuTe
HamasnsBa oT 44-46 mg/kg BbB (hasa Ha
pacTtex Ha cTb610T0 A0 28-32 mg/kg BbB
(haza Ha ubhTeHe, Cu - ot 3.8-4.4 mg/kg
po 0.8-1.0 mg/kg , Zn - o1 16.5-18.1 mg/kg
[0 cboTBETHO 5.6-9.6 mg/kg (Purypm 1-3).

actively in the grain comparing iron.

It is well known that the
concentration of nutrients in tissues
decreases due to the dilution effect during
intensive growth of vegetative mass of
plants (Jarell and Beverly, 1981). A
significant dilution effect was found in our
study regarding NPK (Miroshnychenko et
al., 2020). The same is correct with
respect to micronutrients. In 2018 the
average content of Mn in tissues
decreased from 44-46 mg/kg in the stem
elongation phase to 28-32 mg/kg in the
anthesis phase, Cu - from 3.8-4.4 mg/kg
to 0.8-1.0 mg/kg, Zn - from 16.5-18.1
mg/kg to 5.6-9.6 mg/kg, respectively
(Figures 1-3).
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Fig. 1. The content of Mn in plant material on different stages of winter wheat
development (year 1 means 2018, year 2 — 2019)
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Fig. 2. The content of Cu in plant material on different stages of winter wheat
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Fig. 3. The content of Zn in plant material on different stages of winter wheat
development (year 1 means 2018, year 2 — 2019)
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3a pasnivka oT ToBa, CbAbpXaHue-
TO Ha Co ce e yBe/iMunno 3HaunTesnnHo ot
0.73-1.15 mg/kg go 1.25-1.60 mg/kg npes
To3n nepuop (durypa 4). AHanornyHa
TeHAeHums ce Habnwogasa npes 2019 r.,
HO pasnukuTe Mexay dpasa yab/pkaBaHe
Ha cTeb6nata U Ub(TEeHe He ca To/IKoBa
MHOro. KoHueHTpauuite Ha mea n kobant
B TbKaHWTe Npe3 nepuoja Ha HapacTBaHe
Ha cTe6noTo-Uub(TeHe npe3 2019 r. ca
6unmn 4-7 NbTN NO-Masiko, OTKOSIKOTO Npes
2018 r. Ho, Bbnpekn ye ko6anTbT He e
cpep Hali-HeobxoaguMnTe MUKPOENEMEHTHU
nopaan TBbpAe HUCKOTO CU CbAbpXKaHue,
JIMCTHOTO MPUIOXEHUE Ha KOHGaNTOBK TOPO-
BE Mnokassa [06pv pesynTatu B Abpxasu C
KOHTpacTeH KAMMaT MW MOYBEHU YC/OBUS
(Kandil and EI-Maghraby, 2016; Rak wu
Pukalova, 2016). Co ce cuuta 3a noseseH
efieMeHT, ydyacTeauw, B cumbuotuyHata N
dukcaums (Chatzistathis, 2018). MoaBux-
HocTTa Ha Co B MuleHuLarTa e no-BMcoka ot
Mn, HO No-masiko B cpaBHeHue ¢ Zn (Riesen
n Feller, 2007). Taka 4e, BMCOKaTa KOHLEH-
Tpauusi Ha Co B pacTeHusiTa No BpemMe Ha
cylwla Moxe fja e npesynrtat oT cusmosno-
TMYHU NPUUNHN.

On the contrast, the content of Co
so significantly increased from 0.73-
1.15mg/kg to 1.25-1.60 mg/kg in this
period that was enormous high (Figure 4).
Analogic tendency was occurred in 2019
but differences between stem elongation
and anthesis were not so much. Copper
and cobalt concentrations in tissues
during the period stem elongation-
anthesis in 2019 were in 4-7 times less
than in 2018. Although cobalt is not
among the most necessary micronutrients
due to its very low content but foliar
application of cobalt fertilizers shows good
results in countries with very contrast
climate and soil conditions (Kandil and El-
Maghraby, 2016; Rak and Pukalova,
2016). Co is considered as a beneficial
element, participating in symbiotic N
fixation (Chatzistathis, 2018). Mobility of
Co in wheat is higher than Mn but less
comparing Zn (Riesen and Feller, 2007).
So, high Co concentration in plants during
drought might be caused by physiological
reasons.
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Fig. 4. The content of Co in plant material on different stages of winter wheat
development (year 1 means 2018, year 2 — 2019)
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He6naronpuatHnute ycnoBus Ha
oKoMHata cpefa Mmorat ga  MpoMeHAT
Heob6xoAMMOCTa OT XpaHWTesSIHU BeLyec-
TBa 3a Ky/l1TypuTe U MpeHoca Ha MUKPO-
€/IeMeHTM OT noysBaTa KbM KOpeHuTe Ha
pacTeHussTa. Rahman et al. (2020) oT6e-
nas3Bat, ye cHabafABaHeTo Ha no4ysata C
Cu n Zn e Hail-HeratMBHO MOB/NSHO OT
cylwiata nopagu HamasieHaTa NnoABMXHOCT
Ha Te3n ANY3NOHHO OrpaHUYeHn XpaHu-
TenHu Bewectea. Mikhalska and Shvartau
(2012) cuutaT, 4e MOBUIHOCTTA U HaNu-
Y/EeTO Ha Xenda30 ce B/Wse OT Bucokara
BNIXKHOCT Ha noysaTa; MaHraHbT OT CyXO
BpEME 1 HUCKa TemnepaTtypa Ha no4ysara;
LUMHKBT OT HMUCKa Temneparypa, BMCOoKa
NABTHOCT Ha MnoyBata M HUCKO CbAbpxa-
HMEe Ha OopraHu4YyHW BellecTBa; Meara oT
BMCOKM Temnepatypy Ha Bb3gyxa. [o
TO3M Ha4yuMH YCBOSIBAHETO Ha MUKpoene-
MEHTU B 3UMHAaTa MileHuua no Bpeme Ha
BeretauuatTa ce onpegens npu CroXxHoO
B3aMMOAENCTBME Ha (pakTopuTe Ha
oKofnHaTa cpeja, noysarta U pacTteHusTa.
B kpaliHa cmeTka ToBa ce OTpassiBa Ha
CbCTaBa Ha XpaHUTENIHUTE MUKPOEeIeMEH-
TV Ha go6usa. CbabpxaHneTo Ha Cu, Mn
B 3bpHOTO npe3 2019 r. e manko no-
HUCKO, OTKOJIKOTO npe3 2018 r., a Cbabp-
XaHueTo Ha Mn, Co B cnamata € 3Hauu-
TEJTHO NO-HUCKO.

Hail-MHOro pasnvku B KOHCymauusi-
Ta Ha MUKPOESIEMEHTU MeXay COopToBeTe
ca ycTaHOBEHW B Nepuvon CbC CTPecoBwu
MeTeopoiorMyHn ycnosus. Koedpmumen-
TbT Ha Bapuauusa B cbabpxaHueTo Ha Co
n Fe B Habopa OT BCMYKM COpPTOBE,
pocturHa 80% wun 36% BbLB (hasa Ha
HapacTBaHe Ha cTbbnarta npes 2018 r., n
57% un 29% BBLB (hasa UbJTEHe npes
2019 r. 'pynata C yKpauHCKM COpPTOBE
WHTEH3MBHO HaTpynea Zn BbB CTaguil Ha
Ub(Tex, KOeTo BANSAe MNOMOXUTENTHO
BbpPXYy CbAbPXAHWETO MY B 3bpPHOTO W
chamata (Tabnuua 3). 3a pasnuka oT THX,
€BpOneiickuTe COpTOBE nNokasBaT Mo-
BMCOKO HMBO Ha YCBOSIBAHE Ha MaHraH n B
[JBaTa eTtana Ha pasBuTue, U B pe3ynrtar
Ha TOoBa BBB 3bLPHOTO W cnamara.
HaTtpynsBaHeTO Ha Xesfia30 B TbKaHWUTe Ha
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Unfavourable environmental
conditions might change crop nutrient
demand and the soil micronutrient supply
to plant roots, too.

Rahman et al. (2020) note that soil
supplies of Cu and Zn are most negatively
impacted by drought stress due to
reduced mobility of these diffusion limited
nutrients.

Mikhalska and Shvartau (2012) consider
that mobility and availability of iron is
affected by high soil moisture; manganese —
dry weather, low soil temperature; zinc —
low temperature, high soil density, low
organic matter content; copper — high air
temperatures.

Thus, micronutrients uptake in winter
wheat during vegetation is determined on
complicated interaction of environmental,
soil and plant physiology factors.

Ultimately, this affects a micronutrient
composition of yield. The content of Cu,
Mn in grain in 2019 were somewhat lower
than in 2018, and Mn, Co in straw —
substantially lower.

The most differences in
micronutrients  consumption  between
varieties were in periods with stressful
weather  conditions.  Coefficient  of
variation Co and Fe content in the set of
all varieties reached 80 % and 36 % at the
stage of stem elongation in 2018, and
57 % and 29 % at the anthesis stage in
2019, respectively.

Group of varieties of Ukrainian breeding
had intensively accumulated Zn at the
anthesis stage that positively affected on
the its content in grain and straw (Table 3).

On the contrary, European varieties
showed higher level of manganese uptake
at the both stage of development, and, as
result, in grain and straw. Accumulation of



3UMHarTa nweHuua e no-B1Ucoko 3a eBpo-
nencknTe copToBe BbB (hasa Ha HapacT-
BaHe Ha CTb6/10TO, a 3a yKpauvHckute
copToBe BbB (hasa Ha UbdTex. 3a Cbxa-
NeHune, TBbpAEe roasMaTa NPoOMEeHINBOCT
n pasnukute mexgy 2018 r. n 2019 r. He
no3BosisiBaT Aa Ce Wu3B/edve jgokasaresi-
cTBO 3a ycBogBaHeTOo Ha Co m Cu 3a
copToBeTe.

iron in tissues of winter wheat was higher
for European varieties at the stem
elongation stage, and for Ukrainian
varieties — at the anthesis.

Unfortunately, too big variability and
differences between 2018 and 2019 does
not allow evidence link uptake of Co, Cu
and varieties breeding.

Tabnuua 3. JMHaMuka Ha CbAbpXaHWe Ha MUKPOEesIEMEHTU B 3MMHa MileHnua Ha
eBponeiicku (Eu) n ykpanHckm (Ua) coptoBe npe3 2018-2019
Table 3. Dynamic of micronutrients content in winter wheat varieties of European

(Eu) and Ukrainian (Ua) breeding in 2018-

2019

CbAbpxaHue Ha MUKpoes. (CpefHo 1 cTaHapTHa rpeLlka) Npy U3cyLleH marepuasn 3a
2018-2019Micronutrients content (average and standard error) in air-dry plant material
Coproge in 2018-2019, mg/kg
Elements Breeding YabnixaBaHe Ha
cTBL6M0 Libcprex/Anthesis 3bpHo/Grain Cnama/Straw
Stem elongation
2018 2019 2018 2019 2018 2019 2018 2019
7n Eu 17.54+0.8 | 13.4+0.6 |7.67+£0.83|8.44+0.45| 18.4+1.0 |18.4+0.85|2.04+0.20|1.89+0.27
Ua 16.9+42.1 | 13.1+1.1 |9.32+0.67| 10.1+1.0 | 19.6+1.1 |19.5+0.55|2.13+0.26|2.11+0.35
Co Eu 0.84+0.24|0.15+0.03|1.32+0.21]|0.18+0.03|0.31+0.09|0.26+0.07|0.43+0.08]|0.33+0.05
Ua 1.14+0.48|0.08+£0.01|1.61+0.30{0.20+0.07|0.21+0.11|0.24+0.05|0.62+0.23|0.27+0.06
Fe Eu 112+16 | 56.9+2.6 | 29.7+0.9 | 33.4+3.0 - 47.9+0.94|59.8421.2| 24.0+2.1
Ua 105+14 | 45.64£4.5 | 33.3£1.4 | 39.7+6.9 - 39.4+1.7 |71.7+21.3| 24.1+6.4
Mn Eu 47.742.3 | 33.64+2.7 | 31.1+1.8 | 20.44+2.1 | 25.441.7 | 23.941.4 | 25.1+2.0 | 17.1+1.0
Ua 40.7£1.4 | 30.3+2.1 | 29.2+1.8 | 17.6+1.7 | 23.1+1.3 | 21.7+2.5| 17.4+1.5| 11.9+1.4
cu Eu 4.1+0.4 0.99+0.18]|0.90+0.11]|0.32+0.06|2.14+0.12|1.55+0.11|0.39+0.07|0.48+0.19
Ua 4.1+0.3 |0.70+0.10|0.79+0.36|0.48+0.11|1.57+0.18|1.76+0.20|0.68+0.13|0.40+0.05

Mpu o6obwaBaHe Ha pesyntarurte
OT ABYroAMLIHWUTE NPOYYBaHUs, ce CTUrHa
[0 3aKnoyeHne, 4ye 3bPHOTO OT COPT
Daria e BOAewWoO No CbabpXaHue Ha Zn
cpef 3uMHarTa riieHuua ot eBponenckmTe
coptoBe, a Podolyanka - cpes ykpanHCKu-
Te coptoBe (Tabnuua 4). CopTtose
Panonicus, Mandica, Smuglyanka, u
Daria vmaTr pob6bp 3anac Ha kobanr.
Balitus, Mandica u Arctis noka3sat Masiko
Mo-BUCOKO HMBO Ha Mef[, OTKOMKOTO
apyrute copToBe. Bcuuku eBponeiicku
COpPTOBE OCWUrypsiBat Mo-rofisiMO HaTpyn-
BaHe OT yKpauHCKMTe copToBe (camo npes
2019 r.). Kato usno, oOTHocuTenHata
cneyumMdguYHOCT Ha copTa e Hali-oyeBugHa
3a Co nopagu no-BUCOKUA KoeuumneHT
Ha W3MEHeHVWe Ha CbAbpPXaHMeTo My B
3bpHOTO (51%), a Hai-masiko 3a Mn
(5.3%). KoehnUMEHTLT Ha U3MEHEHME Ha
cbabpXaHueTo Ha Zn, Fe n Cu B 3bpHOTO
e okono 10-12%. Moxe 6u, TOsKOBa
roieMu pas/MkM B KOHUeHTpauuata Ha

Summarizing results of two-year
studies, a grain of variety Daria was a
leader in terms of Zn content among
winter wheat of European breeding, and
Podolyanka — among Ukrainian varieties
(Table 4), Panonicus, Mandica,
Smuglyanka, and Daria accumulate cobalt
very well. Balitus, Mandica, and Arctis
show slightly higher level of copper then
other varieties.

All European varieties provide higher
accumulation than Ukrainian varieties
(only in 2019). Generally, relative variety's
specificity is the most obvious for Co due
to higher coefficient of variation its content
in grain (51 %), and the least — for Mn
(5.3 %).

Coefficient of variation of Zn, Fe, and Cu
content in grain were around 10-12 %.
in Co

Perhaps, so great differences
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Co B 3bpHEHWUTE KyNTypwu 3acnyxasa fa
ce vMart npeasu npu nscnefBaHnsata Ha
6unoTopeHeTo, a He camo 3a Zn un Fe,
KaKToO Ce npakTuKyBalle 4ecTo npeau
(Borill et al., 2014; Velu et al., 2014).

concentration in grain worth into account
in research on biofortification, not only Zn
and Fe as it often done (Borill et al., 2014;
Velu et al., 2014).

Ta6nvua 4. CpefHO CbAbpXaHWEe HA MUKPOESIEMEHTU NMPU pPas/iNyHM COPOTOBE

3MMHa nueHnua

Table 4. Average micronutrients content in the grain of winter wheat on different

varieties
Coprose/Varieties ChAbpxaHue Ha MUKpoenemeHTU B 3bpHo/Micronutrients content in grain, mg/kg
Zn Co Fe Mn Cu
Annica 17,6 0,13 49,0 38,1 1,69
Avrctis 17,9 0,16 51,3 36,0 1,98
Balitus 16,7 0,21 44,3 38,0 2,06
Bodichek 17,6 0,17 44,9 35,5 1,87
Daria 23,6 0,32 453 39,8 1,92
Mandica 18,0 0,36 49,5 35,0 2,02
Panonicus 19,2 0,57 49,2 34,9 1,34
Matrix 17,0 0,21 50,1 32,2 1,92
Smuglyanka 18,8 0,36 35,4 34,5 1,69
Rozkishna 18,3 0,21 39,7 34,3 1,50
Bunchuk 19,6 0,12 39,3 37,1 1,63
Podolyanka 21,5 0,21 43,5 34,5 1,85
N3BOAN CONCLUSIONS
WN3cnepsanusaTa npes 2018-2019 r. Thus, research in 2018-2019
Nno3Bo/IMXa fa ce cpaBHM ycBosiBaHeTO Ha | allowed to compare micronutrients uptake
MUKPOENEMEHTN Mpe3 roguHa cbC cywa | in  year with drought during stem
no Bpeme Ha (pa3m Ha HapacTBaHe Ha | elongation-anthesis stages of winter

crebnata-ubteHe OT pasBUTMETO Ha
3UMHaTa nuweHuua wn npe3 roguHa ¢
BMCOKM TemnepaTypu M cywa no Bpeme
Ha 3peeHe Ha 3bpHOTO. HabnwpgaBa ce
MHOFO BUCOKa KOHLeHTpaums Ha Mn, Cu 1
Hali-Beye Co B pacTeHusiTa, korato cylua-
Ta cbBnaga ¢ (pasa HapacTBaHe Ha
ctebnarta-ubtex. B pesyntar Ha TOBa,
cbabpxaHneto Ha Cu, Mn B 3bpPHOTO
npes 2018 e mMalko MNO-BMCOKO
oTkosIKOTO npe3 2019 , a cbabpXKaHMETO
Ha Mn 1 Co e no-BMCOKO B criamara.
pynute copToBe 3MMHA MWeHULa
OT €BpPONENCKN W YKPauUHCKM MpPOU3Xos
rnokaseaT pas/IMkKm B KOHCymMauusaTa Ha
MUKpoenemeHTn. EBponeiicknTe coptoBe
umart Mo-BMCOKO HMBO Ha YCBOSIBaHE Ha
MaHraH no BpPeEME Ha pa3BUTMETO Ha
pacteHusitTa M B 3bPHOTO W cramaTta.
YKpauHckuTe COpTOBE Ca C MNO-BUCOKO
HMBO Ha noTpebneHme Ha Zn. HaTpyn-
BAHETO Ha XXensaA30 B TbKaHUTe Ha 3UM-
HaTa MueHnua e no-BUCOKO 3a eBponeii-
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wheat development and in year with heat
and drought during grain ripening.

Particularly, very high concentration of
Mn, Cu, and, especially, Co in plants were
occur when drought coincided with stem
elongation-anthesis stages.

As a result, the content of Cu, Mn in grain
in 2018 were slightly higher than in 2019,
and Mn, Co in straw — substantially higher.

Group of winter wheat varieties of
European and Ukrainian breeding have
shown differences in  micronutrients
consumption. European varieties had
higher level of manganese uptake during
plant development, and in grain and
straw. Ukrainian varieties are inherent
more high level of Zn consumption.

Accumulation of iron in tissues of winter
wheat was higher for European varieties




CKvTe COpTOBe BbB (pasa Ha yab/kaBaHe
Ha CTL6/10TO, a 3a YKpaumHCKUTEe copToBe
BbB (pasa Ha ubiTex.

Hali-cneununyHo cbabpXaHue Ha
MWKPOE/SIEMEHTH B 3bPHOTO € 3abefnf3aHo
npu Co (51 %), a Hak-He3HaYMTESTHO Npwu
Mn. Bbnpeks TOBa, HUTO €AuVH COPT He
nokassa efHOBpPEMEHHO HaTpynsBaHe Ha
BCUYkM mMukpoenemeHtn (Fe, Mn, Zn, Cu
n Co) B 3bpHOTO.

at the stem elongation stage, and for
Ukrainian varieties — at the anthesis.

The most variety's specificity of
grain micronutrient content was occurring
for Co (51 %), and the least specificity —
for Mn. However, any variety did not have
the most accumulation of all
micronutrients (Fe, Mn, Zn, Cu, and Co) in
grain simultaneously.
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PE3OME SUMMARY

BAusHMeTO Ha MEeTeoposiIornyHuUTe The effects of the meteorological
YyCNoBUS BbPXY cpeaHuMTe pAo6ueu Ha | conditions on the average seed vyield of
cemeHa OT nponeteH dwmin ,O6pasel | narrow-leaved vetch, “Obrazets 666" variety,
666", oTrnexagaH B ycnosusita Ha cunHo | grown under conditions of strongly leached
M3MTy)XeH YepHO3eM, ca ycTaHoBeHM upes3 | chernozem were determined via field
nosicku OnuT, u3BefeH npe3 nepuoda | experiment, conducted during 2012-2016.
2012-2016 rop,

BanexHute cymu npes BeretauyoH- The precipitation sums during the
HUS nepuog ce oTnmMyasaTt C no-ronsma | vegetation showed higher variability
BapnabunHoct (VC=68.35%) B cpaBHe- | (VC=68.35%) than the precipitation in
Hue ¢ Banexute npe3 mapt (VC=49.73%). | March (VC=49.73%). Stable and low was
CtabunHa 1© Hucka BapuabunHocT | the variability of the temperature sums
(VC=8.96%) e TemnepatypHata cyma | during the vegetation (VC=8.96%).
npes BeretaunuoHHKA Nepuoga,.

KonuuecTtBeHUAT n3pa3 Ha U3MeHe- The quantitative expression of the
HMEeTO Ha cpefHWTe A00MBU B 3aBUCUMMOCT | variation of average yield, depending on
OT Ba/1IeXHWUTE CyMu npes 3uMHUA 1 Bere- | the precipitation sums during winter and
TaluMOHHUA nepuof, cbobpasHo nsuucne- | vegetation periods, in compliance with the
HUA KoedhmuMeHT Ha pJeTtepMmuHauus, e | calculated determination coefficient was
2.5% w1 xugpotepmuyeH koedmumeHT | 2.5%, and hydrothermal coefficient (HTC) -
(XTK) - 8.8%. 8.8%.

MpOAYKTMBHUTE Bb3MOXHOCTU Ha The productive possibilities of the
KyNnTypute Ha nponeTtHus dmii ca yHk- | spring vetch crops are a function of the
UMs oT B3aMMOAENCTBMETO Mexay Base- | action between the rain and temperatures
XuTe 1 Temnepatypute Ha meceuute oT | of the months from April to July (the
anpun go tonu (BeretauuMoHHMs nepuog | vegetation period of the crop), shown with
Ha KynTypaTa), u3paseHa upe3 cToliHoc- | the value of the hydrothermic coefficient
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TUTE Ha XUOPOTEPMUYHUSA KOe(UUUEHT
(XTK). MonyyeHnte cToitHOCTK Ha XTK ce
OT/IMyaBaT C BUCOKa BapnabW/IHOCT, Kak-
TO 3a BereTaunoHHus nepuop, (VC=43.23%),
Taka un no meceun (VC;=49.73%;
VC,,=35.36%; VC,= 63.35%; VCy,= 49.42%;
VC,,=125.08%). B pe3ynTtat Ha OT4eTEHU-
Te konebaHuss Ha MeTeoposIorMYHUTE YCOo-
BMSI Npe3 nepuopa Ha uscnegBaHeTo, Mo-
nyyeHunTe AO6MBK ca pas3nvyHU NO roAUHW.
Mpe3 n3cnefBaHns Nepros e ycTaHo-
BEHO, Ye W3MEHEHMEeTO Ha NPOAYKTUBHUTE
BBb3MOXHOCTM Ha NPosieTHUS donii e NoBns-
HO NO-CUIHO OT Ba/exuTe npe3 3MMHUA
nepuog, Kkato rnokasaresieH € Mo-/lyYeHusaT
KoeduuMeHT Ha geTepMunHaums - 68%.
OT6ensizaHuTe TemmnepaTypHu Cymu
npes BeretauvoHHUS Nepuof Ha KynTypaTa
He ca oKa3a/M MNOJIOKUTE/THO BNMSIHUE
BbpXYy pasmepa Ha cpegHuTte fobusu 0.4%.
CbuyeTaHOTO Bb3/eicTBMe Ha Bere-
TaUVMOHHUTE BasieXn M TemnepaTtypHaTa
CymMa, u3pas’eHn upe3 XugpoTepMuyHus
KoedmymMeHT, ca okazasn cnabo BAusiHue
BbpXy cpegHuTe goobusn (r=0.297).
KntouoBn aymun: nponeteH uii,
npoaykTnBHoct, copt ,O6pasey 666",
XngpoTepMuyeH KoeuumueHT

YBO/[,

dunar e 6orat U3TOYHUK HA BENTb-
YyeH 3bpPHEH 1 TpeBeH diypax. LieHeH e n
C TOBa, ye oborarsdBa no4ysarta ¢ a3oT U e
OT/IMYEH MNpefLlecTBEeHNK 3a 3UMHUTE
XUTHU KyNTYypu. ChbaobpXaHNeTo Ha 6en-
TbUYMHM B cemMeHaTa € okosio 30%, B
ceHoTto 15, a B cnamarta 7-8%. 3eneHara
Maca, CeHOTO 1 cnamaTa Ha dms ca 6ora-
TV Ha Ka/nyuii, a cemeHarta Ha chocgop.
Toil € N LEeHeH KOMMOHEHT Ha 3e/eHus
KoHBelep. ®UAT noTucka pasBUTMETO Ha
nnesennTe U 0CBO6OXAaBa paHO N/IOLN-
Te, KOeTo No3B0JIABa HaBpeEMeHHaTa UM 1
KayecTBeHa o6paboTka 3a crejpawute
cnep ousa 3UMHU KyNnTypu. Kato KynTypHo
pacTeHue y Hac ce OTriexga Hai-4ecTo
06ukHoBeHUS (nponeTeH) cuii (Milkovski
et al., 1969).

MponeTtHuAT dwmiAi He € MHOro
B3UCKaTesIeH KbM KIMMaTU4HUTE YCO-
Bus. Tol pacTe U ce pasBuMBa MHOrO
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(HTC). The result of HTC differs with high
variability for the vegetation period
(VC=43.23%) and for the different months
as well (VC|||=4973%, VC,y= 35.36%;
VCv:63.35%; VCV|:49.42%; VCV||2125.08%).

As a result of the reported fluctuations of
the weather conditions during the time of
testing, the yields differ by years.

During the test period is concluded
that the changes of the productive
possibilities of the vetch crops s
influenced more by the winter rains, the
coefficient of determination is 68%.

The shown temperatures during the
vegetation period of the crop have not
effected positively the size of the average
yield 0.4%.

The combined effect of vegetation
precipitation and the temperature sum,
expressed by the hydrothermic coefficient
(HTC), had a small effect on the average
yields (r = 0.297).

Key words: narrow-leaved vetch,
productivity, “Obrazets 666" variety,
hydrothermal coefficient

INTRODUCTION

Vetch is a rich source of protein
grain and grass forage. It is also valuable
because it enriches the soil with nitrogen
and is an excellent predecessor for winter
cereals. The protein content in the seed is
about 30%, in the hay - 15, and in the
straw 7-8%. The green mass, hay and
straw of the vetch are rich in calcium and
the seed — in phosphorus. It is also a
valuable component of the green
conveyor. Vetch suppresses  the
development of weeds and releases the
areas early, which allows their timely and
quality cultivation for the following winter
crops. The common (spring) vetch is most
often grown as a cultivated plant in
Bulgaria (Milkovski et al., 1969).

Spring vetch is not very demanding
to climatic conditions. It grows and
develops very well in the northern regions,



[obpe B MO-CeBepHUTE palioHK, HO 3a
y3psiBaHe Ha cemMeHaTa M3MCKBa MnoBeve
TonavHa. B HayasoTo Ha pasBUTMETO CK
He noHacs W3/MLWHa NoYBeHa Bnara wau
3acywasaHe. Toil Bupee Hali-gobpe B
YepHO3eMHUTE W JIMBAfHO-KaHeneHute
MoyBu, KOUTO ca 6oraTm Ha XpaHWUTeNHU
BewlectBa ¥ Bap. B kncenu nousu
XW3HeHaTa [EeNHOCT Ha TPyaKoBUTE
baKkTepyM CWIHO Hamansiea W oTTaMm
[o6uBnTe ca HUCKN. PUAT 0O6MKHOBEHO ce
3acsiBa crief, XXUTHW UM OKOMHU KyNTYpMW.

3a cBOETO HOpMasIHO pasBuUTUE ce
HyX[ae oT AOCTaTbyHO Bnara B rnoysata
1 NpaBWIHO pasnpefenieHn Basiexu npes
Bpeme Ha BereTauusata (llieva, 1951;
Kirchev, 2012).

Mousa (1997) n Jimenez (1999) ca
YCTaHOBW/IM BAIUSTHUETO Ha HAKON BUOTUY-
HU N abNOTUYHN (hakKTOpK BBPXY NPOAYK-
TMBHOCTTA Ha cemeHaTta, Jo6uBMTE Ha
3bpPHO M doypaxk NpW CaMOCTOSITENHU W
CMeceHMn noceeun. BaxeH gsn B npoyysa-
HMATA OTHOCHO OnpefensHeTo Ha Kosiu-
YyecTBEHMTE N Ka4YeCcTBEHW napamMeTpu Ha
pobusa, 3aemart, NOCEBHUTE N TOPOBUTE
HOpMK, asoTdmKcMpallarta CcrnocobHoCT
Ha U N BIMAHMETO MY BbPXY XpaHu-
TenHuAa pexum Ha noysata (Yankov et al.,
1994; Kertikov, 2000; Orak, 2000; Kertikov,
2003; Kertikov and Kertikova, 2017).

Zhongliang n Zhaode (2001) n3cneg-
BaT Bpb3KaTa Mexay pacrexa u arpome-
TEopOsIoTUYHUTE YC/I0BUSA, Ype3 napase-
NeH meTof Ha HabnwgeHue. Upes cumy-
naums Ha KopenaumsTa ca cb3gasin marte-
MaTU4Yeckn MoAenn Mexay pacTexa Ha
nmictaTa, BMWCOYMHATaA Ha pPacTEeHMETO U
obxBata Ha cTbbnaTa, arpomMeTeoposo-
TMYHUTE YC/IOBUS U MOAXOAALMTE arpo-
METEOPONIOTMYHM  UHAOEKCKM 3@ pacTex,
Kopenupawu ce C peasiHUsi pacTex Ha
noneTo.

HacTbnunute NnpoMeHn B MeTeopo-
NIOTUYHUTE  YCNOBWUS Mpe3 NocnegHoTo
jecetunetve, xapakrepusupalim ce c
BMCOKM TemnepaTypu u CUNHO KonebaHune
Ha Ba/leXHUA PeXuM Mpe3 OTAesHUTe
roavHW, MocTaBa  npeg  CEepuo3Hu
U3NUTaHWsa  OTINeXAAHeTo, KaKTo Ha
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but requires more heat to ripen the seed.

At the beginning of its development it
does not tolerate excess soil moisture or
drought. It grows best in chernozem and
meadow-cinnamon soils, which are rich in
nutrients and lime. In acidic soils, the vital
activity of tuberous bacteria is greatly
reduced and therefore the yield is low.
Vetch is usually sown after cereals or root
crops.

For its normal development it needs
sufficient moisture in the soil and properly
distributed rainfalls during the growing
season (llieva, 1951; Kirchev, 2012).

Mousa (1997) and Jimenez (1999)
found the influence of some biotic and
abiotic factors on seed productivity, grain
yield and forage in single and mixed
crops. The norms of sowing and
fertilization, nitrogen-fixing ability of vetch
and its influence on soil nutrition occupy
an important part of the studies on the
determination  of quantitative and
qualitative parameters of yield (Yankov et
al., 1994, Kertikov, 2000, Orak, 2000;
Kertikov, 2003, Kertikov and Kertikova,
2017).

Zhongliang and Zhaode (2001)
investigated the relationship between
growth and agrometeorological conditions
using a parallel observation method. By
simulating the correlation, they created
mathematical models between leaf
growth, plant height and stem range,
agrometeorological conditions, and
appropriate agrometeorological growth
indices correlated with the actual field
growth.

The changes in the meteorological
conditions during the last decade,
characterized with high temperatures and
strong fluctuations in the regime of
precipitation in years, pose serious
challenges to the cultivation of all crops,
including and spring vetch. This requires



BCUYKM 3eMefesICKN KyNnTypu, Taka U Ha
nponeTHus cunii. ToBa Hanara U3BbPLLBA-
HETO Ha 3aAbNb0oyeHn un3cnenBaHus
BbPXY NPOAYKTUBHOCTTA Ha Ta3un KynTypa.

HacTtoswoto uscnegsaHe vMa 3a
uen fa yctaHoBu f06MBUTE OT cCeMeHa Ha
nposeTeH ¢uin npu ycnosuaTa Ha M3C
“O6pa3syoB ungnuk” - Pyce

MATEPVAJT N METOOU

N3cnepsaHeTo e npoBefeHO npes
nepuoga 2012-2016 rog. B OMNUTHOTO
none Ha WHCTUTYT no 3emegenve u
cemesHaHue ,0O6pa3uoB undnuk’, Pyce
Ha CU/IHO W3NYyXEH YepHO3eM, C HMWCKO
XYMYCHO cCbAbpxaHue (1,98%), cnab6o
3anaceH ¢ N n P,Os n nobpe 3anaceH c
K,O. OGekT Ha npoyyBaHe e nposieTeH
dmii copt ,O6pasel, 666”". CbwuAT e 3a-
JIOXEH MPWY HENOJIMBHM YC/I0BKA NO METO-
Ja Ha gpobHuTe napuenu, B YeTUpu nos-
TOPEHNA Ha BapuaHTuTe, MpPWY pPekonTHa
napuena 10m?. ArpotexHuyeckute me-
ponpuATMA No oTrexjaHe Ha dma ce
nposefeHn cbobpasHo obulonpueraTa 3a
paiioHa TexHonorus (Popov et al., 1966).

3a ycTaHoBsiBaHe NpOAYKTUBHOCTTA
Ha nponeTeH dwmii copT ,Obpasey, 666", B
3aBUCHMOCT OT METEOPOSIOrMYHNTE YCIO-
BWSl, ca MON3BaHW yCPeAHEHU AaHHW Mo-
Jly4eHU OT NOJICKUAT onuT. pocneneHn
ca nokasaresimTe — CymMa Ha BaexuTe
(mm) n meceyHaTa TemnepaTypHa cyma
(°C) npes BereTauyoHHWA NEPVOZ, Ha NpPO-
netHuAa cpuii. 3a oueHka Ha obesneyeH-
OCTTa Ha Kyntyparta € Bfara € usyucreH
XUOPOTEPMUYHUAT KoeduumneHT (XTK) no
Selyaninov (1958).

M3BbplwieH e kopenauvoHeH aHa-
13, onpegesieH e BapuaLmoHHUs koedin-
umeHt (VC) Ha pobuBa Ha CcemeHa.
[aHHuTe ca obpaboTeHn C nomMowTa Ha
nporpamMHus npodykt SPSS 19.0.

PE3SYNTATU N OBCBbXOAHE
FogmMHWTE Ha mnpoyyBaHeTo npes3
nepuoga 2012-2016 roa. ce pas/nvyasar,
KaKTO Mo KOJIMYEeCTBO BasieXu, Taka U Mo
pasnpefesnieHneTo MM NO Bpeme Ha
Beretaymsata (durypa 1).
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in-depth research on the productivity of
the crop.

The objective of the study was to
determine seed yield of spring vetch
under conditions of IASS "Obraztsov
Chiflik" - Ruse.

MATERIAL AND METHODS

The study was conducted in the
period 2012-2016 in the experimental field
of the Institute of Agriculture and Seed
Science "Obraztsov chiflik", Ruse on
highly leached chernozem, with low
humus content (1.98%), poorly stocked
with N and P,Os and well stocked with
K,0. The object of research is the spring
vetch variety “Obrazets 666". The same
one is done in non-irrigated conditions in
the method of fractional plots, repeated 4
times with harvest by plot being 10m®.
The agrotechnical measures for growing
vetch were conducted in accordance with
the generally-accepted for the region
technology (Popov et al., 1966).

To determine the productivity of the
spring vetch "Obrazets 666" variety,
depending on the  meteorological
conditions, data about the average yield
from the experiment were used. The
indicators — amount of precipitation (mm)
and monthly temperature (°C) during the
vegetation period of the spring vetch are
monitored. To assessment moisture
supply of the crop the hydrothermal
coefficient was also measured by
Selyaninov (1958).

A correlation analysis is made and
the variation coefficient (VC) of seed yield
is measured. The data is processed with
the program SPSS 19.0.

RESULTS AND DISCUSSION
The years of the study in the period
2012-2016 differ both in the amount of
precipitation and in their distribution
during the vegetation (Figure 1).
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Fig. 1. Precipitation sums by month during the period 2012-2016, %

Mpe3 mapT BasieXHUTE CyMU Bapu-
patr B rpaHuumMte ot 8 mm m” 3a 2012
rod. o 81 mm m? 3a 2015 rog., a Te3un
npes BeretauuoHHua nepuog (IV go VII)
Mexagy 1 go 167 mm m? 3a 2014 rog.
BapunaunoHHuTe koeuumeHT cpegHo 3a
nepvognte (VC) ca cboTBeTHO 49.73% 1
68,35%. Habnwopgasa ce 1.4 nbTu no-
BMCOKa BapmMabuiHOCT Ha BereTaunoHHK-
Te BaJlexu B CpaBHEHMEe C Te3n npes
MapT, koeto 6u M onpefennsio Kato
HecTabunHn 1 npegy BCUYKO HECUTypHU
BbB BPEMETO.

3a pasnuvka OT Banexute npes
MeceuuTe Ha BeretaumoHHus nepuog (IV
fo VII), TemnepatypHute cymu ce Kosne-
6aAT no-cnabo (durypa 2).
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In March the precipitation varied in
the range from 8 mm m? in 2012 to 81
mm m™* in 2015, and those during the
vegetation period (IV to VII) between 1 to
167 mm m? in 2014. The coefficients of
variation on average for the periods (VC)
were 49.73% and 68.35%, respectively.
There was 1.4 higher variability of
vegetation precipitation compared to that
in March, which would define them as
unstable and above all uncertain over
time.

In contrast to the precipitation
during the months of the vegetation period
(IVv to VI, the temperature sums
fluctuated less (Figure 2).
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Fig. 2. Temperature sums by month during the period 2012-2016, %

lMokasaTrenHu ca nonyyeHute no-
HUCKM CTOMHOCTM Ha BapuauuoHHUTe
KoedmymeHTn, Kouto Bapmpar ot 11.76%
npe3 anpwn o 8.18% npes 1o n cpesHo
3a nepuoga 8.96%.

Te ce xapakrepusuparT c no-ronsma
CTabUNHOCT M He ca C [JOMMHUpAaLo
3HayeHve 3a nonyvyeHutTe fobrBKN ceMeHa
OT nponeTeH uii.

MpOoAYKTMBHUTE BBL3MOXHOCTM Ha
KynTypuTe, B T.4. U HA NPoaeTHUA uii ca
(QYHKLMA OT B3aUMOAENCTBUETO MexXay
BasIeXunTe N TemMnepaTypuTe Ha MeceuuTte
OT anpwun o nn (BeretauuMoHHWA ne-
pvog, Ha KynTypara), u3paseHa ypes CTol-
HOCTUTE Ha XUAPOTEPMUYHUA Koedhu-
uneHt (XTK). MonyyeHuTe CTOMHOCTM Ha
XTK ce oT/MyaBar c BUCOKa Bapuabus-
HOCT, KakTO 3a BeretauyoHHUA nepuoj
(VC=43.23%), Taka M no wmeceuu
(VC=49.73%; VC,\=35.36%; VC,=63.35%;
VC,=49.42%; VC;=125.08% (Purypa 3)).
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The lower values of the coefficients
of variation were indicative. They varied
from 11.76% in April to 8.18% in July and
an average of 8.96% for the period.

They were characterized with
greater stability and were not of dominant
importance for the obtained seed yield of
spring vetch.

The productive possibilities of the
crops, including spring vetch were a
function of the interaction between
precipitation and temperatures from April
to July (the growing season of the crop),
expressed by the wvalues of the
hydrothermal coefficient (HTC). The
obtained values of HTC were characterized
with high variability, both for the growing
season (VC=43.23%) and by month
(VCIII=49.73%; VCIV=35.36%; VCV=63.35%;
VCVI=49.42%; VCVII1=125.08% (Figure 3)).
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B pe3yntaT Ha oT4yeTeHUTe Koneba- As a result of the reported
HUSA Ha MeTeoposiornyHmTe ycnosusa npes | fluctuations of the meteorological conditions
nepuoga Ha wscneasaHeTo, nosydenuTe | during the period of study, the obtained

[obusm ca

pasnuuHm no roguHn (durypa 4). | yield was different by year (Figure 4).
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Mpe3 neT roguwHWA nepuog Ha
n3cnefBaHe, 6posAT Ha rognHUTe ¢ Ao6u-
BW MO-BUCOKN OT cCpefHusa 3a nepuoja —
68.6 kg da™ ca gBe (40%), a no-HUCKM ca
ocTaHa/iMTe Tpu roguHn (60%) koeTo
O3HayaBa, 4Ye npeobnagasart roguHuTe C
no-He61aronpusATHU METEOPOIOTNYHN
YCNOBMA U C MOBEYE WKOHOMMWYECKM
3arybm Ha cemeHa. 3a 0T6ens3BaHe e, ye
CpPaBHUTENIHO HUCKU J06MBY NOA CpeaHus
3a nepuopga (68.6 kg da'l) ca nosy4yeHu
npes 2012 roa. — 52 kg da™, 2014 rog,. -
50 kg da™ v 2016 rog. - 60 kg da™.

XapakTepHO 3a MEeTeOpOsIOTNYHNUTE
yCnoBus npes Te3n roAuHn e, Ye nagHa-
nMTe BasieXxu ca 6unm HeJocTaTbyHu U
HepaBHOMEPHO pasnpesesieHu.

Mpe3 2014 n 2016 ropg., Korato ca
nosly4eHn Hai-HUCKM [o6vBU € wmaso
NpeoB/axHsiBaHe npe3 Mecey, Mai,
rnokasatefieH 3a KOWTO € BUCOKMAT
XTK=3.28>2.0, KoeTo JonpuHece 3a pas-
BUTMETO Ha OyliHa BeretatMBHa mMaca, no-
nAraHe, 3arHMBaHe Ha cTbb1aTa, Nnpoab/i-
XUTENEH UbTeX 1 cnabo oceMeHsiBaHe.

MpuumHata 3a HWUckuTe [06uBK
npes cronaHckata 2012 rog. ca B
pesyntar OT HacTbNWIOTO 3acyllaBaHe
npes mMeceuuTe MapT, anpus, IOHU U 101K,
ynunMTO Mepuog CcbBMaga C nepuoja Ha
doopMMpaHe Ha PeNpPOAYKTUBHUTE OpraHu
1 Ha/IMBaHe Ha 3bPHOTO, 3a KOETO € MoKa-
3atenieH HuckmAT XTK, koiTo Bapupa oT
0.01 po 0.76. ToBa goBefne OO HepasHO-
MEPHO MOHUKBAHE U HEHOPMAa/THO pa3Bu-
TMe Ha pacTeHusTa. Banexute nagHau
npes mecey main ¢ XTK=2.15, 3ab6aBunxa
ubTexa Ha pmeBmTe pacTeHus.

MpunaraHeTo Ha CpaBHUTETHUSA
aHa/M3 3a CbnocTaBsHE Ha MeTeoposio-
TMYHUTE YC/IOBUA C MOJIydeHuTe [06MBU
no roAuvHW, He MO3BO/ISABA Aa Ce OLEHU
TOYHO CTeMmeHTa M cuaata Ha Bpb3karta
Mexagy Tax. 3atoBa ca MpocriefeHu
aHa/INTUYHMTE 3aBUCUMOCTU Ha CpegHuTe
[o6MBM  BBB (PYHKLUMA OT OTAeSHUTe
eNleMeHTM Ha MEeTeopOoIorMyHUTE
yCnoBus BasIeXMW, CpeaHOAHEBHM
Temnepatypu u KoMOuHauusaTa mexay
TAX, u3paseHa upe3 XTK. TNonyyeHute
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During the five-year study period,
the number of years with yield higher than
the average for the period - 68.6 kg da™
were two (40%) and the remaining three
years (60%), were lower, which means
that years with less favorable weather
conditions and more economic losses of
seed predominated. It should be noted
that relatively low yield below the average
for the period (68.6 kg da'l) were obtained
in 2012 - 52 kg da*, in 2014 - 50 kg da™
and in 2016 - 60 kg da™.

Characteristic of the meteorological
conditions during those years was that the
precipitation was insufficient and unevenly
distributed.

In 2014 and 2016, when the lowest
yield was obtained, there was overwetting
in May, as the high HTC = 3.28> 2.0 was
indicative, which contributed to the
development of lush vegetative mass,
lodging, rot of stems, prolonged flowering
and poor insemination.

The reason for the low yield in 2012
was the drought in March, April, June and
July, the period of which coincided with
the period of formation of the reproductive
organs and grain filling, the low HTC,
which varied from 0.01 to 0.76, was
indicative.

That led to wuneven sprouting and
abnormal plant development. Precipitation
in May with HTC 2.15, slowed the
flowering of vetch plants.

The application of the comparative
analysis for comparison of the
meteorological conditions with the obtained
yield by year did not allow to estimate
exactly the degree and strength of the
relation between them. Therefore, the
analytical dependences of the average
yield as a function of the individual
elements of the meteorological conditions -
precipitation, average daily temperatures
and the combination between them,
expressed via HTC, were traced. The



CTOIHOCTM ca oTpa3eHn B Tabnuua 1.

Ta6bnuua 1.

CTOMHOCTM Ha MHOXECTBEHUTE KopenauynoHHN

values obtained were shown in Table 1.

KoechnumeHTm un

KoeMUMEHTM Ha geTepMuHaumsa mexay p[obuBa Ha cemMeHa OT Uil U HAKOMU
MeTeoposI0rMyYHM hakTopu Npu AoBepuTesIHa A0CTOBEPHOCT P=95%

Table 1.Values of multiple correlation coefficients and coefficients of determination
between seed yield of vetch and some meteorological factors, P = 95%

KoedumumeHTtn Ha KoedpnuwmenTy Ha
Mpeluka AeTepMuHaLms
No MeTeoponormuHmu chaktopu Kopenaums Error Coefficients of
- Meteorological factors Coefficients of (+SE) determination
correlation, r - (*100)
Cyma OT MeCeyHuTe Banexw npes 3vMHus
1 (lI-111) n BereTauuoHHua (1V-VII) nepuoamn 0.157 23.19 25
Sums of monthly precipitation during the ' ' '
winter (1I-11) and vegetation (IV-VII) periods
CymaTa OT MeceyHuTe Baiexw npes
3umHus nepwog (11-111)
2 Sums of monthly precipitation during the 0.824 13.28 68
winter period (II-111)
CymaTa OT MeceuHuTe Basexu npes
BereTaunoHHus nepuog (IV-VII) )
s Sums of monthly precipitation during the 0.085 23.4 0.7
\vegetation period (IV-VII)
TemnepaTypHaTta cyma npes
BeretaunoHHus nepuog (IV-VII) }
4 Temperature sums during the vegetation 0.067 23.43 04
period (1V-VII)
XuapoTepMuyeH KoeduUMeHT 3a Lenus
BeretauumoHeH nepwog (IV-VII)
5 HTC during the whole vegetation period 0,297 22.43 88
(IV-VII)
Pe3yntatnte oT KopenaumoHHUA U The results of the correlation and
erpecmoHeH aHa/n3 nokKkasBar, ye | regression analysis showe a e
[ h d that th

BasiexxHuTe cymu o610 3a 3umHus (l1-11) n
BeretaumoHHus  (IV-VIl) nepuogn ca
okaszasim cnabo BAMSHWE BbPXY CpegHuTe
pobusu (r=0.157). KonnuectBeHUST n3pas
Ha W3MeHeHVeTO Ha [obueuTe OT TO3U
hakTop e 2.5%, cbrnacHo kKoeduymeHTa
Ha AeTepMuHaums (r° * 100).

Mpv pasrnexgaHe B/IMSAHUETO Ha
Ba/IeXHUTE CYMU BbPXY A06MBMTE NOOT-
AenHo npes 3umuuma (II-11l) n BeretaumnoH-
Hua (IV-VII) nepuogn e ycTaHOBEHO, 4e
U3MEeHeHNeTo B [J06uBUTE Ha wmaA e
MOBMMSHO MO-CU/IHO OT BasiexuTe npes
3uMHMSA nepuog. MNMokasatenHu ca nonyye-
HUTE KoeMUMEHTU Ha AeTepMuHaLus,
KOMTO CbOoTBeTHO ca 68 u 0.7%. Tosa
nokassa, Ye [OMUHMPALLO MOSIOKUTESTHO
BNMsSHME 3a hopMMpaHeTo Ha Aobusute
nUMaTt Basiexurte npes sumHusa nepunog. Ot
N34ncneHna koednuMeHT Ha Kopenauus
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precipitation amounts for the winter (lI-111)
and vegetation (IV-VII) periods had small
effects on the average yield (r = 0.157).
The quantitative expression of the
variation in yield regarding that factor was
2.5%, according to the coefficient of
determination (r* * 100).

When considering the influence of
precipitation amounts on the yield
separately during the winter (ll-Ill) and
vegetation (IV-VII) periods, it was found
that the variation of vetch yield was more
strongly influenced by the precipitation
during the winter period. The obtained
coefficients of  determination  were
indicative - 68 and 0.7%, respectively.
That showed that precipitation during the
winter had dominant positive influence on
the formation of yield. From the calculated
correlation coefficient is stated that their



Ce KoHcTatupa, 4Ye TAXHOTO AelicTBue e
NOJSIOXKNUTESTHO U CUNHO u3paseHo (r=0.824).
CwobrnacHo koeduumeHTa Ha AeTepMuHa-
UMs, U3MEHEeHNeTO Ha cpefHutTe [06UBU
OT TO3WU hakTop e 68%.

OTb6ensasaHuTe TemnepaTypHu Cymu
npes3 BeretaunoHHNA Nepuos Ha Kyntypa-
Ta He ca oKasasim NOJIOXUTESTHO B/IMAHME
BbpPXy pasmepa Ha cpegHuTe [06uBU
0.4%.

CbueTaHOTO Bb3jeiNCcTBME Ha Bere-
TauMOHHUTE BasleXxu N TemneparypHaTa
Cyma, u3paseHn upe3 XuOpoTepMUYHUA
KoedhMuMeHT, ca okasanu ciabo BnusHue
BbpXy cpegHuTe gobusu (r=0.297).

N3BOAN

Mpe3 nepuvoga Ha npoy4vBaHETO
2012-2016 roa. npoAykTMBHOCTTa Ha gomns
ce Hamupa B npska 3aBUCMMOCT OT
METEOPOIOTMYHNUTE YC/IOBUS.

BanexHute cymu npes BereTauuoH-
HWA Nepuog ce oT/amvyasaT € no-ronsma
BapuabunHoct (VC=68.35%) B cpaBHEHUe C
Basiexute npesz M. mapt (VC=49.73%).
CrtabunHa 1©  Hucka BapuabuaHoCT
(VC=8.96%) e TemnepatypHata cyma
npes BeretayMoHHWSA Nepuos.

KonnuyecTBeHUST n3pas Ha M3mMeHe-
HMETO Ha cpegHuTe f06UBY B 3aBUCUMOCT
OT BaJIeXXHUTE CyMU Npe3 3UMHWS 1 Bere-
TaUUOHHUA Mepuos cbobpasHo m3uucne-
HUA KoeMUMEHT Ha JeTepMuHauusa e
25% wn ot XTK npe3 BeretaynoHHUsA
nepuog e 8.8%.

MpoayKTUBHUTE BbB3MOXHOCTU Ha
nponeTHus uii ca PyHKUMs OT B3aMMO-
[OelicTBMEeTO Mexay BanexuTe u Temne-
patypuTe Ha MeceuuTe oT anpwi 4o au
(BEreTauMoHHUS Mepuog Ha Kyntypara),
uspaseHa 4ype3 CTOMHOCTMTE Ha XWUApO-
TepMuyHUA koeduuneHT (XTK).

MonyyeHnTe cToHOCTM Ha XTK ce
OT/IMYaBaT C BWCOKa BapuabW/IHOCT, KakTo
3a BeretaymoHHus nepuog (VC=43.23%),
Taka ©n no meceun (VC;=49.73%;
VC,,=35.36%; VC,=63.35%; VC=49.42%;
VCV||=12508%)

OT16enssaHnTe TemnepaTypHu Cymu
npe3 BereTauuoHHUS Nepuog Ha KynaTypa-
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behavior is positive and strongly visible
(r=0.824). According to the determination
coefficient, the change in the average
yields from this factor is 68%.

The recorded temperature sums
during the vegetation period of the crop
did not have positive effects on the
average yield, 0.4%.

The combined effect of the vegetation
rains and temperature numbers, shown by
the hydro thermal coefficient, have made
little difference on the average yields
(r=0.297).

CONCLUSIONS

During the period of study
2012-2016, the productivity of vetch was
directly dependent on the meteorological
conditions.

The precipitation during the
vegetation period was characterized with
greater variability (VC=68.35%) compared
to the precipitation in March (VC=49.73%).
The temperature sum during the growing
season was stable and with low variability
(VC = 8.96%).

The quantitative expression of the
variation in the average yield depending
on the precipitation amounts during the
winter and the vegetation period
according to the calculated coefficient of
determination was 2.5% and by HTC
during the vegetation period was 8.8%.

The productive possibilities of the
spring vetch are a function from the
effects from rains and temperatures from
April to July (vegetation period), shown by
the hydro thermal coefficient (HTC).

The received results from HTC
differ with high variability for the
vegetation period (VC=43.23%) and for
per month as well meceun (VC,;=49.73%;
VCy,=125.08%).

The shown temperatures during the
vegetation period of the crop have not



Ta He ca okasanv nonoxutenHo BnusHue | effected positively the size of the average
BbpXy pasmepa Ha cpegHuTe pobusu | yield 0.4%.
0.4%.
CbyeTaHOTO Bb3AENCTBMNE Ha Bere- The combined effect of the vegetation
TaUMOHHMTE Basiexu U TemnepaTtypHata | rains and temperature numbers, shown by
cyma, u3paseHu upes3 xuapotepmuuHus | the hydro thermal coefficient, have made
KoedhnumeHT, ca okazanu cnabo BnusiHue | little difference on the average yields
BbpXy cpefHuTe nobusu (r=0.297). (r=0.297).
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BnvaHne Ha IMCTHO NPUIOXKEHW perynaTtopu Ha pacTtexa
BbPXYy A06MBa Ha nponeteH duin (Vicia sativa L.)
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PE3IOME

Llenta Ha npoyyBaHeTo e pga ce
yCTaHOBM edpekTta Bbpxy pn[obusa Ha
JINCTHO MNPWIOXKEHN PaCTEXHW perynaro-
pu npu nponetHusa ¢uin (Vicia sativa L.).
3a M3Nb/IHEHMETO Ha Tasu Les B nepuoga
2008-2010 roguHa Ha YOBB Ha ArpapeH
YHuBepcuteT - lMnoBavB 6e npoBefeH
TpurogueH MOJICKW ONWUT C ABa copTa
nponeteH dwmin — Lobpyaxa n Obpasel
666. ONUTLT 6€e 3a/10keEH NO MeToda Ha
Apo6HUTE Napuenu B YeTUpW NOBTOPEHNUSA
W rofleMrHa Ha onuTHaTta napuesna ot 10
mZ. TonyyeHUTe pe3ynTaTi nokasear, ye
BHeceHuUTe BbB (pasa GyToHM3auusA-Havasio
Ha Ub(TeX pacTexHn perynaTopu
noenusiBaTt 4O ronsiMa cteneH fobusa Ha
3bpHO (Bopmakc, PEHW [, n PEHW), cyxa
BeretatuBHa maca (bopmakc, PEHW [, n
Mn xenaT) n xbTBeHUA uHaekc (bopmakc)
npwv gBarta copTta NposieTeH uii.

KntouoBn aymun: nponeteH uii,
pacTexHu perynaTopu, 3bpHEHO-6060BU

KynTypu
yBO/A

TpeTpaHeTo Ha rpaxoBuTe U dme-
BUTE PACTEHUSA C PACTEXHU perynaTopu e
C/IOXHO OBYC/IOBEHO SIBJIEHUE, 3ABUCELLO
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SUMMARY

The aim of the present study was to
determine the effect of foliar applied
growth regulators on the yield of common
vetch (Vicia sativa L.). For achieving it, a
three-year field trial was carried out in the
period 2008-2010 in the Training-and-
Experimental Fields of the Agricultural
University - Plovdiv with two common
vetch cultivars — Dobrudzha and Obrazets
666. Split-plot design in four replications
was used, the size of the experimental
plot being 10 m® The results obtained
show that the growth regulators applied at
the stage of budding — beginning of
flowering had a significant effect on the
grain yield (Bormax, RENI D and RENI),
the dry biomass (Bormax, RENI D and Mn
chelate) and the harvest index (Bormax)
in both common vetch cultivars.

Key words: common vetch, growth
regulators, grain and leguminous crops

INTRODUCTION

Treatment of pea and vetch plants
with growth regulators is a complex
phenomenon, depending not only on the



He camMO OT Xapakrepa W [03UTe Ha
aKTMBHUTE BELLECTBA, a U OT KOHKPETHUTE
CbyeTaHMa Ha BbHWHWTE akTopn ¢
TEXHOMOrMATa Ha OTriexjaHe Ha KyniTty-
pute. Peavua aBTOpM YycTaHoBfABaT, ye
edekTbT OT npuaaraHeTo Ha perynaTopu-
Te Ha pacTexa ce onpefens u ot pasata
Ha pa3sutne (Chandra et al, 1989;
Skrobakova, 1995; Awasthi et al., 1998;
Abd-El-Hamied et al., 1999; Prusinski and
Borowska, 2001; Elkoca and Kantar,
2006). Hakon aBTOpM ycTaHOBABAT U COp-
TOoBa cneuuduka KbM NPUIOKEHUTe pac-
TexHu perynatopu (Chandra et al., 1989;
Kholodar et al., 2002; Kertikov, 2005).

Mpu onutn nseegeHn B VHctutyta
no dypaxute - lneBeH e yCcTaHOBEHO
MOHMXEHVEe Ha NOKb/IBAHETO Ha CeMeHa-
Ta 1 npu aBeTe [03U Ha U3NUTBaHe, cnep,
obpaboTBaHe Ha ceMeHaTa CbC CTepoua-
HU rnwoko3mam (npenapatn Mosicum wm
Ekoctnm) B KOHUeHTpauun 0,01 wu
0,001%. lMNpwn TpeTMpaHe Ha cemeHaTa 3a
4 yaca W npbCKaHe Ha pacTeHuATa BbB
(pasa oTpacTtBaHe ¢ gosa 0,01% [o6uBbT
ce nosuwaea ¢ 13,6% (Ekoctm) n 14,6%
(Monctum). ObpaboTBaHETO Ha cCeMeHaTa
3a 4 yaca nnOC [ABYKPATHO MpbCKaHe
(thasun oTpacTBaHe 1 6yTOHM3auus) BOAU
[0 CHWKeHme Ha pobusa c 8,6%, koeTo
Joka3sBa B/MAHMETO Ha (pasarta, B KOATO
ce npunaraT peryiaropuTe Ha pacTexa
(KepTtukos, 1998).

B TpurogmweH onut Sarikova (1995)
oTyMTa cpefHo 6% nosuLleHne Ha [o6u-
Ba Ha 3bPHO Mpu rpax copt boratup, Tpe-
TUpaH No Bpeme Ha BeretauuaTa ¢ Pactum
n AToHuK, a Radtseva et al. (1993) ycTa-
HOBABaT, Ye TpPeTUpaHeTo Ha rpaxosute
pacTeHns BbB haza OyTOHM3aLMA C KOH-
ueHTpart Ha ketocynduam Boam 4O NOBU-
WwaBaHe [06uBa Ha 3bPHO U CbObpXa-
HMETO Ha cypoB npoTteunH. Stakhova et al.
(2000) KoHcTaTMpaT nosoxuTteseH eduexTt
OT NPUNOXKEHNETO Ha ponnesaTa Kucesm-
Ha npu rpaxa, kaTo nNpu TpeTupaHe B 403a
25 mg/l BbB (hasza UbPTEX, YBENNYEHNETO
Ha Jo6uBa Ha 3bPHO gocTura 4o 26-29%.

JNlucTHOTO NpunoxeHwe Ha peryna-
TopuTe Ha pactexa TIBA (300 ppm), NAA
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nature and rates of the active substances
applied, but also on the specific
combinations of external factors with the
crop growing technology. A number of
authors established that the effect of the
growth regulators applied was also
determined by the development stage of
the crop (Chandra et al, 1989;
Skrobakova, 1995; Awasthi et al., 1998;
Abd-El-Hamied et al., 1999; Prusinski and
Borowska, 2001; Elkoca and Kantar,
2006). Some authors also found varietal
response to the applied growth regulators
(Chandra et al., 1989; Kholodar et al.,
2002; Kertikov, 2005).

In experiments carried out at the
Institute of Forage Crops - Pleven, a
decrease in the seed germination rate
was found after treatment of the seeds
with steroid glycosides (products Molstim
and Ecostim) in concentrations of 0,01
and 0,001%, at both studied rates. When
treating the seeds for 4 hours and
spraying the plants at the growth stage
with a rate of 0,01%, the vyield increased
by 13,6% (Ecostim) and 14,6% (Molstim),
respectively. Seed treatment for 4 hours
plus double spraying (stages of growth
and budding) caused a decrease in yield
by 8,6%, which proved the effect of the
phenological stage at the time of applying
the growth regulators (Kertikov, 1998).

In a three-year trial with peas of
Bogatir cultivar, Sarikova (1995) reported
an average grain yield increase of 6%
after treatment with Rastim and Atonik
during vegetation, while Radtseva et al.
(1993) found that the treatment of pea
plants with a ketosulfide concentrate at
the budding stage led to an increase both
in grain yield and in crude protein content.
Stakhova et al. (2000) established a
positive effect of the application of folic
acid in peas and after treatment with 25
mg/l at the flowering stage, the increase in
grain yield reached up to 26-29%.

Foliar application of the growth
regulators TIBA (300 ppm), NAA (20
ppm), GA3 (30 ppm) and CCC (500 ppm)



(20 ppm), GA3 (30 ppm) u CCC (500
ppm) npu Tpu copTa rbAbLOOB rpax
(Cajanus cajan L.) Boau no nosulasaHe
Ha [06MBa Ha 3bPHO U CbAbPXaAHNETO Ha
npoTteuH. Hai-oTyeT/iBn pesyntatn ca
peructpupadn npn NAA n CCC cpegHo
cbC 7,9 1 7,7% no-BUCOK [,O0OMB Ha 3bPHO
n 19 n 2,7% Ha CcypoB NPOTENH CMPAMO
KoHTponaTa (Kadam and Pol, 2007).

Kertikov and Radeva (1998) cnep
TpeTvpaHe Ha nponeTteH dwmii Obpasey,
666 c npenaparnte Monctum n Ekoctum
yCTaHOBsABAT Hali-BUCOK edekT npu npu-
naraHe BbB (hasza GyTOHM3aUMA - Ha4Yas10
Ha UbdITEX NPU KOHLEHTpauns Ha paboT-
Hus pa3tBop 0,5%. [Jo6MBBLT Ha 3bPHO ce
nosuwasa cpegHo ¢ 21,8 n 18,1% cnps-
MO KOHTposaTa (TpeTupaHa ¢ Boga). Tpe-
TMpPaHETO Ha nponetHus dcwuii Obpasel,
666 BbB (haza oTpacTBaHe C OMOCTUMY-
nartopute Mosnctum n Ekoctum (0,01%)
nosuasa fo6mea Ha 3bpHO ¢ 11,6 1 6%
CnpsiMO KOHTponara (TpeTupaHa ¢ BoAa),
KaTo MPOLIEHTHOTO CbAbPXaHNe Ha CypoB
npoTeuH ce nosuwasa ¢ 0,5 go 1 nyHkra.
Hali-Bncok go6us Ha CypoB NPOTEUH — C
136 kg/ha n 122 kg/ha cnpsimo KOHTpo-
naTa e nosiyyYeH npu TpeTmpaHeTo Ha s
¢ 6uocTumynatopute Monctum u EkocTum
(0.01%) BBB (haza 6yTOHU3aUUA - HAYas10
Ha ubgTex.

Llenta Ha npoyyBaHeTo e pga ce
yCTaHOBM edhekTa BbpXy p[obusa Ha
3bpHO, Cyxa BereTaTMBHa Maca WU
XBTBEHUS WHAEKC TMpu [Barta copTta
nponeteH dwmin — Lobpyaxa n Obpasel
666.

MATEPWNANT N METOA4WA

3a nocturaHe Ha noctaBeHarta Len
€ U3BefeH MoJsickn OnuT, 3a YCTaHOBSABaHe
BivaHneTo Ha PEHW, npunaraH camo-
CTOATENHO M B KOMOGMHaUUsA ¢ 60p, KakTo
M Ha TbProBCcKUTE npenapatn Bopmakc,
MaHraHoB xenaT u MonMbaeHUT BBLPXY
NPOAYKTMBHOCTTA Ha COPTOBE MNpOJIETEH
gmii. ONMTBT € 3a/l0KeH N0 MeToda Ha
APOGHUTE Mapueny B YeTUPY NMOBTOPEHNS
W roflemMmmuHa Ha onuTHaTa napuena 10 m?.

TpeTMpaHeTo Ha COpTOBETE € U3-
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in three pigeon pea cultivars (Cajanus
cajan L.) led to an increase in the grain
yield and the protein content. The most
obvious results were recorded after
treatment with NAA and CCC, with an
average of 7,9 and 7,7% higher grain
yield and 1,9 and 2,7% higher crude
protein content compared to the control
(Kadam and Pol, 2007).

Kertikov and Radeva (1998), after
treatment of common vetch Obrazets 666
with the products Molstim and Ecostim,
found the highest effect when applying the
stimulators at the stage of budding —
beginning of flowering, at a concentration
of the spray solution of 0,5%. Grain yield
increased by 21,8 and 18,1% on average
compared to the control (treated with
water). Treatment of common vetch
Obrazets 666 with the biostimulators
Molstim and Ekostim (0.01%) applied at
the stage of growth, increased the grain
yield by 11.6 and 6% compared to the
control (treated with water) and the
percentage of crude protein increased by
0,5 to 1. The highest crude protein yield —
by 13,6 kg/da and 12,2 kg/da higher
compared to the control, was obtained
after treatment of vetch at the stage of
budding — beginning of flowering with the
biostimulators Molstim and Ecostim (0,01%).

The aim of the present study was to
determine the effect of foliar applied
growth regulators on the grain vyield, the
dry biomass and the harvest index in both
common vetch cultivars - Dobrudzha and
Obrazets 666.

MATERIAL AND METHODS

A field trial was carried out to
establish the effect of RENI, applied
separately and in a combination with
boron, as well as the commercial products
Bormax, Manganese Chelate and
Molybdenite, on the productivity of
common vetch cultivars. The experiment
was based on the split-plot method in four
replications, the size of the experimental
plot being 10 m?.

The cultivars were treated at the



BbpLIEHO BbB (pasa GyToHU3aunsa-Havyano
Ha UbTex, nNpu cnegHUTe KOHUEHTpa-
umm: PEHWN - 0,5%; PEHW O - 0,5%;
MaHraHoB xenat — 0,4%; MonubaeHut —
0,2%; bopmakc — 0,4%.

MpepfLwecTBEHWK Ha MNOJICKUSA ONuT
e nuweHuuaTa, kato cnes npubupaHeTto U
€ u3BbpLUEHa OCHOBHa o06paboTka Ha
abvnoéounHa 25-30 cm. Cnep gbnoéokata
06paboTKa, € N3BLPLUEHO U ANCKYBaHE Ha
nnowumTe, npegHasHaveHy 3a ABeTe KynTy-
pu. MNpeacenT6eHO ca M3BBLPLLEHN ABE KyJl-
TMBMpaHWA Ha AbnboymHarta Ha cemTbara.

Mpean centbarta e oTyeTeHa M na-
6opatopHaTa Kb/IHAEMOCT Ha cemeHaTa,
KaTo Kb/IHAEMOCTTa Npu NPoJIeTHUTE Cop-
ToBe (huin e cvoTBETHO 98% Npun Jo6pya-
Xa un 99% npu O6pasey, 666. Mopaau
BMCOKMTE CTOWHOCTM Ha snabopatopHaTa
Kb/IHAEMOCT Ha cemeHaTa Cepuo3Ha Ko-
pekuus B npeABapuTesniHO nNpeasuaeHuTe
centbeHn Hopmu He 6e Heobxoauma.

Centbata € wu3BbLPLUIEHA B ONTU-
MaJIHUSl arpoTEXHUYECKN CPOk— cpegarta
Ha MapT. 3anaraHeTo Ha ¢us e 0oCb-
LLIeCTBEHO C NOMOLLTa Ha napuesiHa cean-
Ka C¢ wupmnHa 1,5 m, Ha Mexaypenoso
pascTosiHue 12 cm, Abnb6oynHa 6-10 cm un
centbeHa Hopma 180 kg/ha. Henocpeg-
CTBEHO cnef ceutbaTa 3acAtara njou, e
Ba/MpaHa C rpaiicepHys BaniAuuM 3a no-
[06bp KOHTAKT Ha cemeHaTa Cc noysara u
OPY)XHO MOHVKBaHe Ha pacTeHusTa. Cnepf
Ba/IMPaAHETO € M3BBLPLUEHO TpeTupaHe Ha
noysata ¢ [Ayan long 960EK 1,5 l/ha
cpeLly efHOroAuLWHUTE XUTHW NeBenn B
T.4. 6aslyp OT CEME M HAKOM LLUMPOKO-
JINCTHW NN1eBENN.

Mo Bpeme Ha (haza ubgTexa 6e
BHECEH YeTMpPMKpaTHO 3a rpaxa u Tpu-
KpaTHO 3a dwmsa uHcekTMumga Hypene
OypcéaH B pgosa 500 ml/ha cpewy
guneBuna 3bpHosA (Bruchus rufimanus) n
nncTHUTE BBbLUKK (p. Aphis).

Mo Bpeme Ha BereTauusita BbB
(hasa oTpacTBaHe e BHEeCeH CUCTEeMHUSA
xepbuung dysunag dopte B gosza 1,30
I/ha cpewgy 6anyp oT kopeHuwa (Sorghum
halepense), TpockoT (Cynodon dactylon),
Kowpsea (Setaria viridis, Setaria glauca) un
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stage of budding — beginning of flowering
with the following concentrations: RENI —
0,5%; RENI D 0,5%; Manganese
chelate — 0,4%; Molybdenite — 0,2%;
Bormax — 0,4%.

The predecessor in that field trial
was wheat and deep soil tillage was
performed at a depth of 25-30 cm after its
harvesting. After the soil cultivation, the
areas were disked. Two pre-sowing
cultivations were carried out at the depth
of sowing.

The laboratory germination rate of
the seeds was determined before sowing,
reporting the rate of 98% in Dobrudzha
and 99% in Obrazets 666 cultuvars,
respectively. Due to the high values of the
laboratory germination rate of the seeds,
a serious correction in the previously
planned sowing rates was not necessary.

Sowing was carried out in the
optimal agrotechnical term, in the middle
of March, with a plot seed drill with a width
of 1,5 m, at a row spacing of 12 cm, a
depth of 6-10 cm and a sowing rate of 180
kg/ha. Immediately after sowing, the area
was rolled with toothed rollers for a better
contact of the seeds with soil and uniform
plant emergence.

After rolling, the soil was treated with Dual
Gold 960EC - 1,5 I/lha against annual
grassy weeds, including Johnson grass
from seeds and some broadleaf weeds.

During the flowering stage, Nurelle
Dursban insecticide was applied at the
rate of 500 ml/ha, four times in peas and
three times in common vetch, against
broad bean weevil (Bruchus rufimanus)
and aphids (P. Aphids).

During vegetation, the systemic
herbicide Fusilad Forte was applied at the
rate of 1,3 I/ha against rhizome Johnson
grass (Sorghum halepense), Bermuda
grass (Cynodon dactylon), Green Foxtail
(Setaria viridis, Setaria glauca) and wild



amB osec (Avena fatua).

MpnbupaHeTo Ha 3bPHOTO €
M3BBbPLUEHO BbB (hasa Nb/Ha 3pAsIoCcT Ha
ceMeHarta C Nn0TeH KOMbGaWH 3a ONMUTHU
uenun Wintersteiger.

MouBeHn aHaNN3K:

MuHepaneH a3oT (aMOHWEB W HUT-
pateH) upe3 ekcTpakuus ¢ 1% KCI; Konu-
4ecTBOTO Ha NOABWXHWUTE dhocdaTn ca
onpegeneHn no metoga Ha Egner-Reim;
YCBOMMUAT Kannii € onpegeneH cnepg ms-
BnnyaHe ¢ 2N HCI kucenuHa; MouBeHata
peakums (pH) — NOTEHUMOMETPUYHO BbLB
BOJIEH U3BJEK.

PacTuTenHn aHanusu:

[o6bue Ha 3bpHO (kg/ha - oTueTeH
BbB (hasa Mb/iHa 3pSAAOCT Ha s cneg
npegBapuTeNIHO OKOCSIBAHE Ha BCska
napueska 3a gouscylaBaHe v nocrnegsa-
L0 OBbpLIaBaHe C kOMbaiiH 1 npeTernsHe
KO/IMYEeCTBOTO 3bPHO Ha BCEKM BapuaHT
nooTAe NHO.

[obuB Ha cyxa BeretaTvBHa maca
(kg/ha) - oTueTeH upes npenBapuTesIHO
npeternsHe Ha obuwara maca (3bpHO U
cyxa BeretatmBHa maca). Criep npucna-
[JaHe Ha cemMeHaTa ocTaBa KOMIMYECTBOTO
cyxa BereTatMBHa Maca 3a BCekM OT
uscneaBaHuTe BapnaHTu B kg/ha.

XbTBEeH uHgekc (HI) — nokasarten,
oTpassiBall, CbOTHOLLEHNETO Ha cemMeHaTa
cnpsamo obuiata 6uomaca, T.e. CbOTHO-
WEHNETO Ha TreHepaTUBHUTE  CNPSMO
BereTaTMBHMUTE YaCTU Ha pacTeHusTa.

M3non3egaHn copToOBe MposieTeH
dowia:

MponeteH dwmin copT Ob6pasey,
666. CopTbT € cb3gafeH e oT npody. M.
MexmMBaHOB M € N3NUTaH B cucTemarta Ha
ObpXaBHOTO coprtomsnutBaHe 3a bBCK
npe3 1970-1973 r. n 3a PXC - npes3
2001-2002 r. CopTbT MMa 6bpP3 TeMn Ha
passButMe, paHo u3ubTABaA M y3psBa,
KaTo m3npeBapBa NIeTHUTE 3acyllaBaHus.
ABCOMIOTHO Terno Ha cemeHarta — 80-100
g u XxektonutpoBa Maca — 80-85 kg.
CpepgeH pobwus 232,6 kg/da.
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oats (Avena fatua).

The grain was harvested at the
stage of full maturity with Wintersteiger
plot combine harvester for experimental
purposes.

Soil Analyses:

Mineral nitrogen (ammonium and
nitrate) by extraction with 1% KCI was
applied. The amount of mobile phosphates
was determined by the Egner-Reim
method. Absorbable potassium was
determined after extraction with 2N HCI
acid. Soil reaction (pH) was measured
potentiometrically in aqueous extract.

Plant Analyses:

Grain yield (kg/ha) was reported at
full maturity stage of common vetch after
pre-mowing of each plot for drying and
subsequent threshing with a combine
harvester and weighing the amount of
grain of each variant separately.

Yield of the dry biomass (kg/ha)
was reported by pre-weighing the total
mass (grain and dry vegetative mass).
After deducting the amount of seeds, the
amount of dry mass was obtained in kg/ha
for each of the experimental variants.

Harvest index (HI) - an indicator
that reflects the ratio of seeds to total
biomass, i.e. the ratio of the generative to
the vegetative parts of the plants.

Common vetch cultivars used:

Common vetch, cultivar Obrazets
666. The cultivar was developed by Prof.
M. Pehlivanov and tested by the State
Varietal Testing system for biological and
economic qualities in 1970-1973 and for
distinctness, uniformity and stability — in
2001-2002. The cultivar has a rapid
development rate, early flowering and
matures before summer droughts. The
absolute seed weight is 80-100 g and the
hectolitre weight — 80-85 kg. The average
yield is 232,6 kg/da.



MponeteH dwmii copT dobpynxa.
Cb3gageH B [o6GpymxaHCKn 3emenencku
VHCTUTYT rp. [leHepan ToweBo.
M3nutBaH B cuctemara Ha [AbpPXaBHOTO
coptomsnutBaHe 3a BCK npe3 2001-2002
r, a 3sa PXC npes 2002-2003 .
BeretaumoHHMAT nepuof e cpegHo 81
OHW. BucourHaTa Ha 3an1araHe Ha NbpBuUs
606 e 33 cm. CopTbT € HeycTon4MB Ha
nonsdraHe, Kakto W cTaHAapTHUSA CcopT.
Macata Ha 1000 cemeHa e 62,99 g.
Xektonutposara Mmaca sapuvpa oT 76,9 1o
85 kg. CbabpxaHMeTo Ha MpoTEUH €
cpegHo 31,37% abC. Cyx0 BeLecTBO.
Vma cpegHa ycTOMUMBOCT Ha ackoxmTosa
N YCTOMUYMBOCT Ha OpaluHecTa MaHa W
pbXxaa.

N3non3BaHn pacTexHn perynaTopu:
PEHW - TMpenapatute PEHW ca
KOMOUHaUMM OT WMOHWUTE Ha MOAnbAeEH,
MaHraH, MarHe3uii B pa3/IMyHN KOHLIEH-
Tpauuy N CbOTHOLLEHNS, KOUTO AONBLIIHU-
Te/IHO W Lie/IeHaco4YeHOo ce KOMBUHMpAT C
areHTu, umaliy M3BeCTHO GUOXUMWYHO U
h13N0MOINYHO fAelicTBre, KaTO MUKPO-
e/leMeHTH, CUHTeTUYHWU perynatopu ot
LUUTOKMHWUHOB TUM, OCHOBHU MeTabonnTn u
ap. PEHWN (kombuHauusi OT WOHUTE Ha
MONMBAEH, MaHraH, marHesuin) u PEHN-[ —
OCHOBHUA CbCTaB Ha npenapatute PEHW
¢ pobaska Ha B (60op).

MaHraHoB xenaTt — /IMCTEH TOP 3a
dhepTuraumsa, XumAporoHUKa U JIUCTHO
NPUIOXKEHVe MNPU HEeOOCTUI Ha MaHraH.
Mpunara ce B koHueHTpaumsa 0,2-0,4%
pasTBop. M3non3saHeTo MoOxe ga 6bae
KOMOBWHMPAHO C INCTHO NoAxpaHBaHe C
BOAEH pa3TBOp Ha kapbamug. Tyk Mn e B
xenatHa dopma (EDTA), kosto e no-
JIECHO [0CTBMNHA 3a pacTeHusaTa.

MonméaeHUT — nUCTeH Top 3a
dhepTuraums, XuMaponoHuka W JIMCTHO
NpUIoXKeHWe nNpu  KyNnTypu C  BUCOKO
N3KCKBaHe Ha MonuMbaeH: kapTtodu, 3ene,
6pokonu, chacyn, rpax, gomatu. JINCTHO
npunoxeHune B koHueHTpauua 0,1 — 0,2%.

Bopmakc — IMCTeH Top 3a BCUYKU
KyNTypy C BUCOKM U3NCKBAHUA KbM 60p —
uapesunua, LBEKNO, OBOLUHW, KapTow,
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Common vetch, cultivar
Dobrudzha. Established at Dobrudzha
Agricultural Institute in General Toshevo.
Tested by the State Varietal Testing
system for biological and economic
qualities in  2001-2002 and for
distinctness, uniformity and stability — in
2002-2003. The vegetation period is 81
days on average. The height of the first
pod is 33 cm. The cultivar is susceptible
to lodging, as is the standard cultivar. The
weight of 1000 seeds is 62,99 g. The
hectoliter weight varies from 76,9 to 85
kg. The protein content is 31,37% of the
absolute dry matter on average. It is
moderately resistant to ascochitosis and
resistant to powdery mildew and rust.

Growth regulators used:

RENI — RENI products are
combinations of molybdenum,
manganese and magnesium ions in

different concentrations and ratios, which
are  additionally and purposefully
combined with agents with a biochemical
and physiological action, such as trace
elements, synthetic regulators of cytokinin
type, basic metabolites and others. RENI
is a combination of molybdenum,
manganese and magnesium ions and
RENI-D contains the main elements of
RENI products with B (boron) added.

Manganese chelate a foliar
fertilizer for fertigation, hydroponics and
foliar application in manganese
deficiency. It is applied at a concentration
of 0,2-0,4% solution. Its application can
be combined with foliar nutrition with an
aqueous solution of urea. In the present
study Mn is in a chelated form (EDTA),
which is easily absorbed by plants.

Molybdenite — a foliar fertilizer for
fertigation, hydroponics and foliar
application in crops with high molybdenum
requirements: potatoes, cabbage, broccaoli,
beans, peas, tomatoes. Leaf application is
at a concentration of 0,1-0,2%.

Bormax a foliar fertilizer for
different crops with high requirements for
boron corn, beets, fruits, potatoes,



6060BW, 3€/1IeHYYKOBM U LBETA. JINCTHO
npuioxeHue: KoHueHTtpaumsa 0,3 — 0,4%.
Hopma Ha npunoxeHue - 1 I/ha.

MouBeHO-KNMMATNYHA XapaKTe-
pucTuka

Mousata B YOBE Ha AY - lNnosans
e anysuanHo-nmBagHa. o reorpadcko pas-
npocTpaHeHne ce OTHacs KbM Tpakuiicko-
CTpaHQKaHCKUSAT palioH M MbpBU Nog-
paioH OT Cblns panoH. AnyBMasHO-
NMBajlHUTEe MNOYBM Cca pasBUTU BBPXY
Necby/IMBO-I/IVHECTY U NECBHUY/IMBO-
YakbNleCTU KBaTepHepHU HaHocu. [lo
MexayHapogHata knacudgmkaums Ha PAO
Ce OTHacAT KbM MOJIMKOBUTE (PsIyBUCONN.
O6pasyBaHu ca BbpXy aslyBUasIHX HaHO-
cn, umaTt gobpe 0hOpMEH XYMYCHO-aKy-
My/laTUBEH XOPW3OHT, KOWTO MOCTEMEHHO
npemunHara B C XOpU30HT 1 Abn60oko (nog
100 cm) B nouBoo6pasysaluTe Marepua-
nn ce Habnwpaasa ornessiBaHe - npodun
A-C-G. CbabpXaHUEeTO Ha XyMyC 06MKHO-
BEHO He e BMCOKO — He noseye oT 1-2%.

« NH," — 14,00, mg/1000g

* NO;s - 16,80, mg/1000g

« O6u, a3oT — 30,80 mg/1000g

* P,Os — 22,0, mg/100g

* K,0 - 36,0, mg/100g

« CaO - 20,63 mgeq/100g

* MgO - 5,18 mgeq/100g

* MnO4 - 210,0 mg/1000g

e pH (H,0O) — 7,83

Te3n faHHM nokassar, ye no4ysara
e CcbC cflabo ankanHa peakuusi, cnabo
3anaceHa ¢ N n go6pe 3anaceHa ¢ P,Os n
K,0. O6MeHHMAT kanuuin (CaO) n marHe-
3uin (MgO) ca B KonMyecTBa, TUMMYHN 3a
noyseHus Tun. OnpegeneHo e 1 obwoTo
Konnyectso Ha MnO,, KoeTo onpegens
noysaTta kaTo fobpe 3anaceHa Mo OTHO-
LeHVe Ha To3n enemeHT. MNMopaau ankan-
HWA XapakTep Ha noysaTta obave NoABUX-
HOCTTa U AOCTBLMNHOCTTA MYy 3a pacTeHus-
Ta e cnaba.

Mpe3 nbpBaTa roguHa OT MOJICKUA
onuT (2008) ¢ nponeTHus cuin, 6narog-
apeHue Ha akymynupaHaTa B no4ysata
Bfara ot AgbxaosHata 2007 rogmHa ca
Hanvue 6naronpuaTHW  yCnoBus  3a
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legumes, vegetables and flowers. Foliar
application is at a concentration 0,3 —
0,4% and the application rate is 0,1 l/da.

Soil and Climatic Characteristics

The soil in the experimental fields
of the Agricultural University - Plovdiv is
alluvial-meadow. In terms of geographical
location, the area belongs to the Thracian-
Strandzha region, the first sub-region.
Alluvial-meadow soils are developed on
sandy-clayey and sandy-gravel
Quaternary sediments. According to FAO
international classification, they refer to
Mollic Fluvisols. They are formed on
alluvial deposits and have a well-formed
humus-accumulative  horizon,  which
gradually passes into the C horizon and
deep in the soil-forming materials (below
100 cm), a charred layer is found — profile
A-C-G. The humus content is usually not
high — no more than 1-2%.

« NH," — 14,00, mg/1000g

* NO; - 16,80, mg/1000g

« O6u, a3oT — 30,80 mg/1000g

* P,Os — 22,0, mg/100g

* K,0O - 36,0, mg/100g

« CaO - 20,63 mgeq/100g

* MgO - 5,18 mgeq/100g

* MnO4 - 210,0 mg/1000g

* pH (H,0) - 7,83

Those data show that the soil has a
weak alkaline reaction, poorly stocked
with N and well-stocked with P,Os and
K,O. Exchangeable calcium (CaO) and
magnesium (MgO) are in amounts, typical
of the soil type. The total amount of MnO,
was also determined, defining the soil as
well-stocked with that element.

However, due to the alkaline soil type, its
mobility and accessibility to plants is poor.

In the first year of the field trial with
common vetch (2008), thanks to the
moisture accumulated in the soil during
the rainy year 2007, there were favorable
conditions for the normal germination and



HOPM&J/THOTO MOKb/IHBAHE W HABPEMEHHO
NOHWKBaHe Ha omeBUTE pacTeHus U npu
ABaTa n3nuteaHu copta (durypa 1). MNMpe3
nbpBaTa Beretauus OT MNOJICKNS ONUT C
nponeteH ¢wuii 6e oTyeTeHa cyma Ha
Banexute oT 242,9 mm npu kKaMmaTuyHa
Hopma ot 237,0 mm, unu ¢ 2,5% noseve.
KonnyecTBoTO Ha Basiexute npes nbpsa-
Ta BeretaumMss Ha nposieTHUS uin He
HaJBMLIABA CbLECTBEHO HOpMUTE 3a
AbnrocpoyHns 30-roguwieH nepvog, Ho
pasnpefenieHneTo MM N0 BpemMe Ha
BeretaymsaTa e ocobeHo 6naronpusaTHO 3a
ONTUM&/THUS pacTex W pasBuTue Ha
Kyntypata. C Basiexu Haj kivMaTuyHarta
HOpMa Cce Xxapaktepusupar meceuute
MapT W KOHW, CbOTBETHO CbC CTOWHOCTU
86,3% (35,8mm) n 50,1% (23,0mm) Hapg,
cpegHute 3a 30-roanwHng nepuog 1971-
2000 r. Mpe3s 1onu — Meceua Ha npubupa-
He Ha KynTypaTa e Hanavue gedumumT Ha
Bnara, 6naronpusaTcTBal, HOPMa/THOTO
y3psiBaHe Ha 3bpHOTO Ha chua (Tabnuua
2). CymaTta Ha AeHOHOLHNTE TemnepaTy-
pu Ha Bb3gyxa e 2632,9 °C, KoeTo Haj-
BUIWIABA CbC 6,3% (155,2 °C) knumarnu-
Harta Hopma (2477,7 °C).

timely emergence of the vetch plants of
both studied cultivars (Figure 1).

During the first vegetation of common
vetch, the precipitation amount was of
242,9 mm, the climatic norm being 237,0
mm, i.e. 2,5% higher. The amount of
precipitation during the first vegetation of
the common vetch did not significantly
exceed the norms for the long-term 30-
year period, but the distribution of rainfalls
during vegetation was quite favourable for
the optimal growth and development of
the crop. The months of March and June
were characterized by precipitation above
the climatic norm, with values of 86.3%
(35,8 mm) and 50,1% (23.0 mm) above
the average for the 30-year period
(1971-2000). In July, the month of
harvesting the crop, there was a deficit of
moisture, favouring the normal ripening of
vetch grain (Table 2).

The sum of the daily air temperatures was
2632.9 °C, which exceeded the climatic
norm (2477,7 °C) by 6.3% (or 155,2 °C).

120 m2008 (mm)
100
m2009 (mm)
80
60 2010 (mm)
¥ BAvarage for
period 1970-
20 2000 (mm)
0
March April May June July

dur. 1. Cyma Ha Banexute (mm) npes nepnoga Ha nscneaBaHeTo
Fig. 1. Amount of monthly precipitation (mm) during the study period

ViIMeHHO 6ﬂaFOI'IpI/IFITHOTO cTe4dyeHmne

Ha KIMMatuyHuTe doaktopu — obunHa | climatic

NbpBOHa4Yas/IHa Bara, BaJ/ieXXn B KPUTUY-
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The favourable combination of the
factors abundant initial
precipitation in the critical

moisture,



HUTe a3 OT pas3BUTMETO Ha ¢imsa w”
ONTMM&J/THN YC/I0BUA 3a y3psiBaHe U npu-
6upaHe Ha 3bLPHOTO 6€e NpuyMHa 3a nosy-
YyaBaHeTO Ha NoYTW pekopaHu [obreu Ha
cemeHa npe3 nbpeata 2008 roguHa,
pobnmkasBali ce  MakCMMaslHO o
NPOAYKTUBHUA NOTEHUMAN Ha KynTypara.

Btopara roguHa oT Beretauusta Ha
nponetHua cuin (2009) ce xapakTepusu-
pa c Basiex nof knMmarmyHaTa Hopma c
pecvumt Ha Bnara ot noyt 30 mm
(Purypa 1). 3acywaBaHeTo npes3 K/yo-
BUTE MeceLu OT Beretauusita Ha nponeT-
HWUA Uil BOAM [0 3HAYUTENHO NOHWXaBa-
He f06UBMTE Ha CeMeHa npe3 HacTosLa-
Ta OnuTHa roguHa. TemnepatypHaTa cyma
3a TO3M ONUTEH nepuog e 2604,4 °C, koe-
TO Hagguwasa ¢ 5,1% cpepgHata oT AbJl-
rocpouHus nepuog (2477,7 °C). C Haii-
BMCOKM CpefHu TemnepaTtypu e 6un me-
cey, maii, KOeTO OKa3Ba 3HauUTesIHO BANA-
HWe BbpXy 606006pa3yBaHeTO U Ha/MBa-
HETO Ha 3bpPHOTO Mpu ABarta copTta duii
(durypa 2).

stages of vetch development and optimal
conditions for ripening and harvesting of
the grain — contributed to obtaining almost
record grain yields in the first year (2008),
approaching the productive potential of
the crop.

In the second experimental year
(2009), the common vetch vegetation
season was characterized by precipitation
below the climatic norm with a moisture
deficit of almost 30 mm (Figure 1).
Drought during the critical months of
common vetch vegetation led to a
significant reduction in grain yields.

The temperature sum for the period was
2604,4 °C, which is 5.1% higher than the
long-term average (2477,7 °C). The
highest average temperatures were
measured in May, which had a significant
impact on pod formation and grain filling
in both vetch cultivars (Figure 2).

800 | 2008
700
600 W 2009
500
400 [2010
300
200 B Avarage for
100 the period
1970-2000
0]
March April May June July

®ur. 2. CpeHOEHOHOLWIHM (aKTMBHW) TemnepaTtypu Ha Bb3ayxa (°C) no speme

Ha BereTauusita Ha gus

Fig.2. Average monthly air temperatures (°C) during vetch growing season

KonvnyecTtsoTo Ha nagHanute sasne-
Xun nocnepgHara 2010 roguHa ot onuTa e
310,9 mm, koeTo e ¢ 31,2% (73,9 mm)
Hafg CToliHOCTUTE
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The amount of precipitation in the
last experimental year (2010) was 310,9
mm, which is 31,2% (73,9 mm) above the

Ha kiumMaTuyHarta | values of the climatic norm (Figure 1),



Hopma (Purypa 1) n onpegens roguHata
Karo BNaxHa. Ko/myecTBOTO Ha Banexwu-
Te npe3 Tasu Beretauus e HagBULLIUIIO
cpegHuTe 3a 30-roguwHua  nepuog C
31,2% (73,9 mm). PasnpegeneHneTo um
no meceuun obaye e cpaBHUTE/THO HebBNa-
ronpuaTHo. [locnegHata BereTauus ce
Xapakrepusupa C BJI@2XeH MapT, HHU U
I0/IN KaTo Mnpu nocnegHuss Mecel, Konu-
YeCTBOTO Ha Banexute e cbc 151,6%
(72,3 mm) Hap kIMMatuyHata Hopma.
VimeHHO TOBa cb3fafe 3aTpygHeHus 3a
y3psiBaHETO M NpubupaHeTo Ha dmesBnTe
ceMeHa. MeceuuTte anpun u Mai, Korato
npoTuyaT Hal-akTBHWUTE BereTalMOoHHU
npoLecK ca CPaBHUTESHO CyXun — € AeduumnT
Ha Bnara 8,7% u 64,9% nop cpegHute
cToHOCTKM 3a 30-rognwHmsa nepuog, 1971-
2000 r. TemneparypHata cyma 3a 2010 r.
€ OKOMO CTOMHOCTWUTE Ha KavMartuyHata
HOpMa KaTo A HaaBuLwasa cnabo — ¢ 3,2%
(Purypa 2). lMo-cblieCcTBEHO MOBULLEHME
CnpAMO  cpegHWTe  TemnepaTtypu ce
HabnwgaBa efvHCTBEHO nNpe3 anpwn,
korato ca 6unu ¢ 30 °C Haj cpeaHuTe 3a
OBbrOCPOYHUA NEPUOL,.

MonyyeHuTe AaHHM ca 06paboTeHu
ypes paucnepcuoHeH aHanuiz (ANOVA),
KatTo e u13non3BaH nporpamMeH naket
SPSS.

PE3YJITATU N OBCBXXOAHE

Jo6us Ha 3bpHO

JaHHute B Tabnuua 1 oTpassBar
CWIHOTO Bb3AENCTBME Ha KIUMATUYHUTE
hakTopn BbPXy BeNMUMHATA Ha 3bpHeHaTa
NpoAayKuMsa 1 Npu ABaTta U3nuMTBaHu copTa.

Mpe3 nbpeata (2008) onuTHa roau-
Ha gobuBMTE Ha 3bPHO W Npu ABarta
copTa huii ca Ha-BUCOKN B CPaBHEHUE C
ocTaHanMTe gse. Tosa ce obycnass oT
(hakTa, 4ye npes nepuoga OT anpwuna go
10N, MECEeYHUTE CYMU Ha Basiexute ca
OKOJMI0 U Hap HopmasiHuTe 3a 30-roguiu-
HuA nepuopg 1971-2000 r., koeTo crnomara
3a ONTMMaJIHO MpOTUYaHe Ha npouecute
Ha 606006pasyBaHe MW Ha/MBaHe Ha
3BPHOTO NPV NPOSIETHUS CIUIA.

3a To3K CopT Hali-gobpu pesyntatu
ce nonyyaesaT cnej TpeTupaHe C

characterizing the year as wet. The
amount of precipitation during vegetation
exceeded the average for the 30-year
period by 31,2% (73,9 mm). However,
their distribution by months was quite
unfavourable. The last vegetation was
characterized by humid March, June and
July and in the last month the amount of
precipitation was 151,6% (72,3 mm)
above the climatic norm. That hampered
ripening and harvesting of vetch grain.

The months of April and May, when the
most active vegetation processes take
place, were relatively dry — with a
moisture deficit of 8,% and 64,9% below
the average values for the 30-year period
(1971-2000). The temperature sum for
2010 was close to the values of the
climatic norm, slightly exceeding it — by
3,2% (Figure 2). A more significant
increase compared to the average
temperatures was observed only in April,
when they were 30 °C above the long
term average.

The obtained data were subjected
to analysis of variance (ANOVA), using
the SPSS package.

RESULTS AND DISCUSSION
Grain Yield
Data in Table 1 show the strong
influence of the climatic factors on the
grain yield of both studied cultivars.

In the first experimental year
(2008), grain yields of both vetch cultivars
were the highest compared to the other
two seasons. That was due to the fact that
during the period from April to July 2008,
the monthly amounts of precipitation were
around and above the normal for the 30-
year period (1971-2000), which facilitated
the optimal development of pod formation
and grain filling in common vetch.

The best results in Dobrudzha
cultivar were obtained after treatment with
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Bopmakc — 2088 kg/ha n PEHW — 1938
kg/ha, nnn 344 kg/ha n 194 kg/ha noseue
3bPHO KaTO pas/iMKMTe CNpsiMO HETpeTu-
paHus BapuMaHT ca MaTemaTu4yecku
[oKasaHu.

Mpun copt O6pasel 666, KONTO ce
oyepTaBa kaTo MO-BUCOKOAOGMBEH B
cpaBHeHWe cbc [obpymka ce Habnoga-
BaT aHa/IOTMYHK pe3ynTaTi Npu CToHoC-
TUTE Ha 3bpHeHaTa NPoAyKLMS.

Bormax (2088 kg/ha) and RENI (1938
kg/ha), i.e. the grain yields were 344
kg/ha and 194 kg/ha higher, the
differences to the untreated variant being
statistically significant.

In Obrazets 666 cultivar, which
appears to be higher vyielding than
Dobrudzha, similar results were reported
for the grain production performance.

Tabnuuya 1. JobmB Ha 3bPHO N0 roAVHU 1 cpeaHo 3a nepuoga 2008-2010 r., kg/ha
Table 1. Grain yield by years and average for the period 2008-2010, kg/ha

Variants 2008 2009 2010 Average
kglha | % kglha | % | kgha | % |kgha| %
Dobrudzha
Control 1744° | 100,0 | 808" | 100,0 | 945° | 100,0 | 1167 | 100,0
RENI 1938% | 111,1 | 826° | 102,2| 953° |100,8 | 1239 | 106,2
RENI D 1777° | 101,9 | 990 | 122,5| 1140* | 120,6 | 1302 | 111,6
Bormax 2088 | 119,7 | 898* | 111,1 | 1157% | 122,4 | 1381 | 118,3
Mn Chelate 1838° | 105,4 | 913* | 113,0 | 1109 | 117,4 | 1287 | 110,3
Molybdenite 1694° | 97,1 | 685° | 84,8 | 1051° | 111,2 | 1143 | 97,9
LSD5% 186,24 130,53 88,88
Obrazets 666
Control 1905 | 100,0 | 1045 | 100,0 | 1271% | 100,0 | 1407 | 100,0
RENI 2083% | 109,3 | 1120* | 107,2 | 1307* | 102,8 | 1503 | 106,8
RENI D 2007° | 105,4 | 1157% | 110,7 | 1301% | 102,4 | 1488 | 105,8
Bormax 2213 | 116,2 | 1099 | 105,2 | 1282% | 100,9 | 1531 | 108,8
Mn Chelate 1913 | 100,4 | 976™ | 93,4 | 1279% | 100,6 | 1389 | 98,7
Molybdenite 1738° | 91,2 | 928° | 88,8 | 1278 | 100,6 | 1315 | 93,5
LSD5% 226,22 151,64 73,20
Haii-Bucok go6ums Ha 3bpHO (2213 The highest grain vyield (2213

kg/ha) ce nonyyaBa cnep TpeTupaHe C
Bopmakc, KoliTo e cbC cTatucTuyecka go-
Ka3aHOCT CMNpSIMO KOHTPOJIHUSA BapuaHT.
CpaBH/TE/NIHO BUCOKM [06UBKW, Makap W
Hefoka3aHu ca OTYETEHW U MpW Bapuat-
TnTe, TpetnpaHm ¢ PEHN — 2083 kg/ha,
KoeTo e ¢ 178 kg/ha Hag pekonTupaHuTe
cemMeHa rnpu KoHTposaTa.

Btopara roguHa ot onuta (2009)
ce 0T/IM4aBa CbC CyXU anpws, Man v 1oHw,
Korato fgeuvunTbT Ha Baslexute e
CbOTBETHO 49,6% (- 21,0 mm), 46,1% (-
343 mm) n 79,5% (-79.5mm). ToBa
oka3Ba HeraTMBHO B/IUSIHWE BbPXY CTOMN-
HOCTUTE Ha 3bpHeHaTa NpPoAyKuus 1 npu
JBaTa copTa nposieTeH ouii, NpuM KOeTo

kg/ha) was obtained after treatment with

Bormax, the difference to the control
variant being statistically significant.
Relatively high yields, although

insignificant, were reported in the variants
treated with RENI — 2083 kg/ha, i.e. 178
kg/ha higher than the grain Yyield
harvested in the control variant.

The second year of the experiment
(2009) was characterized by dry April,
May and June, when the shortage of
precipitation was 49,6% (-21.0 mm),
46,1% (-34.3 mm) and 79,5% (-79.5 mm).
That had a negative impact on the grain
production values in both common vetch
cultivars, the yields being twice lower than
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[obuBuTe ca ABOWHO NO-HUCKWN CTOMHOCTU
B CpaBHeHuWe c npegxogHarta roguHa. Mpu
copT [o6pymka npe3 Tasu roguHa Haii-
BMUCOKM Ca [06uBuTE cnepn TpetupaHe C
PEHW [ - 990 kg/ha. Mpwn BTOPUS M3NUT-
BaH copT (Ob6pasey 666) pesyntatute
CbLLO Bapupar B ronsiMa cterneH — ot 928
kg/ha (tpetupaHe ¢ MonubaeHuT) pao
1157 kg/ha (TpetupaHe c¢ PEHW ), HO
mMaremaTmyecka [0Ka3aHOCT Ha pas/iKu-
Te nuncea.

MonyueHuTe pesynTtatu npes Tpe-
TS OMUTEH Mepuoj 3aemaTr MEeXAUHHO
NOSIOXEHNE CNPAMO NPeaXofHuUTe aBe Mo
Be/MYMHA Ha p[obusuTe Ha 3bpHO. B
KIMMATUYHO OTHOLIEHWE TrofuHara ce
Xapakrepmsupa Kato B/iaxHa, HO pas-
npeAesieHNeTo Ha BaiexuTe No Meceum e
pasnuuHo. Mpes Ta3u rognHa mecew, MapT
€ eKCTPEMHO BJaXeH, anpwi ce Xapak-
Tepu3anpa C HOPMasHU Basiexu, [OKaTo
Mail 1 KHWM ca cyxu. Hai-Huckm gobuswu
Ha 3bpHO (945 kg/ha) ca nonydeHu ot
HeTpeTupaHua BapuaHT, a Hal-BUCOKU
(1157 kg/ha) npu TpeTupaHe ¢ Bopmakc
KaTo pas3/iMkMTe ca MaTeMaTuyecku foka-
3aHU. He3HaunTenHO e MOBULWEHUETO Ha
fo6usa npy n3nonssaHe Ha Mn xenar.

TeHaeHUMATa 3a No-BucoKarta npo-
AykTMBHOCT Ha O6pasel, 666 ce 3anassa
W npe3 TpeTara rogvMHa Ha onuta, HO
JO6GMBBT Ha 3bpPHO He ce noBAusABa
CbLLECTBEHO OT TPETUpPAHEeTO C M3NuTBa-
HWTe npenaparu.

BHacsHeTO Ha pacTexHuTe peryna-
Topu BbB (hpasa GyToHM3aLMS - HAYaNo Ha
ubtex npu dwmss oOkasBa OTYETNB
ebekt npu gBara M3NUTBaHW copTa
nponeteH dwmii, kato copt [obpyaxa
pearvipa no-CusiHoO Ha Bb3eiCTBNETO UM,
OTKOJIKOTO  MO-BUCOKOJOOGWMBHMA  cOPT
O6pa3zel, 666.

AHanM3bT Ha pesynTatuTte OT Tpu-
Te roAVMHM Ha onuMTa MokKas3BaT $CHO
n3paseHoTo Bb3AeicTBUe Ha 6opcbabp-
Xawwmte npenapatn bopmakc n PEHN [
BbpXy fo06vBa Ha 3bpPHO W Npu fsarta
COpTa, KaTo Han-BUCOKWN CpeaHn CTOMHOC-
T NO OTHOLWeHWe [o6VBa Ha 3bPHO OT
copt [obpymka ca nonyyeHun npwu

in the previous year.

In Dobrudzha cultivar the highest yields
were obtained after treatment with RENI
D — 990 kg/ha. In the second studied
cultivar Obrazets 666, the results also
varied greatly — from 928 kg/ha (treatment
with  Molybdenite) to 1157 kg/ha
(treatment with RENI D), but the
differences were statistically insignificant.

The results of the grain yields,
obtained during the third experimental
season, occupied an intermediate position
compared to the previous two.
Concerning the climatic characteristics,
the year was humid, but the rainfalls were
unevenly distributed by months. March
2010 was extremely humid, April was
characterized by normal rainfall, while
May and June were dry. The lowest grain
yield (945 kg/ha) was obtained from the
untreated variant and the highest (1157
kg/ha) — in the variant treated with
Bormax, the differences being statistically
significant. There was a slight yield
increase in the variant with Mn chelate.

The tendency of a better production
performance of Obrazets 666 was also
observed in the third experimental year,
but the grain yield was not significantly
influenced by the treatment with the
studied preparations.

The application of growth regulators
at the stage of budding — beginning of
flowering of common vetch had a distinct
effect in the two studied cultivars,
Dobrudzha showing a better response to
treatment with growth regulators than the
higher-yielding cultivar Obrazets 666.

The analysis of the results of the
three experimental years showed the
pronounced effect of the Bormax-
containing preparations Bormax and RENI
D on the grain yield of both cultivars, as
the highest average grain yield values of
Dobrudzha cultivar were obtained after
treatment with Bormax (1381 kg/ha) and
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TpeTupaHe ¢ Bbopmakc (1381 kg/ha) u
PEHW [ (1302 kg/ha), koeTo HagBuiaBa
KoHTponaTa ¢ 214 kg/ha u 135 kg/ha.

Hali-ACHO wu3paseH cTumynupaLy,
edekT BbpXy A06MBa Ha 3bPHO NpU CopT
O6pasel, 666 okasBaT bopmakc n PEHI.
[obuBnTe, nonyvyeHn crnep TpeTupaHe C
Te3un npenapartu ca cboTBeTHO 1531 kg/ha u
1503 kg/ha »n HagBuwaBaT KOHTponara ¢
124 kg/ha n 9,6 kg/ha. Cnopeg nonyde-
HUTE JaHHM 3a TO3M COPT MOXe Jda ce
npeanosioXu, Ye KOJIKOTO MNO-BMCOKOA06M-
BEeH e efuH CopT, To/NKoBa no-cnabo e
B/IMAHMETO HA EK30reHHO BHeceHuTe
CTUMYy/IMpaLLM npenaparu.

[Jo6vB Ha cyxa BereTaTuMBHa Maca

[Job6MBBLT Ha cyxa pacTutesniHa maca
3a eKkcnepumeHTaNHUSA Mepuos Bapupa
KaKTo Mo roguHW Taka W No BapuaHTwu.
Mpe3 nbpBaTa onuTHa rogmHa (2008) B
pe3yntaT Ha 6naronpussTHUTE KAMMAaTUYHK
ycnoBusl npes nponetra JO6VBLT Ha cyxa
BeretTaTuBHa Maca M npu ABarta U3NuTBaHu
copTa e Hall-BUCOK B CpaBHeHWe ocTaHan-
Te aBe rognHmn (Tabnuuya 2).

RENI D (1302 kg/ha), exceeding the
control by 214 kg/ha and 135 kg/ha,
respectively.

Bormax and RENI showed the most
pronounced stimulating effect on grain
yield of Obrazets 666. The yields obtained
after treatment with those products were
1531 kg/ha and 1503 kg/ha, respectively,
exceeding the control by 124 kg/ha and
9.6 kg/ha. According to the data obtained
for that cultivar, it can be assumed that
the higher yielding the cultivar, the weaker
the influence of exogenously applied
stimulants.

Dry Biomass Yield

The dry biomass yield for the
experimental period varied both by years
and by variants. In the first experimental
year (2008), the yield of dry mass in both
studied cultivars was the highest in
comparison with the other two years in
response to the favourable climatic
conditions in the spring (Table 2).

Tabnuua 2. Jo6vB Ha cyxa BeretaTMBHa Maca Mo roguHu 1 cpegHo 3a nepuopa

2008-2010., kg/ha

Table 2. Yield of dry vegetative mass by years and on average for the period

2008-2010, kg/ha

Variants 2008 2009 2010 Average
kg/da | % kg/da | % kg/da | % |kg/ida| %
Dobrudzha
Control 8820° | 100,0 | 4250° | 100,0 | 3930°™ | 100,0 | 5667 | 100,0
RENI 9003° | 102,1 | 3936° | 92,6 | 3489° | 88,8 | 5476 | 96,6
RENI D 8921° | 101,1 | 4285° | 100,8 | 3835™ | 97,6 | 5680 | 100,2
Bormax 9121* | 103,4 | 4977* | 117,1 | 3678° | 93,6 | 5925 | 104,6
Mn Chelate 9279* | 105,2 | 4420% | 104,0 | 4117® | 104,8 | 5939 | 104,8
Molybdenite | 8557° | 97,0 | 4337 | 102,0 | 4186® | 106,5 | 5693 | 100,5
LSD5% 375,80 384,24 339,50
Obrazets 666
Control 7566°° | 100,0 | 4157° | 100,0 | 3379 | 100,0 | 5034 | 100,0
RENI 7834h° | 103,5 | 4632 | 111,4 | 3362%° | 99,5 | 5276 | 104,8
RENI D 8327% | 110,1 | 4508 | 108,4 | 3499% | 103,6 | 5445 | 108,2
Bormax 7975 | 105,4 | 4829° | 116,2 | 3458% | 102,3 | 5421 | 107,7
Mn Chelate | 8059%° | 106,5 | 4261 | 102,5 | 3122° | 92,4 | 5147 | 102,2
Molybdenite | 742,9° | 982 | 4593" | 110,5 | 3393" | 100,4 | 5138 | 102,1
LSD5% 273,81 458,33 299,42
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Mpe3 nbpBarta roguHa AobmsKTe Ha
Bb34YLWHO cyxaTa BeretaTmBHa maca npu
copT Jobpymka ca no-B1COKU OT Te3n npu
O6pasel, 666. AHaNU3bLT Ha pesynTaTute
nokassa, 4e MpWM BCUYKM BapuaHTh Ha
onnTa, Makap W Hes3HauyuMTeNHo ce NoBu-
LaBaT CTOMHOCTMTE 1 Npu ABaTta copTa.

Mpu copT Lo6Gpyaxa C Hai-ronsm
edhekT ca perynaropute Ha pacTtexa Mn
xenat n bopmakc — npu TAx AO6GMBBT Ha
cyxa pactutenHa maca e 9279 kg/ha wu
9121 kg/ha nnun ¢ 5,2% un 3,4% noseue,
Kato pasnMkuTe ca  maremaTuyecku
JokasaHu.

Opyruat copt (Obpasel 666) pea-
rmpa Hai-cuaHo npu BHacsiHeTo Ha PEHW
[ no oTHOWweHWe Ha TO3M nokasaresn —
[Oo6MBBLT Ha cyxa maca e 8327 kg/ha unu
10,1% Hapj CTOMHOCTUTE Ha HeTpeTMpaHus
BapuaHT. Cnab edekT okaseaT ¥ npuno-
XeHWTe BbB (hasa 6yTOHM3aUUsA - Havyaso
Ha ubgTex Mn xenaTt n bopmakc — npwu
TAX [OOMBBLT HA Cyxa BereTatMBHa maca e
8059 kg/ha n 7975 kg/ha, HO pasnukute
He ca [LOCTOBEpPHW.

ExkcnepumeHtanHata 2009 roguHa
Ce OoT/In4aBa C BNaKEH MapT C Basexwu
OKOJ1I0 M Haj KaMMaTuyHaTa Hopma U Cyx
anpwa, main n toHn (Purypa 1). Jobusute
Ha Bb3AYWHO cyxa Maca npu fAsarta
M3NUTBaHW copTa huii ca ABa MbTU NO-
HWCKM CMPAMO NpeaxogHaTa rognHa, kato
B/IMSAHNETO Ha perynaTopuTe Ha pacTtexa
e no-cunHo. Copt [ob6bpympka pearmpa
Hai-gobpe Ha TpeTmpaHeTo ¢ bopmakc n
Mn xenaTt, KOeTo BOAM [0 [OoKa3aHo Mno-
BMCOKM [06MBM Ha cyxa BeretatvBHa
mMaca - 4977 kg/ha n 4420 kg/ha.

Mpu copt O6pasey 666 c Haii-
rofIIMo CTaTUCTUYECKM [JoKasaH edhekT
npe3 TasuW rogMHa € MnpuiaraHeTo Ha
Bopmakc, korato ce nony4yasa 4829 kg/ha
cyxa Maca, KoeTo npesullaBa KOHTpona-
Ta ¢ 16,2%. MNpu gpyrute BapuaHT NoBu-
LWEHNETO € HEe3HAYMTENHO U cTaTUCTUYec-
K/ HeJokasaHo.

Mpe3 nocnepgHarta rognHa A06UBBLT
Ha cyxa BeretatvBHa maca e Haii-HUCHK B
CpaBHEHME C MpeaxogHUTe fABe KaTo
JINCTHOTO TpeTMpaHe ¢ U3NUTBaHMTE npena-

In the first year, the yield of air-dry
biomass from Dobrudzha -cultivar was
higher compared to Obrazets 666. The
analysis of the results showed that in all
the variants of the experiment, the values
increased in both cultivars, although
slightly.

In Dobrudzha cultivar the growth
regulators Mn chelate and Bormax had
the greatest effect — after their application
the yield of dry biomass was 9279 kg/ha
and 9121 kg/ha, respectively, or by 5,2%
and 3,4% more, the differences being
statistically significant.

The other cultivar (Obrazets 666)
showed the best response to treatment
with RENI D, the dry mass vyield being
8327 kg/ha or 10,1% above the values of
the untreated control. Mn chelate and
Bormax applied in the stage of budding —
beginning of flowering, had a weak effect —
the yield of dry biomass was 8059 kg/ha
and 7975 kg/ha, respectively, but the
differences were insignificant.

The experimental year 2009 was
characterized by wet March with
precipitation around and above the
climatic norm and dry April, May and June
(Figure 1). The yields of air-dry biomass
were twice lower than in the previous year
in the two studied common vetch
cultivars, but the effect of the growth
regulators was stronger. Dobrudzha
cultivar responded best to the treatment
with Bormax and Mn chelate, resulting in
significantly higher yields of dry biomass —
4977 kg/ha and 4420 kg/ha, respectively.

In cv. Obrazets 666 the application
of Bormax had the greatest statistically
significant effect in that experimental year,
the yield of dry mass being 4829 kg/ha,
which exceeded the control by 16,2%. In
the other variants, the increase was small
and statistically insignificant.

In the last year the yield of dry
biomass was the lowest in comparison
with the previous two and the foliar
treatment with the studied products did
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paTn He oOka3Ba 3HauuTesnieH eekT BbpXy
CTOMHOCTUTE Ha U3cnefBaHus nokasarer.

Pesyntatute o1 cpegHuTe CTOM-
HOCTU Ha [Jo6uBa Ha cyxa BeretaTvBHa
Maca OT TpuTe TOAMHW Ha onuta
(Tabnuua 2) nokasear, 4e npenapaTtuTte,
BOJELLM [0 U3BECTHO NOBULLEHNE [O6GKUBUTE
Ha cnama npu copT [obpymka ca Mn
xenat u bopmakc, a npu ObpaseL, 666 -
PEHW [, n Bopmakc.

XbTBeH nHAekKC.

BHacAHeTO Ha perynatopute Ha
pactexa npuv nNponeTHUs uin okaslea
NOIOXMNTENHO B/IUSIHNE W BbPXY CTOMHOC-
TUTE Ha XbTBeHus uHaekc (HI), kolito
nokasea echekTMBHOCTTa Ha pasnpegere-
HMEe Ha acumunatuTe OT hOTOCMHTE3aTa
MeXay ceMeHarta u BeretatuBHaTa maca.
Pesyntatute nokassar, Ye BHACSAHETO Ha
npenapatute € eqekTBHO arpoTexHu-
yecko MeponpuaThe 3a nogobpsisaHe Ha
MopdponornyHaTa CTpykTypa Ha cmesute
pacTeHust B Mnos3a Ha ceMeHata cnpsmo
obuwarta 6uomaca.

not have a significant effect on the values
of that characteristic.

The results of the dry biomass yield
on average for the three experimental
years show that treatment with Mn chelate
and Bormax led to a certain increase in
straw yield in Dobrudzha cultivar and with
RENI D and Bormax — in Obrazets 666
(Table 2).

Harvest Index

The introduction of  growth
regulators in common vetch had a positive
effect on the values of the harvest index
(HI), which shows the efficiency of
distribution of photosynthetic assimilates
between grain and biomass.

The results show that the application of

the regulators is an effective agro-
technical measure for improving the
morphological structure of the vetch

plants concerning the share of grain in the
total biomass.

Tabnuua 3. )XbTBEH MHAEKC NMpu NposieTeH dmin copToBe [obpymka u Obpasey,
666 no rognHu n cpefHo 3a nepmnoga 2008-2010

Table 3. Harvest index for common vetch varieties Dobrudzha and Obrazec 666
by years and average for the period 2008-2010

Variants Harvest Index, Dobrudzha cultivar
2008 2009 2010 Average %
Control 0,158 0,172 0,194 0,175 100,0
RENI 0,170 0,175 0,214 0,186 106,3
RENI D 0,168 0,187 0,230 0,195 111,4
Bormax 0,186 0,175 0,231 0,197 112,6
Mn Chelate 0,153 0,156 0,213 0,174 99,4
Molybdenite 0,164 0,159 0,199 0,174 99,4
- Harvest Index, Obrazets 666 cultivar

Control 0,192 0,190 0,236 0,206 100,0
RENI 0,210 0,186 0,248 0,215 104,4
RENI D 0,195 0,186 0,272 0,218 105,8
Bormax 0,220 0,197 0,261 0,226 109,7
Mn Chelate 0,191 0,187 0,280 0,219 106,3
Molybdenite 0,189 0,176 0,274 0,213 103,4

OT faHHWTE 3a TPUroAWULIHWUA ne-
puopg (Tabnuua 3) ce BMXAa, Ye XbTBe-
HUAT MHAEKC Ha copT [Jobpyaxa e ¢ Hai-
HUckn cToiiHocTK (0,174) npu n3nonilsaHe

The data for the three-year period
(Table 3) show that the harvest index of
Dobrudzha cultivar had the lowest values
(0,174) when applying Mn chelate and
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Ha Mn xenat n MonubaeHuT, a C Haii-
Bucokun (0,197) npn TpetupaHe ¢ Bopmakc.
Mpu Ob6pasel, 666 XbTBEHUAT UHAEKC €
Hali-HUCBK MPU KOHTpOsiaTa, a Hai-BMUCOK
npu TpeTnpaHe ¢ bopmakc. MapameTtpute
Ha uscnegBaHWs nokasaTen sapupart no
rOAMHW, Kato Hai-BMCOKW CTOMHOCTW ca
oTY4eTEHM npe3 nocnepHara OnNUTHa
rofviHa v npun gsata U3nuTeaHu copTa.

O6pasey, 666 e C NO-BUCOKK
CTOMHOCTM Ha XXbTBEHUSA WHAEKC Mo
roguHun cnpsimo Job6pymka. [aHHute oT
Tabnuua 3 nokaseaT, 4ve pacTexHuTe
perynaropy nosuwiaBaTr BesiMyMHaTa Ha
HI npun BCcvykM BapuaHTV Ha onuta. Haii-
rofIAMoO  NONOXWUTENIHO  B/IUAHWE  Cce
ycTaHOBABa NPW BapuaHTUTe, TPeTupaHu
c bopmakc — 0,226, koeTo HajsuLliasa
KOHTponata ¢ 9,7%. BnvaHne okassa u
TpeTupaHeto ¢ Mn xenatr u PEHW A,
KOeTOo BOAM [0 NOoBULLIABaHE HAa XbTBEHNSA
nHAekc ¢ 6,3 n 5,8%.

N3BOAN

M3nnTBaHMTe copToBE uUMaT pas-
JINYHa peakumnsi KbM JIMCTHO MPU/IOXEHW-
Te perynatopy Ha pactexa - CcopT
[obpymka pearvpa no-CUHO B CpaBHe-
Hue cbe copT Ob6pasel, 666.

BHacAHeTO Ha 6opcbabpxawmre
npenapartu bopmakc n PEHWN [1 BnvaaT B
Hali-ronsamMa cTeneH Bbpxy [Aobuea Ha
3bPHO M Npu pfgBata W3NUBaHW copTa
nposieTeH duii.

PactexHute perynaropu, BogeLiu
[0 V3BECTHO MNOBULIEHUE [06MBUTE Ha
cnama npv copt Jo6pympka ca Mn xenat
n bopmakc, a npyn O6pasel, 666 - PEHW [
1 Bopmakc.

BHeceHnTe BbB (haza 6yToOHM3aUMA —
Hayano Ha Lb(TeX pacTexHu perynaro-
py OKa3BaT BAWNSHME Ha CTOMHOCTUTE Ha
XbTBeHUss mHgekc (HI) npu nponeTtHus
dmii. Bopmakc n PEHW [ oka3sat 3Hauu-
TENIHO BAWSHUE BbLPXY MopdionornyHarta
CPpyKTypa Ha ma 1 BbpPXy [AAN0BOTO
yyacTue Ha BeretatuBHUTE U reHepaTuB-
HUTE opraHu.

Molybdenite, and the highest (0,197)
when treated with Bormax. In Obrazets
666, the harvest index was the lowest in
the control and the highest in the variant
with Bormax treatment. The parameters of
the studied characteristic varied by years,
with the highest values reported in the last
experimental year in both studied
cultivars.

Obrazets 666 had higher values of
the harvest index by years compared to
Dobrudzha. The data in Table 3 show that
the growth regulators increased the HI in
all the variants. The greatest positive
effect was found in the variants treated
with Bormax — 0,226, exceeding the
control by 9,7%. The treatment with Mn
chelate and RENI D also had a positive
effect, resulting in an increase of the
harvest index by 6,3 and 5,8%,
respectively.

CONCLUSIONS

The studied -cultivars showed a
different response to the foliar applied
growth regulators — Dobrudzha cultivar
responded better than the cultivar
Obrazets 666.

The application of the two Bormax-
containing products — Bormax and RENI
D, had the greatest effect on the grain
yield of both common vetch cultivars.

The growth regulators Mn chelate
and Bormax contributed to a certain
increase in straw yield in Dobrudzha
cultivar, and RENI D and Bormax — in
Obrazets 666 cultivar.

The growth regulators applied at
the stage of budding — beginning of
flowering influenced favourably the values
of the harvest index (HI) in common
vetch. Bormax and RENI D had a
significant effect on the morphological
structure of common vetch and on the
share of vegetative and reproductive
organs.
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PE3IOME

M3BeneH e noncku onuT npes
nepuoga 2016-2017 r c m3nuTBaHeTo Ha
coptoBeTe Makcmnben, Makcupen, Anuse,
Apmuga n XaptmaH n nnHunte SgR-OA,
Sgl-47, Sg-OBF c BapuaHTU Ha npepg-
LWEeCTBEHUK LBEKIO W copro (MOHOKy/-
Typa) u TopeHe ¢ NPK - 20 kg/da.

CvnHoTo 3acywlaBaHe npes3 fABeTe
roAVHW Ha U3NUTBaHe ce OTpas3siBa BbpXY
NPoOAYKTUBHOCTTA Ha 3e/ieHa Maca BbB
(haza M/IeYHO-BOCBHYHA 3PenocT u fobuBa
Ha 3bpHO.

YcpefHeHUTe pesyntatu nokassart
yBe/IMYeHne Ha 3e/ieHaTa Maca U Ha
[obrBa 3bpHO 0T 8% A0 15% npu TopeHe
¢ NPK.

MpunaraHeTo Ha KOMOGWHMpaH Top

KOMMEHCUpa  3HAYUTESIHO  HeraTuBHUS
etbekT Ha  npepwecTBeHMKA  COpro
(MOHOKYNTYpa).

HamaneHvneTo Ha NpoAyKTUBHOCTTA
cnep npejwecTBeHUK COPro e B pamkuTe
Ha 14%-20% cpefHO 3a 3e/ieHa maca u
3bpHO. Pa3nuuuata B NPOAYKTUBHOCTTA
MeXay U3nuTaHuTe reHoTUNOoBE Ce yBesu-
yaBart nNpu oTrnexgaHe B MOHOKYNTypa.
ToBa yBennMyaBa HeobxogumocTTa OT
OLEeHKa Ha copToBara peakuus KaTo
e)eKTMBEH MHCTPYMEHT 3a nogobpsiBaHe

SUMMARY

Field experiment is conducted in
2016-2017 with test of the varieties
Maxired, Maxibel, Alize, Armida and
Hartmann and the lines SqQR-OA, Sql-47,
SQ-OBF with variants of forerunner beet
and sorghum (monoculture) and 20 kg/da
NPK fertilization.

The severe drought in the two
years of testing reflects on the green
mass productivity in milky-wax stage and
on the grain yield.

The average results show increase
of the green mass - 8% - 15% with
fertilization for both forerunner variants.

The application of combined
fertilizer compensates significantly the
negative effect of the forerunner sorghum
(monoculture).

The decrease in the productivity
after the sorghum forerunner is between
14-20% on the average for green mass
and grain. The differences in the
productivity of the tested genotypes
increase when grown in monoculture. This
increases the necessity of assessment of
the variety reaction as an effective tool for
improvement of the agricultural practices
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Ha 3emepesickiTe NPakTUKM B ycloBusiTa
Ha KIMMaTUYHU NPOMEHMN.

KntouoBu aymu: copro,
npefLecTBEHNK, TOPEHe, NPOAYKTUBHOCT

yBO/[,

MogxopawmTe nowm 3a OTrIex-
[JaHe Ha onpefeneH pactTuteneH Buj ca
OT MW3K/IOUUTESTHO BAXKHO 3HauyeHve 3a
3a0BOJIIBAHE U3MNCKBaHUATA Ha KyNnTypa-
Ta U ca npeanocTaBka 3a YCMELWHOTOo i
otrnexgaHe (Mihova et al., 2017). Ontu-
MU3MpaHeTo Ha eleKkTUBHO cenTboobpa-
LLleHne e OCHOBEH (hakTop 3a WHTEH3MB-
HOTO W YCTOYMBO 3emMegesive B YC/O-
BMATA Ha HOBUTE WKOHOMWYECKM pean-
HOCTM M Ha TEHAEHUMA 3a ycuBaHe Ha
€KCTPEMHUTE OTK/IOHEHWs OT Jocerawl-
HATE  arpOMETEOPEO/IOTUYHN  HOPMU
(Vasilev, 1986; Mihova et al., 2017).

YHvKanHata nnacTM4HOCT U CyX0y-
CTOMYMBOCT Ha COProTo akTyanusmpa
MSACTOTO My B CTPyKTypaTta Ha Kyntypute
B 3emegenuneto. OcCHOBeH hakTtop 3a
CyXOyCTOMYMBOCTa My € MoliHaTta Kope-
HOBa cucTema, KOATO M3BANYA UHTEH3UB-
HO BOJA W XpaHUTEsSIHW efIeMeHTU OT Mo-
Abnbokute nouyseHyn xopusoHTu (Kalaidjiev
et al., 1969; Tanchev, 1996). KnumaTtuu-
HUTE nokasaTenu Ha cpegara u npuna-
raHuTe arpoTexXHUYeckn MeponpusaTusa ca
onpegenswm 3a pasButMeTo, NPoayKTuB-
HOCTTa M afanTUMBHOCTTA Ha KynTypute
(Bozhanska et al., 2017).

CenekuuaTa Ha HOBM copToBe, ba-
IaHCMPaHOTO TOPEHE U ONTUMU3MPAHETO
Ha CbBpPEMEHHaTa arpoTeEXHMKa OMpoBep-
raBaT CTapoTO CTaHOBMLLE 3a COproTo
Kato /oW npeawecTBEHUK U Ce yBenu-
YyaBa noOTeHUMana 3a ocurypsiBaHe Ha
ypaxHuss 6GanaHc npu 3emegenve B
ycrnoBua Ha BofeH Aecuumt (Hanssmans,
1998; Berenji and Dahlberg, 2004,
Kikindonov and Slanev, 2008; Kikindonov
et al., 2009; Andreeva, 2014; Slanev,
2014).

WHTEeH3uBHMA nas3apeH xapakrep
Ha 3emepernckarta npaktMka B bbnarapus
Ce KOHLeHTpMpa B TECHUTE napameTpu Ha
3bPHOMPOU3BOACTBOTO, KOETO nocTaBss

in the conditions of climate changes.

Key words: sorghum, forerunner,
fertilization, productivity

INTRODUCTION

The suitable areas for growing a
particular plant species are extremely
important for meeting the requirements of
the culture and are prerequisite of
successful cultivation (Mihova et al.,
2017). The optimization of effective crop
rotation is a basic factor for the intensive
and sustainable agriculture in the
conditions of the new economic realities
and of tendency for increase of the
extremal deviations from the
agrometeorological norms (Vasilev, 1986;
Mihova et al., 2017).

The unique plasticity and drought
resistance of sorghum makes actual its
place in the crops structure in agriculture.
A basic factor for the drought resistance is
its powerful root system, which absorbs
intensively water and nutrition elements
even from the deepest soil horizons
(Kalaidjiev et al., 1969; Tanchev, 1996).
The climate indicators of the environment
and applying agrotechnical activities are
crucial_for development, productivity and
adaptability of crops (Bozhanska et al.,
2017).

The breeding of new varieties, the
balanced fertilization and the optimization
of the modern agro-technics disprove the
old standpoint that sorghum is a bad
forerunner crop. Thus the potential for
ensuring the forage balance is increased
in the agriculture in conditions of water
deficiency (Hanssmans, 1998; Berenji and
Dahlberg, 2004, Kikindonov and Slanev,
2008; Kikindonov et al., 2009; Andreeva,
2014; Slanev, 2014).

The intensive market character of
the agricultural practice in Bulgaria is
concentrated in the narrow parameters of
the grain production, which brings the
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Heob6xoAMMOCTTa OT NpoyyBaHe Ha Bb3-
MOXHOCTUTE 3a MOHOKY/ITYPHO OTrnexga-
He. M3cnepsaHusaTa 3a COproto ca npe-
AnmHo ot 80 Te roguMHu Ha MUHasINA BEK 1
Ca KOHLUEHTPMPaHN BbPXY arpoXMmMmnyHuTe
nocneAcTsuss OT COProTo Kato npefj-
wecTBeHuK (Zarkov, 1995; Ranli, 2009).
MNpe3 nocnegHWTe roAvHW Cce Hanara
aKUeHT BbPXY CeNeKUMOHHM peLueHus
ypesz oTbop Ha opmu C nosuLleHa
CaMoyCTON4MBOCT.

Llenta Ha npoyyBaHeToO e pga ce
OLeHN MpOAYKTMBHOCTTA Ha COpTOBE M
JIMHAW NpY  npejwecTBEHUUM COpro u
LiBEK/T0 C BapuaHTu ¢ 1 6e3 TopeHe

MATEPWNAN N METO4WA

N3cnepsaHeTo e npoBefeHo npes
2016-2017 roguHa B OMUTHOTO MOJIe Ha
3emepgenckn VHcTUTyT - LUymMeH kpan ¢
Llapes 6poa. lMouBaTa € kapboHaTeH
YyepHo3eM CbC €/1abo asnkanHa peakuus.

B u3cnegBaHeTo ca  BKIKOYEHU
cpegHopaHHuTe coptoBe Alise n Armida
Ha Euralis semences, cpefHOKbCHUTE
Makcupen n Makcuben, onpawunten SgR-
OA Ha Makcupeg wn nvHua  Sgl-47.
Sgl-OBF 1 XapTMmaH ca doypaxeH Tun, 3a
U3Mnos3BaHe nNpu cunaxupaHe, kato ca
U3MOM3BaHN BapuaHTU npeawecTBeHUK
LUBEKIO N COpPro M BapuaHTu ¢ u 6es
TOopeHe.

OnMTHOTO noJsie e BK/KYEHO B
centboobopoT
nweHuya/uapesurua/oBec/uBekno/copro.
OnuTa ce 3anara no MetToga Ha Abarute
napuesnky, ¢ 4 noBTOpPeHus, ¢ Tpupenosa
napuesnka ot 12 m% ¢ MexXaypenoso
pa3ctogHne ot 50 cm u rbCcToTa Ha
nocesa ot 30 000 pacTteHus Ha aekap.

CeunTbarta € B Ha4a/1I0TO Ha Mali, a
TopeHeTo ¢ 20 kg/da NPK ce u3BbpLuBa

cnep  MNOHWKBaHe 3aefHO C  PbYHO
okonaBaHe. KocuT6ata Ha HaA3eMHaTa
Maca B M/IEYHOBOCHYHA 3PANOCT U

XbTBaTa MNPU TEXHUYECKA 3PANOCT Ha
3BPHOTO CE M3BBLPLUBAT PBLYHO.

Cnep oBbpllaBaHe Ha 3bPHOTO ce
n3MepBa B/larara v 4obmusa ce u3yucnssa
npu 13% Bnara Ha 3bPHOTO. [aHHUTe ce

necessity of studying the possibilities of
monoculture growing of crops. The
researches with sorghum are mostly from
the 80-s of the last century and are
concentrated on the agrochemical
sequels from the sorghum as a forerunner
crop (Zarkov, 1995; Ranli, 2009). In the
last years the accent is on breeding
decisions by selection of forms with
increased self-sustainability.

The aim of the study is to assess
the productiveness of varieties and lines
with forerunners sorghum and beet crops,
in variants with or without fertilization.

MATERIAL AND METHODS

The research is conducted in
2016-2017 on the experimental field of
Agricultural Institute - Shumen. The soil is
carbonate black soil with weekly alkaline
reaction.

In the tests are included the
medium-early varieties Alise and Armida
of Euralis Semences, the medium-late
Maxired and Maxibel, the pollinator SgR-
OA of Maxired and the line Sgl-47.
Sgl-OBF and Hartmann lines are forage
type, used for silages, with variants of
forerunner beet and sorghum crops with
or without fertilization.

The experimental field is part of a
crop rotation
wheat/corn/oats/beet/sorghum. The
experiment is conducted according to the
long plots method, in 4 repetitions, with a
3-rows plot of 12 m?, with 50 cm inter-row
space and a sowing rate of 30000 plants
per da.

The sowing is at the beginning of
May, and the fertilization with 20 kg/da
NPK is made after germination together
with a manual hilling. The cutting of the
over-ground mass in milky-wax stage, and
the harvesting in technical maturity stage
are made by hand.

After the threshing of the grain the
moisture is measured and the yield is
calculated for 13% moisture of grain. Data
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nognarar Ha [JWCMNEPCUOHEH aHanu3 3a
U34UCNISIBAHE Ha FPaHWYHUTE CTOMHOCTU
3a pasnumuumoct GD 1% M TOYHOCT Ha
onuta P%.

PE3YNTATV N OBCBbXOAHE

ArpomeTepeosiorMyHuTe YCroBua u
npes fABeTe roAvHM Ha uU3cneaBaHeTo ce
Xapaxktepusmpar ¢ eKCTPEMHO U NPOAbL/I-
XWUTENHO 3acyllaBaHe B akTMBHaTa 4acT
OT BereTauuaTa Ha COpProto npes u-
aBrycr.

B npaktukata 4ecTo nocesute CbC
COpPro ce KocAT npu pasa MIEYHOBOCHY-
Ha 3pANOCT Ha 3bPHOTO 3a MPOU3BOA-
CTBOTO Ha NbJ/IHOUEHEH cuniax. 3a 2016 .
(Tabnuua 1) npu HeTOpeHUTe BapuaHTu
cnep npeplwecTBeHUK LUBekno gobvea Ha
3esileHa maca Bapupa ot 1800 kg 3a onpa-
wutens Ao 4800 kg Ha gekap 3a dypax-
HWTe Tunose. 3a BapuaHTu C gobassHe
Ha 20 kg/da NPK ce 3ana3sa HMBOTO Ha
BapupaHe C He3HauyuTesIHO yBenuveHue
OT cpegHo 9.5% cnpsaAmMo KOHTposaTa.
MOHOKYNTYpPHOTO OTINexgaHe 3acunsa
BapuauuaTa 3a KOHTPOJIHUTE U TOpeHUTe
BapuaHTu, KaTto HamasIeHMeTo Ha NPoAYyK-
TUBHOCTTA e cpefHo 20% B cpaBHeHWE C
npegLllecTBeHnK LUBekno. BapupaneTo
npe3 2017 r ce 3acwiBa Npu BapuaHTu ¢
TopeHe oT 5% p[o 65% B cpaBHeHWe C
KOHTPOJSIHUTE BapuaHTh, Kato ce 3acuin-
BaT W pas/imumsaTa CbC CpefHn CTONHOCTU
oT 120% u 126.8% B 3aBUCMMOCT OT
LiBEK/IOTO M COProTO KaTo NpeALleCcTBEHWK.

are treated by dispersion analysis for
calculating the limit values for
discernment GD 1% and experimental
exactness P%.

RESULTS AND DISCUSSION
The agro-meteorological conditions
in both years of research are
characterized with extreme and
continuous drought in the active period of
sorghum vegetation during July-August.

The sorghum sowings in practice
are often cut in milky-wax grain maturity
stage for production of full-bodied silage.
In 2016 (Table 1), for the unfertilized
variants with beet forerunner the green
mass yield varies from 1800 kg for the
pollinator to 4800 kg per da for the forage
types. For the variants with 20 kg/da NPK
addition the level of variation is kept with
an insignificant increase of mean of 9.5%
towards the control. The monoculture
growing increases the variation for the
control and fertilized variants, and the
decrease of the productivity is on the
average of 20% compared to the variants
with a beet forerunner. The variation in
2017 is increased for variants with
fertilization — from 5 to 65% in comparison
with the control variants, and the
differences are increased - with average
values of 120% and 126.8% depending
on beet or sorghum used as forerunner
crop.
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Tabnuua 1. BnvsHue Ha reHoTuna, TOPeHeTO C MUHepasieH Top U NpenllecTBeHVKa
BbpPXY NPOAYKTUBHOCTTA Ha 3e/ieHa maca npu copro, 2016-2017r.

Table 1. Influence of the genotype, mineral fertilization and the forerunner crop on
the green mass productivity of sorghum, 2016-2017

Variant 2016 2017
control + NPK control + NPK
. In % of In % of
Variety Forerunner kg/da kg/da the control kg/da kg/da the control
Alize beet 2400 2600 108.3 3857 4571 118.5
sorghum 1800 2000 111.1 3161 3982 125.9
Maxired beet 2000 2350 117.5 3393 4607 135.7
sorghum 1900 2050 107.9 2179 3607 165.5
Maxibel beet 2400 2600 108.3 2929 4212 143.8
sorghum 2000 2120 106.0 2732 3607 132.0
Armida beet 2150 2200 102.3 2821 3929 139.2
sorghum 2000 2050 102.5 2571 3161 122.9
SgR-OA beet 1800 1860 103.3 3143 3690 117.4
sorghum 1500 1550 103.3 1893 2161 114.1
Sgl-47 beet 2300 2500 108.7 3268 4036 123.5
sorghum 1500 1500 100.0 3000 3643 121.4
SI-OBF beet 4500 5400 120.0 4571 4821 105.4
sorghum 3200 4000 125.0 4375 4714 107.7
Hartmann beet 4800 4950 103.1 5214 5679 108.9
sorghum 4250 4400 103.5 4071 5071 124.5
Average beet 2793 3057 109.5 3649 4318 120.1
sorghum 2269 2459 108.4 2997 3743 126.8
Rel.% sorghum/beet 81.2 80.4 82.1 86.7
GD 1% 640 19.7 428 15.1
P% 5.30 3.96

MpoAyKTMBHOCTTA Ha 3bpHO 3a
ABeTe roguHu Ha mnscnensaHe, npensyumc-
neHa kbM 13% Bnara e nocoyeHa B
Tabnmum 1 n 2. CpegHuTe CTOMHOCTK 3a
KOHTPO/IHUTE BapuaHtn 6e3 TopeHe oT
518 kg/da 3a 2016 r n 552 kg/da 3a 2017
I C NpeflecTBEHVK LBEKI0 HaaBuLlaBar
C WHOEHTUYHU CTOMHOCTM OT 20% Tes3un
npy MoHoOKyntypa. lMpaBu BhevatneHve
nincarta Ha pasnnka B OTHOCUTEsSIHUTE
CTOMHOCTM MpU NpeALecTBEHNK COPro 3a
2016 r n 3a 2017 r. Ta3u pasnvka ot 20%
ce 3anas3Ba U 3a CpefHuNTe CTOMHOCTM B
3aBMCUMOCT OT MpefjllecTBeHnka 3a
ABeTe rognMHu u npu TopeHe. Bucokata e
cTeneHTa Ha BapupaHe Ha edekta oT
TOpeHe 3a MW3NUTaHWTe reHOTUNoBe, OT
100.9% po 130% 3a 2016 r 1 ot 106.3%
0o 134.1% 3a 2017 r. YcpegHeHuUTe CTOn-
HOCTW Ha edekTa OT TOPeHeTo 3a ABeTe
rOOVUHN ca WHAEHTUYHW B paMKuTe Ha

The grain productivity for both
years of study, recalculated to 13% grain
moisture is shown on Tables 1 and 2. The
mean values of the control variants
without fertilization (518 kg/da for 2016
and 552 kg/da for 2017) with beet
forerunner exceed with identical values of
20% those of the monoculture. It is
impressive the lack of difference in the
relative values for sorghum forerunner in
2016, and in 2017. This difference of 20%
is remaining also for the average values
depending on the forerunner for the two
years and with fertilization. Impressive is
the high degree of variation of the effect of
fertilization. High is the degree of variation
of the fertilization effect for the tested
genotypes — from 100.9 to 130% - for
2016 and 106.3% to 134.1% for 2017.
The averaged values of the effect of
fertilization for the two years are identical —
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109% — 114% c npewecTBEHUK LIBEK/O
1 Ha 114% -121% 3a MOHOKY/TYypa.

109-114% with beet forerunner and

114-121% for monoculture.

Tabnuua 2. BAnsiHWe Ha reHoTMna, TOPEHETO C MUHEPAJIEH TOP U NpeALecTBEHMKA
BbPXY NPOAYKTUBHOCTTAa Ha 3bPHO npu copro, 2016-2017 .

Table 2. Influence of the genotype, mineral fertilization and the forerunner crop on
the grain productivity of sorghum, 2016-2017

Variant 2016 2017
control + NPK control + NPK

. In % of In % of
Variety Forerunner Kg/da Kg/da control Kg/da Kg/da control
Alize beet 562 731 130.0 577 678 117.5
sorghum 495 607 122.6 496 546 110.0

Maxired beet 551 597 108.3 553 717 129.6
sorghum 507 551 108.7 478 641 134.1

Maxibel beet 562 596 106.0 554 664 119.8
sorghum 472 528 111.9 488 603 123.5

Armida beet 522 560 107.2 676 702 103.8
sorghum 487 502 103.0 505 629 1245

SgR-OA beet 350 357 102.0 407 443 108.8
sorghum 300 334 111.3 336 420 125.0

Sgl-47 beet 540 569 105.4 634 766 120.8
sorghum 427 512 120.0 538 663 123.2

SI-OBF beet 529 598 113.0 593 664 111.9
sorghum 347 447 128.8 457 546 119.4

Hartmann beet 530 535 100.9 425 452 106.3
sorghum 405 453 111.8 379 423 111.6

Average beet 518 568 109.6 552.4 635 114.8
sorghum 430 492 114.4 459.6 559 121.4

Rel.% sorghum/beet 83.0 86.6 83.3 87.7
GD 1% 175 19.2 58 14.4
P% 5.82 3.59

Pa3Hoobpa3veTo no 6uoTun, paH-
HO3pAOCT 1 dpopMa Ha K3non3BaHe ce
oTpassiBa BbB BMCOKaTa CTeNeH Ha Bapu-
paHe Ha NpoAyKTMBHOCTTA Ha 3e/ieHa Ma-
ca 1 3bPHO Npu n3cneaBaHUTe COPTOBE U
NMHWW. B ycnosusita Ha BOoAeH geduumT
HamansBa e@ekta Ha TOpeHeTo u ce
ycunea OTpuLATESIHOTO B/MSIHWME HA
MOHOKY/ITYPHOTO OTrexaaHe.

n3BOAM

3acylwlaBaHeTo npes3 ABeTe roAuHun
Ha M3nNUTBaHe ce OTpasfBa BbpXy Mpo-
OYKTUBHOCTTA Ha 3e/ieHa maca BbB (hasa
MJ/IEYHO-BOCbYHa 3pesiocT M JobuBa Ha
3bpHO. Pesyntatnte nokassaT yBesimye-
Hue Ha 3efneHaTta maca mexay 8% un 15%
npu TOpeHe 3a ABaTa BapuaHTa Ha npeg-

LUECTBEHMK. YBENMYEHMETO Ha fAo6uBa

The diversity by biotype, early
maturity and form of use reflects in the
high degree of variation of the green mass
and grain productivity of the tested
varieties and lines. In water deficiency
conditions the effect of fertilization
decreases and is increased the negative
influence of the monoculture growing.

CONCLUSIONS

The drought in the two years of
tests affects the milky-wax green mass
productivity and the grain yield. The
results show increase of the green mass
by 8%-15% with fertilization for the two
forerunner variants. The increase of the
grain yield is bigger during 2017.
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3bPHO e no-ronsamo npes 2017 .

HamaneHvneTo Ha NpPoAyKTMBHOCTTa
Npyv MOHOKYNTYPHOTO OTINexgaHe e B
pamkuTe Ha 14%-20% cpefHo 3a 3eneHa
Maca v 3bpHO. PasnnumaTta B NpoAyKTUB-
HOCTTa MeXAy M3NUTaHuTe reHoTUNoBe ce
yBenu4yaBar npu OTIexgaHe B MOHO-
Kyntypa. [lpunaraHeto Ha KoMGMHMpaH
TOP KOMMEHCHpa 3HAYNTETHO HEeraTuBHUA
edhekT Ha MOHOKY/ITypaTa.

The decrease of the productivity in
conditions of monoculture growing is on
the average of 14%-20% for green mass
and grain yield. The differences in the
productivity of the tested genotypes are
increased when grown in monoculture.
The application of combined fertilizer
compensates significantly the negative
effect of monoculture.
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