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PE3IOME

MpeactaBeHn ca 3a uscnensaHe u
OLEeHKa 5 npupoaHn npoaykTa — BEPMUKY-
AT, TNaykoHWT, nenen ot cnama, broma-
ca OT AbpBeCcuHa 1 CBUHCKMN TOpP, C KOUTO
ca W3roTBEHW KOMMOCTHM CMecu B
pa3NNYyHO CbOTHOLLEHUE.

Llenta Ha paspaboTkata e Bb3
OCHOBAa Ha xapakTepucTukaTa 1 oueHkaTa
Ha N3roTBEHUTE KOMNOCTHU CMeCcu OT Npu-
poOOoHU NPOAYKTU Aa ce ce U3NuTa Bb3-
[OelCTBNETO MM BbPXY MOYBEHUTE CBOI-
CTBa BbB BeretayoHHN eKCrnepuMeHTHU.

N3BepeH e BeretauuMoHeH onNuT 3a
yCTaHOBABaHE B/IUSAHMETO Ha KOMMOCTHM
CMecu Bbpxy MOYBEHWUTE NPOMeHu. TecTBa-
HA KynTypu ca CcwiaxHa uapesuua WU
Mapynu. Onutute ca W3BeAeHW BbPXY
AnyBunasnHo-NuBagHa nouysa (Aluvial
meadow) OT paiioHa Ha MoHTaHa u W3ny-
XeHa cmosnHuua (Haplic Vertisol) ot paiioHa
Ha Codpuiicko.
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SUMMARY

Five natural products — vermiculite,
glauconite, straw ash, wood biomass and
pork fertilizer are presented for the study
and evaluation of the compost mixtures in
different proportions.

The aim of the study is to assess
the impact on soil properties in pot
experiments based on the
characterization and evaluation of the
composite mixtures of natural products.

A vegetation experiment was
conducted to determine the impact of
compost mixtures on soil changes. Tested
crops are silage corn and lettuce. The
experiments were carried out on the
Aluvial meadow from the Montana region
and the HaplicVertisol from the Sofia
region.
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XUMuYHaTa M arpoxMMmyHa xapak-
TEPUCTUKA Ha asyBuasHO-MBagHaTa noy-
Ba WM CMOSHUUATa cnep npubupaHe Ha
KyNnTypuTe YCTaHOBSIBa, 4Ye Hali-6naro-
NPUATHO € BAUSIHWETO Ha TpeTaTta u 4yeT-
BbpTa CMec, HO Npu Tax ce Habnogasa
CWIHO 3aBuMLIABaHE KOMIMYECTBOTO Ha
YCBOMM Kasliii, KOETO Cb3faBa OorpaHuye-
HUS MpW MpenopbyYyBaHe Ha Mo-rosieMu
HOpMW Ha TopeHe Haf 7%.

MeTTe KOMMOCTHU CMecu npencTa.-
NsiBaT Ka4yecTBeH Mnofo6puten npu u3nosn-
3BaHETO MM B 3emefesickata npakTuka. 3a
[la ce npenopbya onpegeneHa Hopma Tpsi6-
Ba fa ce umart npegsus U MKOHOMUYECKUTE
Bb3MOXHOCTM Ha MPOU3BOAUTENS, Hasu-
yMeTo Ha [OCTaTbyHO KOJIMYECTBO OT
N3XOAHUTE KOMMOHEHTU U Ap.

KntoyoBn  oymun:  BEPMUKYNUT,
rnaykoHuT, nenen oT cnama, bmomaca ot
ObpBECMHA, CBWHCKM TOP, KOMMOCTHM
cmecu

yBO/[,

MNpo6bnemnte CBbP3aHM C paumo-
Ha/THOTO M3M0M3BaHe Ha Mo4YBUTE ca OCo-
6eHO BaxkHM, KaTo ce uma npeasug orpa-
HMYEHOCTTa Ha no3emieHuTe pecypcu u
Heob6XxoAMMOCTTa OT HENpPeKbCHATO Bb3-
CTaHOBsABaHe ¥ MoBMLLIABaHE Ha NOYBEHO-
TO nnogopoaue.

ChblyecTByBaT MHOXECTBO MPUPOA-
H/ marepuanu, KOUTO npeacTasnssBar
MHTEpecC 3a YoBellKaTa [eiHoCT, CBbp3a-
Ha C U3nos3BaHe Ha TeXHWTe KayecTBa.

MpupogHuTe pecypcu npeacTasnis-
BaT efleMeHTU Ha npupogHaTa cpeaa,
KOUTO Ha onpejeneH etan OT CTOMaHCKO-
TO pa3BuTVe ce U3Non3BaT KaTo CpeacTBo
3a NPOM3BOACTBO B CE/ICKOTO CTONAHCTBO.

MpefctaBeHn ca 3a u3cnefsBaHe U
OLieHKa HAKOMIKO MNPUPOLHU NpOoAyKTa —
BEPMVIKYNNT, TNayKOHUT, nenes oT cnama,
6uomaca OT AbpBECMHA W CBUHCKA TOp
(Postnikov, 1990; Sutton et al.,, 1999;
Lampkin, 2002; Vasilev, 2009; Nikolova et
al., 2010; Yakovleva and Bakalov, 2012;
Marinova et al, 2013), c¢ kouto ca
M3roTBEHN KOMMOCTHW CMECH B Pas/imyHo
CbOTHOLLEHNE

Chemical and agrochemical
characterization of Alluvial soil and
Smolnitsa on which are derived pot
experiments found, that after harvesting
the crops most Impact of the third and
fourth mixture. In these mixtures show a
strong increase the amount of assimilable
potassium.This creates limitations on
recommending greater rates of fertilization
above 7%.

Five compost mixtures are quality
enhancer for use in the agricultural
practice. To recommend a rule must be
considered and economic opportunities of
the manufacturer, sufficient amount of
source components and others.

Key words: vermiculite, compost
mixtures, greensand, ash from straw,
wood biomass, pig manure

INTRODUCTION

The problems, related to the
rational utilization of the soils, are very
important in connection to the limit of soil
resources and the need of continuous of
the re-cultivation and increase of the soll
fertility.

There are many natural materials,
which are very interesting for the human
activity, connected with the utilization of
their characteristics.

The natural resources are elements
of the environment, and this in a certain
stage of the economic development can
be used as a means for production in the
area of the agriculture.

There are presented for study and
evaluation some different natural products —
as vermiculite, compost mixtures,
greensand, ash from straw, wood
biomass, pig manure (Postnikov, 1990;
Sutton et al.,, 1999; Lampkin, 2002;
Vasilev, 2009; Nikolova et al., 2010;
Yakovleva and Bakalov, 2012; Marinova
et al., 2013), and with them are prepared
composts mixtures in different ratio.
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Llenta Ha paspaboTkata € Bb3
OCHOBa Ha XapakTepucTvkaTta 1 oLeHKaTa
Ha W3roTBEHUTE KOMMOCTHW CMecu OT
NPUPOAHN MPOAYKTM Aa Ce M3NuUTa Bb3-
OENCTBMETO UM BbPXY MOYBEHWUTE CBOWA-
CTBa BbB BeretaunoHHN eKCrepuMeHTy.

MATEPWNANT N METOA4WA

XYMUYHaTa XapakTepuctuka Ha
W3roTBEHUTE MeT CMEecu C pas/I4yHOo npo-
LEHTHO yyacTue Ha nsbpaHute nNpupoaHu
npoaykTn yctaHoesiBa (Marinova et al.,
2017), ye CbAbPXaAHMETO Ha OpraHuyeH
BbLIIEPOA, € Hail-BUCOKo npu cmec 1 un 5.
MeTTe cMecu ca M3rOTBEHW B cnegHuTe
CbOTHOLLEeHWs, NnpeacTaseHn B Tabnvua 1.

The aim of the study is on the base
of the characteristic and the evaluation of
the prepared compost mixtures from
natural products, to show their impact
over the soil properties in pot
experiments.

MATERIAL AND METHODS

The chemical characteristic of the
prepared five mixtures in different
percentage proportions of the selected
natural products determines (Marinova et
al., 2017) that the content of organic
carbon is highest by mixtures 1 and 5.
The five mixtures are prepared in the
following ratio, Table 1.

Ta6nuua 1. KoM6UHMpaHn cMecr Npu pasfiMyHnN CbOTHOLLEHUS
Table 1. Composite mixtures at different ratios

KomnocTt Bepmukynut | 'naykoHuT Menencnama | Abps.6vomaca | CBMHCKM TOP
Compost Vermiculite | Greensand | Ash from straw | Wood biomass Pig manure

No

1. 1 1 1 1 1

2 1 2 1 1 2

3 1 1 2 1 2

4 1 1 1 2 1

5 1 2 2 1 3

O6LwuTe 1 MNOABMXHM hopMKU Ha
a30T He ce pasfMyaBaT CbLULECTBEHO,
BbMPEKN MO-BUCOKOTO y4yacTMe Ha CBUWH-
CKM TOp B HSAKOW OT cmecuTe. lMoasux-
HUTe dhopmm Ha hocchop ca Hali-BUCOKM
npu 5™ cMec ¢ Mo-rofiiMo ydacTue Ha
CBVMHCK/A TOp. Haii-BMCOKO CbAbpXaHue
Ha MOABWXEH Kanuii ce Habngasa npu
yeTBbpTata cmec. He ce Habnwgasa
CbLLECTBEHO pa3/inune B CbAbpXaHNeTo
Ha TexXkn MeTanu nNpu pasIMyHuTe
CMecu, camMO CbAbpPXaHNEeTO Ha HuKen u
XPOM € Hali-ronsiMo B CMec Tpw.

M3xoxpaiku oT xapakTepucTukara
Ha KOMMOCTHWTE CMECU € 3a/I0KEeH U
u3BefleH BereTauMoHeH OnNuUT 3a YycTa-
HOBSIBaHE B/IMAHWMETO HA pas3/MyHUTE
CMecu BbpXy CBOMCTBATa Ha NoYBUTE.

Oonutute ca Wu3BedeHN BbPXY
AnyBuanHo-nuBagHa  nousa  (Aluvial
meado) OT paioHa Ha o6nacT MoHTaHa 1
M3nyxeHa cmonHuuya (Haplic Vertisol),
Codouiicko.

By the common and the movable
forms of the nitrogen there are no great
differences, although, the existing of
higher part of the pig manure in some of
the mixtures. The movable forms of the
phosphorus are on the highest level by
the mixture Ne5 with the higher part of the
pig manure. The highest content of
movable potassium can be shown by the
fourth mixture. It can be shown great
difference in the heavy metals content by
the different mixtures, but only the
content of nickel and chrome is on the top
level by the mixture Ne3.

Going out from the characteristic of
the compost mixtures it is made pot
experiment for determination of the
influence of the different kind of mixtures
over the soil characteristics.

The experiments are made over
Alluvium meadow soils in the region of
Montana-town and Haplic Vertisol soils in
the region of Sofia-city.
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AnysuasiHo-nMBagHata noysa e
nsbpaHa nopagu ToBa, 4Ye TA € feka
noysa n TPYAHO 3a4bpXa XpaHUTesnHuTe
e/IeMeHTM 1 BOAa, a BEPMUKYNUTBT Npu-
TeXaBa CBOICTBOTO ga Habbb6Ba U 3a-
AbpXa Brarata u cnocobcrea 3a nogoo6-
psBaHe Ha Bfaro3agbpxalinsa KkanauuteT
Ha nekute nousn (Marinova et al., 2012;
Mitova and Marinova, 2012). N3nyxeHa-
Ta CMOJIHMLA e Texka noysa U Cbob-
pa3HO MeToAuKaTa Ha WU3NuUTBaHe Wu3-
cnepBaHuaTa TpsAbBa Aa 6bOAT U3BBLP-
LWEeHW BBPXY NIEKM N TEXKN MOYBU, Kak-
BWTO Ca NoYBMTE B CTpaHara.

MpoBexaaHeTo Ha BereTauuoHHU
onuTK ce Hanara oT HeobxoaumocTTa ga ce
eKCnepuMeHTMpaT ronsma rpyna BapuaHTu
Ha u3cnefBaHe M fJa ce HaMepaT Hai-
ontumanHuTe. Mpe3 nepuoja Ha BereTa-
UMOHHUTE Wu3CnefBaHusl ce ycTaHoBsiBaT
Hall-noaxoasilumMTe eKOMOrMYHU U UKOHOMM-
YeckM U3rofHW HOpMK 3a MnpunaraHe B
MOJICKA YCNOBWS.

BereTaunoHHUTE eKCNepyMeHTn ca
U3BEeAEHN MpWU CrefHUTE BapuaHTU: KOH-
Tposa, noysa v npubaska Ha 2, 5, 7 n 11%
OT pas/IMYHUTE CMEeCUM KbM TEerloTo Ha
nousata. TecTBaHW KynTypu BbB BereTa-
LUMOHHMS OMWT Cca CuniaxHa uapesuua u
mapynu. Te3u KynTypu ca n3dpaHu 3a ga ce
0o6xBaHe Mo-LMPOK CNeKTbp OT KyATypu C
ornep npenopbKUTE 3a NpakTukaTa.

MouBuTe ca aHa/M3MpaHu Mo MeTo-
OW, usnon3BaHW B nabopaTopusTa Ha
MHcTuTyTa — peakuuss Ha cpegata (pH) —
BOC EN 12176:2000, 06w, opraHuyeH
Bblniepog — BAC EN 13137:2005. 06wy,
asor — BAC ISO 11261:2002, MuHepanHu
asoTHn dopmu:  amoHneB (NH,-N) u
HutpateH (NO; — N) asor — BAC ISO
14255:2002, nogsmxHu chopmMmn Ha dpocchop
(P) — BAC ISO 11263:2002, noaBwxeH
kanuii (K) — OnpegensHeTO ce M3BbpLLBa
no merToauka Ha M. MunyeBa, KOATO ce
nsnonsea B WMA3P'H.Mywkapos”, o06Lwo
cbaobpxaHve Ha dhocop (P), kanmin /K),
kanumii  (Ca), marHesuii (Mg), TeEXKK
MeTann — kagmuii (Cd), xpom (Cr), Huken
(Ni), meg (Cu), umHk (Zn), onoso (Pb) n ap. —
BAC EN-13346:2000, BM-1:2007.

N3BbpweH e u  U3NKO-XUMUYEH
aHanus Ha nousuTe. OnpejeneHn ca

The Alluvium meadow soil is
selected due to this, that it is light soil and
it hard holds food elements and water,
and the Vermiculite has an ability to swell
and hold the moisture and helps for
increasing of the moisture-hold capacity
of the light soils (Marinova et al., 2012,
Mitova and Marinova, 2012).The leached
Smolnitsa is a heavy soil and in
correspondence to the methods of the
evaluation, the study must be made over
light and heavy soils, which are the soils
in our country.

The conducting of the pot
experiments is necessary due to the need
to make experiments in different variants
of the study and to find the optimal of
them. In the period of the pot experiments
we have determined the best ecological
and economical norms for use in the field
conditions.

The pot experiments are made by
the following control variants, soil and
addition of 2, 5, 7 and 11% of different
mixture, added to the weight of the soil.
Test crops by the pot experiments are
maize silage and lettuce.This crops are
selected to cover greater area of crops
based on the recommendations of the
practice.

The soils are analyzed with the
methods, used in the Laboratory of the
Institute — re-action of the environment
(pH)- BDS EN 12176:2000,;common
organic carbon — BDS EN 13137:2005,
common nitrogen — BDS 1S011261:2002,
mineral nitrogen forms — ammonium (NH,"-
N) and nitrate (NO5™-N) nitrogen — BDS I1SO
14255:2002, movable forms of phosphorus
(P) — BDS ISO 11263:2002, movable
potassium (K) — the determination is made
using the methods of M. Milcheva, which
are used in the IPAZR “N. Poushkarov”,
common phosphorus content (P), potassium
(K), calcium (C), magnesium (Mg), heavy
metals — cadmium (Cd), chrome (Cr), nickel
(Ni), cooper (Cu), Zinc (Zn), lead (Pb), etc.
— BDS EN-13346:2000, BM-1:2007.

We have made physical-chemical
analyze of the soils. Determined are katy-
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KaTMOHeH obmeHeH kanauuteT (Tg,), Cun-
HO KMUcenuHHU (Tca), cnabo kncenuHun (T,)
nosuuMnM Ha no4yseHWs agcopbeHT, obwa
KncenuHHocT (Hg,), 06MEHHa KUCesTMHHOCT
(Al) n cbcTtaB Ha no-BaxHUTEe OOMEHHO
afcopb6upaHn KaTuoHM Ha noysata (Ganev
and Arsova, 1990).

PE3YJITATU N OBCBXXOAHE

- XvMWYHa M arpoxmmMuyHa
XapakTepucTnka Ha noysuTe, BbPXY KOUTO
€ NpoBeJiIeHOo U3cneaBaHeTo.

JaHHuTe OT arpoXvMMnyHUsA aHanns
Ha M3nyxeHata CMOMHULA MoOKasBaT, 4ye
nouysata e fobpe 3anaceHa C NOABWKEH
ocpop — 28,3 mg P,0s/100g nousa,
MHOro fobpe 3anaceHa C NOABWXEH
kanmii — 37,8 mg K,0/100g nousa. O6wu-
AT a3oT e npuonuautenHo 0,2 %, kaTto
cymara OT MUHepasiHuTe (ppakumm Ha
azoTa e 25,3 mg/kg. CbabpXaHMeTo Ha
TEXKNW MeTann B MU3NyeHaTa CMoNHuua
ca nofj npegenHo AONyCTUMWUTE KOHLEH-
Tpaymm (NAK).

AnyBmanHo nuBagHara noysa e
chabo kucena ¢ pH BbB Boga 5,8, cnabo
XyMyCHa ¥ C NO-/I0WKN  arpoOXVMUYHK
CBOWCTBa OT U3Ny)XeHaTa cMosHUUa. TA e
cnhabo 3anaceHa ¢ o6l a30T — OKOJO
0,1%, cpefHO 3anaceHa C MNOABVXEH
kanmin — 155 mg K,0/100g n pobpe
3anaceHa ¢ noaswkeH ¢hocgop — 21,9
mg/100g. I npn Tasn no4ysa CbabpXKa-
HMETO Ha onpejesieHUTe TEeXKn MeTanu
ca nofj npegenHo AONyCTUMWUTE KOHLLEH-
Tpaymm (MAK).

Pesyntatute ot hm3nkoxumumyHata
XapakTepuctuka Ha [ABeTe MoyBu, U3Mos-
3BaHW 3a BeretauMoHHUTE OMUTKM ca
nocoyeHun B Tabnumua 2.

ion exchanged volume (Tg,), strong acid
ability (Tca), low acid ability (T,), positions
of the soil absorbent, common acid ability
(Hs2), exchanged acid ability (Al) and
content of the more important adsorbed
cations of the soil (Ganev and Arsova,
1990).

RESULTS AND DISCUSSION

- Chemical and agro-chemical
characteristic of the soil, over which is
made the study:

The data from the agro-chemical
analyze of leached Smolnitsa show us,
that the soil is good reserved with mobile
forms phosphorus — 28,3mg P,0s/100g
soil; very good rich with movable
potassium — 37,8mg K,O/100g soil. The
common nitrogen is about 0,2 %, in that
case a sum from the mineral fractions of
nitrogen is 25,3mg/kg. The heavy metal
content in the leached Smolnitsa is under
the limited allowed concentrations.

The alluvium meadow soil is low
acid with pH in water 5,8; with low humus
content and with worse agro-chemical
characteristics compared to leached
Smolnitsa. It is low reserved with common
nitrogen — about 0,1%, middle reserved
with  movable potassium 15,5 mg
K,0/100g and good reserved with
movable phosphorus — 21,9mg/100g. By
this kind of soil the content of determined
heavy metal is under the limited allowed
concentrations.

The results from the physic-
chemical characteristic of the both kind of
soil, used for the pot experiments, are
shown in the Table 2.

Tabnmuya 2. DM3NKOXMMUYHN NapaMeTpu Ha No4YBuTe
Table 2. Physic-chemical parameters of the soils

pH | T2 | Tca | Ta |O6M.|O6M.| O6M. |OBM) Tca Ta O6m. |[O6M. | O6m. | O6Mm. CTeneH Ha
MouBa H,O Exch [Exch [Exch |Exch Exch [Exch [Exch |[Exch HacuTeH OCT Cc 6a3n
Soil Hg, |Al+H| Ca | M Hg» Al Ca Mg Level of sat.
megv/100g % oT Tg with bases,%
301. CMonHuua 7,0 154,951,930 22|00 470 |6,0[9453 [546]| 4,0 0,0 | 856 | 10,90 96,0
Leached Smolnitsa
AyB. nMBagHa 58203|17,4| 29|30 02| 150218571 [14,29| 14,78 | 0,99 |73,89| 10,34 85,22
Alluv-meadow
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Cnopep, konuyecTBeHata kiacu-
dvKauMoHHa cucTtemMa CcMofHuuata e
U3NyXxeHa, HeyTpasHa (pH=7), CU/IHO KO-
nongHa, MMHepasiHa, TOTaJTHO u3rpageHa
C YMEpPEeHO KOMIOWAHO u3rpaxjaHe Ha
AXOp., C MOHTMOPW/IOHWUTOB CbCTaB Ha
rVHECTUTE MUHEepann u Mpouec KbM
MOHTMOPUIOHNTOO6Pa3yBaHe. Hama
BkmcnsasaHe (O6m. AL=0), u nopaau
OeliCTBMeTO Ha XMAPOSM3HO ankanHaTta
afcopbumoHHa  con (6a3u Tca),
KaTMOHHMAT 06MEH BbpXY KOpeHuTe e oT
XVAPOIN3HO asTKas1eH TuN.

AnyBvanHo snvBajHata noysa e
cpefHO kucena, ymepeHo konougHa (Tg»

e wmexay 20-30 megv/100g). Cnopeg
npeobnagaeawiara  [MHeCTa  MUHe-
ponorna  (Tca=85,71% o1 Tgy) €

MOHTMOPU/IOHUT-UIINTOBA C E€BOJIOLMSA
KbM MOHTMOPW/IOHUT-UNINT.

Tyk ce 3abens3Ba M3paBHsABaHe Ha
6asnyHaTa HaCUTEHOCT CbC CWJ/THO KuUce-
JIVHHUS MOHOOOMEHWTEN Ha MNO4YBEHMSA
aficopbeHT 1 Ha NpOTOHHaTa aacopouums
C HeroBus cnabokucenvHeH MoOHOO6Me-
Huten (ba3n = Tca n 06M.Hg, =Ta).

- Xapaktepuctmka Ha noysuTte
cnep npubupaHe Ha TeCTBaHUTE KyTypu

OT xMMMyHaTa XapakTepucTuka Ha
NMoYBEHUTE MPOGM OT U3yXKeHaTa CMOJI-
HMLa ce yCTaHOBW, 4Ye C yBesiMyaBaHe
HOopMaTa Ha npubaBeHWTE CMecU ce
yBenM4yaBa naaBHO KO/IMYECTBOTO Ha MU-
HepasTHUsi a30T M XYMYCHOTO CbAbpXa-
Hue (Ta6bnuua 3). MNpu npubaBsHe Ha
TpeTata cMmec B HopMa 11% oT Ternoro
Ha noyBaTa ce nocTura Hain-BUCOKO
CbAbpXaHne Ha MuHepasieH asor — 19
mg/kg nousa. C HapacTBaHe HopmaTa Ha
N3MNon3BaHNUTe cCMecu, No BapuaHTW Ha-
pactBa M ycBoMMuAT doocdop. YcBou-
MUAT 3a pacTeHuaTa ocdop npu Hai-
BMCOKaTa Hopma Ha cMec 4 gocTtura fo
74,1 mg/100g nouBa. CreneHta Ha
3aMaceHocT C MNOABMXEH Kaiuii  Ha
n3xogHaTa M3sly)KeHa CMOJHMLA € MHOro
[o6pa. MNMpn BHACAHETO Ha BCUYKM CMECH,
NOABWKHUAT Kanuii psa3ko ce nosuwlasa
CMPSAMO  KOHTPO/HMA  BapuaHT. Hali-
rofleMy CTOMHOCTUM Ka/vMAaT uMa  crep

Corresponding to the quality
qualification, the Smolnitsa is leached,
neutral (pH=7), highly colloidal, mineral,
total built with middle colloidal structure of
Ahor, with mont-morilonit content of clay
materials and process of building of
mont-morilonit. It is not found acid
(exchange Al =0), and based on the
action of hydrolyze - alkali adsorption salt
(base Tca), the cation exchange over the
roots is from hydrolyze-alkaly type.

Alluvium-meadow soil is from
middle acid type, slight colloidal (Tg, is
between 20-30 megv/100gq)
Corresponding to the clay mineralogy
(Ts> is between 20-30 megv/100g) is
mont-morilonit-illit ~ with  evolution to
montmorilonit-illit.

It can be shown equalization of
basic saturation with strong acid ion-
exchange of the soil adsorbent and of
proton adsorption with its slightly acid ion-
exchanger (Bases = Tca and exchanged
Hgyz =Ta).

- Characteristic of the soil after the
harvesting of the tested crop production:

From the chemical characteristic of
the soil samples from leached Smolnitsa
we have determinate, that with the
increasing of the norm of added mixtures,
increase slowly the quantity of the
mineral nitrogen and the humus content
(Table 3). By addition of the third mixture
in norm 11% from the weight of the soil it
is reached the higher content of mineral
nitrogen — 19 mg/kg soil. With the
increasing of the norm of the used
mixtures, for the different variants
increases the quantity of the assimilated
phosphorus. The assimilated for the
plants phosphorus by the highest norm of
the mixture 4 reaches 74,1 mg/100 gram
soil. The level of the supply with movable
potassium of the normal leached
Smolnitsa is very good. By the import of
all mixtures, the movable potassium
increases strong in comparison with the
control variant. The highest values of
potassium can be shown after the import
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BHACSIHETO Ha TpeTa M YeTBbpTa CMecu ¢
Hopma 11% - cboTBeTHO 288,6 n 266,0
mg/100 g noysa, KOETO Ce Ab/IKM Ha MNo-
roIIMOTO  CbAbPXaHne Ha kanui B
U3XOAHWNTE  KOMMOHEHTW, 06pasyBaLlm
Te3n cMmecu. ToBa MOXe fAa [JoBefe [0
jenpecus B pgobuBa, 0cobeHO npwu
KyNTypu, KOUTO He obuyat kanuii. Bcuukm
uscnefBaHy TeXku MeTam ca noj
rpaHNyYHMTEe CTOMHOCTU OnpejesneHn B
3aKOHO4ATe/NICTBOTO U He npeacTasnsBar
pYCK 3a NOYBUTE N pacTeHnaTa.

of the third and the fourth mixtures with
norm 11% - respectively 288,6 and 266,0
mg/100 g soil, which is as result of the
higher content of the potassium in the
output components, used in this mixtures.
This can brings to the depression in the
crop vyield production, which don't like
potassium. All studied heavy metals are
under the limited values, determined in
the legislation and have no risk for the
soils and the plants.

Ta6r||/|u,a 3. AFpOXI/IMVI‘-IHa N XMMNYHa XapakKTepUCTUKa Ha n3nyxeHa CMOoJsiH1LUa B

Kpad Ha onnta

Table 3. Agro-chemical and chemical characteristic of leached Smolnitsa at the

end of the experiment

Ne pH N P.Os KO [Xymyc [Cu [Zn Pb [Cr Ni Mn Co
Hummus
KCl | mg/kg mg/100g % mg/kg
KoHTp. 6,4 8,6 24,0 | 37,5 3,22 |225|53,0|145|35,0|205 4800|115
Control
MbpBa cmec B cboTHOWeHne 1:1:1:1:1 / First mixture in a ratio 1:1:1:1:1
2% 6,6 | 17,3 | 27,8 | 43,6 3,28 |22,6|535|230|37,0|32,0|480,5]| 18,0
5% 6,7 8,6 36,6 | 102 2,31 |23,0|53,3|235|395|36,5|485,0]18,0
7% 6,8 9,8 47,3 1120,4| 3,39 |23,0|54,0|235|505|425 4850|175
11% 6,8 | 115 | 57,1 162,12 | 3,49 |235|545|24,0|66,0]66,0]4855]|175
BTopa cmec B cboTHoweHne 1:2:1:1:2 / Second mixture in a ratiol:2:1:1:2
2% 6,6 | 16,1 | 32,7 | 52,6 2,89 |23,0(54,0|230]|36,0|30,5|470,0]|14,0
5% 6,7 | 16,1 | 48,2 | 75,9 4,04 |23,5|54,0(23,0|455|42,5|485,0|14,0
7% 6,7 | 12,7 | 59,8 |116,6 | 3,19 |24,0|54,5|23,0|66,0 5554855145
11% 68 | 13,8 | 66,1 |169,8| 4,02 |24,0|550]195]|86,0|74,0|500,0| 15,0
TpeTacMec B CboTHoOWeHne 1:1:2:1:2 / Third mixture in a ratiol:1:2:1:2
2% 6,7 | 115 | 350 | 66,5 2,69 |24,0|54,0|16,0|36,5|29,5|483,0] 18,0
5% 6,7 | 13,2 | 62,6 |140,2| 3,22 |245|54,2|17,0|36,5|40,2|485,5 | 18,2
7% 6,8 | 184 | 64,6 |164,8| 2,26 |250|555|205 455|505 |485,5 | 18,2
11% 6,9 | 19,0 | 70,7 | 288,6 | 4,79 |255|56,0|23,0|58,0|52,0|490,0| 18,5
YeTBbpTacmec B CbOTHOLWeHWe 1:1:1:2:1 / Fourth mixture in a ratio1:1:1:2:1
2% 66 | 10,9 | 31,8 | 59,8 3,09 |25,053,0)19,0]40,0|455|482,0]20,0
5% 6,8 | 13,2 | 36,9 |124,7| 2,67 |255|555(19,5|50,0|45,5]485,5|20,0
7% 6,8 | 13,8 | 55,6 |154,6 | 4,85 |26,0|56,0|20,0|50,5 |48,0]|485,5 | 20,5
11% 70 | 144 | 74,1 |266,0| 557 |26,5|56,5|22,0]50,5|50,0]|490,5 22,0
[NeTa cmec B cboTHOWeHKWe 1:2:2:1:3 / Fifth mixture in a ratiol:2:2:1:3
2% 6,6 | 16,7 | 28,7 | 711 3,98 |25,0|55,0)|201]|36,5]|40,5|540,0|17,0
5% 6,7 | 13,8 | 43,4 11358| 2,46 |26,5]|550]20,0]|40,5|40,5|549,0|175
7% 6,8 | 12,1 | 55,9 | 150,8 3,7 27,0555 (225|405 | 42,5 |550,0 | 18,0
11% 6,9 8,6 66,9 |204,0| 4,01 |29,5|57,0|24,0|535|48,0|570,0| 19,0
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Mpwu n3nyxeHaTa CMOJIHULLA, KOSITO € By leached Smolnitsa, witch has a
C HeyTpa/lHa peakuusi u c BUcoka cTeneH | neutral re-action and with high level of
Ha HacuTeHocT ¢ 6asn-94,76 % cnep | saturation with basis — 94,76 % after
npubassiHe Ha nouBeHUTe nofjobpuTenn ce | addition of the soil enhancers it is shown
3abensssa nosuilasare Ha pH ¢ 0,4 10 0,6 | increase of the pH with 0,4 till 0,6 points
MyHKTa cnpamo KkoHTponata (Tabnuua 4). | in comparison to the controlee (Table 4).
ToBa ce Ab/kM Ha askasiHaTa peakuus Ha | This js due to the alkali re-action of the
CPeAaTa Ha BCU4KM TECTBAHM CMeCW. Hall- | onyironment of all tested mixes. Best

BUAVMO € MOBMIWIEHMETO Ha PH CNea | g, s the increase of the pH after the
ynotpeoara Ha nerara cmec. Cn1abo aue- | oo "ot the fifth mix. The low alkali

onaHnTe no3vumn (Ta) umar TeHaeHuus .
fbMAI'IOHVI)KeHVIeU' (Ta) ASHL positions (Ta) have trends for decrease.

Tabnmua 4. PU3NKOXUMUYHM MapamMeTpyM Ha WU3MyXXeHa CMOJiHMLUA B Kpasd Ha
onuta

Table 4. Physic-chemical parameters of the leached Smolnitsa at the end of the
experiment

BapuaHT pH Ts2 Tca | Ta | O6M | O6m | O6m | O6m CreneH Ha
Variant H20 Exch | Exch | Exch | Exch | HacuTeHoCT ¢ 6a3u
Hs 2 Al Ca Mg Level of sat. with

megv/100g bases, %

KoHtpona 7,0 53,4 48,3 /5,1 2,8 0,0 46,1 4,2 94,76
Control
MbpBa cmec B cbOoTHOWeHWe 1:1:1:1:1 / First mixture in a ratio 1:1:1:1:1
2% 7,0 534 | 485 (49| 28 0,0 46,2 4.4 94,76
5% 7,15 534 | 485149 | 25 0,0 46,2 4,5 95,32
7% 7,25 533 | 48,7 |46 | 24 0,0 46,5 4.4 95,52
11% 7,35 535 [ 49,2 43| 21 0,0 | 46,6 | 4,6 96,00
BTopa cmec B cboTHoweHne 1:2:1:1:2 / Second mixture in a ratiol:2:1:1:2
2% 7,05 535 | 485 |50 | 27 0,0 46,3 4,5 94,95
5% 7,10 53,7 1491 46| 25 0,0 46,3 4,9 95,35
7% 7,25 538 493 45| 24 0,0 46,3 5,7 95,54
11% 7,35 53,8 | 504 34| 21 00 | 465 | 59 96,10
TpeTacMec B CboTHoweHne 1:1:2:1:2 / Third mixture in a ratiol:1:2:1:2

2% 7,05 538 | 486 | 52| 28 0,0 459 5,0 94,80
5% 7,10 53,7 489 48| 25 0,0 46,2 4,9 95,35
7% 7,25 539 (494 |45 | 24 0,0 46,5 4,9 95,55
11% 7,50 53,9 | 496 | 43| 1.2 00 | 465 | 55 97,80

YeTBbpTacmec B CbOTHOWeHMe 1:1:1:2:1 / Fourth mixture in a ratiol:1:1:2:1
2% 7,10 538 | 48,7 | 51| 25 0,0 46,2 4,9 95,40
5% 7,25 538 492 |46 | 24 0,0 46,3 4,8 95,50
7% 7,40 53,7 | 495 42| 20 00 | 46,5 | 4,9 96,30
11% 7,55 53,9 [ 49,9 |40 09 00 | 471 | 50 98,20

MeTa cmec B cbOoTHOWeHWe 1:2:2:1:3 / Fifth mixture in a ratio1:2:2:1:3
2% 7,25 536 493 43| 23 0,0 46,6 4,9 95,70
5% 7,40 538 | 496 |42 | 2,0 0,0 46,8 5,0 96,30
7% 7,40 53,9 | 49,7 |42 ] 20 00 | 468 | 51 96,30
11% 7,55 53,9 [ 49,9 |40 1,0 00 | 475 | 52 98,30
CTeneHTa Ha HacUTEHOCT C 6Ga3u The level of saturation with basis

ce noBulWIaBa, kaTo Ta3n TeHAeHUMs e | increases and this trend can be better
no-sabenexumma npu BapmaHTute menuno- | shown by the variants meliorated with
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pupaHn cbCc cmecu 4 n 5, KOUTO ca C MNo-
rofIIMO MPOLEHTHO CbAbpPXaHue Ha Obp-
BeCHa 6uomaca 1 obopcku Top. Hascs-
KbAe ce oTuuTaT, cymaTta OT 6asunyHuTe
eNleMeHTM Kanuuii u marHesmin >Tca.
ToBa O3HayaBa, 4e BbPXY KONOUA-HUTE
MOBBLPXHOCTM Ha nouyBata JeiicTea
HeyTpanHa fo cnabo kucena 6ydepHa
cuctema. [lopagn MHOro rossmara
KO/IOMAHOCT Ha W3/ly)KeHaTa CMOHMLA,
TS ce sABSIBAa MHOIO CW/IEH KOHKYPEHT Ha
KOpEHWTEe Ha pacTeHusaTa B aAcopOLMOoH-
HOTO pasnpegesieHne Ha oHUTe n Boga-
Ta Mexgy noyBeHuTe Kosonaum u pactu-
TenHarta Ko/iomjHa v BogHa cuctema.
ArpoXumMu4HUTE  aHanusu Ha
anyBunasnHaTa noysa cnepj npubupaHe Ha
uapesuuara nokassar, 4Ye npu ynoTpe-
fara Ha BCWMYKM KOMMOCTHU CMECU C
yBe/MYyaBaHe Hopmarta ce yBenu4yasa U
YCBOMMUAT 3a pacTeHusTa doocdop u
Kanmii (Tabnuuya 5). Haii-Bucoka 3anace-
HOCT ¢ ycBouM cpocdhop ce mocTtura npu
Tpetara cmec ¢ Hopma 11% - 82,2 mg
P,Os/100 g noyBa, kOETO MOXe Aa npe-
An3BrKa penpecus B fobusa. 3Haunten-
HO HapacTBa W NOABWXHUAT kanuid. Mpu
ynotpeb6aTta Ha 3, 4 n 5 cmecu ¢ Hopma
11% ToOli HapactBa 15 nbTM cnpsMo
KOHTPO/IHMSA BapuaHT. CbAbpXaHMeTo Ha
Kanmii goctura 183 mg K,0/100 g nousa
M ToBa MOKasBa efHa MNPEKOMEPHO
BMCOKa CTEMEH Ha 3anaceHocT C TOo3u
XpaHuTeseH enemeHT. KonmyecTBoTo Ha
MUHepasiHuss N naBHO ce noBuwaBsa C
yBenuMyaBaHe Hopmarta Ha npubaBeHuTe
cMmecy. Hai-ronsmMo e HapacTBaHeTo Ha
asota cfej BHaCcAHETO Ha veTBbpTara
cmec B HopMa 11% - 17,3 mg/kg. XymycbT
cnepfBa cblyaTa TEHAEHUUSA KaKTO XpaHu-
TE/THUTE e/IEMEHTU, HO TYK HapacTBaHETO
€ MMWHUMaJIHO CMpPsSMO  KOHTponaTa.
TexkuTe MeTanu B noysaTa HapacTsarT ¢
yBenmyaBaHe Ha NPOLEHTHOTO CbAbpxa-
HMEe Ha KOMMNOCTHUTE CMecW, HO npu
BCUYKM BapuaHTy octasart nog MNAk.

mixes 4 and 5, witch have greater
percentage content of wood bio-matter
and manure. In all cases we have
estimate, that the sum of the basic
elements potassium and magnesium is
>Tca. This means, that over the colloidal
surfaces of the soil acts neutral till low
acid buffer system. As a result of the
great colloidal form of the leached
Smolnitsa, it is very strong concurrent of
the roots of the plants by the adsorption
distribution of the ions and the water
between the soil's colloids and the plants
colloid and water system.

The agro-chemical analyses of the
Alluvium soils after the harvesting of the
maize show, that by the use of all
compost mixtures with the increase of the
norm, increases the assimilated from the
plants phosphorus and potassium /Table
5/.The highest stock up with assimilated
phosphorus is reached by the third mix
with norm 11% - 82,2 mg P,0s/100 g soil,
which can have as result depression by
the crop yield production. Significantly
increases the movable potassium too. By
the use of the mixes 3, 4, and 5 with
norm 11% the potassium content
increases 15 time in comparison to the
controlee variant. The potassium content
reaches 183 mg K,0/100 g soil and this
shows us, that it is very high level of
stock up with this food element. The
quantity of the mineral N increases slowly
with the increase of the norm of the
added mixtures. The highest increase is
that of the nitrogen after import of the
fourth mixture in norm 11% -1 7,3 mg/kg.
The humus follows the same trend like
the food elements, but here the increase
is minimal in comparison to the controlee.
The heavy metals in the soil increase with
the increases of the percentage content
of the compost mixtures, but by the all
variants are under the limited
concentrations. .
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Ta6r||/|u,a 5. AFpOXVIMI/I‘-IHa N XUMNYHa XapaKTepUCTMKa Ha ajlyBUa/THO 1MBagHa

no4ysa B Kpad Ha onnta

Table 5. Agro-chemical and chemical characteristic of Alluvium meadow soil in

the end of the experiment

No pH N P2Os | KO | Xymyc | Cu Zn | Pb | Cr Ni Mn [Co
Hummus|

KCI | mg/kg mg/100g % mg/kg
KoHTp. | 5,6 92 | 24,7 | 12,2 3,2 38,0 [60,0| 7,5 |44,0|22,0|730,0|14,5
Control

MbpBa cmec B cboTHOWeHMe 1:1:1:1:1 / First mixture in a ratio 1:1:1:1:1
2% 6,0 75 |308 | 202 3,5 38,5 [63,0| 8,0 |38,0|20,0665,0|13,0
5% 6,7 | 11,5 | 39,1 | 37,0 3,5 40,0 |58,0| 8,0 |40,0|22,0|665,0 11,5
7% 6,0 8,1 | 42,1 | 439 3,4 41,0 |66,5| 8,5 |41,0|22,5|715,0 14,0
11% 7,1 8,6 | 55,5 |110,0 4,3 37,5 |63,5| 8,0 |40,5|20,5|515,015,0

BToOpa cmec B cboTHoOLeHMe 1:2:1:1:2 / Second mixture in a ratio1:2:1:1:2
2% 6,2 92 | 34,1 186 3,7 12,0 |54,5| 8,5 |40,0|18,5|540,0| 13,5
5% 6,7 | 10,9 | 456 | 39,2 3,9 37,5 |63,5| 85 |385|21,0(595,0/| 15,0
7% 6,8 | 11,5 | 549 | 484 4,0 43,0 | 64,0|155|40,0|21,0|885,0| 12,0
11% 7,0 | 10,9 | 69,8 | 89,0 4,3 43,5 | 70,5|11,5|40,5|23,0|760,0| 14,0

TpeTa cMec B cboTHoOLWeHMe 1:1:2:1:2 / Third mixture in a ratiol:1:2:1:2
2% 6,4 12,7 34,0 26,4 34 36,0 67,5 [3,0 44,5 23,0 [790,0 (15,5
5% 6,8 (138 57,1 [67,9 36 390 67,5 6,5 46,5 24,5 [790,0 (16,0
7% 6,9 144 56,8 (90,1 38 39,0 68,5 (7,8 48,0 23,5 |615,0 (15,5
11% 7,2 (144 82,2 |178,1 43 395 68,0 5 435 [24,5 |610,0 (14,5

YeTBbpTacmMec B CbOTHOWeHWe 1:1:1:2:1 / Fourth mixture in a ratiol1:1:1:2:1

2% 6,4 (13,2 35,0 27,1 3,4 36,0 62,0 (13,5 /46,0 [23,0 |605,0 (14,0
5% 6,9 |16,7 448 [52,9 37 375 68,5 6,5 46,0 [23,0 [695,0 (14,5
7% 6,9 (13,2 58,6 (98,7 42 350 66,5 (17,5 45,0 [22,0 |615,0 (15,5
11% 70 (17,3 71,2 |179,6 40 365 66,5 5,0 43,0 [23,0 |680,0 (15,0

MeTa cmec B cbOoTHOLWeHWe 1:2:2:1:3 / Fifth mixture in a ratio1:2:2:1:3
2% 6,8 8,1 23,3 41,9 33 40,0 67,5 9,5 [21,0 12,5 |630,0 (10,5
5% 6,7 12,1 47,7 [138,7 35 425 69,5 [10,0 235 {145 [575,0 (12,0
7% 6,9 |156 41,6 (1634 33 435 1695 (7,0 [22,0 (18,5 [595,0 (12,0
11% 6,9 (14,4 45,7 |183,0 38 470 (705 25 435 21,5 [835,0 (14,5

Ha Tabnuua 6 ca nokasaHu usun-
KOXUMUYHWTE napameTpun Ha anysBmasiHo-
NBajiHa noysa B Kpas Ha onuTta. 3a
BCUYKW CMECu Mo BapuaHTU ce oTyuTa
nosuwwasaHe Ha pH n npu ynotpebata Ha
11% oT TersioTo Ha noysaTa ce nocrtura
HeyTpanHa peakums Ha nouysaTa. O6Lwa-
Ta kucenunHHoct (H8,2), koATo obxBala
BCUYKM aficopbupaHn KaTUOHW C KUcesu
OyHKUUKN HamanseBa CnpsMo KoHTponata
C MnoBuLLIaBaHe Ha NPOLEHTHOTO y4yacTune
Ha BCUYKM cMmecu. ToBa ce Ab/IXW Ha
yBefnMyaBaHe CbAbpXaHWeTo Ha Mmare-
puanute, KOWTO MMar CBOMCTBOTO Ja

On the Table 6 are shown the
physic-chemical parameters of the
alluvium meadow soil in the end of the
experiment. For all mixtures in variants
can be shown increase of the pH and by
use of 11 % from the weight of the soil we
can reach neutral re-action of the soil.
The common acidity (H8,2), which
assimilate all adsorption cation with acid
functions decreases in comparison to the
controlee by increasing of the percentage
participation of all mixtures. This is a
result of the increase of content of the
maters which have the ability to
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yyacTBaT B HeyTpan3aLMOoHHW B3auMo-
[OeliCTBUA C KUCEJSIMHHUTE CUCTEMU Ha
noyBeHusi agcopbeHT. 3abensssa ce, ye
pasnukata wmexagy 6asm u Tca no
BapuaHTn ce yBenmyaBa B nocoka 6asun
>Tca, KOeTo cBMAeTesicTBa 3a NpuChC-
TBMETO Ha XUAPON3HO-AIKa/THW aacop6-
UMOHHM cucTemn. Kato xpaHuTened
cybcTpaT MenvopupaHata CbC KOMMOCT-
HUTE CMEecK MoYBa e A0CTaTbyHO 6/IM3Ka
[0 onTumanHaTta 3a pacteHusTa (pH BbB
Boga oT 6 pgo 6,8), (6asmu>Tca) u
006M.H8,2 <Ta, koeTo M onpeaens kKaro

participate in the neutralization
interchange with the acid systems of the
soil absorbent. It can be shown, that the
difference between basis and Tca in the
different variants, increase in the direction
of the basis >Tca, which show the
existing of hydrolyze-alkali adsorption
systems. As a food substrate the
meliorated with compost mixtures soil is
enough close to the optimal for the plants
(pH in water from 6 till 6,8), (basis>Tca)
and volume H8,2 <Ta, which determinate
them as good fertile soils.

TBBPAE NJ0A0POAHN NOYBY.

Tabnuua 6. PUIMKOXMMUYHM NapamMeTpn Ha anyBUaUTHO SiMBafHa noysa B Kpas
Ha onuTa

Table 6. Physic-chemical parameters of alluvium meadow soil in the end of the
experiment

BapuaHT | pH Ts2 Tca Ta | O6M | O6m | O6m | O6m CreneH Ha
Variant H20 Exch |Exch |[Exch [Exch HacuTeHoCT ¢ 6a3u
Hs.» Al Ca Mg Level of sat. with
megv/100g bases, %
KoHtpona | 5,85 | 20,5 | 16,3 | 4,2 3,8 0,2 14,0 2,2 81,46
Control
MbpBa cmec B cboTHOWeHWe 1:1:1:1:1 / First mixture in a ratio 1:1:1:1:1

2% 6,10 | 20,6 | 16,6 | 4,0 3,6 0,0 15,0 2,3 82,53
5% 6,40 | 206 | 171 | 35 | 2,85 0,0 15,5 2,2 86,17
7% 6,55 | 20,7 | 17,2 | 35 | 2,20 0,0 16,4 2,3 89,37
11% 6,75 | 211 | 178 | 3,3 | 1,80 0,0 17,5 2,2 91,47
BTopa cmec B cboTHoweHne 1:2:1:1:2 / Second mixture in a ratiol1:2:1:1:2

2% 6,15 | 211 | 173 | 3,8 | 3,55 0,0 15,8 2,2 83,18
5% 645 | 212 | 176 | 3,6 | 2,85 0,0 16,3 2,2 86,56
7% 655 | 213 | 17,7 | 3,6 | 2,30 0,0 16,8 2,3 89,20
11% 6,75 | 215 | 180 | 35 | 1,90 0,0 17,5 2,4 91,20

TpeTacMec B cboTHoweHMe 1:1:2:1:2 / Third mixture in a ratiol:1:2:1:2
2% 6,30 | 20,8 | 17,1 | 3,7 | 3,40 0,0 15,0 2,1 83,66
5% 6,45 | 20,8 | 17,1 | 3,7 | 2,90 0,0 15,5 2,3 86,06
7% 6,55 | 210 | 174 | 35 | 2,80 0,0 16,2 2,3 86,70
11% 6,70 | 215 | 18,1 | 3,4 | 2,00 0,0 17,0 2,4 90,70
YeTBbpTacmec B CbOTHOLWeHMe 1:1:1:2:1 / Fourth mixture in a ratio1:1:1:2:1
2% 6,35 | 215 | 17,7 | 3,8 | 3,40 0,0 16,1 2,2 84,20
5% 6,50 | 216 | 179 | 3,7 | 2,80 0,0 16,8 2,4 87,04
7% 6,70 | 21,8 | 186 | 3,2 | 2,20 0,0 17,5 2,3 89,91
11% 690 | 216 | 188 | 2,8 | 1,45 0,0 18,2 2,4 93,30
MeTa cmec B cbOTHOLWeHWe 1:2:2:1:3 / Fifth mixture in a ratio1:2:2:1:3

2% 635 21,0 173 3,7 3,25 0,0 [155 2,2 82,40
5% 6,55 21,0 174 36 2,75 0,0 [16,0 2,3 86,90
7% 6,70 215 18,2 3,3 [2,20 0,0 171 2,4 89,77
11% 680 215 186 29 [1,40 0,0 [18,0 2,3 93,50
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n3BOAN

1. XumMnyHaTa XapakTepuctuka Ha
U3roTBeHUTE 5 KOMMNOCTHU CMecu C pas-
JINYHO NPOLLEHTHO yyacTue Ha oTAesiHUTe
KOMMOHEHTU YCTaHOBSIBa, Ye peakuusata
Ha cpefiata e B anikanHarta obnacT, KoeTo
ce Ob/KM Ha ankanHata peakuus Ha
cpefara Ha WU3XO4HUTE KOMMOHEHTH.
CbabpXxaHMeTo Ha obuy a3oT npu 1,2 mn 3
cmecKn e ¢ 6/1M3Kn CTOMHOCTW. YeTBbpTa-
Ta CMec ce OT/iu4aBa C Hail-BUCOKO
CbAbpXaHne Ha 06w, asotr - 0,58%.
Cymata OT MUHepasHUTE pakumm Ha
asoTa 3a neTre CMecu ce [ABWKA B
rpaHuumte ot 163,0 go 241,3 mg/kg.
MopswxHUTE chopmmn Ha dhocdop v Kanwmii
rnokaseaT BWCOKW CTOWHOCTW B pe3ynTart
OT CMeCBaHeTo.

2. XuMM4yHaTa M arpoxumMunyHa xa-
pakTepucTMKa Ha anysuasnHo-siMBagHaTa
noysa W Wu3NyXeHata CMOMHULA crej
npuéupaHe Ha KynTypute ycTaHOBABa:

- C yBenMyaBaHe Hopmata Ha
npubaBeHuTe cmecu ce ysenmyasa pH,
KOMIMYEeCTBOTO Ha MWHepasiHUA  as3oT,
noasuwxHute cqopmn Ha P u K n
XYMYCHOTO CbhbpXaHue.

- Haii-6naronpusaTHO e BAWSHUETO
Ha TpeTaTa 1 YeTBbpTa CMeC, HO Npu TAX
ce HabnwopgaBa CWIHO 3aBuUlLaBaHe
KO/IMYEeCTBOTO Ha YCBOWM Kaslnid, KOETo
Cb3flaBa OrpaHWyeHns npu npenopby-
BaHe Ha Nno-rosieMn HOPMU Ha TOpeHe Haj
7%. lNMpenopbynTEeNHO € Nnpu cmecute aga
Ce orpaHuyyM BHacAHETO Ha nenen ot
chama, Tbli KaTo T8 CbAbpXa HUCKO
CbAbpXaHMe Ha asoT W opraHuyeH
BbT/IEPOL, HO MHOIO BUCOKO CbhbAbpXaHune
Ha Ka/Inii, KOETO AaBa HeratuBeH edhekT
npy y4yacTVeTo B KOMMOCTHU CMecu W
TAXHOTO BNUSAHME BbPXY cuUcCTemaTa
“noysa-Top-pacreHue”.

- Texkute MeTasim B NOYBUTE Ha-
pacTtBar C yBesiMyaBaHe Ha MPOLEHTHOTO
CbAbpXaHWe Ha KOMMOCTHUTE CMeCcHu, HO
npu BCUYKKN BapuaHTu ocTasart nog MNAakK.

- CTeneHTa Ha HacuTeHOCT ¢ 6a3u
Ce noBuLLIaBa, KaTto Tasu TeHAEeHUMs e Mo-
3abenexuma npu BapuaHTuTe
MesiMopupaHn cbc cMmecu 4 u 5, Kouto ca

CONCLUSIONS

1. The chemical characteristic of
the prepared 5 compost mixtures with
different percentage participation of the
every component determinates that the
re-action of the environment is in the alkali
area, which is a result of the alkali re-
action of the environment on the output
components. The content of the common
nitrogen by the 1, 2 and 3 mixtures has
near values. The fourth mixture has the
highest content of common nitrogen -
0,58%. The sum of the mineral fractions
of the nitrogen for the fifth mixtures is in
the limits from 163,0 till 241,3 mg/kg. The
movable forms of phosphorus and
potassium show high values as a result of
the mix.

2. The chemical and agro-chemical
characteristic of alluvium meadow soil and
of leached Smolnitsa after the harvesting
of the crop yield production determinates:

- With the increase of the norm of
the added mixtures increases the pH, the
quantity of the mineral nitrogen, the
movable forms of P and K and the humus
content.

- Most favourable is the influence of
the third and the fourth mixture, but in
those cases can be shown strong
overflow of the quantity of the assimilated
potassium, which makes some limits by
the recommendation of higher norms for
fertilization, over 7%. It is recommended
by the mixtures to limit the import of the
ashes from straw, so that it contains low
nitrogen content and organic carbon, but
have high content of potassium, which
has a negative effect by the participation
of the compost mixtures and their
influence over the system “soil-fertilizer-
plant”.

- The heavy metals in the soils
increase with the increase of the
percentage content of the compost
mixtures, but by the all variants are under
the limited concentration.

- The level of saturation with basis
increase, so that this trend is better shown
by the variants meliorated with mixes 4
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C MNO-rONSIMO MPOLEHTHO CbhAbPXaHWE Ha
AbpBeCcHa buomaca 1 060pCKu Top.

B 3akntoueHne cuutame, Ye n neTre
KOMMOCTHM CMecu NpeacTaB/isBaT kavec-
TBEHW NOA06pPUTENIM Ha MouyBata, Mpu
M3MN0/13BaHETO MM B 3emMejesickaTta npak-
TMKa. 3a ga ce npenopbya onpegeneHa
Hopma TpsbBa ga ce umart npeasug U
MKOHOMMWYECKMNTE BB3MOXHOCTU Ha Npoun3-
BOAUTENS, HA/IMYMETO HA AOCTATBHYHO KO-
nn4yecTBO OT U3XOAHUTE KOMMOHEHTU 1 AP.

and 5, which are with the highest content
of wood bio-matter and manure.
As conclusion we can say, that the

five compost mixtures are quality
enhancer of the soil by their use in the
agriculture praxis. For the

recommendation of determined norm it is
necessary to have in mind the economical
abilities of the producer, the existence
sufficient quantities of the output
components and etc.
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PE3IOME

MNpegmeT Ha HacToswata paspa-
60Tka ca npobreMuTe CBbp3aHu C epo-
31ATa Ha noyearta npw HanosiBaHe C JieH-
TOBW AbXA0Ba/IHA MalUVHU B MIAHUHCKM
ycnosusi. ViacneasaHeTo npeactass [06-
pv NpakTUKX 3a HamasisiBaHe Ha Hamnou-
Te/fHata eposwus, ypes3 npaBwieH U3Gop
Ha AbXA0BasIHUS anapaTr npu /IeHTOBU
MallMHW. AHa/IM3bT Ce OCHOoBaBa Ha
MHOFOTOAULLIHN MPOYYBaHNUS HA €PO3WOH-
HaTa yCTOWUMBOCT Ha BUAOBETE MOYBU B
P. Bbarapvsi U CbBPEMEHHU TEXHUYECKU
JaHHU 33 ObXAOBASHW anapatv U3non-
3BaHU C JIEHTOBU MalUVMHW. AHA/IM3BLT Ha
u3cnefBaHusiTa A0 MOMEHTa Nokasea, 4e
npy egHaKkBM NOYBEHO KIMMATUYHM YCI10-
BMSI OCHOBHUTE (DAKTOPW, OT KOUTO 3aBW-
CW pasMepa Ha HanouTesiHaTa eposusi ca
WMHTEH3MTETa U CTPyKTypaTa Ha nojaea-
HUS M3KYCTBEH AbxA. Lienta e npasun-
HOTO  KOMM/IEKCHO  NPOTMBOEPO3UIAHO
opasmMepsiBaHe Ha napameTpuTe Ha JieH-
TOBa AbX[AOBasHa MalluyHa, Cbo6pasHo
€pOo3MoHHaTa YCTOMUMBOCT Ha MOYBUTE U
eHepruiiH1Te MM rnokasaTesiv Npu peanu-
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SUMMARY

This paper deals with the problems
of soil erosion due to travelling gun
sprinkler irrigation on the slope terrains. It
presents best practice for erosion safe
design of sprinklers with travelling gun
systems. The analysis is based on multi-
year studies on the erosion resistance of
soil types in Bulgaria and new technical
data for big gun sprinklers. The study and
analyses of erosion have shown that the
main factors determining the erosion
processes under equal soil and climatic
conditions are the intensity and structure
of the artificial rain and the ground slope.

The goal is to design and evaluate the
travelling gun sprinkler system located on
slope lands in the erosion safe area of
application. This paper deals with the
feasibility to choose suitable irrigation
equipment for agricultural crops with
suitable  characteristics of irrigation
sprinklers in dependence of the soll
resistance and their energy indicators in
the realization of ecological irrigation of
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3PaHeTo Ha €eKo/I0rocbo6pasHoO Hamos-
BaHe Ha rnosieta ¢ NoBULLIEH HAK/OH.
KniouoBu  aymu:  HanosiBaHe,
NEHTOBU ABXA0BA/IHW MallVHKW, epo3us,
HanouTenHa epo3us, €po3noHHa
YCTOMUYMBOCT,  AbXAOBaSHM  anaparw,
€HEepPruiHN1 NokasaTtesin, CTPbMHU TePeHN

YBO/,

Ona3sBaHeTo Ha OKonHata cpefa B
HanosiBaHWTe OT hepmepuTe 3emenesncku
NAOLWY e 3a4b/IXUTESTHO YCNI0BUE Cbrac-
HO HOpMaTMBHaTa 6a3a Ha eBpONencKoTo
1 6bArapcko 3akoHogaTesnicTeo. LobpoTo
€KOMIOMMYHO CbCTOSSHUE Ha OCHOBHUTE
NPUPOAHN KOMMOHEHTU, Ha XUOpPOMesiMo-
paTnBHUA naHawadT — BojgaTa 1 noysara
ca npeanoctaBka 3a [MOCTUraHe Ha
yCTOYMBO 3eMegernme.

MpunaraHeTo Ha [06pW NPaKTUKK
3a HanosiBaHe, 4ype3 KOUTO Ce ocurypsisa
necTennBO U paLyMoHasHO U3NoN3BaHe Ha
BOANTE, CbXpaHsiBaHe Ha NOYBEHOTO MNOo-
Jopofave, ona3BaHe Ha BoAuTe M NOYBUTE
OT 3aMbpcsiBaHe, epo3ns n gerpajvpaHe,
ca rapaHuumsa 3a nosulaBaHe KayecTBOTO
n nobusa Ha noslydyaBaHaTa 3emefesicka
NpoAyKUUs 1 nosiydaBaHe Ha MakcumasneH
UKOHOMUYECKN ediekT npu npuemsimem
pa3xoau 3a thepmepure.

CbCcTOsHMETO Ha noysuTe B P Bbn-
rapus ce xapakrepusmpa c HaIM4mMeTo Ha
ronAm npoueHT Jerpagvmpanin noysn —
okono 1,5 maH. ha. BogonnouwHata epo-
318 3acara Hag 60% oOT 3emegenckure
3eMu, B pasnnyHa CTerneH Ha npossre-
HUWe, KaTo oLUeHKaTa Ha cpefHoroauHara
epo3uns Bb3/m3a Ha okono 55 mnH. t. Mo
JaHHu Ha MOCB, nsowmte ¢ BUCOK PUCK
OT nposiBa Ha BOAOM/OLWHA epo3nss Ha
noysara ca 1,7% oOT TeputopuATa Ha
cTpaHaTa (cpegeH WHTeH3uTeT 5 go 10
t/halyr); ¢ ymepeH puck 9.2% (cpepeH
uHTeHsuTeT 5 go 10 t/halyr) (MoEW,
2013).

Kato ce uma npegsug, ye ronsma
4yacT OT AbXAyBaHUTE Y Hac N/oLy ca Ha
HaK/IOHEHW TepeHu, NpobnemMbT € Hepno-
nyckaHe Ha HanouTesiHa epo3ns B TAX €
ocobeHO akTyasieH. lNosiBaTa Ha Harowu-

fields with increased slope.

Key words: irrigation, travelling
gun sprinklers, erosion, water-induced
erosion, erosion resistance, gun

sprinklers, energy cost, slope terrains

INTRODUCTION

The protection of the environment
in the irrigated agricultural areas by
farmers is a mandatory condition
according to the legal framework of the
European and Bulgarian legislation. Good
ecological status of the key elements of
irrigation landscape, such as water and
soil, is a prerequisite for sustainable
agriculture.

Applying good irrigation practices
ensures an economical and rational water
use with protection of soil fertility, of
waters and soils from pollution, erosion
and degradation, are a guarantee for
increasing the quality and yield of the
agricultural production and an
achievement of maximum economic effect
at acceptable costs for the farmers.

The state of the soils in Bulgaria is
characterized by the presence of a large
percentage of degraded soils — about 1.5
million hectares. Water erosion affects
over 60% of agricultural land, to varying

degrees of manifestation, as the
assessment of the average annual
erosion is around 55 million tons.

According to data from the Ministry of
Environment and Water of Bulgaria
(MOEWB), the areas with a high risk of
water-induced soil erosion are 1.7% of the
country’s territory (average intensity 10 to
20 t/halyr.); with a moderate risk of 9.2%
(mean intensity 5 to 10 t/halyr.) (MoEW,
2013).

Considering that large parts of the
irrigated lands in Bulgaria are on sloping
terrain, the problem of not allowing
irrigation erosion in them is particularly
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TesHa epo3us, BCNeACTBUE Ha Henpasui-
HN TEXHUKM Ha HanosiBaHe BJ/ioLlaBa eKo-
NIOTVYHOTO CBLCTOAAHME HAa HarnosBaHWTe
naowute. To3n nNpobsem cbliecTByBa C
ocobeHa ocTpoTa BbB BCUYKM CTpaHuM C
passButa HanoutesiHa Mpexa, 0CO6eHo
Korato noavMBHUTE M/IOWM ca Ha Hakno-
HeHW TepeHu. HanosiBaHeTO ype3 AbXay-
BaHe Ha HakK/IOHEHU TepeHW 4YecTo BOAU
[0 epo3ns npu HecnasBaHe Ha HopMma-
TUBHO NpuUeTUTe AOMYCTUMU HaKMNOHW [0
10% npu u13nNon3BaHe Ha JNIeHToBUTE
AbxaoBasiHn  MawuHu. Gadjalska and
Slavov (1994) ca ycTtaHoBUMKW, 4e 3a
npegnassaHe OT MpuraunoHHa eposvs B
3aBMCMMOCT OT epo3uoHHaTa  YCTOol-
Y/MBOCT Ha MoyBaTa M Hak/loHa Ha TepeHa,
NIEHTOBUTE AbXAO0Ba/IHW MHCTanauum ca
nogxoAawm 3a pabota npu CTPbMHU
NAOWKW C HaK/IOH Ha TepeHa B rpaHuuuTe
ot 0,04 po 0,09 npu noysw Hap 2-3 knac
Ha epo3MOHHa YCTOMYNBOCT.

MATEPVAT N METOOU

MN3GopbT Ha MOMMBHA TEXHUKA W
NoAXoAsLLa TEXHOMOMMS 3a HamosiBaHe npw
nosimBaHe Ha CTPbMHU TEPEHU € CIOXKEH
npoLec Ha B3eMaHe Ha peLleHue, Npu KonTo
TpsibBa Aa ce OUeHST peauua dhakTopu,
KaTo: TEPEeHHW, KIMMaTWUYHW, MOYBEHO-Me-
/IMOpPaTUBHI YCNOBUSA; BMAA U cneumdny-
HUTE W3NCKBAHUS Ha OTINeXaaHuTe 3eme-
[enckuTe KynTypu U 0COBEHOCTU Ha
TEXHO/I0MMSITA MO OTIIEXAAHETO UM.

C uen BbBeXgaHeTo Ha [o6pute
MPaKkTVKM 3a HamnosiBaHe Ha 3eMeAEsICKUTE
KyNTypu npes3 nocnefHnTe rognHu B bbnra-
pusi ce u3MNON3Ba CbBPEMEHHA MO/MBHA
TEXHWKA, paspaboTeHn ca MnoAXoAsLm
BOZO- W EHEProcnecTsBaly TeXHOMoMMK 3a
HanosiBaHe, pPeXMMM Ha HarnosiBaHe W
ynpaB/fieHe Ha MOSMBHUA npouec. M3non-
3BaHETO Ha CbBpeMeHHa TexHuka 3a
HarnosiBaHe NpW PaBHW 1 HAKNIOHEHU TepeHu,
KaKBUTO Ca JIEHTOBUTE ABLXA0Ba/IHW Mallu-
HW, Ce Ha/IoXM C ornef n3bsirsaHe Ha Bpes-
HOTO B/IMSIHME HA HAK/IOHA Ha TepeHa BbpXY
paBHOMEPHOCTTA Ha MNojaBaHaTta MosvMBHa
HopMa W npeanasBaHe Ha HamnosiBaHUTe
M/IOLLM OT MpUraLMoHHaA epo3us.

3a pga ce npegnasu noysata oT

topical. The result of having irrigation-
induced erosion is due to improper
irrigation techniques that deteriorates the
situation of the environment in the
irrigated areas. This problem is
particularly pronounced in all countries
with  developed irrigation  network,
especially where irrigated areas are on
slopes. Sprinkler irrigation on sloping
terrains often leads to erosion in case of
non-compliance  with the normally
accepted tolerable gradients up to 10%
when using the travelling sprinkler gun
machines. Gadjalska and Slavov (1994)
found that, in order to prevent irrigation
erosion, depending on the soil resistance
and slope of the terrain, the travelling gun
irrigation machines are suitable for
working on slopes terrains randging from
0.04 to 0.09 in soils over 2"-3" grade of
erosion resistance.

MATERIAL AND METHODS

The choice of irrigation equipment
and appropriate irrigation technology for
watering slope terrain is a complex
decision-making process in which a
number of factors, such as: terrain,
climatic, soil-reclamation conditions, must
be assessed; the type and specific
requirements of the crops grown and the
specifics of the cultivation technology.

In order to introduce the good
practices for irrigation of agricultural crops
in recent years, modern irrigation
equipment has been used in Bulgaria.
Water and energy saving technologies for
irrigation, new irrigation regimes and
irrigation  management have been
developed. The use of modern equipment
for irrigation in flat and sloping terrain
such as traveling gun irrigation machines
was necessary in order to avoid the
harmful influence of the slope of the
terrain on the uniformity of the applied
irrigation rate and the protection of the
irrigated areas from irrigation erosion.

In order to protect soil from erosion
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epo3us  BCMEACTBME  AObXAYyBaHETo, €
HeobXxoAMMO Aa Cce aHanM3upaTt U OLEeHAT
(hakTopute, Kouto O06ycnaBAT npoleca.
AHanM3bT Ha uU3cneaBaHusiTa A0 MOMEHTa
nokasea, 4Ye TnNpu efHaKBM MOYBEHO
KMMMaTUYHM YC/IOBUSI OCHOBHUTE chakTopw,
OT KOWUTO 3aBUCK pasMepa Ha HanouTenHarta
€epo3ns ca MHTeH3MTeTa U CTpyKTypaTa Ha
nofaBaHusl U3KYCTBEH AbXA. Hakl1oHbT Ha
TepeHa VMa BTOPOCTEMNEHHO BWSHWE, HO
npu AbXAyBaHe Ha 3emefesnckd Kyntypw,
pas3nofioXeHn Ha  CTPbMHM  TEepeHw,
Bb3HMKBAT YCMOBMSA 3a AOMbHUTESHO
B/IOLLABaHE CbCTOSIHMETO Ha M/iowuTe.

NHTEeH3UTETHT Ha AObXAa, KOWTO e
OCHOBEH (hakTop, 06ycnaBsly, epo3UOHHKUSA
npouec, € B npska 3aBUCUMOCT OT MOMu-
BallaTta CrnocobHOCT Ha noysaTa. [okaTo
npu paBHW TEPEHU, aKO MHTEH3MBHOCTTA Ha
Ba/siexa e no-ronsiMa OT nonuealyata cno-
COBHOCT Ha noysaTa Ce nosiyyaBaT /10KBMU,
TO Ha CTPBMHU TEPEHU Npu NOAOGHM yco-
BMS Cce HabnwogaBa Bb3HWKBAHETO Ha
KarnkoBa epo3usi CTuyaHe. ToBa CTUYaHe
3aBNCM KakTO OT cpefHarta, Taka W OT
MOMEHTHaTa WHTEH3MBHOCT Ha Basiexa,
KOATO nNpu CcpefHOCTpyiHWTe u  Aaneko-
CTpy/iHNTE anapatu e 3HauuTesiHO Mo-
ronsiMa ot cpegHarta.

ChblUHOCTTa Ha npoueca Ha Bb3HUK-
BaHe Ha KarkoBa epo3nsi ce CbCTOW BbB
B3aMMOAENCTBMETO Ha AbXAa C MOBbpX-
HOCTHMS C/IO MO4YBa, MpU KOETO KamkuTe,
npu ypgapa c MOBbPXHOCTTAa Ha nouysara,
OTAENsIT U NpemMecTBaT NOYBEHUTE YacTuLM,
YNIbTHABAT MOBBPXHOCTHUS 1 C/AOM  Ha
AbnbounHa 2-3 cm, KosmMatupaT nopute,
BMAMMO Hamanasat UHdMATpaumoHHaTa U
€noco6HOCT. OnucaHusAT Npouec Ha paspy-
LaBaHe Ha noyeseHaTa CTPyKTypa 3aBucu oT
efpvHaTa Ha Kamnkute W WHTEH3WTeTa Ha
n3kycTeeHusa awxp. Kostiyakov (1960) pgo-
Ka3Ba, 4Ye KOJIKOTO € MO-TO/ISIM UHTEH3nUTeTa
W efpuHaTa Ha Kankute, TO/IKOBa MO-CUTHO
ce paspyluaBa CTpykTypaTa Ha nousata. [lo
70% OT KMHeTU4YyHaTa eHeprus Ha Kankuite
Ha AbxAa Npu yaap c noyesara ce u3pas-
X0[Ba 3a ynnbTHABaHeTo U, KOeTo Hamans-
Ba nonuealiata U CNOCOGHOCT 1 nogagje-
HaTa NosiMBHa HopMa ce CTh4a Mo CK/IoHA.

B 6opb6aTa ¢ HanouTenHaTa epo3us,
€Pp03M1OHHO-6e30MacHOTO Opa3mMepsiBaHe Ha
nosiInBHaTa TeXHMKa € OT MbPBO-CTENEHHO

due to sprinkler irrigation is necessary to
analyse and evaluate the factors, which
determine the erosions process. The
analysis of the research up to date
indicates that in terrains with the same
soil and climatic conditions the main
factors, which determine the amount of
irrigation erosion, are the intensity and the
structure of the artificial rain. The slope of
the terrain is of secondary influence, but
irrigating the crops with sprinklers located
on steep slopes, raises the conditions for
further deterioration of the areas.

The intensity of rain, which is a
major factor for the erosion process, is
directly dependent on the absorbing
capacity of the soil. If the rain intensity is
greater than the absorbing capacity of the
soil, in flat terrains the appearance of
puddles is observed. In slope terrains
under the same conditions, infiltration is
observed. This infiltration depends as well
on the average intensity of the rain as on
its momentary intensity, which by the
high-pressure sprinklers is higher than the
average.

The essence of the droplet erosion
process consists in the interaction of the
rain with the surface layer of soil, where
the droplets, when struck with the surface
of the soil, separate and move the soil
particles, seal the surface layer to a depth
of 2-3 cm, visibly reduce its infiltration
capability. The described process of
destroying the soil structure depends on
the size of the droplets and the intensity of
the artificial rain. Kostiyakov (1960)
proves that the higher the intensity and
the size of the droplets are the more the
soil structure is destroyed. Up to 70% of
the kinetic energy of the rain drops at
impact with the soil is spent on
compaction, which reduces its absorbing
capacity and the irrigation rate is flowing
down the slope.

To achieve an erosion-safe area it
is necessary to deal with irrigation-
induced erosion by sizing the travelling

220



3HayeHne. CblIeCTBEH KpuTepuin B ToBa
OTHOLWUEHME € WHTEeH3UTEeTbT U CTPYK-
TypaTa Ha nogasaHus U3KYCTBEH AbXA Aa
CbOTBETCTBAT Ha epo3noHHaTa YCTOol-
UYMBOCT Ha NOYBUTE U HAK/IOHA Ha TepeHa.

M3cnegBaHn ca pas/iMyHuM Mogu-
oukauMm Ha JNeHTOBUTE AbXA0BasHU
MallVHW, OrnpejesieHn B 3aBUCUMOCT OT
AnameTtbpa U Ob/DKUMHATa Ha TpbOO-
nposoga. 3a Bceku oT pasrnexgaHute DN
Ha rbBKaBMa TPbOOMPOBOA, HA MalluHaTa
ca u3cnefBaHu HannM4yHUTE AbL/IXKUHU LM.
PasrnexgaHute anametpu ca DN75, 90,
110, 125 1 140 mm. AbmkuHute LM ca
cvoTtBeTHO 200, 300, 400, 500 »n 600 m.
3a Bcska mogudpmkauma DN ca mnscneg-
BaHW c/riefHUTEe TEXHNYECKN NnapamMeTpu:

- Hanop Ha AvxgoBasiHuga anapar —
Hpa, m;

- AnameTtbp Ha Aro3arta Ha
AbXAoBanHua anapar — dga, mm;

- BogHO KonmyecTBO (MalwuuHata) —
Q, I/s;

- Hanop Ha xugpaHta — Hy, m;

- llnpuHa Ha nonueHarta ueuua — b,
m;

- AbmkmHa Ha TpbbonpoBoda Ha
mawmHata — Ly, m.

TexHnyeckute napameTpu ca B3eTu
OT KaTaNoXHW AaHHW Ha YTBbPAEH MeXay-
HapogeH npou3soauTen. WsuncneHn ca
TEXHO/IOTMYHUTE NoKas3aTesM Ha MallnHaTa:
njowTa Ha nonuBHaTa nnowapgka f,, ha,
CPefHNA WHTEH3UTET Ha AbXAa i, mm/h,
MOMEHTHUSA UHTEH3UTET i, mm/h Heobxoaun-
MaTa nNpoAb/HKUTENHOCT Ha nonmeaHe t,, h,
N KoedUUMEHTLT Ha MOMEe3HO W3Mos3BaHe
Ha BpemMeTo B JeHoHowmeTo Y, KouTo
CnyxkaT 3a onpefendde r/owta Ha
BOL0060POTHUSA YYaCTbK.

MOMEHTHUTE WHTEH3UTETU Ha [ObX-
[oBaslHUTe anapaTty ca B3eTU OT KaTal0XHM
JaHHM Ha npoussoguTtensa SIME, 3a Tpute
MoZena u3non3saHu anapatu npu pasnuu-
HUTE MOAMMKaLMn NTEHTOBUN AbXA0Ba/THU
MawuHm (J1IAM). ObxgosaneH anapat (4A)
Synkro ce wnsnonsesa 3a J1AM ¢ mogudm-
kKauua DN 75 mm, A Ranger ce n3nonssa
3a 1AM ¢ mogudpmkaumm DN 90-110 mm wn
OA Explorer ce wusnonssa 3a /1M c
mogmdhmkaumm DN 125-140 mm. M3cneggsaH

gun irrigation machine in a correct way.
An important criterion in this respect is the
rainfall per hour and the structure of the
artificial rain drops to be consistent with
the soil erosion resistance and slope of
the terrain.

Various  modifications of the
travelling gun sprinkler machines were
determined; depending on the PE pipe
diameter (DN) and length (Ly). For each
of the considered modifications of the
machine’'s flexible PE pipe DN, the
available Ly lengths were examined. The
PE pipe diameters examined are DN75,
90, 110, 125 and 140 mm. with lengths
that are Ly =200, 300, 400, 500 and 600
m, respectively. For each maodification of
the machine, the following technical
parameters were used:

- Pressure head at sprinkler — Hpa,
m;

- Nozzle sizes — dga, mm;

- Discharge — Q, I/s;

- Pressure head at hydrant — Hy, m;

- Strip width — b, m;

- PE pipe length — Ly, m.

The technical parameters are taken
from catalog data of an established
international manufacturer and with them
the technological parameters were
calculated: irrigated area f,, ha, average
application rate ic,, mm/h, application rate
i, mm/h, duration of application t;, h, 24

hour coefficient W, which serve to
determine the area irrigated by one
machine.

The application rates of the
sprinklers are taken  from the

manufacturer's SIME data sheet for the
three models used on the various
modifications of travelling gun machines
(TGM). Synchro sprinkler is used for
modification DN75 mm, Ranger sprinkler
is used for modifications DN90-110 mm
and Explorer sprinkler is used for
modifications DN125-140 mm. The
instantaneous application rate for one
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€ MOMEHTHUSIT WHTEH3UTeT npu  eauvH
anapart paboTeLy, B Kpbr Ha 360°. Tpsabea ga
ce uma npegsug, 4Ye npu pabota Ha
anaparta cekTopHO Ha 180°, MHTEH3UTEeTBLT
we 6bae no-MasbK, KakKTo e Npy HanosiBaHe
C JIEHTOBU ABXA0BA/THU MaLLVHK.

EHepruiiHute pasxoan  BK/IOYBAT:
NPeKkn eHepruiiHu pasxoau (enekTpoeHep-
s WM OU3enoBO  TFOPWBO);  KOCBEHU
€HepruiHn  pasxogy — WHBECTULUM U
ekcnnoaTauMoHHM  pasxoay  3a  nomneH
Bb3eN (NoMneH arperat, ABuraten u Tabno
3a ynpasJ/ieHne) 1 CbnbTCTBaLLUTE ro TPBHOU
n apmaTypu;

Mo cBofAATa CbLYHOCT U3CeABaHETO
npeactas/nisiBa NpenopbkM 3a u3bop Ha
NeHTOBa [AbXJoBasHa MaluMHa, Crnopej,
HanpaBeHaTa OUEHKA Ha eHepruiiHuTe
pasxoau 1 npasuieH M3bop Ha AbxaosBa-
HVS anapat U paboTHUTE My napameTpu, C
uen npefoTepaTsaBaHe Ha uMpurauvoHHaTa
€po3us Npy pasNNYHK HaK/TOHW Ha TepeHa.

ViHBecTuuuute ce npueexaaTr KbM
roguliHM pasxoau B JfieBa Ha roguHa
[BGN/year], upe3 kanuTajloBb3CTaHO-
BUTE/IHUA (pakTop. M3umcnssaHeTo Ha
EHEPIUMHNTE pasxody € W3BLPLUEHO 3a
eMH BOA0060POTEH yyacTbK, npu Burt et
al., (2000), pa3nuMuHM CcCbYeTaHUsA Ha
AnameTbp Ha Ato3arta (dga) v Hamnop Ha
AbxaosasiHua anapat (Hga). MpemuHasa-
HETO KbM TMpVBEAEeHN pas3xoaun Ha
eavHuua nnow, [BGN/ha.yr] e n3sbpLueHo
C OoTuuTaHe Ha rofieMuHara Ha BOLO-
000pOTHNSA yyacTbK, T.e. C OT4MTaHe
npon3BoauTeNnHocTTa Ha MalmnHara. Npe-
KATE EHEepruitHM pasxoau ca akTyasmau-
paHW C OoT4yMTaHeTo Ha uHQIauuaTa Ha
e/leKTpoeHepruaTa n An3enoBoTo ropuBo
(Keller and Bliesner, 1990).

WN3cnepasaHeTo e HanpaBeHO 3a ABa
BapvaHTa Ha MO3MLMOHMPAHE Ha Maluu-
HaTa: MO Hak/loHa Ha TepeHa W cpeLly
HakfoHa Ha TepeHa. PasrnepaHu ca net
HaK/IOH Ha TepeHa cboTBeTHO 2,20 %, 3,50
%, 7,00 %, 10,50 %, 12,00% (Neshkova and
Krasteva,1990).

OrpaHuunTesIHO YCroBue ce SABS-
BaT npousBexjaHute mMoaudumkaunm Ha
MawuHuTe ¢ HanuuHute anameTbp (DN)
U Ab/knHata Ha Tpbbonposoga (Ly);

sprinkler with a sector of 360° circle was
examined. It should be borne in mind that
when operating the sprinkler with a sector
of 180 °, the intensity will be less as is the
case with travelling gun machines.

Energy costs include direct energy
costs (electricity or diesel); indirect energy
costs- investments and operating costs of
pump and equipment (pump, engine and
control panel) and its accompanying pipes
and fittings.

In essence, the study is a
recommendation to choose the correct
modification of travelling gun sprinkler
machine by assessing the energy costs
and the type of gun sprinkler and its
operating parameters in order to prevent
irrigation-induced erosion at various
terrain slopes.

The annuity for the investment cost
(BGN/year) was calculated through the
capital refund factor (Burt et al, 2000).
The calculation of the energy costs is
made for a single irrigated area for
different travelling gun machine
modifications  with a  variety  of
combinations to the nozzle sizes (dgs) and
sprinkler pressure head (Hga). The
transition to annual costs per unit area
(BGN/ha.yr) is made by taking into
account the size of the single irrigated
area, i.e. taking into account the
productivity of the machine. To consider
the possibility of changing electricity and
diesel fuel price rates different from the
general rate of inflation (Keller and
Bliesner, 1990) has been implemented.

The study has been done for two
machine-positioning options: slope down
of the terrain and slope up of the terrain.
Five slope variations were chosen: 2,20%,

3,50%, 7,00%, 10,50%, 12,00%
(Neshkova and Krasteva, 1990).
Restricted conditions are the

produced modifications of the machines
with the available PE pipe diameters (DN)
and lengths (Ly); sprinkler models Synkro,
Ranger, Explorer-SIME; rainfall drop size
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Mogena Ha AbXaosanHua anapat Synkro,
Ranger, Explorer-SIME; epgpvHata Ha
Abxaa (K); npoAb/IXUTETHOCTTA Ha Nonu-
BAHETO B [IEHOHOLUMe; npou3BexjaHute
NMOMMEHN WU MOTOPOMNOMMEHWN arperatu, a
CbLWO N Ha/IMYHUTE efekTpoaBurarenn ¢
TEXHUYECKN UM XapaKTepUCTUKU.

M3cneaBaHeTo e U3BLPLUEHO npwu
HeTHa HanouTenHa Hopma M= 1200 m%ha
npu ABe MNOSINBKM Ha Ce30H C HeTHa NonuB-
Ha Hopma m= 600 m®ha, npu geceTaHeBeH
MexaynonueeH nepuog. MNpueta e Npoabi-
XWTENIHOCT Ha MOJIMBAHETO B [eHOHoLme
16 h.

3a uenute Ha TOBa M3cnegBaHe e
u3bpaH cny4yaili Ha NMOMMEHO BOAOB3EMaHe
OT COOGCTBEH  BOAOU3TOYHMK,  COHAOAX.
Pa3rnegaHu ca gBa BapuvaHTa Ha MOMMEHO
obopyaBaHe — nomna C efekTpogsuraren
(NA-EL) v nomna ¢ gnsenos gsuraten (MA-

An).

[aHHiTe 3a UeHuUTe Ha MallnHuTe,
nomMneHuTe arperartu, gsurateny, tabna 3a
ynpasneHve, TpbOM M apmatypu u Apyru
efleMeHTN Ha cucTemara ca MnosyvyeHn oT
oupmn-gucTprubyTopu.

Pa3xoabT Ha enekTpoeHeprnsa e
N34YUCNEH MPU 3a/10KEHN CPefHN CTOMHOCTK
Ha Kl Ha enekTpogsurarenute mapka
Grundfos. Pa3xo4bT Ha AM3e/10BO FOpMBO €
onpegeneH No Ha/IMYHN U3TOYHULUM OT Ha-
y4Hu mnscnegpaHus (Gadjalska et al., 2017;
Bozhkov, 2001), kaTa/IOXXHN OAaHHW U aHKETU
CbC CENCKOCTONAHCKN NPOU3BOAUTESN.

B npeavwHo n3cnegsaHe Ha Tashev
and Filkov (2017) ca onpegeneHn ontu-
Ma/IHATE OB/DKMHM Ha TpbbonpoBoauTe 3a
pasnuuHutTe Mogudmkauum Ha feHTOoBUTE
MaLUWHK, C Pas/IMyHN BapuaHTX Ha [103U U
Hanopy Ha nObxaoBanHWs anapaT. Kato
OCHOBEH Kputepuyn 3a Wu360p Ha Tesu
MoamMdukaunm ca eHepruiiHuTe pasxoau.

- 3a mogudpmkaumss DN75 mm - Lm
220 m c pw3a DN20 mm u Hanop Ha
anapara Hga 5,0 bar;

- 3a mogudprkaumsa DNO9O mm - Lm
220 m ¢ ato3a DN26 mm v Hga 4,5 bar;

- 3a mogucpmkaumss DN110 mm - Lm
300 m ¢ ato3a DN30 mm n Hga 5,5 bar;

- 3a mogucpmkaumss DN125 mm - Lm
400 m ¢ gto3a DN32 mm n Hga 5,5 bar;

- 3a mogudprkaumss DN140 mm - Lm

(k); application time is set to 24 hours;
available motor-driven aggregates, as well
as available electric motors with their
technical characteristics.

The study was carried out at a net
irrigation rate of M = 1200 m*/ha for two
irrigations per season with a net water
application rate of m = 600 m®ha with a
10-day period between irrigations. Water
application time of 16 hours was
accepted.

For the purposes of this study a
case of water pumped water from own
underground water source, was chosen.
Two variants of pumping equipment are
considered - a pump with an electric
motor (P-EM) and a pump with a diesel
engine (P-DE).

Price data for machines, pump
units, engines, control panels, pipes and
fittings and other system components are
obtained from distributors.

The power consumption is
calculated by setting the average
efficiency of the Grundfos electric motors.
The cost of diesel fuel is determined by
available research sources (Gadjalska et
al., 2017; Bozhkov, 2001), catalog data
and surveys with agricultural producers.

In a previous study (Tashev and

Filkov, 2017), the optimum PE pipe
lengths are determined for various
machine modifications with different

combinations of nozzle sizes and sprinkler
pressure head. As the criteria for
choosing a modification of the machine,
the energy costs were the main factor.

- Modification DN75 mm - Lm=220
m, nozzle size DN20 mm, sprinkler
pressure head H= 5,0 bar;

- Modification DN90 mm - Lm=220
m, nozzle size DN26 mm, sprinkler
pressure head H= 4,5 bar;

- Modification DN110 mm -
Lm=300 m, nozzle size DN30 mm,
sprinkler pressure head H= 5,5 bar;

- Modification  DN125 mm -
Lm=400 m, nozzle size DN32 mm,

sprinkler pressure head H= 5,5 bar;
- Modification DN140 mm -
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300 m ¢ ato3a DN36 mm n Hga 6,0 bar

3a wu3bpoeHnTe mMoamdnKaumm e
M3BbPLWIEH aHa/M3 Ha EeHepruiiHuTe
pasxoauM Mpu HafnpaBeHa OLUeHKa Ha
B/IMSAHNETO Ha HakK/IOHa Ha TepeHa BbpXy
TAX.

OrpaHnynTesIHOTO  yc/ioBME MO
OTHOLWIEHME Ha efjpvHaTa Ha [AbXja e
k=1700+2600 — eabp 00 CUH AbXA
(Lebedev, 1977). He BCcuYkM nscnegsaHu
[OBOViKM CTOMHOCTWN Ha Hamnopa Ha anapaTa
1 pasmepa Ha gto3aTa OTroBapsaT Ha ToBa
yCNoBMe, HO ONTUMA/SIHOTO peLUeHne e
TbPCEHO CamMO B MOCOYEHUS MHTEPBaJI Ha
k.

PE3YJITATN N OBCbXXAAHE

B HactoAwoTO Mun3c/negBaHe e
pasrnefaHo BAVSAHMETO Ha Hak/ioHa Ha
TepeHa BbpXy €HepruinHuTe pasxogu Ha
NIEHTOBMTE MalWHW U epo3MOHHaTa
YCTOMYMBOCT Ha NOYBUTE MPU ObXAYBaHe.

3a onpegensHe Ha epo3nOHHaTa
YCTOMYMBOCT Ha NOYBUTE Yy HAC € M3Mon3-
BaHa cefieM CTerneHHa ckana no epo3unoH-
HaTa yCTOMYMBOCT Ha MOYBMTE AageHa oT
B. KpbcTeBa, koATo Ha 6a3ata Ha Qupum.-
€po3NoHHO-6e30MaceH AebuT, Npu KOMTo
eposuaTa B Kpas Ha nonveHarta nnowajn-
Ka e B rpaHmymte Ha 20-25 kg/dka 3a
efjHa nosvBKa Mpu rpaBMTavyHoO HanosiBa-
He. KnacoBeTe 3eMu ca CTeneHyBaHu OT
MHOro Hucka (knac 1) ao otnnyHa (knac 7)
€pO03MOHHa YCTOMYMBOCT, KaTo NpUeTUaT
pasmMax Ha OTK/IOHeHMeTo e + 25
I/min/6pasfa oT Qyuum (Krasteva et al., 1984).

3a onpepgesnsiHe napameTpute Ha
ObXaoBasHaTa TEXHUKA B 3aBUCMMOCT OT
€po3MOoHHaTa YCTOWYMBOCT Ha MNoOYBUTE W
HakoHa Ha TepeHa ca uW3CcnefBaHu
NEHTOBW ABXA0BA/IHA MALUMHW C PAa3/IMYHM
MoamMcmKaLmMm Npy Tpu BuAa AbXA0BasHM
anaparu.

Ha ®urypal e nssegeHa B rpacuyeH
BMA 3aBUCMMOCTTA Mexay JonycTimara
MOMEHTHa MHTEH3MBHOCT Ha AbXAa 1 knaca
Ha epo31OHHa YCTOYMBOCT Ha noysata npu
CbOTBETHUSI HAK/MOH Ha TepeHa.

Lm=300 m, nozzle size DN36 mm,
sprinkler pressure head H= 6,0 bar

For these modifications, an energy
cost analysis has been carried out with an
impact assessment of the slope over
them.

Restricting condition with respect to
the size of the rain is k= 1700 + 2600 -
coarse to fine rain (Lebedev, 1977). Not
all tested pairs of sprinkler pressure head
and nozzle sizes meet this condition, but
the optimal solution is only sought within
the specified k interval.

RESULTS AND DISCUSSION

This study examines the influence
of the terrain slope on the energy costs of
the traveling gun machines and the
erosion resistance of the soils during
irrigating.

In order to determine the soll
erosion resistance, a seven-degree soil
erosion resistance scale was used in
Bulgaria by V. Krasteva, based on Qgjitical -
erosion-safe flow, where the erosion at
the end of the irrigation site is in the range
of 20 -25 kg/dka for one furrow irrigation.
Classes of land are graded from very low
(class 1) to excellent (class 7) erosion
resistance, with a tolerance range of + 2.5
I/min/furrow from Qiica (Krasteva et al.,
1984).

In  order to determine the
parameters of the irrigation technique,
depending on the soil erosion resistance
and the slope of the terrain, different
travelling gun modifications were tested
for three types of sprinkler gun.

Figure 1 shows the relationship
between the permissible rain intensity and
the soil erosion class of resistance at the
respective slope of the terrain.
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dur. 1. Knac epo3roHHa yCTONMUYMBOCT Ha NoYBUTE
Fig. 1. Class of erosion resistance of soils

Ha durypa 2 e pageHa Bpb3kara
Mexay TexXHuUYeckuTe mnapameTpu Ha
AbxpoBanHma anapat (OA) Synkro-Sime
N Knaca Ha epo3vOHHa YCTOM4YMBOCT Ha
noysute gageH Ha durypa 1. AHaNU3bT
Ha [ABeTe rpadukM nokassa, 4e npu
pabota ¢ OA Synkro-Sime npu Hanopu
Ha anapata oT 3 go 5 bar, ato3n ¢ DN18,
20 1 22 mm 1 KHTeH3uTeT Hag 5 mm/h
MoraT fa ce U3nosi3Bart npu noysu ¢ Knac
Hag 2-3 CcTeneH Ha  epo3vOHHAa
ycToiumBocT. Mpu pgro3a DN22 mm wu
Hanop oT 3 bar 1 HakNoH Ha TepeHa no-
ronam ot 10%, [onycTMMUAT Knac Ha
€pO3MOHHa YCTONYMBOCT Ha noysarta e
Hapg 3 cTteneH. [t3a ¢ DN16 mm TpsibBa
Ja ce wu3nonssa npu no4ysum C Kiac
epo3noHHa  yctoiumBoct oT  1,1-2,2
CcTeneH Npu BCUYKM Hamnopu U camo npu
Hanop oT 3 bar e pgonycTumo
npuiaraHeTo M Mpu MOYBM C €PO3MOHHA
ycToiumBocT OT 2-3 cTeneH. lMpu Tasm
10382 MHTEH3UTEeTbT € paBeH Ha
OONYCTUMUAT NPWU HaKMoHU nof 7%.

The connection between the
technical parameters of the Synkro-Sime
sprinkler and the erosion resistance class
of the soils are given in Figure 2. The
analysis of the two graphs shows that
when working with Synkro-Sime sprinkler
at a pressure of 3 to 5 bar, nozzles with
DN18, 20 and 22 mm and intensity above
5 mm/h can be used in soils with a class
above 2™ - 3 degree of erosion
resistance.

For nozzles DN22 mm and a head of 3
bar and a terrain slope of more than 10%,
the tolerable soil erosion class is above
3 degrees. Nozzle DN16 mm should be
used in soils with an erosion resistance
class of 1.1%22" degrees at all
pressures and only at a pressure of 3 bar
is acceptable in soil with an erosion
resistance of 2"-3 degree. With this
nozzle, the intensity is equal to the
allowable slope of less than 7%.
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ObxaoBasieH anapaT Synkro-Sime npu pasfiMyHu guameTpu Ha Aro3uTte

Fig. 2. a) Class of erosion resistance of soils b) Performance characteristics
Synkro-Sime sprinkler with different nozzle diameters

Ha durypa 3 e pageHa Bpb3kara
Mexay TexHU4eckuTe napameTpu Ha JA
Ranger- Sime 1 knaca Ha epo3vOHHa
YCTOMYMBOCT Ha Mo4YBUTE. AHa/IM3BT Ha
ABeTe rpadmkn nokassa, 4e npu Hanop
oT 4 g0 6 bar moxe ga 6bae n3non3saH
anapat ¢ Ato3nm DN22 mm n DN24 mm
npy nNoYBM C KIac Ha €epo3noHHA
YCTONYMBOCT Hapg 2-3 CTENEeH, KakTto wu
Ato3a DN26 mm npu Hak/0H Ha TepeHa
Hag 6%. MNpu HaknoHn 0o 6% coblara
Ar03a MOXe fAa ce M3nosi3Ba camo npwu
MOYBM C K/1ac Ha epo3nOHHAa YCTONYMBOCT
Hag 3 creneH. OcTaHasMte w3, C
KouTo ce kynsimpa anapata DN22 mm un
DN24 mm morar ga ce Msnonssar camo
npy nNoYBM C KIac Ha epo3noHHa
YCTOMUMBOCT Hag 3 CTeneH, Hamnop Ha
anapatra OT 4-6 bar u WHTEH3UTETU
Mexay 7-10 mm/h npu HakNoH Ha TepeHa
Hag 8%.

In  Figure 3 the relationship
between the technical parameters of the
Ranger-Sime sprinkler and the erosion
resistance class of the soils is given. The
analysis of the two graphs shows that at
a head of 4 to 6 bar and nozzle DN22
mm and DN24 mm can be used in soil
with an erosion resistance class above
2"-3" degree, as well as a nozzle DN26
mm with a slope of terrain above 6%. For
slopes up to 6%, the same nozzle can
only be used in soils with an erosion
resistance class above 3™ degree. The
remaining nozzles DN22 mm and DN24
mm can be used only in soils with an
erosion resistance class above 3 degree,
a head of the sprinkler of 4-6 bar and
intensities between 7-10 mm/h at a slope
of the terrain above 8%.
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Fig. 3. a) Class of erosion resistance of soils; b) Performance characteristics of
Ranger-Sime sprinkler with different nozzle diameters

Ha durypa 4 e pafgeHa Bpb3kara
Mexay TexHU4eckuTe napameTpu Ha JA
Explorer- Sime u knaca Ha epo3vOHHa
YCTOMYMBOCT Ha Mo4YBUTE. AHa/IM3BT Ha
ABeTe rpaduky nokassa, ye nNpu Hamnop
oT 4 go 5 bar moxe ga 6bae n3nonssaH
anapat ¢ Ato3nm DN26 mm u DN28 mm
npy nNoYBM C KIac Ha epo3noHHa
YCTONYMBOCT Haf 2-3 cTeneH nNpu HakoH
Ha TepeHa Hag 4%. MNpu HaknoHu o 6%
cbllaTa [Afo3a MoXe jJa ce K3non3sa
camo Mpu MNo4YBM C K1lac Ha epo3voHHa
ycTouMBOCT Hag 3 cTeneH. OcTaHamTe
Ato3n ot DN30 mm go DN40 mm morart
Ja ce u3nonssar camo npy No4Ysu C Knac
Ha epo3MOHHA YCTOMYMBOCT Hag 3 CTENeH
W Hanop Ha anapata oT 5-7 bar un
WHTEH3UTETU wMexay 7-10 mm/h npu
HaK/0H Ha TepeHa Hapg 7%.

In  Figure 4 the relationship
between the technical parameters of the
Explorer-Sime sprinkler and the class of
erosion resistance of the soil is given.
The analysis of the two graphs shows
that a pressure of 4 to 5 bar can be used
with nozzles DN26 mm and DN28 mm in
soils with an erosion resistance class
above 2"-3" degree with a slope above
4%. For slopes up to 6%, the same
nozzle can only be used in soils with an
erosion resistance class above 3"
degree. The remaining nozzles DN30 to
DN40 mm can only be used in soils with
an erosion resistance class above 3"
degree and a head of the apparatus of 5-
7 bar and intensities between 7-10 mm/h
with a slope of the terrain above 7% .
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Fig. 4. a) Class of erosion resistance of soils; b) Performance characteristics of
Explorer-Sime sprinkler with different nozzle diameters

Ha ®wurypn 5-14 ca nokasaHu
npeknTe U KOCBEHWUTE  eHepruiHu
pasxoauM 3a JIEHTOBUTE [AbXA0BaSHU
MawmnHn ¢ guametpn ot DN75 mm po
DN140 mm u gbmknHu ot Lm 220 m go
Lm 400 m. Pa3rnegaHu ca BapuaHTtuTte
Ha nNo3uUMOHMpaHe Ha MawuHUTe Mo
Hak/MoHa M Cpelly HaknoHa Ha TepeHa.
OT rpadyuknTe ce BUXAa, Ye e BaXHO Jda
Ce OTyeTe Hak/loHa W MO3ULMOHUPaHEeTo
Ha MallmHarta crnpsAmMo Hero. 3a rpaHnyHmn
HaKNOHM Ha TepeHa ca npuetn 2,2% Ao
10,5%.

Ot durypa 5 ce Bwxaa, 4ye 3a
Moangukaums DN75 mm - Ly=220 m
pasxoauTe 3a efleKTpoeHeprua  npu
HanosiBaHe CpelLly HaknoHa Ha TepeHa,
ce yBenuuasart ot 259 BGN/ha.yr. go 312
BGN/ha.yr. nnn ¢ 20%, pokato npu
KOMaHAHO MOJIOXEHWE Ha MawuHaTa |
HanosiBaHe MO Hak/loHa Ha TepeHa,
pasxo4bT 3a efleKTpoeHeprnsa HaMmasnsasa
cbwo ¢ 20% wnm ot 237 BGN/ha.yr. go
190 BGN/ha.yr. Mpn n3non3BaHeTo Ha
€HEepromsToYHMK  AU3esioB0  rOpuBO,
HabngaBaMe rnokauysaHe Ha pasxoaute
ot 439 BGN/ha.yr go 519 BGN/ha.yr nnau
c 18% cpelwy Hak/ioHa Ha TepeHa W
HamasneHue ot 396 BGN/ha.yr po 316
BGN/ha.yr unu ¢ 20 % npu pabota no
Hak/oHa Ha TepeHa.

Figures 5-14 show the direct and
indirect energy costs for travelling gun
irrigation  machines with PE pipe
diameters ranging from DN75 to DN140
and lengths from Ly=220 m to Ly,=400 m.
The options of positioning the machine on
the terrain slope up and slope down are
examined. It is clear from the graphs that
it is important to account for the slope
and positioning of the machine relative to
it. The boundary slopes of the terrain are
accepted from 2.2% to 10.5%.

From Figure 5 it is seen that for the
modification DN75 mm - Lm= 220 the
electricity costs for irrigation against the
slope of the terrain increase from 259
BGN/ha.yr. to 312 BGN/ha.yr. or by 20%,
while irrigating down the slope of the
terrain, the electricity consumption
decreases by 20% or by 237 BGN/ha.yr.
up to 190 BGN/ha.yr. With the use of
diesel fuel, we see an increase in costs
from 439 BGN/ha.yr to 519 BGN/ha.yr or
by 18% against the slope of the terrain
and a decrease from 396 BGN/ha.yr to
316 BGN/ha.yr or with 20% when
operating down the slope of the terrain.
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Pa3xogn 3a: 1- lNMomna v enexktpoasuraten; 2- MNomna v gusenos pgsuratesn; 3-

EnektpoeHeprus; 4- Jusen

Costs for: 1- Pump with electric engine; 2- Pump with diesel engine; 3-Electricity; 4-

Diesel fuel
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Costs for: 1- Pump with electric engine; 2- Pump with diesel engine; 3-Electricity; 4-
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Pa3xogn 3a: 1- lNMomna v enektpogsuraten; 2- MNomna n gu3enos psuratesn; 3-

EnektpoeHeprus; 4- Jusen

Costs for: 1- Pump with electric engine; 2- Pump with diesel engine; 3-Electricity; 4-
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Costs for: 1- Pump with electric engine; 2- Pump with diesel engine; 3-Electricity; 4-

Diesel fuel
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Pa3xogn 3a: 1- lNMomna v enektpogsuraten; 2- MNomna n gu3enos psuratesn; 3-

EnektpoeHeprus; 4- Ansen

Costs for: 1- Pump with electric engine; 2- Pump with diesel engine; 3-Electricity; 4-

Diesel fuel

KanuTanosnoxeHusaTa 3a NOMNEHO
obopyaBaHe — MnomMna W €eNeKkTpoAaBu-
rates, npu paboTa Ha MallvHaTa cpeLy
Hak/oOHa Ha TepeHa HabnwgaBame, 4ye
pasxoabT ce yBenmyaBa oT 355
BGN/ha.yr go 424 BGN/ha.yr nnu ¢ 19%,
a Nno Hak/IoHa Ha TepeHa cebecTonHoCcTTa
Ha noMNeHWs arperat W enekTpoaBu-
ratens Hamansaeat oT 355 BGN/ha.yr go
325 BGN/ha.yr nam ¢ 8%. Mpu nomneHo
obopyaBaHe — nomna u AuM3enoB Asura-
Ten, npu paboTa cpelwy HakIoHa,
pa3xoabT e 517 BGN/ha.yr m He ce
M3MEHS, a Mo Hak/I0Ha Ha TepeHa pasxo-
AbT Hamanaeat oT 396 BGN/ha.yr no 316
BGN/ha.yr nnn ¢ 20%. AHanormyHu ca
nosyyeHWTe pesynrarute oT u3cnenBa-
HETO W nNpu Apyrute Mogudurkaumu,
faneHn B Tabnuua 1.

YBEMYEHNETO HA pasxoda 3a MoM-
neHo obopyfBaHe NpW HanosiBaHe cpeLly
Hak/loHa Ha TepeHa ce Ab/XU Ha u3bopa
Ha nomMnaTa W HeliHWAT paboTeH AManasoH,
KOraTo He ycree fa nokpue Heo6xoaumMus
Hanop u3bupame crefsallata nomna c
noaxopgsiia paboTHa XapakTepucTuka, B
KOSITO nonaga HeobxoguMus HW Hanop. B
Cnyyasi KoraTo pasxoga 3a MomneHo 060-
pyLBaHe He ce U3MeHsi C yBe/MyaBaHeTo

The cost for pumping equipment
(electric  pump and engine), when
operating the machine against the slope
of the terrain, shows that the cost
increases from 355 BGN/ha.yr to 424
BGN/ha.yr or with 19%. When operating
the machine down the slope of the terrain
the cost of the pump and electric motor
are reduced from 355 BGN/ha.yr to 325
BGN/ha.yr or by 8%. For pumping
equipment — pump and diesel engine,
when operating against the slope, the
cost is 517 BGN/ha.yr and does not
change and when operating down the
slope of the terrain the cost decreases
from 396 BGN/ha.yr to 316 BGN/ha.yr or
with 20%. The results for the other
modifications are similar and given in
Table 1.

The increasing of the cost of
pumping equipment for irrigating against
the slope is due to the choice of the pump
and its working range, when it cannot
cover the required pressure head; we
select the next pump with a suitable
operating characteristic in which the
necessary pressure head is reached. In
the case where the pump equipment cost
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Ha HakfoHa ce [Ob/KM Ha TOBa, ue 3a
usbpaHata nomna yse/iMyaBaHeTo Ha Hano-
pa ce NokpuBa OT HeilHaTa paboTHa xapak-
TEPUCTMKA N HE € Heo6XOAMMO MnpemuHa-
BaHe KbM Jpyra nomna.

does not change, it is because the
selected pump covers the increase of the
head on its operating characteristic and
there is no need to switch to a different
pump model.

Tabnuua 1. OnpegensHe Ha eHepruHuTe pasxogn (KOCBEHU W MpPekn) npu
HaK/oH Ha TepeHa 2,2% u 10,5%

Table 1. Determination of energy cost (pump equipment and energy
consumption cost) for slope of 2,2% and 10,5%
Cpelly Hak/ioHa Mo HaknoHa
Against the slope Down the slope
DN75 mm - L,=220 Slope: 2.20% 10.50% 2.20% | 10.50%
MA-E/, Electric pump and engine | BGN/ha.yr 355 424 19% 355 325 -8%
MNA-A44, Pump with diesel engine | BGN/ha.yr 517 517 0% 399 343 -14%
EnektpoeHeprus, Electricity BGN/ha.yr 259 312 20% 237 190 -20%
Aw3sen, Diesel fuel BGN/ha.yr 439 519 18% 396 316 -20%
DN90 mm - L,=220
MA-E/, Electric pump and engine | BGN/ha.yr 267 307 15% 267 223 -16%
MA-A44, Pump with diesel engine | BGN/ha.yr 325 384 18% 325 251 -23%
EnektpoeHeprus, Electricity BGN/ha.yr 214 255 19% 195 153 -21%
Aw3sen, Diesel fuel BGN/ha.yr 360 427 19% 324 257 -21%
DN110 mm - L,=300
MA-E/, Electric pump and engine | BGN/ha.yr 240 282 17% 208 181 -13%
MNA-A4, Pump with diesel engine | BGN/ha.yr 302 348 15% 302 261 -13%
EnektpoeHeprus, Electricity BGN/ha.yr 222 262 18% 194 156 -20%
[wn3zen, Diesel fuel BGN/ha.yr 374 441 18% 330 264 -20%
DN125 mm - L,=400
MA-E/, Electric pump and engine | BGN/ha.yr 210 326 55% 210 159 -24%
MA-A44, Pump with diesel engine | BGN/ha.yr 305 375 23% 265 193 -27%
EnektpoeHeprus, Electricity BGN/ha.yr 211 283 34% 180 111 -38%
[wn3zen, Diesel fuel BGN/ha.yr 360 470 30% 301 183 -39%
DN140 mm - L,=300
MA-E/, Electric pump and engine | BGN/ha.yr 249 249 0% 188 160 -15%
MNA-A4, Pump with diesel engine | BGN/ha.yr 286 286 0% 233 202 -13%
EnektpoeHeprus, Electricity BGN/ha.yr 216 251 16% 186 147 -21%
Awn3zen, Diesel fuel BGN/ha.yr 359 425 18% 315 249 -21%

OT nokazaHuTte rpadukn Ha Purypn
5-14 ce BwXpa, onpefeneHa 3aBUCUMOCT
Ha HapacTBaHe Ha pa3xoguTe 3a efiek-
TPOEHeprusa  Mpu  HanosiBaHe  cpeLyy
HaK/I0Ha Ha TepeHa npu MoandukaummTe ¢
gnametbp oT DN75 mm pgo DN140 mm.
ToBa HapacTBaHe € B Amanas3oH oT 16 go
20% n camo npu mogudpmkaumsa DN125 mm
TO3N MPOUEHT e 34%, KOeTo Ce Ab/MHKN Ha
no-ronAmara Ab/HKMHa Ha Tpbbonposoja.
Mpn mogudpmnkauma DN75 mm gb/mkmHaTa

From the graphs shown in Figures
5-14 we can see that there is a certain
dependence of the increase in the cost of
electricity for irrigation against the slope
of the terrain. The increase is in the range
of 16 to 20% for modifications with
diameter DN75 mm up to DN140 mm and
only with modification DN125 mm this
percentage is 34% which is caused by
the bigger PE pipe length. The length of
the PE pipe for modification DN75 is 220
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Ha Tpbbonposoga e 220 m a npu DN125
mm e 400 m uaM NoYTM ABONHO No-ronsima
Ab/KMHA, KOeTO BOAM A0 focTuraHe ao no-
ronsgva [eHuBeNnaunss Ha TepeHa u Taka
Heobxogumara reofesvMyHa BUCOYMHA 3@
npeoosisiBaHe HapacTBa U e Heobxoauma
rnoBeye eHeprva 3a Cb3faBaHe Ha Heob-
XO4MMUSA Hanop.

Mpn pabota Ha MawmHata Ha
KOMaHAHO TMOJIOXEHWE W HanosiBaHe o
Hak/oHa Ha TepeHa, pasxo4bT Ha efiek-
TpoeHeprua HamanisBa npu  Moaudmka-
umute ¢ anametsbp oT DN75 mm go DN140
mm B AuanasoHa ot 20 go 21% a npwu
Moamdmkauma DN125 mm TO3u NpoueHT e
38%, KoeTo ce [Ab/HKM Ha no-ronamara
Ob/mKnHa Ha TpbOONPoBOA, KOETO e npes-
nocTaska 3a Nno-rofsma reogesvyHara AeHu-
Beslaums, KoATo cb3fasa No-rofisM ecrec-
TBEH Hamnop M HamasBa Heobxogumara
eHeprys 3a cb3gasaHe Ha Hanop.

Mpn nM3non3BaHeTo Ha eHepronsTou-
HWK 413e/10BO ropvBo, Habngasame CbLLO
onpegeneHa 3aBMCUMMOCT Ha HapacTBaHe
Ha pas3xoguTe nMpu HanossaHe cpeLly
Hak/oHa Ha TepeHa npu mMmoaudukaumuTe ¢
gnametbp oT DN75mm go DN140 mm B
AmanasoHa ot 18-19%. MNpu mogudpmkaums
DN125 mm T1o3u npoueHT e 30%, KoeTo ce
OBb/IXKM KakTo Npu eNekTpoeHeprusaTa Ha no-
ronsaMata [Ab/hKMHa Ha Tpbbonposoda W
no-ronAmara feHusenauus.

Mpu paboTa Ha MaluMHaTa Ha Ko-
MaHAHO MOJIOXKEHME W HanosBaHe Mo Ha-
K/IOHa Ha TepeHa, pa3xo4bT Ha OU3esIoBO
ropMBO HamasifiBa npu mMogudukaumute c
gnameTsbp oT DN75mm go DN 140 mm B
AnanasoHa ot 20 go 21% a npu moaudu-
Kauna DN125 mm To3u npoueHT e 39%.

Pa3xogute 3a nomneHo obopyasaHe
-nomna n enektpogsurares npu paéora Ha
MallMHaTa Ccpelly Hak/oHa Ha TepeHa
cblwo Hapactear oT 15 pgo 19 % npwu

pasiMyHute  MoaudmKaumm, N Tyk
U3K/IOYeHe npasu mMoamndukaumnsaTa
DN125 npun KOATO YBE/IMYEHUETO Ha

pasxogute e c¢ 55 %. lpu pab6ota Ha
MallvHaTa no Hak/oHa pasxoauTe npu tasn
Moamdmkaumsa Hamanasart ¢ 24%, AokaTo
npw Apyrute moamdukaLum T03m NPOLLEHT e
oT 8 f0 16%.

Mpn nomneHo obopyaBaHe — nomna
n gusenoB pAdsuraten npu pabota Ha

m and for modification DN125 mm is 400
m or nearly twice the length, resulting in a
higher difference of terrain height and the
height to overcome increases and more
energy is needed to create the pressure.

When operating the machine slope
down on the terrain, electricity
consumption decreases in the case of
modifications with a diameter of DN75mm
to DN140mm in the range of 20 to 21%
and only for modification DN125 mm this
percentage is 38% due to the longer PE
pipe length and the bigger terrain height
difference  reduces the necessary
pressure thus less energy is needed.

In the case of using diesel fuel, we
also see a certain dependence on the
increase in the cost of irrigation against
the terrain slope for modifications with
diameter DN75mm to DN140 mm the
increase is in the range of 18-19%. For
DN125 this percentage is 30%, which is
due to both the electricity of the larger PE
pipe length and the greater height
difference.

When operating the machine slope
down on the terrain, the consumption of
diesel fuel decreases in the case of
modifications with a diameter of DN75mm
to DN140mm in the range of 20 to 21%
and for DN125mm this percentage is
39%.

The cost of pumping equipment - a
pump and an electric motor when
operating the machine against the slope
also increases from 15 to 19% in the
various modifications. Here, the
exception is made by the modification
DN125, where the cost increase is 55%.
When operating the machine down the
slope the cost of this modification is
reduced by 24%, while in other
modifications this percentage is from 8 to
16%.

For pumping equipment — a pump
and a diesel engine when operating the
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MalluHaTa cpelly Hak/lIoHa Ha TepeHa
pasxoaute HapactBat oT 18 o 23 % npwu
pasimyHute MoamdukaLmn., a 3a HAKoU ca
0, KoeTo 03HauaBa, 4e nomnaTa ce 3anassa
cbuwara. 3a mogudukauma DN125 ysenu-
yeHneTo Ha pasxoaute e ¢ 30 %. Mpu pa-
60Ta Ha MalumMHaTa rno Hak/oHa pasxoaute
npv Tasu moamdmkauma Hamansasar ¢ 39%,
Jokato npu gpyrute mogudmkaumm To3u
NPoUEHT e oT 8 0o 16%.

Tesun pesynrarty nokassa, 4ye WU3nons-
BaHeTO Ha KOMaHAHO NOJIOKEeHWe Ha Tepe-
Ha, ako e Bb3MOXHO, MOXe fJa No3BoJv
M3Non3BaHeTo Ha no-Masika noMna wu
ABuraten, Kakto M fa Hamain ekcnioa-
TauMOHHWUTE pas3xoan 3a €eHeprusl, Ho e
Bb3MOXHO fAa CMNOMOrHe epo3vpaHeTo Ha
noysata U OTMMBAHETO Ha Xymyca Ha [o/y
no TepeHa. HanosBaHeTo CTpaHWYHO Ha Ha-
K/IOHa e NpenopbUYUTEsIHO, HO 3a pamkuTe
Ha u3cnefBaHeTo ca B3eTW Nnpeasug mno-
rofleM1Te Hak/I0HN Bb3MOXHU.

N3BOAN
1. Mpn n36op Ha neHTOoBa
AbXA0BaslHA MaluHa B NMAHUHCKK

YC/I0BUA NpPU  CTPBbMHU TEpPeHu e OoT
MbPBOCTENEHHO 3HayeHWe fa ce oTyeTe
Hak/oHa Ha TepeHa, MNOo3ULMOHMPaHeTO
Ha MallMHaTa CnpsMo Hero U epo3nOoH-
HaTa yCTOMYMBOCT Ha mo4vBaTa. ToBa Lie
CMOMOTHE 3a OLEeHKa Ha Bb3AeicTBMeTO,
KOETO TexHuKaTa oka3sa BbpXy nouysara u
npeanaseaHeto U OT umpuralmoHHa epo-
3us. We nossonu cbwo ga 6baart onpe-
JeneHn n onTuMmasiHuTe pasxoan Heobxo-
OVMK 3a N3BBbpLUBaHE Ha efiHa NoNUBKa.

2. AHann3bT Ha Bb3faei-
CTBMETO Ha AbXA0BasIHATE anapartu Bbp-
Xy nouysata Mokassa, 4Ye ObXO0BasIHUAT
anapat Synkro ¢ mMawuHu moamucprkauus
DN75 mm — Lm=220 m, Tpsi6bBa pa ce
u3nos3ea camo nMpu TMOYBM K1ac Ha
€pOo3NOHHA YCTONUMBOCT Hafd 2-3 CTEMeEH,
a AwxpgosaneH anapart Explorer ¢ mawu-
HNU mMoamdmkaumss DN140 mm — Lm=300
m, TpsbBa ga ce M3nos3Ba npu nNo4vsu ¢
Knac Ha epo3uOHHa YCToW4MBOCT Hag 3
cTeneH.

3. Mpn cpaBHABaHe Ha pas-
NNYHUTE MOoAMdUKaLMUA NTEHTOBU AbXAO-

machine against the slope, the cost
increases from 18 to 23% for the different
modifications, and for some it is 0, which
means that the pump is kept the same.
For DN125 modification, the cost
increases by 30%. When operating the
machine down the slope, the cost of this
modification is reduced by 39%, while for
other modifications this percentage is
from 8 to 16%.

These results indicate that the use
of the terrain's slope, if possible, could
allow the use of a smaller pump and
engine, as well as reduce the operating
cost of energy. However, it can help soil
erosion development and  humus
displacement down the terrain. Irrigation
sideways on the slope is recommended.
However, the scope of the study has
taken into account the larger slopes
possible.

CONCLUSIONS

1. When selecting a
travelling gun machine in mountainous
conditions on steep terrain, it is of
paramount importance to take into
account the slope of the terrain, the
positioning of the machine and the
erosion resistance of the soil. This will
help to estimate the impact of the
technique on the soil and prevent it from
irrigation-induced erosion. It also allows to
be determined the optimal costs
necessary for one irrigation rate.

2. The analysis of the impact
of the sprinkler on the soil shows that the
Synkro sprinkler with machine
modification DN75 mm - Lm=220 m
should be used only for soils with a class
of erosion resistance above 2"-3"
degree. For the Explorer sprinkler with
machine modification DN140 mm -
Lm=300 m should be used for soils with a
class of erosion resistance above 3"
degree.

3. When comparing the
various modifications of travelling gun
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Ba/THN MallWHW gafeHun Ha durypa ot 5
00 14 C TexHuTe eHepruiHyn pasxogu,
HeobXxoAMMM 3a NPeocosiiBaHe Ha Hak/o-
Ha Ha TepeHa ce BWXpaa, 4ye C yBenu-
YyaBaHe Ha AMamMeTbpa pasxoauTte Hama-
nasat. MNpu mawuvHn ¢ gunametsp DN75
mm Te ca Hail-BUCOKU, a NPV MaLLMHKU C
anameTbp DN140 mm ca Hail-HUCKN.

4, Cbuwara 3aBMCUMOCT Cce
HabnogaBa 1 nNpu pabota Ha MallUHUTE
Nno HaknoHa Ha TepeHa. MNpu MNo-mMaTbk
AnameTbp Ha Tpbb6ONpoBoga DN75mm
pasxoauTe ca Hai-BUCOKM, KaTo Hamans-
BaT C yBeNMyaBaHe Ha AvamMeTbpa.

5. OnTtnmaneH BapuaHT ce
ABSIBA MPW M3NON3BAHETO Ha MallnHa C
Moandumkaumss DN110 mm — Lm=300 m,
KoATO paboTn € AbXAOoBasleH anapart
Ranger, npy Hea pa3xoau 3a eHeprus ca
Nno- HUCKM N PUCKBLT OT BOAHA epo3ns Ha
nouysarta e fno- Masibk OT MoandmkaunnTe
¢ gnameTtpy DN75 mm n DN90 mm.

machine, shown in figures from 5 to 14
with their energy costs, needed to
overcome the slope of the terrain, comes
out that with increasing the diameter, the
costs decrease. For machines with DN75
mm diameter, they are the highest, and
for machines with DN140 mm diameter,
they are the lowest.

4. The same dependence is
also observed when machines work on
the slope of the terrain. With a smaller
DN75 mm pipe diameter, the costs are
the highest and decrease, when the
diameter increases.

5. The optimal variant is to
use a machine modification DN110 mm —
Lm=300 m, which works with a Ranger
sprinkler. Energy costs are less for this
modification than for modifications with
diameters DN75 mm and DN90 mm and
the risk of water erosion of the sail is
lower.
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