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PE3OME

Cb3faBaHeTo 1 BHeApsiBaHETO Ha
copToBe OOVKHOBEHA MLUEeHWLa C BUCOK
reHeTnyeH noTteHunan 3a npPoAyKTUBHOCT
N KayeCTBO Ha 3bPHOTO, € CBbP3aHO C
npoyysaHe Ha eKojiormyHaTa nnacTtuy-
HOCT Ha OTAEeNHWTEe COpToBEe Npes rogu-
HWUTE C pas3/INYHO HanpexeHne Ha MeTeo-
ponornyHuTe thaktopu. Lienta Ha HacTos-
LwaTa pa3paboTka e fa ce Hanpasu OLEeH-
Ka Ha NpoAyKTUBHOCTTa Ha cefeM copTa
06UKHOBEHa MileHnua 1 ga ce onpegenart
TEXHOMOTMYHO HaW-LUeHHUTe OT TAX Mo
OTHOLLIEHMEe cTabunHocTTa Ha JobusuTe.
EkcnepvMeHTaNIHOTO MOJICKO M3crefBaHe
€ NpoBefeHO B y4eOHO-OMUTHOTO NoJIE Ha
KaTegpa PacteHueBbAcTBO, ArpapeH
hakynTeT kbM Tpakuiickn yHMBepcuTeT -
Crapa 3aropa, npe3 nepuoga 2017-2019
r. O6ekT Ha Mpoy4yBaHeTo ca crefHuTe
copToBe 06UKHOBeHa niieHuuya:,Ingenio,
.Dalara“, ,Moyson“, ,Falado“, ,Gabrio"
<Pibrac* n ,Factor”. Upe3 gucnepcroHHus
aHasIn3 e ycTaHoBeHa ¥ OLieHeHa B3auMo-
Bpb3KaTa Mexay uscnensaHute dpakropu
N BAUSAHWETO BBLPXY MpoyyBaHWTE Ba-
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SUMMARY

The creation and introduction of
common wheat varieties with high genetic
potential for productivity and grain quality
is related to the study of the ecological
plasticity of individual varieties over the

years with different stress of
meteorological factors. The aim of the
present study is to evaluate the

productivity of seven varieties of common
wheat and to determine the most
technologically valuable of them in terms
of yield stability. The experimental field
study was conducted in the experimental
field of the Department of Plant Breeding,
Faculty of Agriculture at the Trakia
University - Stara Zagora, in the period
2017-2019. The object of the study are
the following varieties of common wheat:
"Ingenio”, "Dalara", "Moyson", "Falado",
"Gabrio", "Pibrac" and "Factor'. The
relationship between the studied factors
and the influence on the studied variants
was established and evaluated through
the analysis of variance. The variants of
stability (gi2 and Si2 according to Shukla),



puaHTK. M34ncneHn ca BapuaHcuTe Ha cTa-
6unHocT (oi> n Si no Shukla), ekoBanek-
ca (W; no Wricke) v kputepusa 3a ctabus-
HocT (YS; Ha Kang). CopToBeTte ,Falado”
(7104,9 kg/ha) u ,Gabrio* (7014,3 kg/ha)
ce OT/MyaBaT C Hail-BUCOKa NPOAYKTUB-
HOCT. EKonornyHaTa naacTMyHOCT U FeHo-
TUMBLT Ha COPTOBETE OCUrypsiBaT NpeBw-
LeHne Ha nokasaTens CbOTBETHO C 44,7
n 42,9% cnpamo copt ,Factor’. O6o6uwa-
BaWMAT KpUTEpUii 3a CTabunHocT YS; Ha
Kang, otuntaiikn egHOBPEMEHHO CTabun-
HOCTTa W CTOMHOCTTa Ha Aobusa, gaBa
oTpuLarenHa OUEHKM 3a CcopToBeTe:
.Factor* (-10), ,Pibrac” (-9) u ,Moyson“ (-
1). Bucoka KOMM/IeKCHa OLeHKa 3a TeXHO-
nornyHa crtabunHoct Ha fobusuTe nony-
yaeaT copTtoseTe: ,Dalara“ (8+), ,Falado”
(2+) n ,Gabrio" (1+).

KniouoBn  gymn:  06MKHOBEHA
nuieHuua, copToBe,  MPOAYKTUBHOCT,
cTabunHocT

YBO/,

MuweHnyata urpae BaHa pons B
MKOHOMMKATa M XUBOTA Ha Xxoparta, KoeTo
npegnonara n ronemMusAT UHTEpPec Ha ce-
nekunoHepu 1 npomnssogutenn. OCHOBHU-
Te (hakTopu KOUTO BAUSASAT NPUrogHoOCTTa
Ha fJafeH paiioH 3a nosydyaBaHe Ha
BMCOKM U CTabunHn AobmBu OT 0O6UKHOBE-
Ha Meka MniweHnya ca TonanHaTa, Bnarara
M TMna Ha nouysarta. lMosyyaBaHeTO Ha
OoNTMMasiHn A06MBM 3aBUCU HE Ccamo
BHEAPSBAHETO Ha HOBW BWCOKOMPOAYK-
TWMBHM COPTOBE, HO 1 OT ONpPeAeNsHETO Ha
Hali-nogxogswata copToBa CTpyKTypa 3a
BCEKM palioH, 1 MMKPOPAaioH Ha cTpaHaTa.
B Tasm Bpb3ka e Ha/TIOKMTEIHO No-3a4b/1-
604eHO npoyyBaHe Ha 3aBUCUMOCTTa
Mexay copTa v cneunguyHuTe meTeopo-
NIOTUYHN  YCNIOBUSA Ha AafjeH paiioH
(Penchev and Stoeva, 2004; Habibi et al.,
2011; Kucek et al., 2019).

CbBpeMeHHUTe 06K nporpamMu 3a
CeslekuMs Ha MniieHnua ca Haco4YeHu npe-
OVMHO KbM Cb3faBaHe Ha BUCOKOA006UB-
HW, BUCOKOKaA4YeCTBEHU 1 ¢ gobpa ctabus-
HOCT copToBe. B pe3yntart Ha npoMmeHute
B CbBPEMEHHWA KIMMaT, cenekumsata npu
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ecovalence (Wi according to Wricke) and
stability criterion (YSi according to Kang)
were calculated. The varieties 'Falado’
(7104.9 kg/ha) and ’'Gabrio’ (7014.3
kg/ha) have the highest productivity.

The ecological plasticity and the genotype
of the varieties provide an excess of the
indicator by 44.7 and 42.9%, respectively,
compared to the "Factor" variety. Kang's
generalized stability criterion YSi, taking
into account both stability and yield value,
gives negative ratings for the varieties:
"Factor" (-10), "Pibrac" (-9) and "Moyson"
(-1). The varieties Dalara (8+), Falado
(2+) and Gabrio (1+) receive a high

complex assessment of technological
stability of yields.
Key words: common wheat,

varieties, productivity, stability

INTRODUCTION

Wheat plays an important role in
the economy and people's lives, which
implies the great interest of breeders and
producers. The main factors that affect
the suitability of an area to obtain high
and stable yields of common soft wheat
are heat, moisture and soil type.

Obtaining optimal yields depends not only
on the introduction of new high-yielding
varieties, but also on determining the
most appropriate varietal structure for
each region and neighbourhood of the
country. In this regard, a more in-depth
study of the relationship between the
variety and the specific meteorological
conditions of a given area is imperative
(Penchev and Stoeva, 2004; Habibi et al.,
2011; Kucek et al., 2019).

Modern general wheat selection
programs are aimed primarily at creating
high-yielding, high-quality and well-stable
varieties. As a result of changes in the
modern climate, the selection of wheat
requires the creation of new varieties with



niweHuyaTa Hanara cb3faBaHe Ha HOBWU
COpTOBE C BUCOKA CTy[O0 M CyXOYyCTOn4u-
BOCT.
OCBEeH Mo YCTONYMBOCTTA Ha CTyA, 1
Cylla, copToBeTe nuleHuua ce "Haanpe-
Bapsar' U Mo NJacTUYHOCT. YCNeLwHOoTOo
npesrMyBaHe Ha 3VMHUTE XUTHU KyNTypu
MMa pellaBallo 3HayeHue 3a nosyvyaBa-
HeTO Ha cTabunHn fo6MBK, CoUN KNnacTepeH
aHanu3 Ha [J06MBMTE Ha [ABajeceT copTta
3umMHa nwexuua (Dochev et al., 2009).
TONNNHHUAT CTPEC € BaXHO Mpoun3-
BOACTBEHO OrpaHMyeHVe Ha neHuuara
(Triticum aestivum L.), 3acarawio MHOro
pacTUTeNHN GMOMOrMYHN AENHOCTU B KNe-
TbyHaTa meMbpaHa, cnopeg (lbrahim and
Quick, 2001). ABTopuTe onpenensaT reHe-
TUYHWUS KOHTPOJT Ha TOJIEPAHTHOCTTA KbM
TON/IMHA Ype3 AvanefieH aHaau3 Ha us-
6paHarta nuweHn4yHa 3apojuLiHa nnasma.
HapacTBawloTo TbpCeHe Ha BUCOKO U
XOMOT€HHO TEeXHOJIOTMYHO KayecTBO Ha
obukHoBeHaTta nweHuua (Triticum aestivum
L.) nocouBa Heo6xoAMMOCTTa OT NoBuLLA-
BaHe CbAbpPXaHMeTO Ha NPOTEUHU U [/1y-
TeH, nogobpsBaHe 3apaBuHaTa n ctadbuni-
HocT Ha TecToTo (Blandino et al., 2016).
MPOAYKTUBHMAT NOTEHUMasT Ha nile-
HuuaTa e cBbp3aH C nosulleHaTa Tone-
paHTHOCT KynTypara KbM abuoTU4HUS
ctpec (Tsenov et al., 2009). LobusuTe,
KaKTO W CTPYKTYPHUTE UM €/IEMEHTU ce
noB/sMsaBaT CUMNHO OT YC/I0BUATA Ha rogu-
HaTa 1 nnacTU4YHOCTTa Ha copTa (Georgieva
et al., 2004). B ycnosusAta Ha 'opHOTpa-
Kulickata HU3MHa, KbCHOTO NOHWKBaHE Ha
nweHuuaTa Bogu [o obpasyBaHETO Ha
No-MasTbK 6POi1 KNaCOHOCHM cTbbNA.
Cnopeg lvanova and Tsenov, (2009),
METeopoIorMyH1Te YCNOBUSA Ca OCHOBEH
arpoTexHuyeckn dpaktop 3a hopmupaHe
Ha 6MO/IOrMYHNUTE N CTONAHCKN NpuU3Haum
npu YeTupmnHageceT copTa 3UMHa 06UKHO-
BEHa MLleHnUa a Hopmarta Ha MUHepasiHo
TOpeHe BNusie OCHOBHO Be/fiMynHara — fo-
6uB 3bpHO. C ngeHTUUUMpaHeTo Ha cTa-
6unHOCTTa M afanTMBHOCTTa Ha OCeMHa-
JeceT MeHNYeHn reHotuna, ce ycTaHo-
BSiBa XapakTepa Ha B3aMMOLEWNCTBETO
Mexay reHotun-cpepa (Ayalneh et al.,
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high cold and drought resistance.

In addition to resistance to cold and
drought, wheat varieties "compete" in
plasticity. Successful overwintering of
winter cereals is crucial for stable yields,
according to a cluster analysis of the
yields of twenty winter wheat varieties
(Dochev et al., 2009).

Heat stress is an important
production restriction of wheat (Triticum
aestivum L.), affecting many plant
biological activities in the cell membrane,
according to (Ibrahim and Quick, 2001).
The authors determine the genetic control
of heat tolerance by diallel analysis of the

selected wheat germ plasma. The
growing demand for high and
homogeneous technological quality of

common wheat (Triticum aestivum L.)
indicates the need to increase the protein
and gluten content, improve the strength
and stability of the dough (Blandino et al.,
2016).

The productive potential of wheat is
associated with increased crop tolerance
to abiotic stress (Tsenov et al., 2009).
Yields as well as their structural elements
are strongly influenced by the conditions
of the year and the plasticity of the variety
(Georgieva et al., 2004). In the conditions
of the Upper Thracian lowland, the late

germination of wheat leads to the
formation of a smaller number of
spikelets.

According to Ivanova and Tsenov,
(2009), meteorological conditions are a
major agrotechnical factor for the
formation of biological and economic traits
in fourteen varieties of winter common
wheat and the rate of mineral fertilization
mainly affects the size - grain yield. With
the identification of stability and
adaptability genotype, the nature of the
interaction between genotype-environment
is established (Ayalneh et al., 2012).
Production results can be improved with



2012). Npon3BoacTBEHUTE pe3ynTaTn morat
Aa 6baaT noaobpsiBaHM ¢ Hay4dHa MHAop-
Mauusi, TeHepupaHa OT Hay4YHW ekcrnepwu-
MeHTW. OueHeHa e n cTabuiHocTTa Ha
reHOTUNMTE B YC/MOBMATA HAa KOHBEHLMO-
Ha/IHO 1 BuonornyHo nponssoacTeo (Kaut
et al., 2009; Ivanov et al., 2018).

Mohammadi et al., (2009) oueHs-
BaT CTabUNHOCTTa Ha NPOU3BOAUTENHOCT-
Ta ypes cratucTmkara Ha gobusa Ha KaH
(YSi) n pBa HOBM MeTOAa Ha cTaTtuCTUKa-
Ta Ha perpecus npu po6usute (Ybi) u
cTaTucTkaTa Ha pas3CTOSIHMETO Npu [06U-
sute (Ydi). ABTOpUTE n3cnensar nHTerpa-
umatTa Ha pgobuBa M CTabUSIHOCTTa Ha
TECTOBUTE TEHOTUNU B Henpeackasyema
cpepa, Ypes TecT Ha ABajeceT reHotuna,
Ha 4yeTupy MecTa, 3a TpU TOAWHKM, 4pes3
GGE (reHoTun 1 eKkoniorMyeH reHoTun) Ha
6unnorT.

Brancourt-Hulmel and Lecomte,
(2003) ob6sACHsABaT B3aMMOAENCTBMETO Ha
reHoTUn X OKoJiHaTa cpeja B MHOrO
3ao0bukanswa cpega Ha 3vMMHa MeHuya
(Triticum aestivum L.) npu npomeHNuBu
YCMOBMSA Ha OKoMHata cpeda, 3a jga
OLEHAT 4YyBCTBUTENHOCTTA Ha reHotuna
KbM cpefarta v Aa cpaBHAT pesynrarute
OT OuaguMTuBHaTa akTopHa perpecus
(BIAREG), knacnyeckata 0CHOBHa Ao6aB-
Ka edhekT 1 mogena Ha My ITUNANKaTUBHO
B3aumogeicteue (AMMI). AHanusbT Ha
JaHHUTE MM BK/IOYBA TPUHANCET NINHWK,
oTrnexgaHn BbB ®paHuusa B ycnosBuATa
Ha yeTupuHaliceT cpeaun (kKombuHaumn ot
[ABe roAvHun, YeTupwn nokauunm n gse obpa-
60TkM). N3mepBa ce A0OMBBT Ha 3bPHOTO
W parata Ha 3aniaraHe, a cpepata ce
Xapakrepusmpa ¢ KnMmatuiHu gaHHu (Bo-
AeH pedomunT, pagmaums, Temnepatypa
Hag 25 °C) u gpyrn. BansiHmeTo Ha cpe-
Jata e OueHeHO 4ype3 cTabunHoCTTa Ha
[obuBnTe M OT ApyrM wu3cnefosartenu
(Gordana et al., 2014; Déringa et al., 2015).

M3meHeHneTo Ha kiumaTta e rnoba-
NeH npobnem 3a KynTypuTe, eTo 3awo
eKosiormyHaTa naacTUYHOCT Ha pas/InyHu-
Te COpPTOBE W JIMHUM € 0BEeKT Ha peauua
nscneasaHus. Mo gaHHM Ha Chloupek et
al. (2004), npe3 nocnegHuTe netgeceT
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scientific  information  generated by
scientific experiments. The stability of
genotypes in the conditions of convention-
al and organic production was also
assessed (Kaut et al., 2009; Ivanov et al.,
2018).

Mohammadi et al., (2009) assessed
productivity stability through Cannes yield
statistics (YSi) and two new methods of
yield regression statistics (Ybi) and
distance statistics (Ydi).

The authors investigated the integration of
yield and stability of test genotypes in an
unpredictable environment, by testing
twenty genotypes, in four places, for three
years, by GGE (genotype and ecological
genotype) of a biplot.

Brancourt-Hulmel and Lecomte,
(2003) explain the interaction of genotype
x environment in the very environment of
winter wheat (Triticum aestivum L.) under
changing environmental conditions to
assess the sensitivity of the genotype to
the environment and to compare the
results of biodiversity factor regression
(BIAREG), the classic main effect
supplement and the multiplicative
interaction model (AMMI). The analysis of
their data includes thirteen lines grown in
France in  fourteen environments
(combinations of two years, four locations
and two treatments). The grain yield and
the date of laying are measured, and the
environment is characterized by climatic
data (water deficit, radiation, temperature
above 25 °C) and others. The influence of
the environment has been assessed by
the stability of yields by other researchers
(Gordana et al., 2014; Ddéringa et al.,
2015).

Climate change is a global problem
for crops, which is why the ecological
plasticity of different varieties and lines is
the subject of a number of studies.
According to Chloupek et al. (2004), over
the last fifty years, the average air



roAvHuW, cpegHara TemnepaTtypa Ha Bb3-
Jyxa ce nosuwasa cpegHo ¢ 0,021 °C
(rogvwHo), kaTo 3a nocnegHUTeE gecet ro-
AnHW nosuweHuneTo e ¢ 0,087 °C (roguiu-
HO). Te3n KNnumaTu4HU NpomMeHn 6axa 6na-
FONPUATHU 3a HAKOW KynTypu (nweHuua,
eyeMuK, panuua, 3axapHo LBEK/O0, pPbX,
uapesuvua u 6060BM KynTypu), KOUTO No-
BMLWaBaT f06MBMTE CU B MO-TON/IN FOAM-
HW, NPUAPY>XEHN OT NMOBEYE YaCOBE CJ/TbH-
yeBa CBET/INHA.

MpaBu/HaTa copToBa CTPYKTypa B
3aBMCMMOCT OT KOHKPEeTHUTE arpoekoso-
TMYHW YC/IOBUA Ha palioHa Moxe da no-
BULUW 3HAYMTENHO AOOGMBUTE U KAaYecTBO-
TO Ha npoaykuusta (llieva, 2011).

Mpu cbBpPEMEHHUTE Mas3apHX ycno-
BMSI MOBMLIABaHETO Ha Ao6uBa M Nofoo6-
psSBaHETO Ha Ka4yecTBOTO Ha 3bPHOTO OT
06UKHOBEHAaTa MniueHnua npugobmear Bce
no-roaisMo 3HadyeHme. ToBa Hanara BHeg-
psiBaHe Ha COPTOBE C BMCOKA MPOAYKTUB-
HOCT U afanTMBHOCT KbM YCMOBMSATa Ha
cpepata. Heobxogmmo e ga ce npoyyar
NPOAYKTUBHUTE BBH3MOXHOCTW Ha BCEKU
COpPT B pas/iIM4yHN arpoeKkosiorMyHu paio-
HW. BCcekn enH enemMeHT OT TeXHONOorns-
Ta 3a OTrexaaHe Ha XUTHUTEe KynTypa e
06eKT Ha m3cnefBaHe Ha peguua mscne-
posatenu (Sevov and Delibaltova, 2013;
Kuneva et al., 2014; Barakova et al.,
2018; Delchev and Angelova, 2019). O60-
rataBaHeTo Ha noyBaTa C XpaHWUTENHU
e/1eMeHTU, KOpPUrMpaLLoTo SINCTHO NoaxpaH-
BaHe, B/I@XXHOCT Ha noyesara, 06paboTka u
6opbaTa CbC 3ansieBesiiBaHeTo ca Npoyu-
BaHM C LUEesl aHa/IM3 Ha BJ/IMAHWMETO UM
BbPXY CTPYKTYPHUTE €NEMEHTU Ha Ao6KBa
1 NPOAYKTUBHOCTTA Ha KynTypara.

Llenta Ha HacToswara paspaboTka
€ [a Ce Hanpasu OUEeHKa Ha NPoAyKTUB-
HOCTTa Ha cefieM copTa 0OMKHOBEHA NnLue-
HALa U Aa ce onpefenst TEXHOMOrMYHO
Hali-LeHHUTE COPTOBE MO OTHOLUEHUNE
cTabunHocTTa Ha fo6uBUTe.

MATEPWNAN N METOA4WA

ExcnepumMeHTa/IHOTO NOJICKO M3cies-
BaHe e NpoBefeHo B y4e6HO-0NMTHOTO noJsie
Ha KaTeapa PacTeHVWeBbACTBO, ArpapeH
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temperature has increased by an average
of 0.021 °C (per year), and for the last ten
years the increase has been by 0.087 °C
(per year). These climate changes have
been favourable for some crops (wheat,
barley, rapeseed, sugar beet, rye, corn
and legumes), which increase their yields
in warmer years, accompanied by more
hours of sunlight.

The correct varietal structure
depending on the specific agro-ecological
conditions of the region can significantly
increase the yields and the quality of the
production (llieva, 2011).

In  today's market conditions,
increasing the yield and improving the
quality of common wheat grain is
becoming increasingly important.

This requires the introduction of varieties
with high productivity and adaptability to
environmental conditions. It is necessary
to study the productive potential of each
variety in different agro-ecological areas.

Each element of the technology for
growing cereals is the subject of research
by a number of researchers (Sevov and
Delibaltova, 2013; Kuneva et al., 2014;
Barakova et al, 2018; Delchev and
Angelova, 2019). Nutrient enrichment,
corrective foliar feeding, soil moisture,
tilage and weed control have been
studied to analyze their impact on the
structural elements of yield and crop
productivity.

The aim of the present study is to
evaluate the productivity of seven
varieties of common wheat and to
determine the most technologically
valuable varieties in terms of vyield
stability.

MATERIAL AND METHODS

The experimental field study was
conducted in the experimental field of the
Department of Plant Breeding, Faculty of



thakynteT KbM Tpakuiicku yHWBepcuTeT -
Crapa 3aropa, npe3 nepuoga 2017-2019
r. O6eKT Ha Npoy4YBaHETO ca cefem copTta
obukHoBeHa nweHuua (,Ingenio”, Dalara*,
.Moyson“, ,Falado“, ,Gabrio, ,Pibrac* n
~Factor.

Cb3gaBaHeTo M BHegpsiBaHETO Ha
copToBEe O0OVKHOBEHA MLUEHWLA C BUCOK
reHeTuyeH noTeHunan 3a npPoAyKTUBHOCT
N KayeCTBO Ha 3bPHOTO, € CBbP3aHO C
npoyysaHe Ha eKojiormyHaTa nnacTuy-
HOCT Mpu OTAEe/IHUTE COPTOBE, NPe3 roau-
HW C pas/IMyHO HarnpexeHue Ha MeTeo-
ponornyHuTe haktopu. 3a cpaBHeHue ¢
BHeJpeH/Te COpPTOBE € M3Mos3BaH copT
Factor" (6barapcka cenekuums).

MoncknaT onut ¢ 06MKHOBEHA NLue-
HUUa e u3BefeH No MeToAMka, TUMUYHa
3a palioHa. W3cnepsaHeTo 6Gele 3ano-
XEHO Mo MeToja Ha APOo6HNUTE napLenku.
FonemnHarta Ha onuTHarta napuenka e 10
m?.

[MouBaTa B ONUTHOTO MoONEe ce
Xapaktepusmpa Karto TUMUYHO NuBafHO-
KaHeneHa. MowHOCTTa Ha XYMYCHUSA
XOPUW30HT MpK TO3N NOYBEH BUJ Bapupa B
wnpokn rpadnum ot 30 cm go 75 cm. B
C/lyyast MOLLHOCTTa € fICHO M3paseHa u e
B rpaHuuurte 0-50 cm. Cnopeg
MeXaHW4YHMA CbCTaB, MOYBEHUAT TN €
NecbKINBO-T/IMHECT.

Ceutbarta Ha nweHuuarta B roguHu-
Te Ha MoJICKO u3cnefBaHe, e U3BbpLUBAHA
B ONTMMasHWTE 3a paiioHa cpokose. [1o
BpeMe Ha BeretauusaTa nposefoxme efHo-
KpaTHO nogxpaHBaHe C amoOHMeBa CesuT-
pa. Ko/imyecTtBoToO Ha BHECEHMS a30TOCH-
Abpxaly, Top 6ewwe B f03a Nygo. M0 OTHO-
LIEHNe Ha CbAbPXaHUETO Ha XyMyc U xpa-
HWTENHW BeLlecTBa noysata ce xapaxkrepu-
3¥pa kato nogxosuia 3a oTrfexgaHe Ha
nweHnua.

3anaceHocTTa ¢ xymyc e 3,93%, a
C MuHepaneH as3oT — 40,8 mg/1000 ¢
noysa. AMOHsYHMAT a3oT e 0,45 mg/1000
g nouysa, a HUTpatHuAT — 40,33 mg/1000
g noysa. lNouBaTta e crabo 3anaceHa c
noasuxeH coccgop (3,27 mg/1000 g).
CbAbpXaHNETO Ha MOABWMXEH Kanii e 3,2
mg/1000 g noyBa, KOETO A Xapakrepu-

80

Agriculture at the Thracian University -
Stara Zagora, in the period 2017-2019.
The object of the study are seven varieties
of common wheat (Ingenio, Dalara,
Moyson). "Falado”, "Gabrio", "Pibrac" and
"Factor".

The creation and introduction of
varieties of common wheat with high
genetic potential for productivity and grain
quality is associated with the study of
ecological plasticity of individual varieties,
over the years with different stress of
meteorological factors. The Factor variety
(Bulgarian selection) was used for
comparison with the introduced varieties.

The field experiment with common
wheat was carried out according to a
methodology typical for the region. The
study was based on the method of fractional
pltz)ts. The size of the experimental plot is 10
m-.

The soil in the experimental field is
characterized as typically meadow-
cinnamon. The thickness of the humus
horizon in this soil species varies widely
from 30 cm to 75 cm. In this case, the
power is clearly expressed and is in the
range — 0-50 cm. According to the
mechanical composition, the soil type is
sandy-clayey.

The sowing of wheat in the years of
field research was carried out in the
optimal time for the region. During the
vegetation we carried out a single feeding
with ammonium nitrate.

The amount of nitrogen fertilizer applied
was Nigo. In terms of humus and nutrient
content, the soil is characterized as
suitable for growing wheat.

The stock with humus is 3.93%,
and with mineral nitrogen - 40.8 mg/1000
g of soil. Ammonia nitrogen is 0.45
mg/1000 g of soil and nitrate is 40.33
mg/1000 g of soil. The soil is poorly
stocked with mobile phosphorus (3.27
mg/1000 g). The content of mobile
potassium is 3.2 mg/1000 g of soil, which



3upa, KaTo MHOro fobpe 3anaceHa c T03u
e/leMeHT.

MpunoxeH e AuUCNepcuoHeH aHa-
3 3a cTaTuctuyeckata ob6paboTka Ha
[JaHHW.YCTaHOBEHa 1 OLieHeHa e B3aumo-
Bpb3KaTa Mexay uscnensaHute dpakropu
W BAUSIHUETO BbPXY MPOy4YBaHWTE BapuaH-
TW. N3umcneHnm ca BapuaHcuTe Ha cTa-
6unHocT (oi2 n Si° no Shukla), ekoa-
nernca (W; no Wricke) n kputepusa 3a
ctabunHocTt (YS; Ha Kang).

ArpomMeTeopoIornyHn ycnoBus

MepuogbT Ha MNpoyyBaHETo ce
Xapakrepusmpa ¢ roisMo HanpexeHue Ha
MeTeoponornyHuTe pakropu. Temnepa-
TypuTe 3anacu ca BMWCOKU Npe3 rognHuTe
Ha uscnegBaHeTo (durypa 1). CymapHute
TemnepaTtypu 3a TpUTe CTOMAHCKN FOAMHM
ca cboTBeTHO 3916 °C, 4143 °C un 4089
°C npwv cpefHo 3a AbArOroAuLLeH nepuos,
(2006-2019) 3861 °C. MNpe3 BTOpPaTa CTO-
naHcka rogumHa npeBULLIEHNETO Ha cymap-
HUTE TemnepaTypu CnpsMo LbArorogmil-
HuA nepuog e ¢ 7,3%. MNbvpeara n Tpetata
roAvHa CblLo Ce Xxapakrtepusupar C no-
BMCOKM TeMNepaTypHU CyMu CbOTBETHO C
1,4% n 5,9%. He ca uaMmepeHn KPUTUYHO
HWCKM Temnepatypu npes3 nepvoga Ha
onuTta. PernctpupaHu ca oTpuuartesiHu
TemnepaTypu B MbpBaTa AeCeTAHEBKA Ha
AaHyapy 3a 2016/2017 r. (-5,4 °C). MNpe3
2017/2018 n 2018/2019 r. oTuyeTeHuUTe
[EeCeTAHEBHUN TemMMNepaTypH/ CyMM ca CbC
cpegHu cToiHocTh. [pe3 nocnegHuTe
ABe TroAMHW OT MNOJICKOTO NpoyyBaHe,
CpefHo AHEBHUTE Temnepartypu ca ¢ no-
BMCOKM CTOMHOCTM W He 3acTpalwasart
HOPM&J/THOTO Npe3nMMyBaHe Ha KynTypaTta.
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characterizes it as very well stocked with
this element.

A variance analysis for the
statistical data processing is applied. The
interrelation between the studied factors
and the influence on the studied variants
is established and evaluated. The variants
of stability (ci2 and Si2 according to
Shukla), ecovalence (Wi according to
Wricke) and stability criterion (YSi
according to Kang) were calculated.

Agrometeorological conditions

The study period is characterized
by high stress of meteorological factors.
Stock temperatures are high over the
years of the study (Figure 1). The total
temperatures for the three economic
years are 3916 °C, 4143 °C and 4089°C
respectively at a long-term average
(2006-2019) 3861 °C. In the second
economic year the excess of the total
temperatures compared to the long-term
period is by 7.3%. The first and third years
are also characterized by higher
temperature sums by 1.4% and 5.9%,
respectively. No critically low
temperatures were measured during the
experimental period.

Negative temperatures were registered in
the first ten days of January for 2016/2017
(-5.4 °C). In 2017/2018 and 2018/2019,
the reported ten-day temperature
amounts are average. In the last two
years of the field study, the average daily
temperatures are higher and do not
endanger the normal overwintering of the
crop.
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Fig. 1. Average daily temperatures measured during the field survey in the

region of Stara Zagora

Pa3snpegeneHve Ha nagHanute sase-
XMW Npe3 Tpute ekcrnepuMeHTaHy roguHu, e
U3K/IUUTESTHO HepaBHOMepHo (Purypa 2).
CpepfHara roguiiHa HopMma Ha BaiexuTte 3a
nepuoga 2006-2019 e 535,2 mm, a 3a ne-
pvofa Ha Beretauus npuv rniedvuara Hop-
Mara npe3 nocnegHute 50 rognHn e 436,76
mm. Pa3mepbT Ha Basiexute e ¢ 35,4 % no-
BMCOK OT HopMmaTa. [lbpBata roguHa
(2016/2017) ce xapakTepusupa C no-masiko
KO/IMYECTBO Ha pPEerncTpupaHuTe Basiexu.
CToitHocTMTe ca ¢ 21,5% no-HUCKM cnpsiMo
HopMmarTa.

The distribution of precipitation over
the three experimental years is extremely
uneven (Figure 2). The average annual
precipitation rate for the period 2006-2019
is 535.2 mm, and for the wheat growing
season the norm for the last 50 years is
436.76 mm. The amount of precipitation is
35.4% higher than the norm. The first year
(2016/2017) is characterized by a smaller
amount of registered precipitation. The
values are 21.5% lower than the norm.
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Fig. 2. Amount and distribution of precipitation during the period of the
experiment, for the region of Stara Zagora
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PE3SYNTATU N OBCBbXOAHE
B Ta6nuua 1 ca npeacrtaBeHu pe-
3yntatu OT fJobumBa Ha 3bpPHO uscnen-
BaHWTe cOpTOBe OOWKHOBEHa MueHuLa.
JobueuTe ca pesyntaT OT B/USHUETO Ha
roguHata (thaktopute Ha KIMMaTUYHUA
KOMMJIEKC) U MPOAYKTMBHOCTTA Ha copTa.
C Hai-BMCOKa NPOAYKTUBHOCT Ce OT/nnya-
Bart copTtoBeTe ,Falado” (8929,93 kg/ha) n
»Gabrio" (8359,63 kg/ha) npe3 TpeTa cTo-
naHcka roguHa (2018/2019). CpaBHeHn ¢
.Factor®, yBenuueHnmeTo Ha pgobuBa e
CbOTBETHO € 91,6% n 79,4%. CpefHo 3a
neprvofa TeHAeHUMATa ce 3anassa, Kato
eKofiormyHaTa naacTUUYHOCT U reHOTUMbT
Ha ABaTa copTa ocurypsiBsat npesuvlleHne
B fl06MBa CbOTBETHO C 44,7 1 42,9% (npu
P <0,1) cnpamo copt ,PakTop” (4909,71). C
no-cnaba NpoAyKTUBHOCT Ce XapaKkTepusmpa
copt ,lMnbpak”, KbAeTo NpeBuULLEHNETO B
CTOMHOCTMTE Ha nokasatens e c¢ 15,0%.
MonyyeHute AO6UBKM ca cymapeH edekT oT
reHomMa Ha copTa M afanTMBHOCTTa KbM
cneunuyHUTE KNMMaTUYHN YCI0BUSI.

RESULTS AND DISCUSSION

Table 1 presents the results of
grain yield of the studied varieties of
common wheat. Yields are a result of the
influence of the year (factors of the
climatic complex) and the productivity of
the variety. The varieties "Falado" (8929.93
kg/ha) and "Gabrio" (8359.63 kg/ha) in the
third marketing year (2018/2019) have the
highest productivity. Compared to Factor,
the increase in yield was 91.6% and
79.4%, respectively. On average for the
period the trend continues, as the
ecological plasticity and the genotype of
the two varieties provide an excess in the
yield by 44.7 and 42.9%, respectively (at
P <0.1) compared to the variety “Factor”
(4909.71). Pibrak variety is characterized
by lower productivity, where the excess in
the values of the indicator is by 15.0%. The
yields obtained are the total effect of the
genome of the variety and the adaptability
to the specific climatic conditions.

Tabnuua 1. Jo6muBm 3bPHO OT nweHuua, kg/ha (2017-2019)
Table 1. Wheat grain yields, kg/ha (2017-2019)

Average
Varieties 2017 2018 2019 (Factorg B)
kg/ha kg/ha kg/ha kg/ha
Ingenio 6022,25 5234,50 6810,13 6021,54
Dalara 6587,00 6004,07 7170,22 6568,86
Moyson 6322,38 4944,75 7699,60 6325,49
Falado 7106,00 5282,35 8929,93 7104,89
Gabrio 7015,75 5671,51 8359,63 7014,28
Pibrac - 5928,40 5460,28 5694,34
Factor 4909,25 5158,53 4660,10 4909,71
Average
(FactorgA) 6343,59 5276,81 7012,84 -
F.A p<5%=309,9 p<l%=412,1 p<0,1%=536,1
LSD F.B p<5%=473,4 p<1%=629,6 p<0,1%=818,9
AXxB p<5%=819,9 p<1%=1090,4 p<0,1%=1418,3

AHa/IM3bT Ha BapvaHca Mo OTHO-
LWeHve Ha nobusa Ha 3bpHO (Tabnuua 2)
yCTaHOBSIBa, Y€ B/IMAHMETO Ha U3NUTBa-
HUTe BapuaHTM e 85,6% (P <0,1) or
06LW0TO BapvpaHe Ha AaHHuTe. CopTbT
oKasBa Hali-CU/IHO BAWSIHME BbPXY A06M-
Ba Ha 3bpHO — 41,4, npuynHaTa 3a KoeTo

The analysis of the variance in
terms of grain yield (Table 2) found that
the influence of the tested variants was
85.6% (P <0.1) of the total variation of the
data. The variety has the strongest
influence on grain yield - 41.4, the reason
for which is the ecological plasticity and



€ eKosiorMyHaTa naacTUYHOCT U reHoTuna
Ha Bceku copT. Cunara Ha B/MSHME Ha
roguHute e 28,3%. Bucoka CTOMHOCT Ha
TO3M NapamMeTbp ce Ab/DKM Ha pas/vKiTe
B METEOpO/IOTMYHUTE  YCNOBUSA  Mpes3
ONUTHUTE TOAMHW. BnusHveTo Ha pABaTa
(hakTopa (roguHa 1 copT) € AokasaHo npwu
BMCOKa CcTeneH Ha gocTtoBepHocT (P<0,1).
Hanvue e wn B3aumogeictBne Ha
xepbuumante c ycroBusiTa Ha roguHuTe
(A x B) —15,9% (P<0,1%).

genotype of each variety. The strength of
the influence of the years is 28.3%. High
value of this parameter is due to
differences in meteorological conditions
during the experimental years. The
influence of both factors (year and variety)
has been proven with a high degree of
reliability (P<0.1). There is also an
interaction of herbicides with the
conditions of the years (A x B) - 15.9%
(P<0.1%).

Tabnuuya 2. AncnepcrnoHeH aHanin3 3a 4o6mBa 3bPHO OT MNueHuLa
Table 2. Dispersion analysis for wheat grain yield

Source of Degrees of Sum of | Influence of Mean Fisher's Probability
variation freedom | squares |the factor, % | squares criterion level
Total 83 1,5 100 - - -
Blocks 3 1750016,0 1,2 583338,7 0,2
Variants 20 1,3 85,6 6501080,0 0 Fohk
Factor .
A - Year 2 4,2 28,3 63,9 0
Factor .
B - Varieties 6 6,2 41,4 31,2 0
AxB 12 2,4 15,9 2008000,0 0,1 Fohk
Error 60 2,0 13,2 336017,1 - -
5%  *p<l%  **p<0,1%

Ha 6asaTa Ha ycTaHOBEHOTO B3a-
UMOeNCcTBMe rofnMHa X COpT e oueHeHa
CTabWHOCTTa Ha MNpOsIBUTE Ha BCEKU
BapuaHT Mo OTHOLLEeHWe [06uBa Ha 3bPHO
OT 06uMKHOBeHa nweHuya (Tabnuua 3).
N3uncnenu ca BapuaHcuTte Ha
ctabunHocT — oi° n Si° (no Shukla),
ekoBasieHca — W; (no Wricke) n kputepus
3a cTabusiHocT — Y'S; (Ha Kang).

OTKIOHEHNATA Ha CTabWUMHOCT Ha
Shukla (0'2 " Siz) aHanM3upar fIMHeHuTe
N HEJIMHENHN B3anMOoAeNCcTBUS U eHOoMNo-
COYHO OLeHsIBaT cTabuHOCTTa Ha BapuaH-
TuTe. BapnaHtuTe, € NO-HUCKM CTOMHOCTU
Ce OLeHAT KaTo No-cTabu/HK, 3awoTo B3a-
umogencTear no-cnabo c ycnosmsaTa Ha
cpegata. OTpuuatenHuTe CTOMHOCTU Ha
nokasatenute oi° u Si° ce npuemar 3a 0.
Mpv [OCTOBEPHO BUCOKM CTOWHOCTM Ha
napameTpute — Gi° UM Si°, BapuaHTuTe
ce pasrnexgar kaTo HecTabunHu. Mpu eko-
BasieHca W, no Wricke, KO/IKOTO MO-BUCOKMK
ca CTOMHOCTUTE Ha rnokasartens, To/KoBa
Nno-HecTabuneH e CbOTBETHUSI BApUaHT.
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Based on the established year-
variety interaction, the stability of the
manifestations of each variant with
respect to the yield of common wheat
grain was assessed (Table 3). The variants
of stability — oi’ and Si° (according to
Shukla), ecovalence — W; (according to
Wricke) and the criterion for stability — YS;
(according to Kang) are calculated.

The stability deviations of Shukla
(oi> and Si®) analyze the linear and
nonlinear interactions and unilaterally
evaluate the stability of the variants.
Variants with lower values are considered
more stable because they interact less
with  environmental conditions. The
negative values of the indicators oi’ and
Si® are considered to be 0. At reliably high
values of the parameters — ai’ or Si%, the
variants are considered as unstable. In
Wricke's W; ecovalence, the higher the
value of the indicator, the more unstable
the corresponding variant.



Ta6nvua 3. MNapameTpu Ha CTaBU/THOCT Ha HSIKOM COPTOBE MlleHMUa 3a A06MB

3bPHO MO OTHOWEHNE Ha rognHnTe

Table 3. Stability parameters of some wheat varieties for grain yield with respect

to years

Varieties X o’ S? Wi YS;
Ingenio 6022,25 -518406,3 53,8* 530,5 0
Dalara 6587,00 -311457,8 -1,4 296171,2 8+
Moyson 6322,38 1510286,0** -5,8 2898663,0 -1
Falado 7106,00 5635311,0** -6,4 8791555,0 2+
Gabrio 7015,75 1291582,0** -5,2 2586229,0 1+
Pibrac 5694,00 5188631,0** -0,8 8153440,0 -9
Factor 4909,25 5361271,0** -1,6 8000069,0 -10

Average 6237,1 -1,2

LSD (p=0,05) 2,5

Bb3 ocHoBa Ha BapuaHca Ha cTa-
GUNHOCT Gi° Ce YCTaHOBSBA, Ye COpTOBe-
Te: ,Moyson“, ,Falado”, ,Gabrio", ,Pibrac”
n ,Factor* ca HectabwnHu. Hectabun-
HOCTTa € OT J/INHEEH TuM, 3aW0To € AoKa-
3aHa camo npu To3u napaMeTbp. Bapupa-
HETO Ha [JobuBnTe npe3 oTAesHuTe
roAvHM ca npuynHa 3a HecTabusHocTTa.
CoproBeTte ,Dalara“ u ,Ingenio“ nposiBs-
BaT No-Aobpa ekosiormyHa MaacTUYHOCT W
CbOTBETHO BMCOKA CTABGUMHOCT MO OTHO-
WweHne Ha pobusute. Cnopef BapuaHca
Ha cTabunHocT — S Ha Shukla, “Ingenio”
Ce oueHsiBa KaTo HecTabuneH, Ha 6a3aTa
Ha NIMHENHWUTe B3ammopencTeus. Pesyn-
TatuTe 3a ekoBasieHca — W,; no Wricke
nokasear, 4e copT ‘“Ingenio” nposiBsaBa
Hali-BMCOKa CTabUMHOCT, Ab/Kawa ce Ha
He3HayMMuTe pasnnku B A0OMBUTE 3bPHO
npe3 ekcrnepumeHTasiHuTe roguHu. Mopo6-
HW aHanu3u nNpu 18 reHoTuna ycTaHoBS-
BaT cnabo KonebaHne Ha oko/iHaTa cpeaa
(Ayalneh et al., 2012). OctaHannTe BapuaH-
TW perncTpupar BUCOKM CTOMHOCTU Ha
nokasartens, KoeTo onpegens Hectabun-
HOCT Ha pesynratuTe, Nnoj BAWSHUE Ha
oKosHaTa cpefa.

LisnocTHa oueHka 3a e(heKTMBHOCT-
Ta Ha COpTOBETE MOXE Ja Cce Hanpasu
cnep aHa/M3 Ha B3aMMOAENCTBMETO COPT
X cpefa M HMBO Ha afanTMBHOCT, KOETO
ce npeacTaBnsBa OT Be/MYMHATA Ha
[obumBa. KomniiekcHa oueHka 3a TeXHO/O-
rmyHata UEHHOCT Ha copToBeTe Jasa
0606LaBalnAT KPUTEPUIA 3a CTABUNHOCT —
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Based on the oi’ stability variant, it
was found that the varieties Moyson,
Falado, Gabrio, Pibrac and Factor were
unstable. The instability is of the linear
type because it is proven only at this
parameter. The variation of yields in the
individual years is the reason for the
instability. The ’'Dalara’ and ’Ingenio’
varieties show better ecological plasticity
and high yield stability, respectively.

According to Shukla’s Si° variant of
stability, "Ingenio" is rated as unstable
based on linear interactions.

The Wricke W, results show that the
Ingenio variety shows the highest stability
due to insignificant differences in grain
yields during the experimental years.

Similar analyzes in 18 genotypes found
little environmental fluctuation (Ayalneh et
al., 2012). The other variants register high
values of the indicator, which determines
the instability of the results under the
influence of the environment.

A complete assessment of the
efficiency of the varieties can be made
after analysis of the interaction variety x
environment and level of adaptability,
which is represented by the yield.

A comprehensive assessment of the
technological value of the varieties is




YS; Ha Kang. Toii ¢opmupa OLEeHKa 3a
[obvBa 1 3a CTabusIHOCTTa Ha OTAeHUTe
BapvaHTW, KaTo Ce OCHOBaBa Ha [0CTO-
BEpHOCTTa Ha pasnukute B pobusa u
BapuaHca Ha B3aMMOAENCTBUE CbC cpe-
pata. O6ouwaBalmaT KpuTepuin otumTa
ctabunHocTTa Ha pJobuBa M HeroeaTa
BenunumHa. OT npeacTaBeHUTe pesyntatu
ce BWXKAA, Ye TEXHOJIOTMYHO Hali-LeHeH
ce agsaBa copt “Dalara” c (8+) YS; Ha
Kang cnegBaH ot copTtoBeTe Falado* (2+)
n ,Gabrio" (1+). HeraTuBHM OLEHKN MONy-
yaeat ,Moyson“ (-1), ,Pibrac* (-9) u ,Factor"
(-10). O606waBawWMAT KpUTEPUIA 3a cTabun-
HocT (YS;) nocouBa copTtoBeTe ,Pibrac* n
.Factor” kaTo Hal-HecTabuIHN N HUCKOMPO-
OYKTUBHU Mpe3 rognHuTe Ha uscnepBaHe
HuckuTe oueHkn ca B pesyntaT Ha no-
chabata NpoAyKTUBHOCT U HecTabunHoCT
Ha pobusuTe. MNMonyyeHuTe pesyntatu ca
CTaTUCTMYECKN  [oKasaHM C  BMCOKa
cTeneH Ha goctoBepHocT (P <0,05).

n3BOAMN

CoptoBeTte  ,Falado* (7104,89
kg/ha) n ,Gabrio" (7014,28 kg/ha) ca c
Hall-B/cOKa cpefHa NpPOAYKTUBHOCT Ha
3bpHO. EKosOrMyHaTa nAactuyHOCT W
rTeHOTUMBLT Ha COpPTOBETE Oocurypssar
npesuLlieHne CbLOTBETHO C 44,7 n 42,9%
cnpsimo copt ,Factor”.

O6o6wWaBawmaT  Kputepuii  3a
ctabunHoct — YS; Ha Kang, oTumTaiiku
€[HOBPEMEHHO U CTabunHoCTTa U CTOM-
HOCTTa Ha J06UB 3bPHO, Aasa HeraTuBHU
oueHkn Ha coprtoseTe ,Factor* (-10),
~Pibrac* (-9) n ,Moyson“ (-1). Bucoka kom-
NeKcHa OLeHKa 3a TEeXHOJSIorMYHa crtabui-
HOCT Ha J06MBUTE NoslyyaBaT COPTOBETE:
.Dalara“ (8+), ,Falado” (2+) n ,Gabrio" (1+).

given by Kang's generalizing criterion for
stability — YS;. It forms an assessment of
the yield and the stability of the individual
variants, based on the reliability of the
differences in the yield and the variant of
interaction with the environment. The
summary criterion takes into account the
stability of the yield and its magnitude.
The presented results show that the most
technologically valuable variety is "Dalara"
with (8+) YSi of Kang, followed by the
varieties "Falado" (2+) and "Gabrio" (1+).
Moyson (-1), Pibrac (-9) and Factor (-10)
received negative ratings. The summary
stability criterion (YSi) indicates the Pibrac
and Factor varieties as the most volatile
and low-yielding over the years of the
study. The low scores are due to lower
productivity and vyield instability. The
obtained results are statistically proven
with a high degree of reliability (P <0.05).

CONCLUSIONS

The varieties 'Falado’ (7104.89
kg/ha) and 'Gabrio’ (7014.28 kg / ha) have
the highest average grain productivity.
The ecological plasticity and the genotype
of the varieties provide an excess of 44.7
and 42.9% compared to the "Factor"
variety, respectively.

Kang's summary criterion for
stability, YS;, taking into account both the
stability and the value of grain yield, gives
negative evaluations of the varieties
"Factor" (-10), "Pibrac" (-9) and "Moyson"
(-1). The varieties Dalara (8+), Falado
(2+) and Gabrio (1+) receive a high
complex assessment of technological
stability of yields.
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PE3OME

Mpe3 nocnepHute roguHu B bbara-
pus ycuneHo ce pabotu no chb3gaBaHe Ha
TEXHOJIOTUN 3a KOHTPOJT N orpaHuvyaBaHe
Ha BogHaTa epo3usa Ha nouysaTta. OcBeH
BbPXYy NOYBEHOTO nsiogopoave U Cbabp-
XaHMEeTOo Ha opraHN4yHO BELLLECTBO BOAHO-
€PO3NOHHUTE NpPOLLEeCU BNUAAT U BbPXY
OCHOBHUTE (hM3MYHM CBOICTBA Ha Mo4Ba-
Ta. 3awmtara Ha 3emefesickute 3emMn ot
HEeraTMBHOTO BJ/INAHVE Ha €pO3NOHHUTE
npouecn u 3anasBaHeTo Ha U3NYHUTE
CBOWCTBA W CTpyKTypata Ha noyBaTa
MoraT Ja ce OCbLLEeCTBAT Ype3 npunaraHe
Ha NPOTUBOEPO3NOHHA arpoTeXHKKA, BK/THOY-
Balwa pas/IMyHN MPOTUBOEPO3NOHHM Me-
TOAM N TEXHOIOTUN.

B HacToswara paspaboTka ce
pasrnexpga n yctaHoBsiBa NOSI0XUTE/THOTO
B/IMAHME Ha TakaBa efHa npoTUBOEpPO-
3MOHHAa TexHosormsa (yCbBbpLUEHCTBaHa-
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SUMMARY

In recent years, in Bulgaria, it was
working hard for creation of technologies
for controlling and limiting soil water
erosion. In addition to soil fertility and the
content of organic matter, water erosion
processes also affect the basic physical
properties of the soil.

The protection of agricultural land from
the negative impact of erosion processes
and the preservation of the physical
properties and structure of the soil can be
accomplished by the application of
erosion control  practices, including
various erosion control methods and
technologies.

The present study examines and
establishes the positive impact of such
erosion control technology (advanced
technology for minimum and unconventional



Ta TEXHOMOMMA 3a MVHUMa/IHa U HeTpa-
AnumoHHa obpaboTka Ha no4ysata), npu-
naraHa npv oTrnexgaHe Ha uapesuua Ha
HaK/NOHEHN TepeHU, BbPXY HAKOM hu3ny-
HW CBOIiCTBa Ha no4ysaTa Ha kapboHaTeH
yepHo3em. B nepunoga 2017-2019 roguHa
ca HanpaBeHW aHa/M3nm Ha obeMHaTa
NAbTHOCT, obuiara NOpbO3HOCT M TBBLP-
[OCTTa Ha nouyBaTa, KakTo U Ha HSKOM
€PO3MOHHM MoKasaTenu, nNpyu Usnon3BaHe
Ha TpagMUMOHHWN (KOHBEHLMOHA/THU) TeX-
HO/IOTMN M Ha YCbBbPLIEHCTBaHaTa Tex-
HO/IOTUA 3a MUHMMAa/IHA U HeTpaguLUOH-
Ha 06paboTka Ha no4yBaTa, AOKasBalu
HelHaTa noyBo3allMTHa eDEKTMBHOCT.

B npoBegeHus TpurogulieH HayuyeH
€KCMepMMEHT yCTaHOBUXME, Ye npuiaraHe-
TO Ha YCbBbpLUEHCTBaHaTa TEXHOMOruA
3a MUHUMaNHa 1 HeTpaauuMoHHa obpa-
60Tka Ha noysaTa BOAU OO HamansBaHe
Ha o6emHarta NJbTHOCT, yBEMYaBaHe Ha
obulata MNOPO3HOCT WM HamassiBaHe Ha
TBbpPAOCTTA Ha nouBata. B kpaiiHaTta
thaza, cnef npubupaHe, obemMHaTa NabT-
HOCT Mpu BapuaHTa, OTI/IeXgaH Mo Tasu
TexHonorusa e 1,26 kg/cms, a obuwara no-
pbO3HOCT e 53,38%, AokaTo npu KOHTPOSI-
HWS BapuaHT, OTrNex4aH No HaknoHa Ha
CK/IOHa, MO TpaguuMOHHA TEXHOMOIUS, Te-
31 nmok3aTenn ca CboTBETHO 1,36 kg/cm®
3a 06eMHa NNbTHOCT U 49,69% 3a obLia
nopbo3HocT. Mpy NpunaraHeTo Ha NPoTU-
BOEPO3MOHHAaTa TEXHOMOMMSA 3a MUHUMa-
Ha 1 HeTpaauuMoHHa 06paboTka, NOBbPX-
HOCTHUMAT BOAEH OTTOK HamansBa go 4,75
nbTW, a epo3upaHaTa no4ysa o 17,15 nb-
TW, B CpaBHEHME C KOHTposaTa, obpabo-
TeHa MO Hak/loHa Ha CK/I0Ha, KaTto TOo3u
edekT ce 3anassa npes Lesmsa nepuog Ha
uscnegsaHeto. Cbllo Taka LO6MBBLT Ha
3bPHO UapeBuUa npu Tasum TexXHOorus,
cpegHo 3a 2017-2019 r. e ¢ 16,07 % (c
1005,0 kg/ha) no-Bucok OT TO3M Ha
KOHTpOnaTta, C TPaAWLUMOHHO OTrnexaaH
MoCceB MO HaK/I0Ha Ha CKoHa.

KniouoBn pgymun: BoAHa eposus,
NPOTUBOEPO3NOHHU METOAU U TEXHOMOrH,
h13nyHM cBOIiCTBa Ha NoYBaTta, MUHUMAaTHA
o6pa6oTka Ha noyBata, MOBBPXHOCTHO
My/iYMpaHe, BEPTUKasHO Myn4YnpaHe
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tillage) applied in the maize for grain
cultivation on slope lands, on some of the
physical properties of sail calcium
chernozem.

In the period 2017-2019, analyzes of the
bulk density, the total porosity and the
hardness of the soil were implemented, as
well as some erosion indicators, in
application of traditional (conventional)
technologies and the advanced technology
for minimum and unconventional tillage,

proving its high  soil  protection
effectiveness.
In three-years experiment, we

found that the application of advanced
technology for minimum and unconventional
tillage leads to a decrease in bulk density,
increase the total porosity and reduces
soil hardness.

In the final phase, after harvesting, the
bulk density in the variant grown with this
technology is 1.26 kg/cm® and the total
porosity is 53.38%, while in the control
variant grown along the slope, by
conventional technology, these indicators
are 1.36 kg/cm3 for bulk density and
49.69% for total porosity, respectively.

When applying the erosion control
technology for minimum and unconventional
tillage, the surface water runoff is reduced
to 4.75 times and the eroded soil to 17.15
times, compared to the control grown along
the slope, and this effect is maintained
throughout the all period of the study.

Also, the maize grain yield, grown by this
technology, is 16.07% (by 1005.0 kg/ha)
higher than that of the control, on average
for three years period.

Key words: water erosion, erosion
methods and technologies, soil physical
properties, minimum soil tillage, surface
mulching, vertical mulching
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3ana3BaHeTo Ha npupogHus GanaHc
3aBUCK OT PauLMOHA/THOTO U3NOS3BaHe Ha
NPUPOAHNTE pecypcu, B YaCTHOCT Ha Nou-
Bata (Enchev, 2012). 3awutara Ha 3eme-
JenckiTe 3eMy OT BOAHa €epo3us MOoXe
[la ce OCbLUECTBM C T.H. NPOTUBOEPO3NOH-
Ha arpoTexHuka, BK/IOYBALLA Pa3NYHU
METOAM U TEXHOMOMMMN: MUHMMasHa obpa-
60TKa Ha noyBarta M HAKOW HeTpaauLOH-
H/Y 06paboTkM KaTo MOBBLPXHOCTHO W
BepTMKanHo mynuyupade (Dimitrov et al.,
2017; Dimitrov et al., 2019).

ObnrotpaitHute wu3cnegBaHus no
npunaraHeTo Ha pas/INyHK arpoTexHuyec-
KW NPakTUKY npe3 nocnefHuTe roauHu
(Nikolova and Dimitrov, 2014; Dimitrov et
al., 2019) gokaseaT BaXHOCTTa Ha Noaxo-
Ja npu un3bopa Ha arportexHuyeckurte
MeponpusaTMsa 1 ToBa, Ye obpaboTkaTa Ha
3emepesncknTe 3eMu e hakTop 3a Npeoso-
NnsiBaHe Ha HeraTtuBHWTE MNPOMEHW BbB
mM3nyHMTE CBOICTBa Ha noysaTa (Mitova
et al.,, 2015; Dimitrov et al., 2016). Te3u
napameTpy oka3BaT MPSKO B/USIHUE Bbp-
Xy HelHoTOo nnogopogve. BnusHue Bbp-
Xy (QU3MYHMTE CBOMCTBA U CTpyKTypaTta Ha
noysara okasBaT U cneuuuyHuTe Tono-
rpadcku, KNAMMaTU4HW, MOYBEHM WU CTO-
naHckn ycnoeus Ha Bwarapus. Te cb3ga-
BaT NMPeAnoCTaBKM 3a pa3BUTUE Ha MHTEH-
3MBHW AerpajaunoHH/ npouecu oT BOAHa
epo3usa (Malinov et al.,, 2014; Ruseva et
al., 2015). Te3u npouyecun Ao ronsima cteneH
ce 3acunBar M C pa3BUTMETO Ha YO0BeLl-
kata geiiHocT (Velizarova and Marinov,
2008). OT pgpyra cTpaHa, QU3nMYHUTE
XapakTepucTVki Ha Mo4BEHUTE TUMNOBE U
npunaraHuTe  3emMefesicku  NPakTUKu
B/IMAAT CBLUECTBEHO BBPXY [A0OMBHUSA
NnoTeHUMan Ha 3emefesickute KynTypu
(Kolchakov et al., 2019).

Moa B/AMSAHME Ha BOAHATa epo3uns
ce paspylasa Haii-nn1ofopoaHNs MOBbPX-
HOCTEH NnacT Ha noysarta 1 ce Bnowasar
arpoxvMmnyHNTEe N cBolicTBa. ToBa ce
OTHacs npeau BCMYKO A0 CbAbpPXaHWeTo
Ha XyMyC B KOpeHoobuTaemusi CNoi, KoeTo
ce obycnaBsi OCHOBHO C HamassiBaHETO
Ha MOLLHOCTTTa Ha XYMYCHUS XOPW3OHT
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INTRODUCTION

The preservation of the natural
balance depends on the rational use of
natural resources, the soil in particular
(Enchev, 2012). The protection of
agricultural lands from water erosion can
be done with the erosion control
agricultural techniques, including various
methods and technologies: minimum
tillage and some unconventional practices
such as surface and vertical mulching
(Dimitrov et al.,, 2017; Dimitrov et al.,
2019).

Long-term  research on the
application of various agro-technical
practices in recent years (Nikolova and
Dimitrov, 2014; Dimitrov et al., 2019)
proves the importance of the approach in
choosing agro-technical measures and
that the cultivation of agricultural land is a
factor in overcoming the negative
changes in the physical properties of the
soil (Mitova et al., 2015; Dimitrov et al.,
2016). These parameters have a direct
impact on its fertility. The physical
properties and structure of the soil are
also influenced by the specific
topographic, climatic, soil and economic
conditions in Bulgaria.

They create prerequisites for the
development of intensive degradation
processes by water erosion (Malinov et
al., 2014; Ruseva et al.,, 2015). These
processes are greatly enhanced with the
development of human activity (Velizarova
and Marinov, 2008). On the other hand,
the physical characteristics of soil types
and applied agricultural  practices
significantly affect the yield potential of
agricultural crops (Kolchakov et al., 2019).

Under the influence of water
erosion, the most fertile surface layer of
the soil is destroyed and its agrochemical
properties deteriorate. It reduces the
depth of the root layer, as well as the
content of organic matter (Kuncheva, 2016).

The losses are significant and have



(Kuncheva, 2016). 3ary6uTe ca OrpoMHu
U UMaT CepuosHM nocreguum Kakto 3a
CEeJICKOCTONAaHCKOTO MPOM3BOACTBO, Taka
M 3a MKOHOMMKaTa Karo uano. Te ca
npo6seM C HaUMoHasIHa 3HAYMMOCT, YMETO
pelleHne He MoXe Aa 6bae NoCTUrHaTo ¢
YCTAaHOBEHUTE KOHBEHLMOHA/THN TEXHOMO-
rMn 1 U3UCKBA NpuiaraHe Ha Mepky 3a 3a-
wmTa Ha noysata (Dimitrov et al., 2018).
Mpv MHTEH3MBHATA CUCTEMA Ha Me-
XaHn4yHa obpaboTka Ha no4ysaTa ce W3-
BbpLUBAT rofisiM GpOoit NpPeMUHaBaHUSA Ha
cesickocTonaHckaTa TexHuka (10-12 6pos
rOAMLLIHO), KOeTo Bfowasa (u3nyHuTe
CBOIiCTBA Ha noyearta, AoKaTo Npu MUHK-
MasHaTa o6paboTka Ha nouysata Te ce
penyuupaTt (Dimitrov et al., 2007; Beloev
et al., 2008; Georgieva et al., 2013; llieva
and Hristova, 2014). Npenu3BrvkaHUTe OT
npoab/knTeNnHara obpaboTka npobaemu,
yCKopsiBaLLM npoLecuTe Ha aexymudvka-
uma n gerpajaums npu CbBpPeMeHHUTE
YC/I0BUSA U3UCKBAT npuiaraHeTo Ha mep-
KW, aKTyaslHn TeXHOJIOTUYHM peLLeHus n
3eMefiefICkM npakTukn. 3a paumoHaIHOTO
M3nos3BaHe u 3anasBaHe Ha noysBuTe
TpsbBa Aa ce vmaT npeasug pakropure,
orpaHvMyaBally U HamansBawy TexHuTe
arponpon3BOACTBEHN KayecTBa M noyse-
HoTO nniogopoave (Teoharov et al., 2015,
Dimitrov et al., 2019).
MPOTUBOEPO3VNOHHMTE MEpKM ca
KOMMJIEKC OT MNOYBO3ALUUTHU [AelCTBUS,
NpoBeXAaHn C MnoMoLTa Ha pPas/inyHu
NPOTMBOEPO3NOHHK onepaunn (06paboT-
KM), MEeToAM W TEXHO/IOMUW, KakTo M Ha
cneumasiHn  TEXHUYECKM cpeacTBa MU
CbOPBXEHNSA C MUHMMANEH HATUCK BbPXY
nouseHara nosbpxHOCT. (Dimitrov, 2008;
Dimitrov et al., 2014; Dimitrov, 2016). OT
TAX Hali-roNsiMo 3HayeHue 3a 3awmTa Ha
3eMefefnicknTe 3eMy OT BOAHA epo3us Ha
noysara umar arpoTexHudeckuTe. [lpe-
avmcTBata MM ce [Ab/hKaT Ha JIeCHOTO
OCbLUECTBABAHE W peann3mpaHeTo Ha
rofiAiM noyso3alnteH edekT, C HUCKU
KanutasiHum BnoxeHus. C TAXHOTO npwia-
raHe ce 3anassa no4ysarta W ce yBesimua-
BaT 3anacuTte i OT BOAa, OrpaHuyaBar ce
W opyru gerpajaumoHHn npouecu, ocobe-
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serious consequences for both
agricultural production and the economy
as a whole. They are a problem of
national importance, the solution of which
cannot be achieved with the established
conventional technologies and requires
the application of soil protection measures
(Dimitrov et al., 2018).

In  the intensive system of
mechanical tillage a large number of
passes of agricultural machinery (10-12
times annually) are performed, which
deteriorates the physical properties of the
soil, while in the minimum tillage they are
reduced (Dimitrov et al., 2007; Beloev et
al., 2008; Georgieva et al., 2013; llieva
and Hristova, 2014).

The problems caused by the long tillage
are acceleration of the processes of
dehumification and degradation in the
recent conditions require the application
of measures, advanced technological
solutions and agricultural practices. For
the rational use and preservation of soils,
the factors limiting and reducing their
productivity and soil fertility should be
taken into account (Teoharov et al., 2015,
Dimitrov et al., 2019).

Erosion control measures are a set
of soil protection operations carried out
with the help of various erosion control
measures, methods and technologies, as
well as special technical devices and
equipment with minimal pressure on the
soil surface (Dimitrov, 2008; Dimitrov et
al., 2014; Dimitrov, 2016). Of these, the
most important for the protection of
agricultural land from water erosion of the
soil are agrotechnical.

Their advantages are due to the easy
implementation and realization of a
significant soil protection effect, with low
capital investments. Their application
preserves the soil and increases its water
reserves, other degradation processes
are limited, especially the compaction and



HO YN/TLTHABAHETO UM HaMaNisiBaHeTO Ha
NMOYBEHOTO OpraHn4yHo BeulecTBo (Dimitrov,
2016).

B HawaTta cTpaHa npoOTMBOEPO-
3MOHHUTE arpoTeXHUYECKN MEpPKWU cnopeg
Dimitrov (2016), Hristov (1982) Bk/touBat
06paboTky, cb3gasally ycnoBsus 3a yse-
NnyaBaHe BOAOMPOMNYCKIMBOCTTA Ha NoY-
Bara No MbTA Ha YyCKOpsiBaHe Ha BOAO-
NnpoHuLaeMocTTa Win 4ypes yabihkasaHe
Ha BpemeTo Ha nonueaHe (Todorov et al.,
1982; Onchev et al., 1984). 1o MHEHNETO
Ha Ruseva (2017) Te umaT 3a Uen ocury-
psBaHe Ha 3allMTHa pacTuTesiHa NoKpPuUB-
Ka BbpXy MoyBeHaTa MOBLPXHOCT B ne-
puoauTe ¢ BUCOKa €pO3MOHHOCT Ha Bane-
XuUTe, noBuaBaHe Ha WHPUNTPALUOH-
HaTa CcrnocobHOCT Ha noysaTta v 3anacute
OT NOYBEHO OPraHUYyHO BELLLECTBO.

lLleTTe OT BoAHaTa epo3vs BAUAST
BbpXy [06VMBHMSA noTeHUuuan B 3emenen-
CKOTO NPOUW3BOACTBO KaTo yBenuuyasaT
pasxoauTe 3a MPOM3BOACTBO, Hamasnssart
[Oo6VBMTE OT OTIexgaHuTe 3emefesicku
KynTypu n HeTHua goxopn (Nekova, 1998).

MATEPVAT N METOON

W3cnepsaHeTo e npoBefeHO B
nepuoga 2017-2019 roguHa, B ONUTHOTO
nose Ha VIHCTUTYT MO MOYBO3HAHME,
arpoTexHo1I0rMmn 1 3aluTa Ha pacteHuaTa
-Hvkona Myuwkapos” - CodumsA, B 3eM/u-
LeTo Ha c. TpbCTeHUK, obnact Pyce, npu
onuT Lapesuua, Ha MoYBEH TUM CPegHo
epo3npaH KapboHaTeH YepHO3eM C Hak-
NOH Ha TepeHa 5° (8,7%). BapuaHTtuTe Ha
onuTa ca cnegHure: f,— noces Lapesuua,
oTrnexaaH no TpaguuuoHHa TexHosorus
(n3nonssalLa ocHoBHa 06paboTka Ha nou-
BaTa Cc obpbluaHe Ha nnacra), npuiaraHa
Mo Hak/IOHa Ha CKNoHa — KoHTpona; f; —
noces uapesuua, OTrnexgaH no Tpaau-
LMOHHa TexHosorus, (M3nosi3BaLla OCHOB-
Ha obpaboTka Ha no4ysata C obpblLiaHe
Ha nsacrta), mpuiaraHa HanpeyHo Ha CK/lo-
Ha; f, — NoceB uapesuua, OTrAexaaH no
noyso3almTHa TexHosnorusa (n3nonssaila
OCHOBHa 06paboTka Ha noysaTta C 06pb-
LLlaHe Ha nnacrta M ¢ oCblliecTBsiBaHe Ha
MOBBLPXHOCTHO My/lyMpaHe C 06O0pPCKU
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reduction of soil organic matter (Dimitrov,
2016).

In our country, the erosion control
agrotechnical measures according to
Dimitrov (2016), Hristov (1982) include
operations that create conditions for
increasing the water permeability of the
soil by accelerating water permeability or
by extending the time of absorption
(Todorov et al., 1982; Onchev et al., 1984).

According to Ruseva (2017), their aim is
to provide a protective plant cover on the
soil surface in periods of intensive
precipitation, increase the infiltration
capacity of the soil and soil organic
matter.

Damage by water erosion affects
the yield potential in agricultural
production by increasing production costs,
reducing yields of crops and net income
(Nekova, 1998).

MATERIAL AND METHODS

The study was conducted in the
period 2017-2019, in the experimental
field of the Institute of Soil Science,
Agrotechnology and Plant Protection
"Nikola Pushkarov" - Sofia, in the village
of Trastenik, Rousse region, in the case of
corn, on soil type medium eroded calcium
chernozem with a slope of 5° (8.7%).

The variants of the experiment are the
following: f, - conventional tillage along
the slope (using basic tillage with inversion
of the layer)- control; f; - conventional
tillage across the slope (using basic tillage
with inversion of the layer), applied
transversely to the slope; f, - conventional
tillage with surface mulching (using basic
tillage with inversion of the layer and with
the implementation of surface mulching
with manure), applied transversely to the
slope; f; - maize sowing grown with
advanced soil protection technology for
minimum and unconventional tillage (for



TOp), NpuaaraHa HanpeyHo Ha CKoHa; fs -
noces Lapesuua, OTrIEXAaH C YCbBbp-
LUeHCTBaHa MOYBO3aALLMTHA TEXHOJOMSA 3a
MUHMMasIHA U HETPaAuLMOHHA 06paboTka
(BKNtOUBaLLM OCHOBHA 06paboTka Ha Mnou-
Bata 6e3 obpbliaHe Ha nnacra — pas-
pOXKBaHe 1 MO4YBO3aLUTHUTE MEPKU Bep-
TUKaNIHO My/n4ymMpaHe ¢ 060pcku Top, Npo-
psisBaHe ¢ XoA006pa3yBaHe CbC centbata u
OKOoMaBaHeTo 1 6pa3foobpasyBaHe C Npo-
psi3BaHe 1 Xx04006pasyBaHe npu 3arbps-
HeTO), npwiaraHa HanpeyHO Ha CK/I0Ha.
OnnTBT e 3a10XeH No 6/10KOBUS METOS, B
yeTmpu noBTopeHus (Shanin, 1977).

Lenta e pga ce ycTaHOBW BusA-
H/eTO Ha NPOTUBOEPO3VMOHHUTE MeToAU
BbpXy M3NYHUTE CBOWCTBA Ha KapOOHa-
TEH YepHO3eM. AHa/IM3UPaHMN ca NOYBEHUTE
nokasartenu: obemHa nIbTHOCT (g/cm3),
o6wa nopbo3HoCT (%) M TBBLPAOCT Npwu
npunaraHe Ha TPaaVUMOHHM (KOHBEH-
LUMOHATHN) U MOYBO3ALMUTHN TEXHOSIOMMM
(YCbBBPLUEHCTBAHM TEXHOIOTUW 38 MUHK-
MaslHa W HeTpaguumoHHa o06paboTka).
O6eMHaTa NTbTHOCT Ha noyBaTa(g/cm3) €
yCTaHOBEHa NO MeTofa Ha npod. KaumHckm
H.J1. ¢ meTaneH NpbCTEH C pexell pbb 1
o6em 100 cm?, a obLiaTa NOPLO3HOCT Ha
noysarta (%) e nsuncneHa ypes obemHaTa
N OTHOCUTESIHA M/TBTHOCT. TBBHPAOCTTA Ha
noysata kg/cm2 e n3mepeHa ¢ TBbpAoMe-
pbT Ha KaumHCKM C nafalia TexecT.
KosimyecTBOoTO Ha NOBBPXHOCTHWUA BOAEH
otToK (I/ha; mé/ha) e oTueTeHo upes cTa-
LUMOHApHN OTTOYHM nnowanku. Konuuec-
TBOTO epo3upaHa nousa (kg/ha) e nsme-
PeHOo KaTo OT OTTOKOY/IOBUTESHWTE ChOPb-
XEHUS1 ce B3eMaT cpefHu Npobu B TPUUT-
poBu ByTunku, cnes koeto B nabopatop-
HW YCNOBMWSA CblUMTE Ce OTAEeKaHTMpBaT U
uscywaear [0 abCosOTHO CyXO CbCTOSA-
Hue. MNonyyeHnTe gaHHN OT HanpaBeHuTe
n3MepBaHMa ca 06paboTeHn C anapata
Ha MaTtemaTtuyeckara ctaTucTuka.

PE3YJITATU N OBCBXXOAHE
AHanusmpaiikn nonyvyeHute pesyrn-

Taty OT TPUroAMLIHUTE W3C/eABaHus e
YCTAaHOBEHO, Ye arpoTexHUYecknTe one-
paumu Bb3AeicTBaT BbpXY (PU3MUHATA
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growing corn for grain, includes basic soil
tillage without plowing - loosening and soil
protection operations vertical mulching
with compost or manure, cutting with
making ducts simultaneously with sowing
and digging and furrowing along the
hilling, applied transversely of the slope).

The experiment is based on the block
method in four replications (Shanin,
1977).

The aim is to establish the influence
of anti-erosion methods on the physical
properties of calcium chernozem. Analyzed
soil indicators were: bulk density (g/cm3),
total porosity (%) and hardness when
applying conventional and soil protection
technologies (advanced technologies for
minimum and unconventional tillage).

The bulk density of the soil (g/cm3) was
determined by the method of Kachinski
N.L. with a metal ring with a cutting edge
and a volume of 100 cms3, and the total
soil porosity (%) is calculated by volume
and relative density.

Soil hardness kg/cm2 was measured with
Kachinski hardness tester with falling
weight. The amount of surface water
runoff (I/lha; m3/ha) was reported through
stationary drainage sites.

The amount of eroded soil (kg/ha) was
measured by taking medium samples
from the drainage facilities in three-liter
bottles, then decanting in laboratory
conditions and drying the solid phase.

The data obtained from the measure-
ments are processed with mathematical
statistics.

RESULTS AND DISCUSSION
Analyzing the results of three years
of research, it was found that agronomic
operations affect the physical
characteristics of the soil. The quality of



Xapakrepuctuka Ha noysara. KauectsoTo
Ha obpaboTkaTa ce BAMsie OT obemHaTa
NIBTHOCT Ha noysaTa, KOATO e Hali-
AVHAMWYHO MPOMEHAWMA ce  usnyeH
nokasaren. O6emHara NJbLTHOCT, CrOPe,
Dimitrov (2008; 2016), € KOMMAEKCEH W
KONuyecTBeH nokasaTen Ha nouysarta. C
Hes ca CBbp3aHy BCUYKU BOAHO-CIU3NYHN
1 (hU3NKO-MEXaHWYHN CBOICTBA Ha Mou-
BaTa, 6mosniormyHaTa i akTMBHOCT, U Xpa-
HUTENHUAT 11 pexxumM. MexaHuuHaTta obpa-
60TKa U3MEeHS TO31 MOYBEH MoKasaTer.
O6emHaTa NbTHOCT € TACHO CBbP-
3aHa C NopbO3HOCTTa Ha noysaTa, B une-
TO M34nCnABaHe yyactsa 3aefjHO C OTHO-
cuTenHata nNAbTHOCT. B Hayanoto Ha
3as1araHe Ha onuta, o6emHaTa nabTHOCT
1 06wa nopbO3HOCT npu BapuaHTy fy u fi,
rnokaseaTt no4Tu egHakBu cTtoiHocTh (1,33
kg/cm3 n 1,32 kg/cm3 npyv NObLTHOCTTA U
50,89% 1 51,04% npu NOPLO3HOCTTA), a
npu f, n f3 Te3n nokasatenu ca pasMyHn,
nopagy npunaraHeTo Ha MPOTMBOEPO3VIOH-
HW TEXHOJIOTUW C NOBBPXHOCTHO MyumMpa-
He N Ha TakaBa 3a MUHUMa/THM 06pPabOoTKM
C BEPTMKaUTHO My/numpaHe ¢ 0b6opcku Top.
Mo BpemMe Ha MakCMMasIHMSA pacTex Ha
pacTeHussiTa ob6emHaTa MABbTHOCT nNpwu
BapuaHTa C TpaguLMOHHA TEXHOMOMNS Ha
oTrfiexaaHe no Hak/lioHa Ha cknoHa fy e
1,35 kg/cm®, aokaTo npu BapuaHTa C ycb-
BbpLUeHCTBaHaTa TexHonorua f; Hamans-
Ba A0 1,25 kg/cm®. B «kpaiiHata asa,
cnen npubupaHe, obemHaTa MAbLTHOCT
npu BapuaHTa C MpuioKeHa TEXHO0rus
3a MUHMMaNHa ¥ HepaguuMoHHa obpa-
60Tka Ha nouysaTa e 1,26 kg/cms, a npu
KOHTPO/IHWUSA  BapuaHT, oTrexgaH no
Hak/1I0Ha Ha ckioHa e 1,36 kg/cm®.
Mopbo3HOCTTa € (OU3MYHO CBOIWA-
CTBO Ha noysaTa, KOeETO MMa ro/sMO
3HaueHue 3a No4BeHOTO nnogopoaue. OT
Hes 3aBUCAT BOAHO-Bb3AYLUHWUTE CBOM-
CTBa Ha noysara v XpaHUTESTHUAT PEXnM
3a pacteHuaTa (Koinov et al., 1980). Te3n
MoYBEHW MoKasarenu npu npoBefeHuTe
n3cnefBaHnsa ¢ yCbBbPLUEHCTBAHMTE NOY-
BO3ALUMTHN TEXHOJIOTMN 33 MUHUMasTHA W
HeTpaauunoHHa obpaboTka Ha noysata C
n3nos3BaHe Ha 060PCKM TOP KaTo Mynum-
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tillage is influenced by the bulk density of
the soil, which is the most dynamically
changing physical indicator.

Volume density, according to Dimitrov
(2008; 2016), is a complex and
quantitative indicator of soil. All water-
physical and physico-mechanical properties
of the saill, its biological activity and its diet
are connected with it. Machining changes
this soil indicator.

The bulk density is closely related
to the porosity of the soil, in the
calculation of which it participates
together with the relative density. At the
beginning of the experiment, the bulk
density and total porosity in variants f, and
f, show almost the same values (1.33
kg/cm® and 1.32 kg/cm® at the density and
50.89% and 51.04% at the porosity), and
for f, and f; these indicators are different
due to the application of erosion control
technologies with surface mulching and
one for minimum tillage with vertical
mulching with manure. During the maximum
growth of the plants, the bulk density in
the variant with conventional technology for
cultivation along the slope f, is 1.35 kg/cm?®,
while in the variant with the advanced
technology f; decreases to 1.25 kg/cm?®.

In the final phase, after harvesting, the
bulk density in the variant with applied
technology for minimum and
unconventional tillage is 1.26 kg/cm3, and
in the control variant, grown along the
slope is 1.36 kg/cm®.

Porosity is a physical property of
the sail that is important for soil fertility.

The water-air properties of the soil and
the plant nutrition depend on it (Koinov et
al., 1980). These soil indicators in the
studies conducted with advanced soil
protection technologies for minimum and
unconventional tillage using manure as
mulching material in the cultivation of corn
on sloping terrain have different values



paw, Matepviasn npu oTrnexgaHe Ha uape-
BMLA Ha HaK/TOHEHW TEPEHU ca C pasny-
HWK cToliHoCcTK (Tabnmuya 1 n 2). O6wara
NMOpPbO3HOCT € Hai-B1COKa Npv BapuaHT fa,
a Hai-Hucka npu BapuaHT fy, Mpu KOWTO
ca MpuUIoXeHn TpaauLUoHHU 06paboTKM
Mo Hak/IoHa Ha ckioHa. MNpu 3anaraHe Ha
onvTta npean centba obuwarta NOpbLO3HOCT
npu BapuaHtute fy, f;, > ¢ TpagMUMOHHN
06paboTkm e cboTBeTHO 50,89%, 51,04%
n 53,13%, a Tasn npu BapuaHT f; e
54,49%.

Ta6numya 1. O6eMHa NAbTHOCT (g/cm’)

(Table 1 and 2).

The total porosity is the most high in
variant f3, and lowest in variant fy, in which
conventional technology along the slope
are applied.

Before sowing, the total porosity in the
variants fo, f1, f, with conventional tillage is
50.89%, 51.04% and 53.13%, respectively,
and that in variant f5 is 54.49%.

, 06Wa Nnopbo3HOCT (%) N TBBLPAOCT Ha

nousaTta (kg/cm?) B cnosi 0-40 cm, npu onuT Lapesua 2017-2019r.
Table 1. Bulck density (g/cm®), total porosity (%) and soil hardness (kg/cm?) in
the layer 0-40 cm, in the experiment with maize 2017-2019

rog. Mpean centba MakcumaneH pacrtex Cnep npubupaHe Ha onuta
Year Before sowing Maximum growth After harvesting
O6emHa | O6uwa | TebpgocT | O6emHa | O6wa [TBbpgocT| ObemHa | O6wa (TBbPAOCT
MBTHOCT [MOPLO3HOCT| Hardness [NbTHOCT [Nopbo3HOCT|Hardness |[nabTHOCT [Nopbo3HocT|Hardness
Bap.| Bulck Total (kg/cm?®) | Bulck Total | (kg/cm®) | Bulck Total | (kg/cm?)
Var. densit3y porosity densit;/ porosity densitay porosity
(g/cm’) (%) (g/cm’) (%) (g/cm’) (%)

2017

fo 1.33 50.82 14.85 1.38 49.08 25.42 1.46 46.13 34.10

fL 1.32 51.29 14.41 1.36 49.82 23.20 1.43 47.23 30.25

f2 1.27 53.14 13.30 1.29 52.40 19.15 1.38 48.71 27.50

fs 1.22 54.98 12.80 1.26 53.51 17.21 1.32 51.29 24.33
2018

fo 1.38 49.08 13.50 1.35 50.18 29.17 1.31 51.66 52.37

fL 1.38 49.08 12.03 1.32 51.29 27.22 1.30 52.03 48.01

f2 1.35 50.18 9.87 1.31 51.66 23.35 1.29 52.40 41.70

fs 1.31 51.66 8.21 1.25 53.87 21.16 1.28 52.77 32.59
2019

fo 1.28 52.77 16.72 1.33 50.92 38.11 1.32 51.29 38.01

fL 1.28 52.77 16.72 1.32 51.29 32.04 1.31 51.66 34.83

f2 1.19 56.09 15.35 1.30 52.03 25.87 1.21 55.35 26.12

fs 1.17 56.83 13.02 1.26 53.50 20.31 1.19 56.09 24.12

Average 2017-2019

fo 1.33 50.89 15.02 1.35 50.06 30.90 1.36 49.69 41.49

fL 1.32n.s [51.04n.s [14.38n.s|1.33n.s [50.80n.s [27.48n.s1.34n.s [50.30n.s [37.69n.s

if> 1.27 n.s [53.13 n.s 12.84 n.s [1.30** 52.03n.s [22.79n.s|1.29n.s [52.15n.s [31.77 n.s

fs 1.23n.s 54.49ns [11.34n.s[1.25*** [53.62n.s [19.56* [1.26n.s [53.38n.s [27.01 n.s

P<0.5 1(0.120 4.460 4.530 0.033 1.248 8.311 0.145 5.473 15.619

P<0.1 0.176 6.490 6.591 0.049 1.816 12.093 [0.211 7.964 22.727

P<0.01 |0.179 6.628 6.731 0.0742  2.729 18.169 |0.318 11.965 34.147
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Fig. 1. Bulck density, experiment with maize for grain 2017-2019
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Fig. 2. Total porosity of the soil, experiment with maize for grain 2017-2019

Mpu a3 MakcumasieH pacTex u
cnep npubrpaHe Ha pekosTtaTa, TO3u Mo-
KasaTten npu pasivyHWTE BapuaHTu no-
KasBa efjHa 1 Cblia TEHAEHUNS Ha n3me-
HEeHue, KaTo Hail-HMCKka e obuiaTa NopbLo3-
HOCT NpW BapuaHTa C npuiaraHeTo Ha
TPagULMOHHN TEXHOIOTMM MO HAK/IOHA Ha
cknoHa fy (50.89% 1 50.06%), cnegBaH oT
BapuaHTa C TpaguLMUOHHU 06paboTKM Ha-
NpeyHo Ha Hak/oHa Ha cknoHa f; (51,04%,
50.80%), BapuaHT f; C NOBBLPXHOCTHO MY/I-
ynpaHe ¢ obopcku Top (52,03%, 52,15%)
1 C Hali-BMCOKa 06La MopbO3HOCT Ha MoY-
BaTa e BapvaHTa C MMHUMa/IHU 06paboT-
KA 1 BEPTUKaNIHO My/iYMpaHe c 06OpCKu
Top f3 (53,62% npu MakcumaneH pacTtex
1 53,38% npw npmbumpaHe Ha pekonTarta).
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In the maximum growth stage and
after harvest, this indicator in the different
variants shows the same trend, with the
lowest overall porosity in the variant with
the application of conventional
technologies on the slope fy (50.89% and
50.06%), followed by the variant with
conventional tillage across the slope f;
(51.04%, 50.80%), variant f, with surface
mulching with manure (52.03%, 52.15%)
and with the highest total soil porosity is
the variant with minimum tillage and
vertical mulching with manure f; (53.62%
at maximum growth and 53.38% at
harvest).



TBbpOOCTTA Ha noysBaTa e crnocob-
HOCTTa M Ja oka3Ba MEeXaHW4YHO CbMpo-
TUBMEHUE cpelly AecopmupawoTo Aei-
CTBME Ha 4yXau Tena. T ce Hamupa B
TSICHO B3aMMOZENCTBME C ApYru CBONCTBA
KaTo 06emMHa MIbTHOCT, BAXHOCT, CbAbp-
XaHue Ha OpraHW4yHO BELLECTBO, CbAbP-
XaHue Ha rvHa u gp. TebpgocTTa e
CBbp3aHa Cc o6emMHaTa NAbLTHOCT U u3pa-
35Ba MEXaHU4YHOTO CbNPOTMB/IEHME Ha
nousarta cpeLly AechopMupaLloTo aeiicTeue
Ha 3eMefesickuTe MaluuHKU, NoYBoo6paGoT-
BalyTe OpbAWS U MPOHMKBAHETO Ha KbJTHO-
BETE U KOPEHWTE Ha pacTeHusaTa. Ta 3aBucu
OT MoYBeHaTa MIBbTHOCT W BAAXHOCT, HO
Tasn 3aBMCHMMOCT € pasfinyHa npu OTAEeN-
HuTe Tunose noysu (Todorov et al., 1982).

OT nony4yeHuTe pesyntatu ce ycra-
HOBSIBa, Ye Npu kapboHaTHUA YEPHO3EM C
nosuwaBaHe Ha ob6emHata nNAbLTHOCT,
TBbpPAOCTTAa Ha MoyBaTa HapacTBa. B
pesyntaT Ha NpoBeAeHUTE MOJICKA ONUTU
C YCbBBPLUEHCTBAHN NOYBO3ALLUTHN TEX-
HO/IOTUKN 3a MWHMMasTHA U HEeTpPaaNLMOH-
Ha 06paboTKM Ha no4yBaTa € YCTaHOBEHO
oule, Ye NPOTUBOEPO3VNOHHUTE METOAM U
TEXHOMOrMK, NpunaraHn Npu oTrnexgaHe
Ha MuweHuua 1 uapesuua 3a 3bpHO Ha
HaK/MOHEHN TepeHM CblLLO OkasBaT onpe-

Soil hardness is its ability to provide
mechanical resistance to the deforming
action of foreign bodies.

It is in close interaction with other
properties such as bulk density, moisture,
organic matter content, clay content, etc.

Hardness is related to bulk density and
expresses the mechanical resistance of
the soil against the deforming action of
agricultural machinery, tillage and the
penetration of sprouts and roots of plants.
It depends on soil density and moisture,
but this dependence is different for
different soil types (Todorov et al., 1982).

From the obtained results it is
established that with calcium chernozem
with increasing bulk density, the hardness
of the soil increases. As a result of field
experiments with advanced soil protection
technologies for minimum and
unconventional tillage, it was also found
that erosion control methods and
technologies used in the cultivation of
wheat and corn for grain on sloping
terrains also have a certain effect on soil
hardness.

¥ npegwv centba
Before sowing
B I EKCUM . DacTeM

Maximum growth
cnen npubupaxHe

After harvesting

[eneHo BvSAHNE  BbPXy NoyBeHata
TBBbPAOCT.
kg/cm?t BbPOOCT Hano4ysaTta onuT Uapesvua 2017-2019r.
Soil hardness, experiment with maize
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10 4 | f_ a Il

. l ﬂl
Bapm aHm Var

®dur. 3. TBbPAOCT Ha rnoysaTta, onut vapesuua 2017-2019r.
Fig. 3. Soil hardness, experiment with maize for grain 2017-2019
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Pesyntatute npu  pasmyHuTe
BapuaHTM Ha onuta npes TPUrogULLHUSA
nepuog Ha wu3cneaBaHe ca NOCOYEHN B
Tab6nmya 1. CpegHo 3a nepuoga Ha ekc-
nepuMeHTa npu BapuaHTa 6e3 no4yBo3a-
WwnTHU obpaboTku fy (KoHTponata), TBbP-
JOCTTa Ha no4yeBaTa € Hail-BUCOKa BbLB
BCUYKM (pa3n. B HavyasHaTa hasa CTOi-
HOCTWUTE Ha TO3M NokasaTesl ca C MUHU-
Ma/iH/ pPas3/iMkiu Mexgy pas/iMyHuTe Ba-
pvaHTN, HO KOHTYpPHOCTTAa W npunaraHeTo
Ha no4YyBo3alLNTHMTE 06pPaboTKn BOAAT A0
no-HUcKa TBbPAOCT Npu BapuaHtu fy, f;, fs
B cpaBHeHue c fy. MNpean centbata Ha
uapesuuata TBbPAOCTTA Ha noysarta e
Hali-HMCKa, KaTo ce yBesimyaBsa npes ocTa-
HanuTe ha3un 1 Haii-BUCOKa B nocsegHarta
thasa, cnep npubrpaHe Ha pekontata. lNpe-
an centba, npu BapuaHTu fy, f, f, cpen-
HaTa CTOMHOCT Ha TBbPAOCTTA BCE OLLE €
6/M3ka Mexay pasfIMYHUTE BapuaHTu Ha
onuta u e cboTBeTHO 15,02, 14,38,
12,84kg/m?, a npu BapuaHT f; ¢ MUHUMA-
HN 06pPabOTKNU U BEPTMKA/IHO My/fuYMpaHe
c o6opcku Top T e 11,34 kg/m?®.

BbB (pasa MakcMmasieH pacTex,
cpegHo 3a nepuvofja Ha uscnegsaHe,
TBbPAOCTTa Ha noyeBaTa npu BapuaHT fy
(KOHTPO}'IaTa), e no-sucoka n e 30,90
kg/m®. Tpu BapuaHTa C TpagULUOHHN
06paboTKM HanpeyHo Ha HaknoHa (fy),
Npv KOWTO BANSIHUETO Ha BOAHaTa epo3ust
N YNNbTHABAHETO € 3HAYMTEesIHO NOBAUA-
HO OT NpomsiHaTa Ha nocokarta Ha npuna-
raHuTe obpaboTku, Ta e 27,48 kg/m®. MNpwn
BapuaHT f, C NOBBbPXHOCTHO Myn4yMpaHe ¢
060pCKM TOp, NPOTMBOEPO3NOHHMS ePEKT,
KakTo M no-BMcokaTa BJI&XHOCT, okassart
B/IMSIHNE BbPXY MOYBEHOTO YMTbTHSABAHE
1 TBbpLOCTTa. BbB (hasa mMakcumasieH pac-
TEX Ha LapeBuuUaTa TBbPAOCTTA NPU TO3M
BapuaHT e 22,79 kg/m®. Haii-Hucka e TBbp-
[oCTTa Ha moyearta npy BapuaHTa ¢ MUHW-
MasTHU 06paboTkM M BEPTUKA/THO My/4yupa-
He ¢ o60pcku Top, f; CboTBETHO 19,56 kg/m®.

B kpas Ha BeretauuoHHMA Mepuos
cpepHata TBbPAOCT Ha no4ysarta npu Ba-
puaHT f3, ¢ MUHUMaNIHN 06PabOoTKM U BEP-
TMK&/THO Myfn4yMpaHe ¢ 06OpCKM Top € C
65,1 % no-HMCKa B CpaBHEHWE C BapuaHT
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The results of the different variants
of the experiment during the three-years
study period are shown in Table. 1. On
average for the experiment period in the
variant without soil protection f, (control),
the soil hardness is the highest in all
phases. In the initial phase, the values of
this indicator have minimal differences
between the different variants, but the
contour and the application of soil protection
operations lead to lower hardness in
variants fy, f,, f3 compared to f.

Before sowing maize, the hardness of the
soil is the lowest, increasing during the
other phases and highest in the last
phase, after the harvest. Before sowing, in
variants f,, f;, f, the average value of
hardness is still close between the
different variants of the experiment and is
respectively 15.02, 14.38, 12.84 kg/m?,
and in variant f; with minimum tillage and
vertical mulching with manure it is 11.34
kg/mz.

In the maximum growth phase, on
average for the study period, the soil
hardness in variant f, (control) is higher
and is 30.90 kg/mz. In the variant with
conventional tillage transverse to the
slope (fy), in which the influence of water
erosion and compaction is significantly
influenced by the change in the direction
of the applied operations, it is 27.48
kg/m?. In variant f, with surface mulching
with manure, the anti-erosion effects, as
well as the higher water holding capacity,
affect the soil compaction and hardness.
In the maximum growth phase of maize,
the hardness in this variant is 22.79
kg/mz. The lowest soil hardness is in the
variant with minimum tillage and vertical
mulching with manure, f; respectively
19.56 kg/m?.

At the end of the vegetation period,
the average soil hardness in variant f3,
with minimum tillage and vertical mulching
with manure is 65.1% lower compared to
variant f,, (control), the values being 27.01



fo, (kOHTponara), kaTto CTOMHOCTMTE ca
cbOTBeTHO 27,01 kg/m? 1 41,49 kg/m”>.
dopmMMpaHeTo Ha MNOBBbPXHOCTEH
BOJEH OTTOK U Pa3BUTUETO Ha €PO3NOHHM
MpoLLecn e C/I0XKHO SAB/IEHME OT reHeTuy-
HO, XWUAPOSIOTMYHO, XMUAPAB/IMYHO U XWUA-
poovHamMu4yHO ectecTBo (Stanev, 1979).

B Hawwma KOHKpeTeH crnydyai, ¢ no-
MOLLTa Ha OTTOYHW MOLWAAKW, Cfej, BCEKU
nagHan u perucTpyMpaH Bbpxy njouita Ha
MOJICKATE ONWUTU OTTOKOMPUYMHWUTENEH Ba-
nex, e onpefeneHo KoMYecTBOTO Ha Mo-
BBbPXHOCTHUS OTTOK M Ha M3HEeceHaTa noysa.
B Tabnuua 2 ca npegcraBeHn pesynrarmre
OT nepuofja Ha wuscnegBaHe Ha U3MeHe-
H/ETO Ha TO3M €epOo3VOHEeH npouec noj
B/IMSIHME Ha npuiaraHuTe YCbBbpLUEHCTBA-
HV NOYBO3ALUUTHN TEXHOMOMUN 3a MUHUMa-
HU N HeTpagMLMOHHM 06paboTkM Ha no4ysa-
Ta npu OTIeXzaHe Ha LapeBula 3a 3bpHO
Ha HaK/IOHEeHN TepPEeHMU.

kg/m? and 41.49 kg/m?®.

The formation of surface water
runoff and the development of erosion
processes is a complex phenomenon of
genetic, hydrological, hydraulic and
hydrodynamic nature (Stanev, 1979).

In our specific case, with the help of
drainage sites, after each fall and
registered on the area of field experiments
runoff, the amount of surface runoff and
removed soil is determined. The table 2
presents the results of the study period
and change of this erosion process under
the influence of the applied advanced soill
protection technologies for minimum and
unconventional soil tillage in the
cultivation of corn for grain on sloping
terrains.

Ta6smua 2. O6LLO0 KOSIMYECTBO HA MOBBPXHOCTEH OTTOK 1 epo3upaHa no4vsa npu

onut yapesuua 2017-2019r.

Table 2. Total amount of surface runoff and eroded soil, experiment with maize

for grain 2017-2019

Kon. Banex MoBBbPXHOCTEH OTTOK M/ ha Epo3upaHa nousa kg/ha
JaTta [Precipitation Surface runoff Eroded soil
Date I/m? BapwuaHT / Variant BapuaHT / Variant

fo fi f, fs fo fy f, fa
06.05.17 20.2 255.582 |149.591 |133.060 [50.269  |3116.7 1240.6 1162.8 |140.1
27.05.17 13.0 168.435 [99.785  [88.198  [32.618  [2017.7  [748.2 697.6  89.0
19.06.17 11.0 170.149 [95.054 85.230  [31.812  |2039.6  [756.3 705.7 [89.7
02.07.17 32.0 261.940 [153.979 |137.809 [51.544  |2960.6 1136.9 1059.6 |[133.4
13.08.17 18.0 220.299 [129.462 |114.912 41.477  |2692.2 1036.7 9259 |119.2
03.09.17 42.0 256.567 [153.979 |134.841 [50.336  |2885.9 1118.3 1030.4 |130.0
060 rog, 136.2 [1332.97 ([781.850 |694.050 [258.056 [15712.7 |6037.0 [5582.0 [701.4
Total year
25.05.18 12.0 106.171 [72.171  |59.610 |35.858  |1193.6  |634.6 355.3 1825
16.06.18 145 107.286 [73.238 60.584  [36.036  |1207.1  |657.5 359.1 [185.6
26.06.18 24.0 145.428 |103.345 [86.104 [51.834 |1766.8 1016.0 |540.9 [276.4
28.06.18 12.0 121.338 [90.107 70.103  41.894  |14745 [832.9 444.1  [230.1
30.06.18 16.0 158.364 |112.313 [96.623  |58.580  [1916.3 1135.0 |593.1 [305.7
19.07.18 15.0 181.304 |101.250 [82.330  [32.991  [2197.6  [820.0 710.1 913
060 rog, 93.5 1210.23 ([701.466 [586.212 [226.042 |(15052.9 [5772.5 [5093.5 647.7
Total year
02.06.19 27.0 141.691 |101.767 (84.231  [50.659  (1816.7 1069.3 [559.5 [285.0
04.06.19 11.0 124.428 |89.046 68.462  43.114  |1508.5  [848.3 452.8 [235.8
17.06.19 10.0 108.487 [71.661 60.385 [36.279  |1236.1  |661.1 363.6  [189.9
O6Lwo rog,. 48.0 374.606 [262.474 [213.078 [130.052 4561.3  [2578.7 1375.9 ([710.7
Total year
Cp. rog. 92.566 [972.602 [581.93 497.78 204.71  |[11775.63 |4796.06 |4017.13 |686.6
Average
2017-2019

Anova test lMoBbpxHOCTeH 0TTOK / Surface runoff HSD[0.05]=33,34 HSD[0.01]=41,04 P<0,0001
Anova test Eposupara nousa / Eroded soil HSD[0.05]=357,05 HSD[0.01]=439,58 P<0,0001
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Fig. 4. Surface water runoff, experiment with maize for grain 2017-2019

OT gaHHUTE B Tabnvua 2 ce BUX-
Ja, 4Ye CTOMHOCTUTE Ha MOBBLPXHOCTHUSA
BOZEH OTTOK M Ha epo3upaHaTa no4ysa ca
Hall-HuCkn npu BapuaHT f; npu KOWTO
uapesuuarta ce oTriexga ¢ noMmouita Ha
YCbBbpLIEHCTBAHA NOYBO3aLMTHA TEXHO-
norus. MNpu TO31 BapyaHT MOBbPXHOCTHUSA
BOAEH OTTOK Hamansesa 4.75 nbTn (0T
972.602 m®ha go 204.71 m®ha).

Mo-cnab NpoTMBOEPO3MOHEH edheKT
ce Habnwpgaea npu BapuaHTa f, oTrnex-
JaH Nno noyso3almuTHa TEXHOOMNS C U3-
non3BaHe Ha NOBBLPXHOCTHO MynuupaHe ¢
060pCKM TOp, HanmpPeyHo Ha Hak/oHa Ha
CKMOHA, CbHOTBETHO 497.78 mha wnm
1.95 nbTI.

MOBBLPXHOCTHMAT BOAEH OTTOK NMpwu
BapuaHT fi, oTriexgaH no TpaguuMoHHa
TEXHOMOMMA, MpuiaraHa HafnpeyHo Ha
Hak/oHa Ha cknoHa Hamanasa 1.67 nbTn
(581.93 m*/ha), B cpaBHEHWE C KOHTpONa-
Ta 972.602 m*/ha. CToiiHOCTTa Ha TO3M
€PO3MOHEH MNoKasartesi e Hail-Bucoka npu
BapuaHTa fo — 972.602 m*/ha.

Pesyntatute, nosyyeHn 3a KoOAu-
4ecTBOTO epo3upaHa no4ysa ca aHasiorny-
HWN. CpegHOroAMWHNTE CTOMHOCTU Ha To-
31 nokasaTte/s1, ca Hali-HUCKM Mpu BapuaH-
Ta f3, Mpu KONTO ce n3non3Ba yCcbBbPLUEH-
cTBaHaTa No4YBO3aLUMTHA TEXHOOMMNS 3a
MWHMMasHa 06paboTka Ha mnoyBata C

From the data in Table 2 it can be
seen that the values of the surface water
runoff and the eroded soil are the lowest
in variant fs, in which the corn is grown
with the help of advanced soil protection
technology. In this variant the surface
water runoff decreases 4.75 times (from
972.602 m*/ha to 204.71 m*/ha).

A weaker anti-erosion effect is
observed in variant f, grown by soil
protection technology using surface
mulching with manure, transverse to the
slope, respectively 497.78 m%ha or 1.95
times.

The surface water runoff in variant
f1, grown by traditional technology applied
transversely to the slope, decreased 1.67
times (581.93 m®ha), compared to the
control 972,602 m*ha. The value of this
erosion indicator is the highest in the
variant f, - 972.602 m*/ha.

The results obtained for the amount
of eroded soil are similar. The average
annual values of this indicator are the
lowest in variant f; which uses the
advanced soil protection technology for
minimum tillage with vertical mulching.
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BEpPTUKA/IHO MynuupaHe ¢ obopcku Top
npu oTrnexaaHe Ha uapesuua 3a 3bpHO
Ha Hak/1OHeHW TepeHw. lpu Hero Konu-
4yeCcTBO Ha epo3upaHara noysa npes us-
cnegaHua nepuop e 686,6 kg/ha ¢ napa-
MeTbp 3a ed)eKTMBHOCTTa Ha NpPOTUBO-
epo3unoHHuTe mMepku (P - dhaktop) 0,058.
3HauuTenHo no-BMCOKa e cpenHoroamLL-
HaTa CTOMHOCT Ha epo3MpaHata noysa
npu nocesa Lapesuua, o6paboTeaH 1 OT-
rnexjaH HanpeyHo Ha CK/I0Ha C npunara-
He Ha MOBBPXHOCTHO My/uyupaHe ¢ o6op-
ckn Top f,. TA e cboTBETHO 4017,13 kg/ha,
3a TPUroAMLLIHUA MEepuos Ha uscrnefBaHe,
KaTo cToiHocTTa Ha P — dpaktopa e
cpegHo 0,341. MNpwu BapuaHT f;, 06paboT-
BaH No TpaguuWoHHa TexHosorusa, npuna-
raHa HanpeuyHo Ha HakNoHa Ha CK/oHa,
CpefHOroMLLIHOTO KO/IMYeCTBOTO epo3u-
paHa nouBa e 4 796,06 kg/ha, c P chakTtop —
0,407, a Hali-BMCOKO € To npu BapuaHTa fy —
11 775,6 kg/ha.

kafha
16000

The amount of eroded soil during the
studied period is 686.6 kg/ha with a
parameter for the effectiveness of anti-
erosion measures (P - factor) 0.058.

Significantly higher is the average annual
value of eroded soil when sowing corn,
cultivated and grown transversely on the
slope with the application of surface
mulching with manure f,. It is respectively
4017.13 kg/ha, for the three - year study
period, with the value of the P - factor
averaging 0.341.

In variant f;, grown by conventional
technology, applied transversely to the
slope, the average annual amount of
eroded soil is 4 796.06 kg/ha, with P
factor - 0.407, and the highest is in variant
fo - 11 775.6 kg/ha.

EpoavpaHa nodea, onuT Lapeewua cpefHo aa 2017-2019r.

Eroded soil _experiment with maize for grain
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dur. 5. Epo3npaHa noyvsa, onut yapesuya 2017-2019r.
Fig. 5. Eroded soil, experiment with maize for grain 2017-2019

Te3un pe3yntaTu NOTBbPXKAABAT, Ye
Hali-BUCOKM ca OTTOKopeayuvpawiata u
NPOTMBOEPO3MOHHA e(DEKTUBHOCT Ha YCb-
BbpLIEHCTBAHATA MOYBO3ALUMTHA TEXHO-
JIOTUS 332 MUHUMasIHA U HEeTpaguLUoHHA
o6paboTka Ha moyBaTa C npuiaraHe Ha

These results confirm that the
highest are the flow-reducing and anti-
erosion efficiency of the advanced soil
protection technology for minimum and
unconventional tillage with the application
of the methods of loosening (as a main
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MeToauTe paspoxkBaHe (kaTo OCHOBHa
06paboTKa), BEpPTUKA/IHO My4/SiMpaHe C
obopcku Top, Npopsi3BaHe C X0A0006pa-
3yBaHe N 6pa3fgoobpasyBaHe 1 NpopsiaBa-
He ¢ xopgoo6pasyBaHe. OT nonyvyeHute
pesyntatn 3a epo3voOHHWUTE n3cnenBaHus
(Tabnuua 2) ce BwxpAaa, 4e CTOMHOCTUTE
Ha MNOBBPXHOCTHUSI BOAEH OTTOK M Ha
eposMpaHaTa no4yBa ca HaW-HUCKM npu
BapuaHTa fs. [pyM HEro MOBBPXHOCTHUS
BOZEH OTTOK Hamanasa Ao 4,75 nbtu, a
epo3upaHara noysa go 17,15 nvtn, B
CpaBHeHMe ¢ KoHTponaTa fy, 06paboTeHa
MO Hak/IoHa Ha CK/MOHa, KaTo To3n edekT
ce 3anasBa npes Lenusa nepuog Ha us-
cnepsaHeTo. MNo-cnab NpoTMBOEPO3NOHEH
edekT ce Habnwgasa npu BapuaHTa f, €
npuiaraHe Ha NPOTMBOEPO3NOHHA TEXHO-
norus, u3nosnseaiwja Metoga NoBbPXHOCT-
HO MynuupaHe ¢ o6opcku Top. Mpu Hero
peayuMpaHeTo Ha MOBBLPXHOCTHWUS OTTOK
e go 1,95 nbTi, a npu KOJIMY4ecTBOTO Ha
epo3upaHara rnoysa 10 € A0 2,93 nbTU, B
CpaBHEHWe C KOHTposaTa.

MpuNoXeHUTe TEXHOMOMN 3a NOYBO-
06paboTka B pa3MYHUTE BapuaHTK Ha
onuTa U NpoMeHuTe BbB (PU3NYHUTE CBOWA-
CTBa Ha MnoyeBaTa B/IMAST BbpXy nonyde-
HUTEe [06MBM 3bpHO. lpepcTaBeHuTe B
Tabnuua 3 pesyntatm OT OTYETEHUTE
cpegHn [obmsm OT 3bPHO Lapesuua, 3a
TPpUroguLWHWA Nepuos Ha uscnensaHe
nokaseart, 4ye gobusBute npu Tasu 3eme-
Jencka Kyntypa ca Hali-BUCOKM npu Ba-
puaHT f; cboTBETHO 7 256 kg/ha, npn KonTo
Ce 13non3Ba yCbBbpLIEHCTBaHaTa Nno4Bo-
3alMTHaTa TeXHOMOMMA 3a MUHUMaIHA U
HeTpagMumoHHa o6paboTka Ha noysara,
BK/IlOYBALLA METOAMTE BEPTUKA/THO MYyN-
ynpaHe c 060pCkM TOp, Npopsi3BaHe C
Xofoobpa3yBaHe B pas/iMyHM eTanu Ha
Npon3BOACTBEHNS LUUKLA U 6pa3goobpa-
3yBaHe C npopsi3BaHe U xo4oo06pasyBaHe,
€[JHOBPEMEHHO C TEXHO/OTMYHaTa onepa-
Uus 3arbprisiHe.

[Jo6bmBbT Ha 3bPHO LapeBuUa
cpefHo 3a 2017-2019 r. e ¢ 16,07 % (c
1005,0 kg/ha) no-Bucok OT TO3U Ha
KOHTponaTta f, ¢ TpagMuUUoHHO oTrnexaaH
NnoceB MO Hak/I0Ha Ha CKNOHA.

tillage), vertical mulching with manure,
slits with ducts formation.

From the results obtained for the erosion
studies (Table 2) it can be seen that the
values of the surface water runoff and the
eroded soil are the lowest in the variant fs.

In this case, the surface water runoff
decreased to 4.75 times and the eroded
soil to 17.15 times, compared to the control
fo, grown along the slope, and this effect is
maintained throughout the study period.

A weaker anti-erosion effect is observed
in variant f, with the application of erosion
control technology using the method of
surface mulching with manure.

With it the reduction of the surface runoff
is up to 1.95 times, and with the amount
of eroded soil it is up to 2.93 times,
compared to the control.

The applied technologies for tillage
in the different variants of the experiment
and the changes in the physical properties
of the soil affect the obtained grain yields.

Presented in Table 3 results for the
reported average yields of maize for the
three-years study period show that the
yields of this crop are highest in variant f3,
respectively 7 256 kg/ha, which uses
advanced soil protection technology for
minimum and unconventional tillage,
including methods of vertical mulching
with manure, slits with ducts formation in
different stages of the production cycle
and furrowing with slits with ducts
formation, simultaneously  with  the
technological operation of hilling.

The vyield of maize for grain on
average for 2017-2019 is 16.07% (by
1005.0 kg/ha) higher than that of the
control for traditionally grown crops on the
slope.
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CnpsAMO  KOHTPOSHUAT BapuaHT f,,
npu BapuaHT 5 (C TpagMuMOHHA cucTemMa
3a 06paboTka Ha MoyBaTa HanpeyHo Ha
CK/IOHa M C npunaraHe Ha NoBBbPXHOCTHO
MyfnuMpaHe C 060OpckM TOp) A06UBBLT €
6869 kg/ha n HapacTBaHeTO Ha cpefHus
[o6uB e no-Hucko ¢ 9.88 % (c 618kg/ha),
a npu BapuaHTt f; T0 € ¢ 5,17 % wunu ¢
323,3 kg/ha.

Compared to the control variant f,,
in variant f, (with conventional tillage
system across the slope and with
application of surface mulching with
manure) the yield is 6869 kg/ha and the
increase of the average yield is lower by
9.88% (by 618kg/ha), and in variant f; it is
5.17% or 323.3kg/ha.

Tabnuua 3. Jo6us Ha 3bpHO kg/ha 3a nepuoga 2017-2019r. onuT uapesula npu

BNaXHOCT — 14%

Table 3. Grain yield kg/ha for the period 2017-2019, experiment with maize for

grain, at humidity — 14%

BapuaHTtu 2017 2018 2019 [lo6us 3bpHO / Grain yield
Variant 2017-2019
[lo6us 3bpHO / Grain yield
kg/ha % kg/ha % kg/ha % kg/ha %
fo 5723 100 6105 100 6925 100 6251 100
f 6041 105.6 6426 105.3 7256 104.8 6574.3 105.17
f, 6326 110.5 6720 110.1 7561 109.2 6869 109.88
fs 6677 116.7 7122 116.7 7969 112.1 7256 116.07
GD 5 3.83 1.12 66.9 1.2 72.0 1.0
GD1 4.50 1.54 101.4 1.9 109.8 15
GDO0.1  8.09 217 162.9 3.0 176.6 25

Pasnukute mexagy oTAenHWTe Ba-
pyvaHTK ca NosoXWUTeNHW KU fobpe cTa-
TUCTUYECKN [AoKa3aHu. Bcuuknm Tesn pe-
3ynTaTu 3a cpedHn aobuBK OT Lapesuua
npu NpoBeAeHNTE eKCnepuMeHTH nogyep-
TaBaT npegMMcTBaTa Ha npepgnaraHuTe
YCbBBbPLIEHCTBAHM NOYBO3ALLMTHN TEXHO-
Norvn 3a MUHMMaNHW U HeTpPaguLMOHHU
06paboTKM Ha no4ysata Npu oTraexpaHe
Ha uapeBuLa Ha HaK/TOHEHW TEPEHUN Npes,
TPaAMLUMOHHO M3NoJI3BaHUTe [0 cera B
HalaTa cTpaHa. ToBa Ce Ob/IKW Ha Cb3-
JaBaHusa OT TSX NO-BUCOK BOAO3a4bpXall,
edekT, no-gobpara BoAoOaKymyMpalia
CNOCOGHOCT U NO-NoAXoAsALMA Bb3AYLLEH
pexum 3a Lenns nepuog Ha oTrnexaaHe
Ha 3eMepesickutTe KynTypu. ToBa NoTBbp-
X[aBa NpaBWHOCTTA Ha PELIEHMETO 3a
M3Nos3BaHe Ha Te3n MoYBO3aLMTHM TEX-
HOJI0rMK, cbyeTaBaly B cebe cu B3aMMHO
JonbnBawyM ce MoYBO3aNUTHU MeToaw,
3a OTrexjaHe Ha LapeBuua 3a 3bpHO Ha
Hak/IOHeHW TepeHu. Hello noeeye, edek-
TbT OT TakbB MOAXOA € 3HAUYUTE/NIHO Mo-
rosisiM oT eheKkTuTe Ha eguHUYHO npuna-
raHuTe noyBo3allUTHN MEeTOoAN B pasrnex-

The differences between the variants
are positive and well statistically proven.
All these results for average yields of corn
in the conducted experiments emphasize
the advantages of the offered advanced
soil protection technologies for minimum
and unconventional tillage in growing corn
on sloping terrains over the conventional
ones used so far in our country.

This is due to the higher water retention
effect created by them, the better water
accumulation capacity and the more
appropriate air regime for the whole
period of growing the agricultural crops.

This confirms the correctness of the
decision to use these soil protection
technologies, combining complementary
soil protection methods, for growing corn
for grain on sloping terrain.

Moreover, the effect of such an approach
is significantly greater than the effects of
single applied soil protection methods in
the considered technologies and this
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[JaHVTe TEXHOOMMUN 1 TOBA Ce OTHACS KakKTo
3a Ky/ITypy CbC CNsiTa MOBBPXHOCT, Taka U
3a okonHu Takuea (Dimitrov, 2016).

N3BOAN

M3BoguTe, KOUTO MoraT ga ce op-
My/qMpaT B pe3ynTar Ha nosiydeHuTe pe-
3ynTaty OT NpoBefeHUTe uscnenBaHns c
N3Mosi3BaHe Ha yCbBbPLUEHCTBAHUTE NOY-
BO3ALLMTHN TEXHOOTMM 38 MUHUMASTHA W
HeTpagMumnoHHa obpaboTka Ha noysaTta u
cucTemMaTa MallMHM 3a 6opba ¢ BogHaTa
epo3usa Npu OTIIeX[aHe Ha Lapesuua 3a
3BbPHO Ha HaK/TOHEHW TEPEHMU ca:

1. BknoyeHnTe, B yCbBbPLUEHCTBA-
HUTE MOYBO3ALUTHM TEXHOMOTMM 3a MU-
HUMasHa W HeTpaguuuoHHa 06paboTka
Ha nousara, pas/I4yHN B3aVMHO [OMbI-
BallM Ce NOoYBO3ALLMTHU arpoTeXHNYECKU
MeToau (paspoxkBaHe, BEPTUKAIHO Myn-
ynpaHe, npopsisaBaHe C xofoobpasysaHe
npu centba 1 okonaBaHe, 6pa3foobpasy-
BaHe C Mnpopsi3BaHe M XxopoobpasyBaHe),
BVAAT  G/1AronpusiTHO,  MOAAbPXKANKM
ONTMM&/THU CTOMHOCTUTE Ha IU3NYHUTE
CBOICTBa Ha noyBata U cbAeicTBaTr 3a
cb3faBaHe Ha Mo-gobpu ycnoBust 3a
pacTex u pa3BuTMeE Ha uapeBuuata 1 3a
nosuaBaHe Ha fobusa. B makcumaniHus
pacTtex Ha uapesuuara, obemHarta nabT-
HOCT Mpu BapuaHTa, OTrIexgaH no Tasu
TexHonorust e 1,25 g/cm®, a o6wara no-
PbO3HOCT € 53,62% 1 19,56 kg/cm? TBBbp-
[OCT [0KaTO NpPW KOHTPOJIHUS BapuaHT,
OTrIeX4aH MO Hak/lIoHa Ha CK/IoHa, No
TpaguUMOHHA TEXHOMOorMs, Te3n Mnokasa-
Tesn ca cboTBeTHO 1,35 g/cm3 3a obemMHa
NNbTHOCT, 49,69% 3a o6LLa NopbLO3HOCT U
30,90 kg/cm2 TBbPAOCT. HapacTtBar u
cpegHuTe Oo6MBM Ha 3bPHO Lapesuua,
npu BapvaHTa C NPUIoXKeHa No4YBo3aLLmT-
Ha cucrtema 3a 06paboTka, CApPsIMO
KOHTponata ¢ 16,07%.

2. MoyBo3alMTHUTE TEXHOI0TMK 3a
oTrnexgaHe Ha uapeBuua 3a 3bpHO Ha
HaK/IOHEHN TEPEeHW, KakTo M cuctemara
MalUMHA 3a OCbLIECTBABAHETO MM ca
pauMoHa/IHO 1 UKOHOMWYECKN LieNechboob-
pasHO CpeAcTBO OT  arpoOTEXHUYECKa,
TeXHU4Yecka 1 NPoTMBOEPO3NOHHA FegHa

applies to both crops with a fused surface
and row crops (Dimitrov, 2016).

CONCLUSIONS

The conclusions that can be
formulated as a result of the research
conducted using advanced soil protection
technologies for minimum and
unconventional tillage and the system of
machines for water erosion control in the
cultivation of corn for grain on sloping
terrain:

1. The effect of
complementary soil protection agro-
technical methods included in the
advanced soil protection technology for
minimum and unconventional tillage
(loosening, vertical mulching, slits with
ducts formation during sowing and
hoeing, furrowing with slits with ducts
formation) on the physical properties of
the soil, contribute to creation of better
conditions for growth and development of
maize and to increase yields.

the various

In the maximum growth of maize, the bulk
density in the variant grown by this
technology is 1.25 g/cm®, and the total
porosity is 53.62% and 19.56 kg/cm?
hardness, while in the control variant
grown on the slope, according to
traditional technology, these indicators are
respectively 1.35 g/cm3 for bulk density,
49.69% for total porosity and 30.90
kg/cm2 hardness.

The average yields of corn grain also
increased, in the variant with applied soil
protection  system  for  cultivation,
compared to the control by 16.07%.

2. The soil protection technologies
for growing corn for grain on sloping
terrains, as well as the system of
machines for their implementation are
rational and economically expedient
means from agrotechnical, technical point
of view for protection of the soil from
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TOYKa 3a onasBaHe Ha no4ysarta OT BoAHa | water erosion. They create conditions for
epo3us. Te cb3gaBaT ycnoBus 3a 3Haun- | a significant reduction of surface water
TeHO HamMansiBaHe Ha noBbpxHOCTHUA | runoff (by 4.75 times) and the soil loss (by
BOAEH OTTOK (C 4,75 NMbTU) U Ha usHece- | 17.15 times), compared to the control
HaTa nousa (c 17,15 nbTu), cnpsmMo KOHTpo- | cultivated along the slope.

nara, obpaboTeHa No Hak/loHa Ha CK/IoHa.

NWMTEPATYPA /| REFERENCES
1. Beloev, H., P. Dimitrov, N. Markov and G. Tsankova, 2008. Technologies for
Minimal Tillage of Sloping Lands in the Conditions of Sustainable Agriculture. S., 43 (Bg).
2. Dimitrov, I, M. Nenov, N. Traikov, R. Toncheva and |. Gerasimova, 2016.
Agrotechnical Impact on the Physical Characteristics of the Soil and Ways to Eliminate
the Negative Changes under Non-irrigated Conditions. Soil Science, Agrochemistry,
Ecology, 50(3-4), 169 (Bg).
3. Dimitrov, P. D., 2008. Anti-erosion Agrotechnical Methods, Technologies and
System of Machines for Growing Wheat and Corn for Grain on Sloping Terrains.
Habilitation thesis for awarding the scientific title "Senior Research Fellow | degree”, IP
"N. Pushkarov", S. (Bg).
4, Dimitrov, P. D., 2016. Technologies and System of Machines for Soil Protection
Agriculture. Dissertation for obtaining the scientific degree "Doctor of Science", RU "A.
Kanchev", Ruse, 375p. (Bg).
5. Dimitrov, P., H. Beloev, K. Stoyanov, D. llieva and G. Georgieva, 2009. Study
of the Efficiency of Technology for Minimal Processing of Corn for Grain on Sloping
Lands. International Conference "Tillage and Ecology", pp. 49-55 (BQ).
6. Dimitrov, P., H. Beloev, S. Ruseva, P. Radulov and D. Dimov, 2007. Soil
Compaction in the Agricultural Lands of Bulgaria and Ways to Limit it. Printing base of
A. Kanchev Regional University, Ruse, 54, ISBN 978-954-370-022-6 (Bg).
7. Dimitrov, P., Hr. Beloev and G. Kuncheva, 2017. Study of the Soil Protection
Efficiency of Certain Minimal and Mulching Tillage Using Manure in Wheat Cultivation
on Sloping Terrains. Scientific works of RU, vol. 56, series 1.1., 34-40 (Bg).
8. Dimitrov, P., Hr. Beloev and G. Kuncheva, 2019. Efficiency of Advanced
Systems for Minimal and Non-traditional Tillage of Sloping Lands. Ruse.
9. Dimitrov, P., Hr. Beloev, G. Kuncheva and E. Enchev, 2018. Comparative
Research on Advanced Technologies for Minimum and Unconventional Soil Tillage
with Application of Different Mulching Materials for Growing Wheat on Sloping
Agricultural Lands. Agricultural, Forest and Transport Machinery and Technologies
(ISSN: 2367-5888), V(1), 28-37 (BQ).
10. Enchev, E., 2012. Analysis of the Possibility for Assessment of the Technical
Condition of the Internal Combustion Engine. Scientific papers of the University of
Ruse, vol. 51, series 1.1., 236-239 (Bg).
11. Georgieva, G., P. Dimitrov and S. Ruseva, 2013. Study of the Efficiency of the
Minimum Tillage in Wheat Cultivation on Sloping Terrains. Scientific works of RU, vol.
52, series 1.1., 204-208 (Bg).
12. llieva, D. and E. Hristova, 2014. Conservation of Soil Fertility-Policies,
Programs, Innovations. Scientific works of the University of Ruse, vol. 53, series 1.1.,
55-58. (Bg)
13. Koinov, V., G. Gurov and B. Kalcheva, 1980. Soil Science. Zemizdat, S. (Bg)
14. Kolchakov, V., M. Kercheva, M. Banov, V. Krasteva, Eu. Roumenina, P.
Dimitrov, G. Jelev, L. Filchev, Em. Dimitrov and Al. Gikov, 2019. Complex
Assessment of Winter Wheat Growing Conditions in Northwestern Bulgaria.

106



International Soil Congress 17-19 June, Ankara, Turkey, pp. 482 -487. (Bg)

15. Malinov, Il. D. Nekova, P. Dimirtov, V. Kroumov, Sv. Rousseva, Hr. Djodjov,
D. llieva and M. Mitova, 2014. Practices for Limiting Water and Wind Erosion of Soll
in the Zone of the Bulgarian Chernozems. Bulgarian Journal of Soil Science, Agro-
chemistry and Ecology, XLVIII(2), 20-24 (Bg).

16. Mitova, T., Iv. Dimitrov, G. Kostadinov, M. Mihov, D. Nikolova, St. Stratieva,
R. Toncheva, R. Kancheva, M. Nenov and |. Gerasimova, 2015. Soil Tillage for the
Chernozem region. Chernozems in Bulgaria - Problems, Assessment, Use and
Protection. Scientific works, Institute of Soil Science, Agrotechnology and Plant
Protection "N. Pushkarov”, pp. 55-64 (Bg).

17. Nekova, D.P., 1998. Soil Protection and Economic Efficiency of Anti-erosion
Agriculture with Different Species Structure of the Crop. Dissertation for the presence
of educational and scientific degree "Doctor", Institute of Soil Science, Agrotechnology
and Plant Protection "N. Pushkarov", Sofia, 35 (Bg).

18. Nikolova, G. and P. Dimitrov, 2014. Study of the Changes in the Content of
Nutrients and Organic Matter in the Soil during the Cultivation of Corn on Eroded
Carbonate Chernozem. Proceedings of the University of Ruse, vol. 53, Series 1.1.,
59-64 (BQ).

19. Onchev, N.G., V.S. Krasteva and A.L. Lazarov, 1984. Complex Measures to
Combat Soil Erosion. Sofia, 10 (Bg).

20. Ruseva, St., V. Stoynova, L. Lozanova, |. Malinov, E. Tsvetkova, Hr.
Dzhodzhov, V. Krumov, M. Mitova and D. llieva, 2015. Erosion Factors and Risk of
Water and Wind Soil Erosion in the Area of Bulgarian Chernozems. Chernozems in
Bulgaria - Problems, Assessment, Use and Protection. Scientific works. Institute of Soll
Science, Agrotechnology and Plant Protection "N. Pushkarov”, pp. 95-115 (Bg).

21. Shanin J., 1977. Methodology of the Field Experiment. BAS, Sofia (Bg)

22. Stanev lv., 1979. Soil Erosion and Its Control. Technique. S., pp. 1-10 (Bg).

23. Teoharov, M., T. Shishkov, B. Hristov, E. Filcheva, R. llieva, Iv. Lyubenova,
Iv. Kirilov, G. Dimitrov, V. Krasteva, B. Georgiev, M. Banov, P. lvanov, M. Hristova
and Z. Mitreva, 2015. Chernozems in Bulgaria - Systematics, Features and Problems.
Chernozems in Bulgaria - Problems, Assessment, Use and Protection. Scientific works
of the Institute of Soil Science, Agrotechnology and Plant Protection "N. Pushkarov”
pp. 20-34 (Bg).

24. Todorov, F., B. Simeonov, A. Hristov, K. Stoynev and K. Rakov, 1982. Sail
Tillage. Zemizdat, Sofia, pp. 140-194 (Bg).

25. Velizarova E. and I. Ts. Marinov, 2008. Functions of Soil as a Component of
the Environment and Major Degradation Processes. Ecology and Future, 4, 20-31 (Bg).

107



	Antoniya Stoyanova et al_paper_LATEST.pdf
	Iliana Ivanova & Gergana  Kunchva_paper_LATEST_30.11.pdf

