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BriMsiHMe Ha opraHM4YeH TeyeH Top, NOJTyyYeH OT
eKCTpaKLUMsi Ha KOMMOCTMPaH C PacTUTE/THM OCTaTbLMN
0060pCKU TOP B YC/10BMAATA Ha BereTauMoOHHM ONUTY
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PE3OME

MpoBeneHo e wusnuTBaHe C Uen
ycTaHOBsiBaHe ed)eKTMBHOCTTa Ha opra-
HWYEH TeyeH Top C HauMmeHoBaHue "Extra
Force”, nosydeH 4ypes BoAHa eKCTpakuua
Ha XyMyCHW BeliecTBa OT 6GMOKOMMNOCT
npu nogxogsawm ycnosus (pH, Temnepa-
Typa, XOMOreHusmpaHe), Mno3BosABaLLM
no-NbLAHOTO UM UK3BNMYaHe. KomnocTubT
ce cbCTOM OT 0bopckn Top — 63% un
pactutenHu octarbunm — 37%. YcTaHo-
BEHO €, Ye W3MUTBAHUAT TOp € UeHeH
NPOAYKT, KOWTO oOka3Ba 6naronpusTHO
Bb3AENCTBUE BbPXY pacTexa W Mnpoayk-
TMBHOCTTA Ha pacTeHuATa.

dopmynupoBKata Ha TeyHua Top
Nno3Bo/IABA OUPEKTHOTO MY MPUIOXEHWE
Kato nucteH Top. OCHOBHA CbCTaBHa
YyacT ca xymaTute, KOMTO CbabpxaT du-
3M0/IOTMYHO aKTVBHW BeLLecTBa, yyacTsa-
WM B pacTexa Ha pacteHusaTa. CHabas-
BaHETO Ha pacTeHusTa C TAX, 0CO6EeHO No
BpeMe Ha aKTMBEH BeretatuMBeH pacTex,
no BpeMe Ha Ub(Tex W nnogofaBaHe,
ocurypsia no-BMCOKU [06GMBM N BUCOKO
KayecTBO Ha npousseeHaTa NpoayKUns.

SUMMARY

The effectiveness of an organic
liquid fertilizer called "Extra Force” has
been determined in a pot experiments
with salad rocket and lettuce. The fertilizer
has been obtained by water extraction of
humic substances from a bio-compost
under appropriate  conditions  (pH,
temperature, homogenization) allowing for
their better extraction. The compost
consists of manure — 63% and plant
residues — 37%. It has been found that
test fertilizer is a valuable product that has
a beneficial effect on plant growth and
productivity.

The formulation of the fertilizer
allows its direct application as foliar
fertilizer. A major component are humates

that supply physiologically  active
substances which involved in plant
growth. Supplying plants with them,

especially during active vegetative growth,
during flowering and fruiting, provides
higher yields and high quality production.
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YBenmyeHneTo Ha fobusa OT pyKo-
na B pesynrar oT MNPUIOXeHOTO JINCTHO
nogxpaHeaHe C OpraHuWyeH TeyeH Top e
0oKosno 7,23% BBHB BapuaHTUTE C HUCKaTa
Hopma (100 ml/da) n HapacTBa c yBennya-
BaHe Ha TopoBarta Hopma (300 ml/da) po
19,41% 3a BapuaHTMTE C Haii-BMcoKaTa
Hopma. MNMogobHa TeHAeHUUsA e ycTaHoBe-
Ha 1 3a gobusa OT Mapynsa — okosio 19%
3a BapuaHTUTe C Huckata HopMa U Ha-
pacTtBa nocnenoBaresiHO C yBenuyaBaHe
Ha TopoBaTa Hopma A0 31% 3a BapuaH-
TWUTE C Hail-BMCOKaTa HopMma.

MpenapaTbT € NPUIOKUM 3a MOJICKM
N 3eNeHYYKOBU KyNTypu, LBeTS, AeKopaTus-
HVY pacTeHus 1 TpeBHW nowm. Mpenopb-
UMTENIHA HOPMU Ha TOpPEeHe 3a MNoJICKU
KynTypu — 100-200 ml/da BbB dhasa 6paTte-
He ¥ BpeTeHeHe, 3a LapeBuua U CAbHYO-
rnen BbB (pasa 5-8-Mu UCT, 3a 3e/eHYy-
KOBW KyNnTypu — C TpeTupaHe npes usdnata
Beretauus npes 7-14 gHn — 100-150 mi/da.

KntouoBn [ymu: JIMCTHO TOpPEHE,
pykona, mapynsi, edeKTUBHOCT Ha TeueH
opraHuyeH Top

YBO[,

B cbBpemeHHUTE yCrioBMA HapacTsa
3HaYeHMeT0 Ha OpraHM4yHOTO TOpeHe 3a
nonb/iBaHe 3anacuTe Ha noysarta C XpaHu-
TENHW eNleMeHTM M NnoaAbpXaHe Ha MnoJsio-
XuteneH 6anaHc Ha xymyca. Okosio 91% o1
nousute B bBbarapus mMmaT CpaBHUTESTHO
HUCKO CbabpxaHue Ha xymyc (1-3,5 %).
EAvH OT Haii-gobpuTe HauMHW 3a nosuLla-
BaHETO My € BHaCSAHeTO Ha OpraHuyHu
BewecTtBa (Pachev et al., 2007). Te ocury-
psBaT He camMO OCHOBHWUTE XpaHUTEsHU
BellecTBa 3a pacTeHusTa, HO U akTuempaTt
nonesHata mukpodgunopa (Petkova, 1991).
Mousn, oobpe cHabAeHW C OpraHWyHu Be-
LecTBa ca npeanocTaska 3a yCToYMBOCTTa
Ha pacTeHusiTa KbM 60necTu.

Hapepn ¢ TpaguLMOHHUTE OpPraHuyHn
TOpOBE Harnoc/efbK BCe MNoBedye ce npu-
narat M HOBW OpraHW4yHW TOPOBE B TEYHO
CbCTOAHME. Te ce usnonssar npeaymHo 3a
JINCTHO MoAXpaHBaHe Ha pacTeHuATa,
3al0TO OCBEH J1IeCHOYCBOUMW XPaHUTEsTHU
eNleMeHTN CbabpXaT U BUOMOMMYHO aKTMB-
HW KOMMOHEHTW. Te MmaTt BaXHO 3HayeHue

The increase in the yield from salad
rocket as a result of applied foliar feeding
with organic fertilizer is 7.23% in the
variants with low norm (100 ml/da)and
increases with an increase in the fertilizer
rate (300 ml/da) to 19.41% for variants
with the highest rate. A similar trend is
also found for lettuce yields — about 19%
for low-rate variants, and increases
sequentially with an increase in the
fertilizer rate to 31% for the highest rate
variants.

The fertilizer is applicable to field
and vegetable crops, flowers, ornamental
plants and lawns. Recommended
fertilization standards for field crops —
100-200 ml/da in the braking and sprayin%
phase for maize and sunflower in the 5-8'
leaf stage, for vegetable crops — treatment
throughout the vegetation in 7-14 days —
100-150 days ml/da.

Key words: foliar fertilization, salad
rocket and lettuce, effectiveness of an
organic liquid fertilizer

INTRODUCTION

The importance of  organic
fertilization is growing nowadays to
replenish the soil stock with nutrients and
maintain a positive balance of humus.
About 91% of the soils in Bulgaria have a
relatively low humus content (1-3.5%).
One of the best ways to increase it is to
import organic matter. (Pachev et al.,
2007). They provide not only the essential
nutrients for plants but also activate the
useful microflora (Petkova, 1991). Soils,
well supplied with organic substances, are
a prerequisite for the resistance of plants
to diseases.

Together with traditional organic
fertilizers, new organic fertilizers in liquid
form have become more and more
popular. They are mainly used for leaf-
feeding plants because, in addition to
easily digestible nutrients, they also
contain biologically active components.
They are important for achieving optimal
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3a MocTuraHe Ha ONTUMasIeH XpaHWUTeneH
pexuM. YcBosiBaT ce AMPEKTHO OT siucraTa
Ha pacTeHusTa 3a MeTaboNNTHUTE U eHep-
rMAHUTE MM MOTPEBHOCTM M NO TO3U HaUUH
He HartoBapsaT nouysata. [pu npasuaHa u
HaBpeMeHHa ynoTpeba Te HamansBaTt Aeit-
CTBMETO Ha HebnaronpuATHUTE akTopu:
abnoTnuHM — cylwa, CTyA, NpPeoBnaXHsABaHe
W Ap. 1 6UOTUYHM — HanajeHre oT 6osiectu
n HenpusaTenu. Cnomarar 3a npeofonsiBaHe
Ha cTpec, MPUYMHEH OT MpuiaraHuTe Xu-
MWYHW NpenapaTy 3a 3alimra Ha pacTeHusaTa.

Lilen Ha uscnegBaHeTo e u3nuTBaHe
ehbeKkTMBHOCTTa Ha OopraHuW4yeH TeYyeH Top.
Toili e nonyyeH ypes BOAHA EKCTpakums Ha
XYMYCHM BelllecTBa OT OWOKOMMOCT npu
nogxoaawm ycnosus (pH, Temneparypa, xo-
MOreHn3upaHe), No3BosisiBally MO-Mb/HOTO
UM n3BnnYaHe. PesyntatuTe OT NPOBeAEeHu-
Te ONMTK LWe MocnyxaT 3a CbCTaBsHe Ha
OTYeT 3a epeKkTMBHOCTTa U 6e3onacHocTTa
Ha npoaykTa M 3a onpefensiHe Ha npeno-
pbUMTENHN HOPMY Ha TOpEHE.

MATEPVAJT N METOOU

BeretauuMoHHUAT onut €  TecT
kyntypa pykona (Eruca vesicaria L.) e
3a/10keH M nocAT Ha 22.09.2016, a ¢
mapyns (Lactuca sativa), Tun bartaBus,
copt MenBuH, Ha 20.02.2017. MNbpBOHa-
YasZIHO OTYETOXMEe BJ/IMAHWETO Ha Topa
camMo 3a onuTa C pykonara, Tbii kaTo Ta3u
KynTypa € C no-KbC BeretauuoHeH
nepvod. WM3xogHata noysa M 3a fABeTe
KynTypu e N3nyxeHa cmonHuua (Endocalcic
Pellic Vertisol) (WRB 2006) (Shishkov,
2011) ot onUTHOTO nosie Ha MHcTUTyTa B
Boxypuwie. BapuaHTuTe ca: TpuKpaTtHO
NINCTHO nogxpaHBaHe C 3 HapacTBalu
HOPMW TEYEH oOpraHvyeH Top B CpaBHEHVE
C KOHTpOsieH BapuaHT (6e3 TopeHe) wu
BapvaHT C BHacsHe Ha aMOHWeBa CesuT-
pa, TpoeH cynepcoctar 1 Kannes cyn-
(paT B cboTHOWweHMe Ha N:P:K=1:0,8:0,8.
Vma 1 BapmaHT C BHacsiHe Ha cpefHara
HOpMa JIMCTEH TOP NOYBEHO 3a ONTUMaUl-
HO XOMOreHu3MpaHe Ha BHeceHus Top ¢
noysata. CbaoBeTe ca C BMeCTUMOCT
1800 g nouBa.

PacTeHusTa 6sxa oTrnexgaHun B
npoab/keHve Ha 30 AHW 3a pykonata u

nutrition. They are absorbed directly from
the leaves of the plants for their metabolic
and energy needs and thus do not burden
the soil. With proper and timely use, they
reduce the effects of adverse factors:
abiotic - drought, cold, over-humidity, etc.
and biotic - an attack by diseases and
enemies. They help to overcome the
stress caused by applied chemical
preparations for plant protection.

The purpose of the study is to test
the effectiveness of organic liquid
fertilizer. It is obtained by aqueous
extraction of humic substances from a
bio-compost under appropriate conditions
(pH, temperature, homogenization)
allowing for a more complete extraction.
The results of the trials will serve to
produce a report on the efficiency and
safety of the product and to determine
recommended fertilization standards.

MATERIAL AND METHODS

The vegetation test with rocket
salad (Eruca vesicaria L.) was set and
sow on 22.09.2016 and with lettuce
(Lactuca sativa), type Batavia, Melvin, on
20.02.2017. Initially, we only reported the
influence of the fertilizer on the rocket
experience, as this crop has a shorter
vegetation period. The starting soil for
both cultures is Endocalcic Pellic Vertisol
(WRB 2006) (Shishkov, 2011) from the
experimental field in Bozhurishte. The
treatments are: three-leaf foliar feeding
with 3 rising standards of liquid organic
fertilizer compared to a control variant
(without fertilizing) and a variant with the
addition of ammonium nitrate, triple
superphosphate and potassium sulphate
in N: P: K ratio = 1: 0.8: 0.8. There is also
a treatment with the introduction of the
average norm fertilizer direct into the soil
for optimum homogenization of the
fertilizer with the soil. The pots have a
capacity of 1,800 grams soil.

The plants were grown for 30 days
for the rocket and 90 days for the lettuce,
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90 agHu 3a mapynaTa, cnef KoeTto bGelle
oTyeTeH gobuBa B CBEXa U cyxa OMmo-
mMaca. CyxoTo CbAbpXaHue Ha nicrata e
onpefeneHo TernoBHo. JICTHMAT Top e
npunaraH B KoHueHTpauusa 2mil/l.

MoaxpaHBaHETO € OCbLUECTBEHO C
50, 75 1 100ml pa3TBOp Ha CbA U Te3n
KO/iM4ecTBa ca W34YNC/IEHW B CbOTBET-
cTBMe ¢ Hopmu — 100, 200 n 300 mi/da.
MpbCkaHeTO C pa3Topa e npaBeHo npe3 7
OHW 1 e 3anoYyHano 2 cegmuum cneg
cenTbarta nNpu oTrIeX4aHeTo Ha pykosaTa
1 npe3 10 gHn npy mapynaTta.

PE3YNTATV N OBCBbXOAHE

B Tabnuua 1 n 2 ca npeacTaBeHu
JaHHUTE 3a KOJ/IMYECTBOTO MUHepasieH
a3oT (aMOHMEB W HUTpaTeH) U AOCTbI-
HUTE doopMmn Ha dhochop M Kauii B
HayasoTo M Kpasa Ha onuta c pykona. Ot
JaHHUTe ce BwxAa, 4Ye W3nyxeHata
CMO/SIHMUA e NnoB/msiHa cnabo OT npuio-
XXEHOTO NNCTHO TopeHe (BapuaHTuTe 3, 4,
5 n 7). KOoAn4ectBOTO Ha MUHEpaHus
a3oT Bapupa ot 45,8 no 62mg/1000g c
npeobnagasaHe KONMYECTBOTO Ha amo-
HueBaTa (popma Ha a3oTa B HA4as1I0TO Ha
onuta 1 ot 33 go 58 mg/1000g B kpas Ha
BeretauumaTa Ha pykonara. Tosa e noruu-
HO 1 OYakKBaHoO, 3aLl0TO KO/IMYECTBOTO Ha
06LWKMA a30T B /INCTHMA TOP HE € roMAMO -
0,2%. KonnyectBOTO Ha MUHepasHuA
as3oT e Hali-Bucoko (334 mg/1000g) BbB
BapvaHT 2, Kb[ETO € MNPUIOXKEHO MUHe-
panHo TopeHe ¢ a3oT, ¢ocdop 1 Kasnia.
JenbT Ha amoHueBuss asoT (268) B
obwaTta cyma Ha MUHepasiHNA e No-BUCOK
0KOJ10 4 NbTU, & KOJINYECTBOTO Ha HUTpa-
TUTe e 66 mg/1000g. Ta3n TeHAeHLMA ce
3anasBa M B Kpas Ha BeretauusTa Ha
pykonara, cboTBeTHO — 253 u©n 63
mg/1000g (Ta6numuya 2). CToliHOCTMTE Ha
PHH2o W pHyc. Mokasesar, 4ye HAma
npoMsHa B pas3NU4yHuUTE BapuaHTW, KOETO
€ B nojgkpena Ha ycTaHOBEHOTO cabo
noBfvMsaBaHe OT MPWIOXEHOTO JIUCTHO
noaxpaHsaHe.

after which the yield of fresh and dry
biomass was recorded. The dry content of
the leaves is determined by weight. Foliar
fertilizer is applied at a concentration of 2
ml/l.

Feeding was performed with 50, 75
and 100 ml solution per a pot, and these
amounts were calculated according to
100, 200 and 300 ml/da norms. Spraying
solution was done each 7 days during the
vegetation and started 2 weeks after
sowing rocket and each 10 days after
planting the lettuce.

RESULTS AND DISCUSSION

Table 1 and Table 2 give the data
on the amount of mineral nitrogen
(ammonium and nitrate) and the available
forms of phosphorus and potassium at the
beginning and end of the rocket salad
test. From the data, it can be seen that
the Endocalcic Pellic Vertisol slightly
affected by the applied foliar fertilization
(treatments 3, 4, 5 and 7). The amount of
mineral nitrogen varies from 45.8 to 62
mg/1000g with a predominant amount of
ammonium form of nitrogen at the start of
the experiment and from 33 to 58
mg/1000g at the end of the rocket
vegetation. This is logical and expected,
because the total amount of nitrogen in
the manure is not high - 0.2%. The
amount of mineral nitrogen is highest (334
mg/1000g) in variant 2, where mineral
fertilization with nitrogen, phosphorus and
potassium is applied. The proportion of
ammonia nitrogen (268) in the total
amount of mineral is higher about 4 times,
and the amount of nitrate is 66 mg/1000g.
This tendency is maintained at the end of
the rocket, respectively — 253 and
63mg/1000g (Table 2). The pHu,o and
pHkcL values indicate that there is no
change in the different variants, which
supports the observed low response from
the applied foliar feeding.
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Tabnuual. CbAobpXaHUe Ha MUHepPasleH a3oT U A0CTbMHUTE (hopMn Ha dpocchop
M Kanuii B Ha4anoTo (22.09.2016) Ha onuTa c pykoaarta

Table 1. Inorganic nitrogen content and available forms of phosphorus and
potassium at the beginning (22.09.2016) of the experience with rocket

AMOHMEB a30T, HuTpaTeH as3or,

CyMa MVH. a3orT,

BapuaHTtu P,0Os K.O - . . .
pHu20 PHkeL Ammonium N, Nitrate N N ammonium + nitrate

Treatments mg/100 g mg/100 g mg/1000g mg/1000g mg/1000g

1 71 63 3633 45,56 4,5 5 9,5

2 71 63 3697 47,50 268 66 334

3 71 63 37,15 47,89 37 25 62

4 71 63 37,35 48,95 41 13 54

5 71 63 37,68 50,15 36,8 9 45,8

6 71 63 36,03 45,48 10 5 15

7 71 63 37,26 48,83 38,6 10 48,6

Tabnuua 2. CbabpXaHne Ha MUHepPasieH a3oT N AOCTbNHMUTE hopmMm Ha hocdop
n Kanuii cneg npmnonpade (09.11.2016) Ha onuTa € pyKoaaTta Nno BapuaHTu

Table 2. Inorganic nitrogen content and available forms of phosphorus and
potassium at the end (09.11.2016) of the experience with rocket salad

AMOHMEB a3o0T,

HuTpareH a3or, Cyma MVH. asor,

BapuaHTtu P,0Os KO - . . .
pPHu20 PHkeL Ammonium N, Nitrate N N ammonium + nitrate

Treatments mg/100 g mg/100 g mg/1000g mg/1000g mg/1000g

1 7.1 6.3 35,559 45,36 4 3 7

2 7.1 6.3 35,69 46,7 253 63 316

3 7.1 6.3 36,22 47,57 34 24 58

4 7.1 6.3 36,38 48,77 39 11 50

5 7.1 6.3 36,75 49,03 27 6 33

6 7.1 6.3 3731 47,03 8 3 11

7 7.1 6.3 35,60 47,83 33 10 43

M3nyxeHata cmonHuua e p[obpe
3anaceHa ¢ AOCTbNHWU KosmyecTBa hoc-
dop m kKamin. Cnabum w3MeHeHus ce
yCTaHOBABAT B AOCTbMHUTE (DOPMU Ha
hocpop — ot 37.15 mg/100g B TOpEHUs C
HUcKaTta HopMa JIUCTEH TOp BapuaHT [0
37,68 mg/100g B TOpeHus ¢ Hali-
BMCOKaTa HopMma BapwaHT. Haii-Hucko e
KOMIMYECTBOTO My B KOHTPO/IHUTE
BapnaHTn 36,33 un 36,03 mg/100g.
CnepoBaresiHo, NMCTHOTO noAxpaHBaHe
C W3NMTBaHWA TeyeH TOp He oKas3Ba
CBLUECTBEHO B/MSIHUE BbPXY ChAbpXaHue-
TO Ha noaBwXHMA pocchop B nousata.
MoA06GHO e 1 CbAbPXaHNETO Ha HaIMYHUTE
JOCTBbMHU (POPMM Ha Kanus B noysarta,
KakTo B Hayasi0To, Taka U B Kpasi Ha Bere-
TaumsiTa Ha pykonarta. CxofHa TeHAeHLMs
Ce yCTaHOBsiIBa U BbB BapnaHTUTEe C MapysA.

Mo/sly4eHOTO  KO/IMYECTBO  CBeEXa
NMCTHa Maca OT pyKosna e npefcTaBeHo no
BapvaHTn Ha durypa 1 um e Hal-HUCKO B
KOHTPO/THMS BapuaHT W HaW-BUCOKO BbLB
BapvaHTa C MakcumasHaTa HopMa Ha
U3N0M3BaHNsA JIMCTEH TOp.

The Endocalcic Pellic Vertisol well
stocked with available amounts of
phosphorus and potassium.  Poor
variations are found in accessible forms
of phosphorus — from 37.15 mg/100g in
the variant with low-norm of fertilizer up to
37.68 mg/100g in those with the highest
norm of fertilization. The lowest is the
quantity in control variant 36.33 and
36.03 mg/100g. Therefore, leaf feed with
the test foliar fertilizer does not
significantly affect the soil phosphorus
content. Similar is the content of the
available forms of potassium in the soil
both at the beginning and at the end of
the rocket vegetation. A similar trend is
also found in lettuce variants.

The resulting amount of fresh
rocket leaf is represented by the
treatments of Figure 1 and is lowest in
the control and highest in the treatment
with the maximum rate of foliar fertilizer
used.
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[obue Ha pykona - g/cba
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BapuaHTtu
dur. 1. JobnB OT pyKosia BbB BeretauynmoHeH onut ¢ WM3nyxxeHa CMOJHMUA,
n3BedeH npes eceHTa Ha 2016 r. (cBeXa maca)
Fig. 1. Yield of rocket salad in a pot experiment, brought out in the autumn of

2016 (fresh mass)

BapuvaHTu:
1. KoHTpona
2.Mousa + NPK - (N:P:K=1:0,8:0,8)
3. lMNMouBa + NNCTHO MpbCKaHe C TeyeH
opraHuyeH Top — 1 Hopma
4. lMoyBa + /NNCTHO MpPbCKaHe cTeyeH
OopraHuyeH Top — 2 HOpMHK
5. lMoyBa + /INCTHO MNpbCKaHe CcTeyeH
opraHuyeH Top — 3 HOpMHK
6. NoyBa + NIMCTHO NpbCKaHe C Boga
7. ToyBa + NOYBEHO BHAacsAHe CTe4yeH
OopraHnyeH Top — 2 HopMu

YBenuueHveTo Ha Jobusa OT pykona
B pe3yntar OT MPUIOXEHOTO JIMCTHO MOfA-
XpaHBaHe C opraHn4yeH TeyeH TOp € OKOJIo
7,23% BbB BapuaHTUTE C HUCKaTa HopMa U
HapacTBa C YyBe/iMyaBaHe Ha TopoBaTa
Hopma g0 19,41% 3a BapuaHTUTE C HaW-
BMcOKata Hopma. JIMCTHOTO nogxpaHBaHe
Ha pykofnara CbC cpefjHaTa Hopma opra-
HWYeH TOp fasa NoyTu efHakBu pe3yntatu
C Te3u, MoMyyeHU 3a BapuaHTa, B KOWTO
TEYHUAT OpraHuyeH Top e BHECEH B noysa-
Ta (Purypa 2 n Tabnmuya 3). Pykonata nma
KpaTbK BeretaumMoHeH nepuof. Bbe Bpb3ka
C TeHAeHUuMATa 3a OTrexgaHe Ha HOBU U
HeTpaauLMOHHN KYNTYPU 1 paswimpsaBaHe v

Treatments:
1. Control
2. Soil + NPK - (N: P: K=1:0.8: 0.8)
3. Soil + leaf spraying with liquid organic
fertilizer - 1 norm
4. Soil + leaf sprayed organic fertilizer - 2
norms
5. Soil + leaf sprayed organic fertilizer - 3
norms
6. Soil + leaf spraying with water
7. Soil + soil intake - organic fertilizer - 2
norms

The increase in rocket salad yield
as a result of applied foliar feeding with
organic fertilizer is about 7.23% in
variants with low norm and increases with
an increase in the fertilizer rate to 19.41%
for variants with the highest rate. The
foliar feeding of the rocket with the
average organic fertilizer norm gives
almost the same results as those
obtained for the variant in which the liquid
organic fertilizer was introduced into the
soil (Table 3). The rocket salad has a
short vegetation period. In connection
with the tendency of growing new and
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oboraTsiBaHe Ha BMAOBMSA CbCTaB Ha
CesiCKoCTONnaHcKuTe  Kyntypu, 6m  6uno
npenopbUNTENIHO  OGBATaPCKUSAT  NPOMU3BO-
ANTeNn ga Hacouu BHMMAaHWETO KbM TakuBa
KynTypn — 6bp30 pa3BuBaLin Ce, IECHU 3a
oTrnexgaHe, CbAbpPXally MHOMO LIEHHU
XpaHuTesiH1 BeulecTtsa. Mogo6HU pesynTa-
TM ca OTKpUTM W B peauua apyru
npoyusanusa  (Mitova et al., 2008;
Atanasova, 2013; Atanasova et al., 2014).

non-traditional crops and expanding and
enriching the species composition of
agricultural crops, it might be advisable
for the Bulgarian producer to draw
attention to such crops — fast-growing,
easy to grow, containing very valuable
nutrients and diversifying Human nutrition.
Similar findings have been found in other
studies (Mitova. et al., 2008; Atanasova,
2013; Atanasova, et al., 2014).

yBenndyeHmne pgodbmea Ha pykona -
% KbM KOHTpoOna

25
20 ==
15 =
2 =
10 —
: i
0 =
1 2 3 4 5 6 7
BapuaHTtu

dur. 2. YBenmyeHne gobusa OT pyKosa BbB BeretayMoHeH onuT ¢ N3nyxeHa
CMOJIHMLA, U3BeAeH npe3 eceHTa Ha 2016 1 B % KbM KOHTpO1a

Fig. 2. Increase of the rocket salad yield in the vegetation experiment with the
Lemon Recipient, released in the autumn of 2016 in% to the control

Tabnuua 3. YBesimyeHve Ha f06mBa OT pyKosia BbB BeretaymoHeH onut, 2016 r.
Table 3. Increase of yield of salad rocket in a pot experiment, 2016

CpegHo Terno YBenuueHne
BapuanTy / Treatments Average weight Increase
glcba glcba %
g/pot g/pot
1. KoHtpona / Control 10,147
2. MouBa + NPK - (N:P:K=1:0,8:0,8) / Soil + NPK - (N: P: K=1: 0.8: 0.8) 10,534 0,387 381
3. MouyBa + IMCTHO NpbCKaHe € TeYeH opraHuyeH Top — 1 Hopma
Soil + leaf spraying with liquid organic fertilizer - 1 norm 10,881 0734 7,23
4. MoyBa + IMCTHO NPbCKaHe C TeyeH opraHnyeH Top — 2 HOpPMU 11.222 1075 10.59
Soil + leaf sprayed organic fertilizer - 2 norms ' ' '
5. MoyBa + IMCTHO NPbCKaHe C TeYeH OpraHNyeH Top — 3 HOpMU 12.116 1069 19.41
Soil + leaf sprayed organic fertilizer - 3 norms ! ' !
6. MouBa + NUCTHO NpbckaHe ¢ Boga / Soil + leaf spraying with water 10,413 0,266 2,62
7. MNouBa + NOYBEHO BHACAHE C TEYEH OpraHuyeH Top — 2 HopMu 11,305 1158 11,41

Soil + soil intake - organic fertilizer - 2 norms
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Mo cobulata cxema ca U3BEAEHU U
BereTauMoHHUTE OMUTU C Mapyns.

YcTaHoBeHaTa 3akOHOMEPHOCT 3a
yBe/IMYEeHNeTo Ha JobuBa OT Mapyns B
pesyntar OT NPW/IOXEHOTO JIUCTHO Mof-
XpaHBaHe C oOpraHuyeH TeyeH Top e
CXOfiHa C Tasu, KOATO NnokassaT pesy/Ta-
TMTE OT fo6MBUTE pyKona. YBennyeHue-
TO e B pa3mMep Ha okoo 19% 3a BapuaH-
TMTE C HUCKata HopMa W HapacTea
rnocnefosateslHo C YyBesMyaBaHe Ha
TopoBarta Hopma A0 31% 3a BapuaHTuTe
C Hali-Bucokata Hopma. Tpsb6sa pga
oT6eNnexuM, ye npu mMapynsarta ca Harnpa-
BEHW MO-roNsiM 6pOi /IMCTHM noaxpaH-
BaHWS B CpaBHeHWe c pykonara. JIMCTHo-
TO noAxpaHeaHe Ha Mapynara CbC
cpegHata Hopma opraHuyeH Top Jasa
noyTy efHaksu pesynrtatu C Te3n, nosny-

Vegetation experiment with lettuce
was carried out by the same scheme.

The established regularity of the
increase in lettuce yield as a result of
applied foliar feed with organic liquid
fertilizer is similar to that which shows the
results of rocket yields.

The increase is about 19% for low-rate
variants and increases sequentially with
an increase in the fertilizer rate to 31% for
variants with the highest rate. It should be
noted that lettuce has a higher number of
leaf feeds than the rocket.

Foliar feeding of lettuce to the average
organic fertilizer yield gives almost the
same results as those obtained for the
variant in which the liquid organic fertilizer

YeHM 3a BapuaHTa, B KOITO TeyHusaT | was introduced directly into the sail
opraHnyeH Top e BHeceH paupekTHO B | (Figure 3 and Table 4).
nousata (Purypa 3 n Tabnvua 4).
Hobue Ha mapynsa - g/cba
70,0
60,0 z
! 2 : :
50,0
+ T
SE 40,0
°©
= 30,0
20,0
10,0
0,0
1 2 3 4 5 6 7
BapuaHtin

dur. 3. JobmB OT Mapy/isi BbB BeretaymMoHeH onuT ¢ 3nyxeHa cMoHMLa,

n3BefeH npes nposetra Ha 2017r.

Fig. 3. Yield of lettuce in a pot experiment with Leached smolnitza in the spring

of 2017
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Tabnuua 4. YBenunyeHve Ha fo6mBa OT Mapy/s BbB BeretaymoHeH onut, 2017 r.
Table 4. Increase of lettuce yield in vegetation experiment, 2017

CpepgHo Terfnio  YBesnvmueHue
BapuanTy / Treatments Average weight Increase
glcvg, glcvg, %
g/pot g/pot
1. KoHtpona / Control 44,67
2. Mousa + NPK - (N:P:K=1:0,8:0,8) / Soil + NPK - (N: P: K=1: 0.8: 0.8) 54 9,33 20,89
3. MouyBa + IMCTHO NpbCKaHe C TeYeH opraHuyeH Top — 1 Hopma 53 833 1865
Soil + leaf spraying with liquid organic fertilizer - 1 norm ' '
4. MoyBa + IMCTHO NPbCKaHe C TeYeH opraHnyeH Top — 2 HoOpMU 55 33 10.66 23.86
Soil + leaf sprayed organic fertilizer - 2 norms ' ' '
5. MoyBa + IMCTHO NpbCKaHe C TeYeH OpraHNyeH Top — 3 HOpMU 5833 13.66 30.58
Soil + leaf sprayed organic fertilizer - 3 norms ! ' '
6. MNMouBa + NUCTHO NpbckaHe ¢ Boga / Soil + leaf spraying with water 45,33 0,66 1,48
7. MouyBa + NOYBEHO BHACSAHE C TEYEH OpraHnyeH Top — 2 HOpPMK 53 833 1865

Soil + soil intake - organic fertilizer - 2 norms

CnepoBatenHo, B pe3ynrar orT
NPOBEAEHOTO W3NWTBAHE Ha MPOAYKT,
noslydeH upes BOAHA EKCTpakuus Ha
XYMYCHU BewectBa OT 6mokomnocT (npwu
nogxogsawm ycnosus pH, Temneparypa,
XOMOreHun3npaHe), ce yctaHoBsiBa 61aro-
NPUSTHOTO MY B/IMSIHUE BbBPXY pPasBu-
TMETO Ha 2 Ce/ICKOCTOMAaHCKN KynTypw.

Consequently, the result of the test
of a product obtained by aqueous
extraction of humic substances from a

biocompost (under appropriate
conditions, pH, temperature,
homogenization), is favorable its

influence on the development of 2

agricultural crops.

yYyBennyeHmne godbmea Ha mapynsa -
% KbM KOHTpoONna

40

30

20

%

10

0

-10

BapuaHTti

dur. 4. YBenm4yeHne Ha fo6vBa OT Mapy/isi BbB BEreTayyMoOHeH ONuT € V3nyXeHa
CMOJIHMLA, U3BeAeH npe3 eceHTa Ha 2016 1 B % KbM KOHTpO1a
Fig. 4. Increase in yield of lettuce in a vegetation experiment with a Leached

smolnitza, in% to the control
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N3BOAN

B pesynTtaT oT npoBefeHUTe nscnes-
BaHNA MOXEM Aa 0606LWunM:

M3non3BaHUAT opraHuyeH TeyeH Top,
npeAcTas/ifBall, eKCTPakT OT KoMnoct (c
n3xogHN matepumann — 63% 060pCcKkn Top U
37% pacTutenHu ocTaTbuM) € LeHeH
NPOAYKT, KOMTO Oka3Ba 61aronpusiTHO Bb3-
JeficTBe BbPXY pacTexa Wu npoayKTuB-
HOCTTa Ha pacTeHuaTa. PopmynvpoBkaTta
My NO3BOSIABa AVMPEKTHOTO MY MPU/IOXKEHME
Kato nucteH Top. OCHOBHA CbCTaBHA 4acT
ca XxymaTtuTte, KOUTO CbAbpxaT uU3Moso-
TMYHO akTVBHM BellecTsa, yyacTsBalinm B
pactexa Ha pacTeHusita. CHabasBaHeTo Ha
pacTteHusaTa C TAX, 0COBEHO MO Bpeme Ha
aKTMBEH BereTaTMBeH pacTex, No Bpeme Ha
ubdTEX W NNoJofaBaHe, ocurypssa Mo-
BMCOKM [JO6GUBM W BUCOKO KayecTBO Ha
npoussegeHara NPoayKUus.

XymaTtnte nogobpsisat CbCTOSAHMETO
Ha MNOYBMTE KaTo MOBMLLIABAT ChbAbpXa-
HMETO Ha Xymyc B TsX. Te ca noAaxoAsLiu
KaKkTo 3a BHacsiHe B no4ysara NnocpencTBOM
NosIMBHW BOAM, KankoBO HanosiBaHe, Taka u
3a ICTHO NnogxpaHBaHe Ha pacTteHusaTa. He
ce HabnwpaBa  (PUTOTOKCUMYHOCT  MNpw
n3cneasaHuTe HOPMU Ha npenapara.

YBenuueHveTo Ha Aobusa OT pykona
B pes3ynrtar OT MNPUIOXKEHOTO JIMCTHO MOA-
XpaHBaHe C opraHWyeH TeYyeH TOp € OKOJO
7,23% BbLB BapuaHTUTE C HUCKaTa Hopma
(100 ml/da) n HapacTBa C yBennyaBaHe Ha
Toposata Hopma (300 ml/da) po 19,41% 3a
BapuaHTUTe C Hall-B1cokata Hopma. MNono6-
Ha TeHAeHUMs e ycTaHOBeHa W 3a [obusa
OT Mapyns — okono 19% 3a BapuaHTuTe C
HYCKaTa HopMa W HapacTsa nocsiefosartersi-
HO C yBe/iMyaBaHe Ha TopoBaTa Hopma [0
31% 3a BapuaHTUTE C Hali-BMCOKaTa Hopma.

MpenapatbT e NPUNoXMUM 3a MOJSICKN
N 3e/1eHYyKOBU KyNTypu, UBeTS, AeKkopaTus-
HW pacTeHuss u TpeBHW nnowm. MNpenopsb-
YWTENIHW HOPMW Ha TOpeHe 3a MNOJICKM
Kyntypu — 100-200 ml/da BbB (hpasa bpaTte-
He W BpeTeHeHe, 3a LapeBuLa U CNbHYO-
rneg BbB hbasa 5-8-my nNuCT, 3a 3e/eHuy-
KOBW KynTypu —TpeTupaHe npe3 usanarta
Beretauus npes 7-14 aHn — 100-150 mi/da.

CONCLUSIONS

As a result of the researches we
can summarize:

The organic fertilizer used as a
compost extract (with source materials —
63% manure and 37% plant residues) is a
valuable product that has a beneficial
effect on plant growth and productivity.

The formulation allows direct application
as foliar fertilizer. A major component is
humates that contain physiologically
active substances involved in plant
growth. Supplying plants with them,
especially during active vegetative growth,
during flowering and fruiting, provides
higher yields and high quality production.

Humates improve the condition of
the soil by increasing the humus content
of the soil. They are also suitable for
introduction into the soil through irrigation,
drip irrigation and leaf-feeding plants. No
phytotoxicity was observed at the study
standards.

The increase in yield of rocket
salad as a result of applied foliar feeding
with organic fertilizer is about 7.23% in the
low-rate variants (100 ml/da) and
increases with an increase of the fertilizer
rate (300 ml/da) to 19.41% for variants
with the highest norm. A similar trend is
also found for lettuce yields - about 19%
for low-norm variants, and increases
sequentially with an increase in the
fertilizer rate to 31% for variants with the
highest rate.

The tested product is applicable to
field and vegetable crops, flowers,
ornamental plants and lawns.
Recommended fertilization norms for field
crops — 100-200 ml/da in the braking and
spraying phase; for maize and sunflower
in the 5-8-leaf stage; for vegetable crops —
during the whole vegetation each 7-14
days — 100-150 ml/da.
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PE3IOME

B Haweto AuHaMW4yHO BpeMe, B
nasapHaTa MKOHOMWKa W rnobanusaumsaTa
WHTEPeCchT KbM HETPaaMUUOHHUTE pacTu-
TENHWU CYpPOBUHM 3a XpaHuTeiHaTa npomumLL -
NIeHOCT ocTaBa ymecTeH. EguH OT Te3n uH-
TepPecHU N3TOYHULM Ha XPaHUTESTHWN BeLlec-
TBa € amapaHTbT (Amaranhtus cruentus),
KOTO ce KynTuBMpa OT MHOTO Ab/ITO BpeMe.
AMapaHTbT e LWMPOKOo oTrnexaaH B Haus,
Kutaii, KOronstouHa Asus, Adpuka, EBpona
M MMa MHOIO BMCOKO CbAbpXaHue Ha Xpa-
HUTENHW BellecTBa: 6enTbynHW, Boratnm Ha
eceHUMaIHN aMVHOKMUCETUHU, NoNNHEeHacH-
TEHW MacTHW KUCESIMHW, XPaHWUTEeNHW Brak-
HWHW, BUTaMUHU 1 apyrn. Mopaan Te3n LeH-
HW XpaHWUTESIHW KayecTBa, aMapaHTbT MOXe
[Ja 6ble uHTerpmpaH B peuua xpaHu, Kou-
TO We dopmypaT ocHoBaTa 3a 3a40BO-
NiABaHe Ha XpaHuTe/NHWTe NOoTPe6HOCTM Ha
YOBELLUKOTO HacesfieHne no ceeTa.

MpoTenHnuTe B amapaHTa 3acnyxasar
crneunasiHo BHMMaHue. OO6LWOTO CbAbpXa-
HMe Ha NPOTEeMHN B CEMeHaTta Ha amapaHTa
Bapupa ot 17.8 go 13.7 %, B 3aBUCUMOCT OT
BMAoOBeTe. AMapaHTOBOTO Mac/io € MHOro
nonynsipeH NpoAykT, NoNyyYeH OT cemeHaTa
Ha amapaHT u4pe3 eKkcTpakuua. To uma
LUMPOKO MpU/IOXKEHNe B MeduuuHata U B
Npou3BOACTBOTO Ha OWOMIOTMYHO aKTUBHU
pob6askn. Cnep ekcTpaxumpaHeTo ocTasart

SUMMARY

In our dynamic time, in market
economy and globalization, interest to
non-traditional vegetable raw material for
food industry remains relevant.One such
interesting sources of nutrients is
amaranth (Amaranhtus cruentus), whichis
cultivated for a very long time. Amaranth
is widely cultivated in India, China, South-
East Asia, Africa, Europe and has a very
high content of nutrients: protein, rich in
essential amino acids, polyunsaturated
fatty acids, dietary fibers, vitamins and
others. Because of thesevaluable
nutritional qualities, amaranth can be
integrated into a number of plants that will
form the basis for thesatisfying energy
nutritional needs of the worldhuman
population.

Proteins of amaranth deserve a
special attention. The total content of
protein in seeds of amaranth, depending
on the types, ranging from 17.8 to
13.7%.Amaranths oil is a very popular
product, obtained from seeds of amaranth
by extraction. It is widely used in medicine
and in the production of biologically active
additives. After extraction remained the
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ocTaTbUM OT K/eTkm 6e3
amapaHTOBW TPULW.

TbpceHeTo Ha BTOPUYHM €CTECTBEHM
BMAOBE CYPOBMHU C BWCOKA XpaHWUTesHa
CTOMHOCT 3a XpaHuTenHaTa WHAyCTpus e
HaucTMHa akTyasHo u o6ewasawo. To
MOXe fa CMOMOrHe 3a HamassiBaHe M3To-
LLeHMEeTO Ha moyBaTa M CbXpaHsBaHETO Ha
ecTecTBEHUTe pecypcu.

B HacTosilLeTO npoyyBaHe M3Non3Ba-
HETO Ha HOBMW CYypOBWHW, B YaCTHOCT ama-
paHTOBM TpULK, 3a X/1IebHaTa 1 cnajgkapcka-
Ta WHOYCTpUs, ca HayyHO OO6OCHOBaHM.
Cnep npoyuyBaHe Ha XUMWYHUSI CbCTaB Ha
amapaHToBWTE TpuuM, uU3cnegosatenuTe
npeanoxunxa MeToj 3a Ton/vHHa 06paboT-
Ka Ha TpuuuTe € uen moaudMuupaHe Ha
6UOXMMNYHMTE MM CBOWCTBA M NOA06pS-
BaHe Ha MUKPOOMONOrMYyHUTE MM napameT-
py, Tbii KATO B €CTECTBEHO CHCTOSHUE Te Ha
ca noaxofslm 3a U3Mnos3BaHe B XpaHuTes-
HaTa WHAycTpus. MNpoyyBaHETO CbLLUO Taka
JaBa oueHka Ha edhekTa OT MHpavepBeHo
NbYEHME BBbPXY BOAOPA3TBOPMMOCTTA U
6UOHa/IMYHOCTTa Ha NpoTeosiM3a Ha 6enTb-
UMHW B TPULMTE U BbPXY NPOMsSHATA Ha CcTe-
MeHTa Ha JeKCTPUHOTEHHOCT Ha ckopGsinara.

Ma3HUHN  —

Knoyosu aymn: amapaHr,
amapaHToBW TpULY, NnpoTenHu,
NPOTEO/IMTUYHN  eH3UMK, UHpayvepBeHa

TexXHos1orna, AeKCTpuHnsauma Ha CKOp6ﬂﬂa

YBO/,

FonsM nNpuMHOC 3a MPOy4YBaHETO Ha
Bb3MOXHOCTTA 3a M3M0/s3BaHe Ha pacTe-
HMETO amapaHT B XpaHuUTeNHaTa UHAYCTpusA
umat mnscnegosatenute Gins V., Kononkov
P., Traore K., Parada D., Kukuzaki H.,
Amresh, Tewari S., Verma R. n gp. Noeye-
TO npoyyBaHWsi obaye ca MOCBETEHW Ha
MbpPBMYHUTE BUAOBE CYPOBMHU OT aHaro-
MUYHUTE YacTu Ha amapaHTa. B odmunan-
HUTE Hay4YHW W3TOYHULUM He CblllecTByBaT
[OCTOBEpPHU 13CnefBaHnNs BbpXy KayecTBa-
Ta Ha amapaHToBMTe TpuuW. TSAXHOTO W3-
non3BaHe B XpaHuTesiHata MHAYCTpUs e oT
0COGEH MHTEpecC, MMaiiku npeaBug, XpaHu-
TenHata CTOMHOCT Ha npogykta W OTHO-
cuUTeNHO Huckata My ueHa (Khasanova et
al., 2005). Mpu BCce TOBa, TPULMUTE CE HYyX-
[aaT oT NoAroToBKa, 3a Aga 6baart usnosn-
3BaHM KaTo CYpOBMHA B XpaHuTesnHarta

fatless residues of cells — amaranth bran.

The search of secondary natural
types of raw materials with high nutritional
value for the food industry — is really
actual and promising. It may allow slowing
the depletion of the soil and saving natural
resources.

In this study the using of new raw
materials for the bakery and confectionary
industries — amaranth branhave been
scientifically substantiated. The chemical
composition of amaranth bran was
studied and the researchers proposed a
method for thermal treatment of amaranth
bran for the modifying biochemical
properties and improving microbiological
parameters, as bran in the native state is
not suitable for using in food industry. The
study also assesses the effect of infrared
radiation on the water-solubility and
bioavailability of proteolysis of brans
proteins and on the change in the degree
of dextrinogenicity of starch.

Key words: amaranth, amaranth
bran, protein, proteolytic enzymes,
infrared technology, starch dextrinization

INTRODUCTION

A great contribution to the study of
the possibility of using various anatomical
parts of plant amaranth in the food
industry was made by such researches
as: Gins V., Kononkov P., Traore K.,
Parada D., Kukuzaki H., Amresh, Tewari
S., Verma R., e.t.c. However, most
studies are devoted to primary types of
row material from the anatomical parts of
amaranth. In official science there is
practically no authoritative researches on
the properties of amaranth bran.The use
of amaranth bran in the food industry
seems very interesting, considering the
product’'s nutritional value and relatively
low cost (Khasanova et al.,, 2005).
However, the bran should be prepared to
use as a raw material for food because
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WHAOYCTPUSA, Tbi KaTto U3N03BaHETO MM 3a
XPaHUTESTHN LeNIn B eCTECTBEHO CbCTOSIHUE
He e npuemnuso. (Grajeta, 1999). Cnep u3-
B/IMYAHETO Ha Mac/o amapaHToBUTE TpUUM
umar TBbpAa CTPYKTypa u cneuuduyHa
mMupusma (Kononkova et al., 2005).

XpaHuTenHata CTOMHOCT Ha TO3u
NPOAYKT ce onpefens oT aHa/M3uTe Ha Xu-
MWYHWUA CbCTaB N OT AOCTBLIHUTE NPOTENHN
1 ckopbsina 3a xpaHocMunaTeIHUTe eH3uMu
(Gins et al., 2004). MNpouecsbT Ha ycBosiBaHe
Ha ckopbsina B XpaHOCMWAATENHUSA TpakT
Ha 4oBeKa e C/I0XEH N BCe OLle e BBLMPOoC,
nognexawy, Ha uscneggsaHe. (Nechaev et al.,
1999). M3BecTHO e, Ye ckopbsnara, KoATo
n3barsa pepmeHTauMsa M ce NpUABMXBA
KbM TbHKATE 4YepBa MOXe fa 6bae no-
pe3nCTeHTHa Ha EH3VMHO XpaHocMuiaHe.
CTo/iHOCTTa Ha NpoAyKTa, ChAbpXall, CKop-
65na, ce onpefens Cbllo OT HA/IMUYNETO Ha
aMUI0IMTUYHN eH3MMKN He caMO B yCTHarta
KyX1Ha, HO 1 B NaHkKpeaca.

Llenta Ha u3cnegsaHuaTa e ga ce
npeaioxm onTumaneH mMeTop, 3a
npepaboTka Ha amapaHToBu TPULM, OT efHa
CTpaHa, U B CbLLOTO BpeMe fa ce 3anasaT
YHVK&/THUTE KayecTBa Ha NnpoayKTa.

EovH OT HanpegHuyaBuTe MOAXOAM
3a TepMMyHa 06paboTka Ha cypoBuHaTa, C
uen noslyyaBaHe Ha BWCOKOKAYeCTBEH
NPOAYKT, € WH(paYepBeHOTO 06 bYBaHE
(Volonchuk et al., 2015). To3n meTton Ha
TOMN/IMHHA 06paboTka Ha 3bPHOTO € LUMPO-
KopasnpocTtpaHeH B CbefuHeHuTe Lwatu,
AHrnns, N'epmaHuna, AnNoHWA 1 Apyru passu-
TN CTPaHu.

Taka m3cnefBaHusita ce cbibckaxa
CbC CrefHNTe 3ajayn: npoBexiaHe Ha
npoyysaHe BbPXY XUMWYHWUS CbCTaB Ha
amapaHToBUTE  TpuuW, npegsaraHe Ha
onTMMasieH MeToj 3a TepMuyHa 06paboTka
ypes3 MHgpavyepBeHo JTbYEHNe BbPXY ama-
paHTOBUTY TPULW, U3CNneaBaHe Ha BNVsHMeE-
TO Ha WHMpayepBeHOTO JTbYeHUEe BBPXY
BOZOPA3TBOPMMOCTTA Ha MNpoTeMHUTE OT
amapaHToBUTE  TpuUuW, wu3CNelBaHe Ha
edekta Ha MHpavyepBeHo NbyYeHne BbPXY
aTakara Ha NpoTeUHV OT amapaHToBU TPULM
C NENncuH 1 TPUNCUH, n3cneaBaHe Ha edek-
Ta Ha MHpayepBeHO NMbUYeHNe BbPXY AeKC-
TPUHOreHHaTa akTUBHOCT Ha ckopb6snarta u
[JOCTbMHOCTTA 11 40 aMWasun B NaHkpeaca.

the usingof this productinnative condition
for the food purposes is not reasonable
(Grajeta, 1999). After extraction of oil the
amaranth bran has a solid structure and
specific odor (Kononkova et all., 2005).

The nutritional value of this food
product is determined by the chemical
composition analyzes and by the
accessibility proteins and starch for
digestive enzymes (Gins et al., 2004).The
process of starch assimilation in digestive
tract of the human is complex and
remains an issue that requires study.
(Nechaev et al., 1999). It is known that
starch that escapes fermentation and
flows to the small intestine may be more
resistance to enzymatic digestion. The
value of product containing starch is also
determined by the availability it to the
amylolytic enzymes not only oral cavity,
but also of the pancreas.

The researches have a task on the
one hand to propose an optimal method
for processing of the amaranth bran and
on the other hand to preserve the unique
properties of the product.

One of the progressive ways of
thermal treatment of raw material, in order
to obtain a high-quality product, is infrared
radiation (Volonchuk et al., 2015). This
method of thermal treatment of grain is
widespread in the United States, England,
Germany, Japan and other developed
countries and is known.

Thus, the researches faced the
following tasks: conduct and study
chemical composition of amaranth bran,
to offer an optimal method of thermal
treatment by IR-radiation of amaranth
bran, to investigate the impact of IR-
radiation on the water-solubility of proteins
of amaranth bran, to investigate the effect
of IR-radiation on the attack of proteins of
amaranth bran by pepsin and trypsin, to
investigate the effect of IR-radiation on
thedextrinogene activity of starch and
availability it to amylases of pancreas.
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MATEPWNAN N METO4WA

XUMWYHMAT CbCTaB Ha amapaHTo-
BUTE TPULWM Ce onpeaens ¢ iMoHHa xpoma-
Torpachusi, KanunapHa enekTpodgopesa u
T.H. CbAbpXaHWeTO Ha CcefeH ce
onpedens upes u3rapsHe Ha CcypoBust
npoaykT W pedyuuMpaHe Ha cefleHa oT
MUHepaneH ocTartbk. (HacoknN4.1.033-
2005, NIHCTMTYT no XpaHeHe, Pycus).

HatypanHuTe amapaHTOBU Tpuun
ce obpabotBaT B WHppayepBeHUs
CNekTbp B MWKPOHU3ATOp-MallMHaTa
UTZ-1 (durypa 1).

MATERIAL AND METHODS

The chemical composition of
amaranth bran was determined with ionic
chromatography, capillary electrophoresis
and so on. The content of selenium was
determined by burning the crude product
and reducing the selenium from mineral
residue. (GuidelinesN4.1.033-2005, The
Institute of Nutrithion, Russia).

The native amaranth bran was
processed in the infrared spectrum in the
micronizator-mashine UTZ-1 (Figure 1).

dur. 1. MI/IKpOHI/I3aTOp‘UTZ-1

Fig. 1. Micronizator UTZ-1

MopbpaHn ca pexumn Ha 06paboT-
Ka, KOUTO, OT efiHa CTpaHa NPaBsiT Bb3MOX-
Ha MoaudukaumaTa Ha OGUOXUMUYHMTE
CBOWCTBa MO KOHTPONMPYEM HauuH, a oT
Apyra He pornyckaT rpy6o HapylaBaHe Ha
CTpyKTypaTta Ha npoaykTa.

MpoayKTbT € TepMUYHO 06paboTeH B
WH(paYepBeHUss CNEeKTbp, HaTpOLleH Ha
LWMAITOBU MESTHUUM U cnef, Te3n npouecu
TpuumMTe npeacTaBnsaBaT npax € Kpemas
LUBAT M MPUATEH BKYC, KaTO pasMepbT Ha
yactuyute e B AuanasoHa ot 10 go 25
MUKpoHa. [ofobeH NpPoaykT e roTtoB 3a
ynoTpeba B cnagkapckata W XxjaebHarta
nHayctpusa. Cnep TepmuyHata obpaboTka
Ha amapaHTOoBW Tpuuu B WHPavepBeHUs
CNeKTbp, ce u3cneaBar MUKPOOUONOrNYHM-
Te 1 BUOXMMMNYHWTE NapamMeTpy Ha NPoayKTa.

TepMuyHaTa feHatypauust Ha Mnpo-
TEUHUTE e efHa OT rfaBHUTe U3NKOXU-
MWUYHW TpaHcdopMauun, KOUTO CTOAT B
OocHoBaTa Ha TEeXHOJI0MMYHWTE npouecu B
XpaHUTesIHo-BKycoBaTa NPOMMULLISTIEHOCT.
JeHaTypaumsaTta yckopsiBa pasrpaxgaHeTo
Ha npoTeMHuTe B CTOMALLHO-YPEBHMUA
TpakT, ynecHsBaliky AocTbna Ao XpaHoCMU-
natenHu eHsumun. lpoTemHasHaTa axkTuB-

Process regimes were selected
which, on the one hand, controllably
make it possible to maodification the
biochemical properties, on the other
hand, do not interfere roughly to the
structure of the product.

The product was thermally
processed in Infrared spectrum, crushed
on pin mils and after such processes bran
represents a cream color powder with nut
pleasanttaste the size of its parts is in a
range from 10 to 25 microns makes not
80%. Such product is ready for using in
confectionery and bakery industry.After
thermal treatment of amaranth bran in the
infrared spectrum, microbiological and
biochemical parameters of the product
were studied.

Thermal denaturation of proteins is
one of the main physicochemical
transformations underlying the
technological processes in food industry.
Denaturation accelerate the digestion of
proteins in  gastrointestinal  tract,
facilitating access to digestive enzymes.
The proteinase activity was studied by
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HOCT e u3cnegBaHa no MeToga Ha Anson
(Anson, 1938). 3a No-Nb/IHO pa3bupaHe Ha
6UOXMMUYHMTE MPOMEHN B amapaHToBUTE
TpULM NO BpEMe Ha TepMUYHaTa 06paboTka
B WH(payepBeHUsA CNeKTbp Ce u3cnensa
BOZOPA3TBOPMMOCTTA Ha MNpOTeMHUTE Mo
MeToga Ha Lowry (Lowry et al., 1951).

CbabpXaHWeTO Ha AEeKCTPUHU MOXe
Ja CNyXu Kato KI4Y0B WHAMKATOp 3a
AbnbounHata M cunata Ha Bb3AelcTBMe
BbpXy HaTypasiHata U npepaboTeHara
ckopbsna Ha amapaHToBUTE TpuUuW. Lekc-
TPUHOrEeHHaTa aKTUBHOCT € M3MepeHa ypes
dhoToenekTpuyHa KonopumeTtpusa. Ta ce
6asvpa Ha passivkata B abcopbunoHHUTE
CNeKkTpy Ha WoaHMSA pas3TBoOp U KOM-
naekcute "geKCTpuH-noa" n "amunasa-og".
MoaHusT pa3TBop nMa MakcumasHa abcop-
6una npy 350 nNnM K HEroBUAT CMEKTbP
NpakTU4yeckn He NPUNOKPUBA CNEKTPUTE Ha
KOMNAekcuTe "AeKkcTpuH-inog " n "ammnnasa-
nop". (Hacokm N20264.4-74, NHCTUTYT no
XpaHeHe). ATakata Ha ckopbsnara Ha
amapaHToBUTE TpUUM OT MaHKpeacHarta
amunasa ce onpefens 4ypes metoja Ha
€H3MMHa Xugposm3a € MpuroTBsHe Ha
CYCMEeH3Ma OT HuLecTe-BoAa CbC CbAbpP-
XaHne Ha TBbpAM BewectBa 35%, pH 4,3 1
npubassaHe Ha rnwkoamunasa(l:50). Cnep
72 yaca cycneHsusaTa ce pasfens, 3a ga ce
dwuntpupa ¥© ytau u ga ce onpegenu
CbAbpXaHWeTo Ha TBbPAM BellecTBa BbB
guntpara.(Hacokn N7698-93, MIHCTUTYT no
XpaHeHe). CneumasnieH uHTepec npeacras-
NsBa W CTpyKTypaTta Ha 3bpHaTa Ha CKop-
6anata cnef MUKpoHu3npaHe. CHUMKUTE
Ha 3bpHaTa ckopbsna ca nosiydyeHn ot
MUKpockon Tescan Mira.

PE3YJITATU N OBCBXXOAHE

PesyntaTm OT npoyyBaHETO Ha
XUMWYHMS CbCTaB Ha amapaHToBuTE
TpuumM ca npeacraBeHn B Tabnuum 1 u 2.
Kakto mMoxe fga ce Buau, amapaHTOBUTE
Tpuum mMMaT 6oraT XMMWYEH CbCTaB. 3a
CpaBHEHME € fJdajeHa kakaoBa u4epyrka,
Tbil KaTo Te3n Aga NpoAykTa ca Nofgo6HU
N ce nognaraTr Ha CXOAHW MeXaHW4HU W’
TEPMUYHN Bb3LENCTBUA MO BpeMe Ha
obpaboTkata. bescnopHa CTOMHOCT Ha
amMapaHToBuUTE TpUUM € CbObpPXaHWETO
Ha cefleH, KOMTO e BaxeH enemMeHT 3a

Ansons method (Anson, 1938).. For the
more complete understanding of the
biochemical changes in amaranth bran
during thermal treatment in the infrared
spectrum has been studied the water
solubility of proteins by the Lowrys
method (Lowry, et all., 1951).

Content of dextrins can serve as a
key indicator of the depth and strength of
impact on native and processed starch of
the amaranth bran.Dextrinogenic activity
had measured by the photoelectric
colorimetry. It is based on the difference
in absorption spectra of iodine solution
and complexes "dextrins-iodine" and
"amylase-iodine. lodine solution has a
maximum absorption at 350 nm and its
spectrum is practically not overlap
spectra of complexes "dextrins-iodine"
and "amylase-iodine.(Guidelines
N20264.4-74, The Institute of
nutrition).Attack of starch of amaranth
bran by pancreas amylase had
determined by the method of enzymatic
hydrolysis with preparation of starch-
water suspension with a solids contents
35%, pH 4.3 and addition of
glucoamylase. (1:50). After 72 hours the
suspension was separated to filtrate and
precipitate and determined the solids
contents from the filtrate. (Guidelines
N7698-93.The Institute of nutrition). A
specially interest is also structure of the
starch grains after microinization. The
photos of starch grains were obtained by
the microscope Tescan Mira.

RESULTS AND DISCUSSION

The results of the study of chemical
composition of amaranth bran are
presented in Tables 1 and 2. As can be
seen from the results amaranth bran has
a rich chemical composition. For
comparison cocoa shell was given,
because these two product are similar
and subjected to similar mechanical and
thermal influences during processing. The
undoubted value of amaranth bran is the
content of selenium, which it's a very
important element for the saving of living
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noggbpXkaHeto Ha »>uBute knetkm u | cell and necessary component of
HeobxoAMM KOMMOHEHT Ha MeTabonmama | metabolism in human physiology.
B yoBeLLKaTa omM3nonorus.

Tabnumua 1. OCHOBHUM CbCTAaBKN HA aMapaHTOBU TPULM 1 KakaoBa vepynka B %
Tablel. Main components in amaranth bran and cocoa shell, %

KOMMOHEHT AmapaHTOBM TpULN KakaoBa yepynka
Component Amaranth bran Cocoa shell
Bnara
Moisture, % 8.9-12.9 6.0-12.0
CypoB npoteunH ) ]
Crude Protein, % 15.9-18.5 12.2-15.8
CypoBY Bf1akHUHU
Crude Fiber, % 8.9-12.6 13.0-18.0
Croposina 51.0-54.8 3.6-5.4
Starch
3axapu
TeobpomMUH
Theobromine - 0.4-1.0
[MeHTOo3aHun 6.8.7.7 6.0.10.6
Pentosans
HEKT-MH 12.4-15.9 75
Pectin
l'ymeH maTepuas

i - 8.5
The gum material
TaHVIH 34 .
Tannin

Tabnuua 2. CpaBHUTEsIEH aHA/IM3 HA MUHEPaSTHUA CbCTaB Ha amapaHToOBMU TPULU
N KakaoBa 4vepynka B %

Table 2. Comparative analysis of mineral composition of amaranth bran and
cocoa shell

CbabpXaHne Ha MUHepasiHy BelecTBa, Mr /100 g cyxo §LLI,ECTB>
The content of mineral substances, mg /100 g dry

MaKpOHYTPUEHTM MUKPOHYTPUEHTM
macronutrients micronutrients
K Na Ca Mg Fe Cu Zn Mn Se
0,98
AMApaHTOBU TPUUWA 5o 933 949 344 26 0 35 42
Amaranth bran 9
KakaoBa 4epynka 2 34, ) 1 11. )
Cocoa shell 840 7 o0 20 34 715 T4
Pesyntatute OT npoy4yBaHETO Ha The results of study of

MUKpOGUONOrnyHUTE napameTpu Ha ama- | microbiological parameters of amaranth
paHTOBMTE Tpuuu ca npeactaBeHn B | bran  after thermal treatment are
Tab6nuuya 3, KbAeTo MOXe ga ce Bugu, Ye | presented in Table 3, where can be seen
KoNmnyectBoTo Me3odmHM aepobHu U | that quantity of mesophilic aerobic and
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hakynTaTMBHU  MUKPOOPraHu3Mm Hama-
nssa 4 NbTW, B CpaBHEHWE C HaTypas-
HUTE amapaHToBM TPULW, MOM3BaHN KaTo
KOHTpO/a, neHuumnuym Hamanasart 4,2
nbTH, a gpoxaute — 4,5 nbTn. Mogobps-
BaHeTo Ha OGMOMOrMYHOTO CHCTOSHME Ha
amapaHToBMTE TpuUuM LWe No3BO/U
yBe/fiMyaBaHe Ccpoka Ha rofHOCT M
ONTUMU3NPAHE Ha WU3MOS3BaHeTOo UM 3a
XNe6HN 1 cnagkapckn nsgenns.

facultative microorganisms decreased by
4 times compared to the control,
penicillium decreased by about 4,2 times,
yeast decreased by 4,5 times.
Improvement of biological status of
amaranth bran will allow to increase the
shelf life and optimize its use for the
bakery and confectionary.

Tabnumuya 3. MUKpO6MONOrMYHO n3cneaBaHe Ha amapaHTOBU TpULn*
Table 3. Microbiological examination of amaranth bran*

Cnopoob6pa3sysatm
Mpo6a / Sample OMAFANM** EHTepo6aK'_repV|V| rbOUNYKM W ApoXau Bacnlu_s
Enterobacteriaceae Spor-forming fungi mesentericus
and yeast
KoHTpona (HaTypanHu MneceH - 170
amapaHTOoBW TpuULM) 4.1 X10° He ca otkputn Penicillium - 170 100
Control (native amaranth ' Not detected Opoxan - 90
bran) Yeast - 90
EkcnepumeHT
Ror cno Tepmna Mnecer - 40
06pa6oTka) 1,1 X10° H,\‘fo‘t’%gge Kpy Pﬂeng‘;'('"‘;m_ '2‘50 30
Experiment (amaranth POXA
Yeast - 20

bran on the day after
thermal treatment)

* EAMHMLA MsIpKa - KOIMYECTBOTO MMKPOOPraHM3Mm B 1 rpam oT npo6ata / * Unit of measure - the amount

of microorganisms in 1 gram of sample

*QMAFANM — KonnyecTBo Me30thuiHu aepobHU 1 thakynTaTMBHN MUKpoopraHn3mm / quantity of mesophilic

aerobic and facultative microorganisms

[JaHHuTe 3a BUOXMMUYHUTE NPOMEHN
HacTbnBallM B MPOAYKTa B pe3ynrar Ha
n3naraHeTo Ha TOM/MHa 4Ype3 uHdpayep-
BEHO JTbYeHUe ca MnokasaHu Ha durypa 2.
Bcuykn ekcnepumeHTM ca npoBefeHn C
HAKOJIKO MOBTOPEHMA. Bcuukum paHHW ca
cTatucTuyeckm o6paboTeHn 1 npencrTaBeHn
Kato apuUTMETUYHU CpedHuM CTOMHOCTW.
[JaHHuTe nokasear, ye crnef MUKPOHM3aUns
BOJOPa3TBOPMMOCTTA  Ha  MpoOTeunHuTe
HapactBa ¢ okosio 31%. B cpaBHeHME C
NPOTEeNHUTE Ha HatypasiHute Tpuun. OTHO-
cuTenHata rpewka Ha metoga e 1,92%, B
CpaBHeHVE C MNPOTEUHUTE Ha HaTypasHUTe
Tpuuyn. ToBa nokasBa Ha/IMYMETO Ha TOn-
JIVHHO CTabwunHW NpPOTEeVHW B amapaHTo-
BUTE TPULM, KOUTO MoraT ga 6baaT OCBO-
604eHN OT Hepa3TBOPMMUTE KOMIMIEKCU W
Ja cTaHat pasTBopumu. BogopasTtBopu-
MOCTTa Ha MpoTenHWTe e efMH OT fnokKasa-
TeNMTe 3a KayeCTBEHOTO MM YCBOsiIBaHe B
XpaHoCMUNaTesTHNA TPakKT.

Data on biochemical changes
occurring in the product as a result of
heat exposure by IR-radiation are shown
in Figure 2. All experiments was carried
out in several replicates. All data were
statistically processing and presented as
arithmetic mean values.

The data show that after micronization
the water-solubilityof proteinsincreases
about 31%. The relative error of method
was 1.92%. in comparison with proteins if
native bran. This indicates about the
presence of heat-stabilized proteins in the
amaranth bran, which can be released
from insoluble complexes and become
soluble. The water-solubility of proteins is
one of the indicators of qualitative
assimilation it in digestive track.
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optical density, A

water
suluble

attack with
pepsin

T—

attack with
trvpsin

/ experiment
— =/ control
—

dexrinogen

dur. 2. NMpomsHaTa Ha BUOXMMUYHUTE CBOICTBa Ha aMapaHTOBUTE TpULM cnep,
TeEpMUYHA 00paboTKa C WH(ppayepBeHO JbyeHue. KOHTpona — HatypasiHu
amMapaHTOBW TPULM, eCNEPUMEHT aMapaHTOBU TPULM c/el, MUKPOHM3aUus

Fig. 2. The change of biochemical properties of the amarant bran after thermal
treatment with IR-radiation. Control — native amaranth bran, experiment —

amaranth bar after micronization

CbrnacHo mnosyyeHuTe pesyntatu
WHTEH3MBHOCTTA Ha arakara OT MencuH
BbpXy MNpPOTEMHUTE Ce YyBenuyasa Clef
MUKpPOHM3aUMA — ONTMYHaTA MIBTHOCT Ha
amapaHToBuUTE TPULW € paBHOMEPHO yBe-
NnyeHa ¢ okono 40% B cpaBHEHWE C KOH-
TponaTta (HaTypasiHM amapaHToBU TpuULM).
OTHOcWTENHaTa frpewka Ha MeToga e
1,90%. VHTEeH3MBHOCTTa Ha aTakata Ha
npoTeMHUTE OT amapaHToBM Tpuunu ce
noTebpXasa CbLo Ha 6a3arta Ha faHHuTe
3a npoTeosM3a C TPUNCUH-AyoAeHaseH
eH3MM. ATakata Ha npoTenHoBsara pakums
C TPUNCWUH cnes MUKpPoHM3auusa B MHApa-
YyepBeHWA CNEKTbP Ce yBennyasa C OKOJO
30,3%. OTHocuTeNHaTta rpeLka Ha mMetoga
e 1,99%. [lekcTpMHOreHHaTa akTMBHOCT Ha
ckopbanara OT amMapaHTOBM Tpuum cnep
MUKpPOHM3aLuma ce nosuwasa ¢ 37%. Pas-
rpaxgaHeTo Ha ckopbanara oT naHkpeacHa
ammnasa e yBe/MyeHo € okono 19,1%.
(Tabnuua 4). OTHOCKTENHATa rpeLlka npu
Metoga e 2,02%. MWKPOCKOMCKOTO CKaHu-
paHe noka3Ba, 4Ye 3bpHaTa ckopbana Ha
amapaHToBUTE TpULUM crief MUKPOHM3aUMs
umar fnesum 1 nopu, nopagy KouTto pas-
rpaxjauiara CrnocobHOCT Ha aMWIoMUTUY-
HUTe eH3umn ce ysenunyasa (Purypa 3).
OueBNOHO €, 4Ye JTbY4eHMeTO MO03BoJsABa

According to the obtained results
the intensityattack of proteins by pepsin is
increased after micronization — the optical
density of amaranth bran is uniformly
increased about 40%in compared with
control (native amaranth bran.The
relative error of method was 1.90%. The
intensity of attack of proteins of amaranth
bran was also confirmed on the basis of
data of proteolysis with trypsine —
duodenal enzyme. The attack of protein
fraction by trypsine after microniazation in
IR-spectrum is increased about
30,3%.The relative error of method was
1.99%. Dextrinogenic activity of starch of
amaranth  bran after  micronization
increased by 37%.Attachability of starch
by pancreas amylase increased about
19,1% (Table 4). The relative error of
method was 2.02%.Microscopy-scanning
showed that the starch grains of
amaranth bran after micronization have
lesions and pores that why the
attackability by amylolytic enzymes was
increased. (Figure 3). It is obvious that
the radiation allows improving the
microbiological indices to increase the
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nogobpeHme  Ha  MUKPOBMOMOTUYHMTE

availability of the protein-carbohydrate

VHAEKCU 3a yBennuaBaHe Ha AOCTbMHOCTTa | complex of the amaranth cleansing to
Ha NPOTEMHO-BbINEeXNAPaTHNA KOMNNEKE Ha | digestive enzymes

amMapaHTa Ao XpaHocMunaTtesiIHn eH3NMU.

Tabnuua 4. PasnpeaeneHne Ha CyxO BeWEeCTBO BbB ouiTpata nNpu manaraHe
ckopbsnaTa Ha amapaHTOBM TPULM Ha r/1IloKoammsiasa 3a 72 yaca

Table 4. Distribution of dry matters in filtrate when exposure of starch of
amaranth bran by glucoamylases within 72h

Mpo6un / Sample

Cyxo0 BeLecTBo, rp (cpegHu AaHHN)
Dry matter, gr (average data)

Ckop6sinia Ha HaTypasiHM aMapaHToBY TPULM
Starch of native amarant bran

7.82

Ckop6siia Ha aMapaHTOBY TPULY CNej, MUKPOHM3aLMS

Starch of amaranth bran after micronization

9.11

A B
dur. 3. CHUMKa Ha 3bpHaTa Ha ckopbsana: A — ckopbssia Ha amapaHTOBU TpULK
cnep TepMnyHa ob6paboTka, B — ckopbsana Ha HaTypasiHM amapaHToBU TPUL
Fig. 3. Photo of starch grains: A — starch of amaranth bran after thermal
treatment, B — starch of native amaranth bran

N3BOAN

1. AmapaHTOBUTE Tpyum ca
obellaBall B CypOBUHA 3a XpaHuTenHara
WMHOYCTpUA, nofobpssalia XxXpaHuTenHara
CTOWHOCT Ha NpoAyKTUTE.

2. WHdpavepBeHaTa obpaboTka Ha
amapaHTOBW TpULM NO3BO/IABA:

a) nogobpsasaHe MUKPOBUOIOrMYHNTE
nokasaTesiv Ha CypoB/HATa,;

b) mogndmumnparHe Ha GUOXUMUYHUTE
CBOWCTBa Ha npoaykTa.

3. N3cnepsaHeTo CblLO Taka npea-
nonara, 4e amMmapaHToBUTE TPULMN CbabPXAT
TepmMocTabuniHu NPoOTEenHU, KOUTO Ce TpaHc-
dopMupar BbB BOLOPA3TBOPUMO CbCTOSA-
HUe cnep TepMuyHa 06paboTka B WHpa-
YepBEeHWA CNEKTbP U PA3KOTO Hama-/1sBaHe
Ha pasTBOPUMOCTTA Ha NPOTEeUH npu Mno-
HaTaTblUHa Temnepartypa CBuAeTeNcTBa 3a
Ha4yas1I0To Ha npoueca Ha paspyLlaBaHe.

4. NH(ppayepBeHOTO sibyeHne BOAU
[0 VHTeH3uduuynpaHe Ha OUOXMMUYHUTE
npouecu B NpPoAykTa nopagmn pe3oHaHcHara

CONCLUSIONS

1. Amaranth bran is a promising
type of raw material for the food industry
for improving of the food nutritional value.

2. Infrared processing of amaranth
bran allows:

a) to improve the microbiological
indicators of raw material;

b) to modify the
properties of the product.

3. The study also suggests that
amaranth bran contains the thermostable
proteins that transform into the water-
soluble condition after thermal processing
in infrared spectrum and the sharp
decrease in solubility of protein in further
temperature testifies to the start of
destruction process.

4, IR-radiation leads to
intensification of biochemical processes in
the product due to the resonant

biochemical
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abcopbumsa Ha MoMeKynuTe Ha abyucTara
eHeprus, NpoTeMHUTE 1 NonusaxapuanTe.

5. TonnmHHata obpaboTka Ha ama-
paHToBUTE TPULUM B MHPaYepBEHUS Chek-
Tbp MO3BO/IAABA fleka NpOTenHoBa AeHaTy-
pauus, nognomara npexofa Ha ckopbsna
KbM [EKCTPUHW W KaTo UAIo YyBenuyasa
CMWIaemMoCTTa Ha NpoayKTa.

6. lMNMpenopbyBamMe M3MN0N3BAHETO Ha
amapaHTOBW TpULM crnep cneuuasnHa noaro-
TOBKa 3a cragKapckara WHOYCTpUSA C uen
noBuLlaBaHe Ha XpaHuTesHaTa CTOMHOCT U
HamasiiBaHe Ha KOHCyMauyaTa Ha 3axap.

absorption of radiation energy molecules,
proteins and polysaccharides.

5. Thermal treatment of amaranth
bran in the infrared spectrum allows for a
soft denaturation of proteins, promotes
the transition of starch to dextrins and all it
increase to digestibility of product.

6. We recommended using of the
amaranth bran after a specially
preparation for confectionary industry in
goal to increase of the nutritional value
and to reduce of the sugar consumption.
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PE3IOME

LlenTa Ha HacToALWETO uscnenBaHe
€ Ja ce NpoyyYn MUHEpPATHUAT CbCTaB Ha
pasiMyHM BuaoBe GpaliHa-MueHnyYyHo Tun
.200”, rono3bpHect oBec copT ,MwuHa’,
PBbX, e4eMUkK, TpuTUKasie copt “BuxpeH” un
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MenenHOTO CbAbpXaHue B U3cnes-
BaHWTe bOpallHa € C Hail-BMCOKa KOHLEH-
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cnepsaHo ot numel — 2,6%, e4eMnyeHo-
2,0%, pbxeHo — 1,75%, TpuTtukane-1,23%
W NweHnyHo 6pawHo — 0,5%. Kanuuar B
uscneABaHNTe 6pawHa e C Hali-BMcoka
KOHUEHTpauusi npu Tro/I03bPHECT OBEC
copT ,MuHa" — 652 mg/kg n Hali-HMUCKO
npy eyemuyeHoTo 6pawHo — 140 mg/kg.
CbabpXaHMETO Ha Kanii e Hail-gobpe
00yCcnoBeHO nMpu OpalHOTO OT pPbX-
4069,50 mg/kg, gokaTo 65/10TO 6GpallHo e
Han-6egHo — 1380 mg/kg. bBsAnoTto
6GpallHO € C Hali-HUCKa KOHLeHTpauus Ha
mMarHesnin-294 mg/kg n coccop —-1306

SUMMARY

The objective of this study was to
investigate the mineral composition of
various type flour - wheat type "500"
naked oat cultivar "Mina", rye, barley,
triticale variety "Vihren" and einkorn.

The content of ash in analysed flour
have a highest concentration in oat flour —
5,0%, followed by einkorn — 2.6%, barley —
2.0%, rye — 1.75%, triticale — 1.23% and
wheat flour — 0.5%. Calcium in the
examined flours has a highest
concentration in naked oat variety "Mina"—
652 mg/kg and lowest in barley flour —
140 mg/kg.

The potassium content is most preferably
determined in rye flour — 4069.50 mg/kg,
as long as white flour is the poor — 1380
mg/kg. White flour has the lowest
concentration of magnesium — 294 mg/kg
and phosphorus — 1306 mg/kg, while oat
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mg/kg, AOKATO OBECEHOTO € C Ha-B1UCOKO
cbabpxaHne Ha Mg — 1337 mg/kg n P —
5388 mg/kg. bsanoto 6GpallHO € C Haii-
HUCKO CbAbpXaHue Ha MUKpOenieMeHTuTe
6op (cnean), men (1,88 mg/kg), xensso
(15,16 mg/kg), maHraH (5,72 mg/kg) wn
UMHK (13,64 mg/kg), pokato 6palHoTO OT
ro/slo3bpPHECT OBec copT ,MuHa” e c Haii-
BMCOKO CbAbpxaHue Ha mef (7,39mg/kg)
n maHraH (51,80 mg/kg), u numeL, Ha 6op
(4,59 mg/kg), 6apwii (3,55 mg/kg), xens-
30 (46,58 mg/kg) v umHk (41,19 mg/kg).

KnwouoBn  gymn:  MuHepasieH
CbCTaB, OpallHO, MleHMUa, OBEC, PbX,
eyemMuK, TpUTKKase, MmeLl

YBO/,
3'preHI/ITe XpaHhn Ca OCHOBEH
XpaHuTeneH M3TOYHMK 3a Xopata "

XMBOTHUTE B CBETOBEH NfaH u ToBa €
npuyvHaTa OT Hay4yHa rnefHa Touka ga ce
paspaboTBar XpaHu Ha 3bpHEHa OCHOBA,
Tbil KaTo Te ca 6oratu Ha 6enTbk,
He3aMeHNUMN aMWHO KUCESIUHW, BbIJie-
XnapaTtn, MUHepasv, MacTHWU KWUCEIVHWU,
BMAKHWHKW, (OUTOXUMUKaN (BKTHOUMTESTHO
(PEHOTHN CHEAMHEHMS) U BUTAMWHW OT
rpyna B. 3bpHOTO Ha XUTHUTE KYyNTypu W
TEXHUTE NPOM3BOAHM Ca LEHHA CypoBMHA
3a XpaHMTeNIHO-BKycOBaTa, MvBOBapHaTa
1 cnMpTOBapHa NPOMULLNIEHOCT.

Izambaeva et al., (2016), yctaHOBS-
BaT MenesiHo cbabpxaHue 23 g/kg npwu
NMmMeL, B CpaBHEHWe C nweHuuaTa, npu
KOATO NenesiHOTO CbAbpXaHue e B Auva-
nasoHa ot 15 go 22 g/kg. JiumeybT e 6orat
Ha Kanuii 1 docdhop, JokaTo MueHuuaTa e
6orata Ha pocchop, Kanuii u MarHeswui.

Youssef et al., (2013) B n3cnepasa-
HUATa CM NPU evYemMuk, oTrnexaaH B Eru-
neT, nonyyaBaTt KOHLEeHTpauns Ha Kanuui
ot 120-160, cocchop- 300-510, marHeswuit
oT 130-180, kanuint — 240-320, HaTpwuit oT
15,17-47,35, xensa3o oT 5,75 po 13,85,
umHk 3,27-39,9, mepg 0,55-0,98 1 maHraH —
1,02-2,67 mg/100 g.

Kan (2015), n3cnegsa MuHepasnHus
CbCTaB Ha pas3/IMYHN BUAOBE U COPTOBE
3bpHEHN KynTypu (MWeHuua, evyemMuk,
PbX, TPUTUKaNe U OBEC), OTIIEXAaHN B

has the highest content of Mg — 1337
mg/kg and P — 5388 mg/kg. White flour
has the lowest content of the trace
elements boron (trace), copper (1.88
mg/kg), iron (15.16 mg/kg), manganese
(5.72 mg/kg) and zinc (13.64 mg/kg) until
the flour of naked oat variety "Mina" has a
high content of copper (7.39 mg/kg) and
manganese (51.80 mg/kg), and einkorn of
boron (4.59 mg/kg), barium (3.55 mg/kg),
iron (46.58 m /kg) and zinc (41.19 mg/kg).

Key words: mineral composition,
flour, wheat, oats, rye, barley, triticale,
einkorn

INTRODUCTION

Cereal foods are a major source of
nutrition for humans and animals on the
worldwide and this is the reason for
scientific point of view to develop of food
from bases of grain-based foods, because
they are rich of protein, essential amino
acids, carbohydrates, minerals, fatty
acids, fibber, phytochemicals (including
phenolic compounds) and group of
vitamins B. The grain of cereal crops and
their derivatives are a valuable source for
food processing, brewery and distillery
industries.

Izambaeva et al., (2016), establish
an ash 23 g/kg in einkorn compared to
wheat in which the ash ranges from 15 to
22 g/kg. The einkorn is rich of potassium
and phosphorus, while wheat is rich in
phosphorus, potassium and magnesium.

Youssef et al, (2013) in their
research of barley grown in Egypt, they
are obtained concentration of calcium
from 120 to 160, phosphorus 300-510,
magnesium 130-180, potassium 240-320,
sodium 15.17-47.35, iron from 5.75 to
13.85, zinc 3.2 -39.9, copper 0.55-0.98
and manganese — 1.02-2.67 mg/100 g.

Kan (2015), was investigated the
mineral composition of different types and
varieties of cereals (wheat, barley, rye,
triticale and oats) grown in Turkey and
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Typuusi 1 ycTaHoBsiBa, 4Ye OOMKHOBeEHaTa
nweHnua cbabpXa Hal-MHOro Kanuii-6490
ppm, a TPUTMKaNeTo Hali-masnko- 4510 ppm,
doochop — 5503ppm npu nuweHuyata wm
2933ppm npw TpuTukase, kanuuii — ot 184
(TpuTtukane) go 1133 (nweHnua), MarHeswui
oT 101lppm (Tputukane) p[o 2766ppm
(NMweHunya). 3bpHEHUTE KynTypu ca 6efHu
Ha MakpoenemeHTa HaTpuii. MuKpoenemeH-
TUTE NPV pasIndHN 3bPHEHU KynTypu ce
ycBOsiBaT B 3aBMCMMOCT OT BMAAa W 3aToBa
No CbAbpPXaHWE Ha Xessi30 Hai-fobpe e
o6esneyeH oBecbT — 92 ppm, a Hai-6egHa
€ pbXTa — 32 ppm, LMHKBT € Haii-BMCOK Npu
pbXxTa (28ppm) U Hali-HUCBHK Npy TBbpAATA
nweHnda — 20ppm, CbObpXaHUETO Ha
MaHraH Bapupa ot 17 no 40ppm, Ha 6op oT
13 po 47 ppm, meg oTr 2 po 8ppm.
KonuuecTBoTOHa enemeHTuTe ce Bausie oT
peavua daktopy KaTo CcOpT, Buaa Ha
noysara, BpemMeTo Ha npubupaHe, TOpeHe,
HanosiBaHe, KNMMMaTUYHU YC/I0BUS U APYTH.

BsnoTo 6palHo cbabpXa Kanuin —
933 mg/kg, kanumii — 220 mglkg,
mMarHesuin — 226 mg/kg » nocnegosaren-
HOCTTa yCTaHOBeHa B KOHLeHTpauusaTa Ha
MakpoenemeHTUTe npu 6s710T0 HGpallHo e
K> Mg> Ca> Na, gokato B MWKpoesne-
MEHTHUA CcbCTaB e Fe> Zn> Mn> Cu> Cr>
Ni (Raquel L. Tejera et al., 2013, Adhikari
et. al., 2016).

Llenta Ha HacTosLLeTO n3cnensaHe
e [a ce nNpoy4yu MUHEPasIHUAT CbCTaB Ha
pasnuuHn BuAoBe OGpallHa — MWEHWUYHO
mn 5007, OT rosIo3bPHECT OBeC CcopT
~MUHA", pPBX, edyemMuK, TpUTUKane copT
“BuxpeH” 1 nnmed.

MATEPVAT N METOOU

M3nonseaHu ca wecTt Buga OGpallHa
3a onpegensiHe Ha Makpo- U MUKpoesie-
MEHTHUS MM CbCTaB: GpaLUHO MNLIEHUYEHO
TMn 500 — npoussegeHo ot ,Codma Men’
EA/[, 6pawHo OT Numey, NpousBefeHo OT
ET ,Metkom* MNeTko AHresos, 6pallHO OT
rofI03bpPHECT 0BeC COpT ,MuHa“ n 6pawHo
OT TpUTUKasne copt ,BuxpeH”, nonyyeHo Ha
nabopartopHa Ba/iLoBa MesiHULUa C oTAens-
He Ha TpuyaBata 4acT, NbHO3BLPHECTO
pbXeHo 6pallHo, npou3BefeHo oT hupma
,»Texpa’ n NbAHO3BPHECTO eyeMnyeHo Gpall-
HO, NpoussegeHo ot ,My Organic market”.

found that common wheat contains
potassium at most 6490 ppm and triticale
at least 4510 ppm, phosphorus — 5503
ppm in wheat and 2933 ppm in triticale,
calcium — from 184 (triticale) to 1133
(wheat), magnesium from 1011 ppm
(triticale) to 2766 ppm (wheat). The
cereals are poor of sodium macro
element. Microelements in different cereal
crops are absorbed depending on the
species and therefore the iron content is
best sown in oats — 92 ppm and the
lowest is the rye — 32 ppm, the zinc is
highest in the rye (28 ppm) and the lowest
in durum wheat — 20 ppm, manganese
content ranges from 17 to 40 ppm, boron
from 13 to 47 ppm, copper from 2 to 8
ppm. The quantity of elements s
influenced by a number of factors such as
variety, soil type, time of harvesting,
fertilization, irrigation, climatic conditions
and others.

The white flour contains potassium
— 933 mg/kg, calcium - 220 mg/kg,
magnesium - 226 mg/kg, and the
sequence found in the concentration of
macro elements in white flour is K > Mg >
Ca > Na, while the micro elements
composition is Fe > Zn >Mn> Cu > Cr > Ni
(Raquel L. Tejera et al., 2013, Adhikari et.
al., 2016).

The objective of this study was to
investigate the mineral composition of
various type flour — wheat type "500"
naked oat cultivar "Mina", rye, barley,
triticale variety "Vihren" and einkorn.

MATERIAL AND METHODS

They are used six types of flours to
determine their macro and micro elements
composition: wheat flour type “500" —
produced by Sofia Mel Ltd, flour of
einkorn, produced by ST “Petkom” Petko
Angelov, naked oat cultivar "Mina" and
flour of triticale variety "Vihren", obtained
on a laboratory roller mill with separating
of the bran part, whole grain rye flour,
produced by company "Techra" and
whole grain flour produced by "My
Organic market".
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MenenHoTo CbAbpXaHue Ha
6pawHOTO € onpegeneHo no BAC 1SO
2171:1999.

Makpo ©n MUKpoenemeHTuTe ca
onpefeneHn Ha  aTOMHO-EMUCUMOHEH
oTomeTbp — AES-ICP "Varian-Liberty I1”.

PE3SYNTATU N OBCbXOAHE

MenenHoTo CbAbpXaHue Ha
pasnnyHWTe BUAOBE OpallHa e npeacra-
BeHO Ha durypa 1. OCHOBHOTO KoJM4ec-
TBO MWHEP&/IN B 3bPHOTO Ce CbAbpxaT B
3apoguwa v obsuBKaTa My M nenesiHoTo
CbAbpXaHne oTpassBa KONMYecTBOTO Ha
MUHEPa/IHUS OCTaTbK B  MOy4EHOTO
6pallHO cref, TeXHoNormyHa obpaboTka.
Mpon3BOACTBOTO Ha BUCOKOKAYECTBEHO
65710 6palwHO BOAM A0 HamansBaHe Ha
XpaHWTENHUTE KOMMOHEHTU B Hero, B
CpaBHEHWe C MbJIHO3bPHECTUTE GpallHa,
Npu KOUTO Ce CMuNa LANOTO 3bPHO.

The ash content of flour was
determined according to BSS 1SO 2171:
1999.

Macro and trace elements are
assigned to atomic emission photometer —
AES-ICP "Varian-Liberty II".

RESULTS AND DISCUSSION

The ash content of the various
types of flour is shown in Figure 1. The
basic amount of grain minerals is
contained in the germ and endosperm
and the ash content reflects the amount of
mineral residue in the resulting flour after
processing.

The production of high quality white flour
leads to a reduction of nutritional
compounds in it, as compared to whole
grains flour where the whole grain is
milled.
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Oat flour
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Barley flour

i bpaluHo OT TpUTUKane
Triticale flour

our. 1. CbabpxkaHue Ha nenen (%) B pa3/inyHu BUAOBe 6pallHa
Fig. 1. Ash content (%) in different types of flours

lMenenHoto cbabpXaHue B uU3cnen-
BaHUTe 6pallHa e C Hai-B1COoKa KOHLeHTpa-
LS Npu oBeceHoTo 6palHo — 5,0%, cnea-
BaHO OT /umey — 2,6%, eyeMUyeHo —-
2,0%, pbxeHo — 1,75%, Tputukane — 1,23%
M nweHnyHo 6pawHo — 0,5%. MonyyeHute

The ash content of the analyzed
flours has the highest concentration in oat
flour — 5.0%, followed by einkorn — 2.6%,
barley — 2.0%, rye — 1.75%, triticale —
1.23% and wheat flour — 0.5%. The
obtained results of the ash content in the
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pesyntatM 3a NenenHoTo CbAbpXaHve B
pasnuyHuTe BUAOBE OpallHa HU Aasart
MHGOopMaLus, ye Hali-gobpe obesneyeHo ¢
MUHepasiHM BeLLecTBa € OBeCeHOTo 6pall-
HO 1 Hail-cnabo 651070 NIWEHNYHO GpaLlHo.

MwHepanHuTe BellecTBa Ca BaXeH
KOMMNOHEHT B AueTaTa Ha 4oBeka. Kanumart
n hochopbT ca Hai-BaxHWTE Makpoesie-
MEHTU U U3NBbHABAT BaXXHa (PU3N0I0TNYHA
1 6UOXMMMYHA POsIA 3a YoBekKa, 0cobeHo 3a
HoBopogeHute (WHO/FAQO, 2004). Mpeno-
PbUUTENHUAT AHEBEH MPUEM Ha Kanuuin e
0o 2,59 Ha geH (EFSANDA Panel, 2012) n
docchop o 1,0g Ha geH (NHMRC, 2005).
Kanumat B uscnegsaHuTe 6pallHa e ¢ Hai-
BMCOKA KOHLEHTpauusa npu 6palHo oT
rofio3bpPHECT oBec copT ,MuHa” — 652
mg/kg, cnefsaHo OT PBXEHOTO 6pallHo —
350 mg/kg n 6palwHOTO OT TpuUTMKane —
324,30 mg/kg, pokato NpyY e4YeMU4eHOoTO
6pallHO e Hali-HUCKO HEeroBOTO CbAbpXa-
Hue u e 140 mg/kg (Tabnuua 1). OBeceHo-
To 6pawHO e Hail-gobpe o06e3neyeHo Mo
cbAbpxaHue Ha occhop — 5388 mg/kg,
[JoKato npu octaHannTe 6paluHa e oT Asa
[O 4YeTMpu nNbTU NO-ManKo, CbOTBETHO
cnpamo 6pawHo oT aumey — 1,86 nbTw,
6pallHO OT TpuTukasie — 2,98 1 NWeHNYHO
6patuHo Tmn “500“ — 4,12 nbTwN.

different types of flours give us
information that the best-provided of
mineral compounds is oat flour and the
least white wheat flour.

Mineral  substances are an
important component of human diet.
Calcium and phosphorus are the most
important macro elements and play an
important physiological and biochemical
role for humans, especially for newborns
(WHO/FAO, 2004). The recommended
daily intake of calcium is up to 2.5 g per
day (EFSA NDA Panel, 2012) and
phosphorus up to 1.0 g per day (NHMRC,
2005). Calcium in the analyses flour has
the highest concentration in flour from
naked oat cultivar "Mina" — 652 mg/kg,
followed by rye flour — 350 mg/kg and
triticale flour — 324.30 mg/kg whereas
barley flour has the lowest content and is
its 140 mg/kg (Table 1). The oat flour is
the best provided with a phosphorus
content — 5388 mg/kg, while for the
remaining flours it is two to four times
smaller, respectively of einkorn flour -
1.86 times, the triticale flour - 2.98 and
wheat flour type "500" - 4.12 times.

Tabnuua 1. CbabpxaHne Ha MakpoesieMeHTU B pa3/InyHu BUAOBe 6paLlHo
Table 1. Content of macro elements in different types of flour

Mokasatenu Ca K Mg Na P
Characteristics mg/kg mg/kg mg/kg mg/kg mglkg
BpatuHo nweHnyHo tnn ,,500 233.20 1380 294,30 - 1306
Flour type 500

EPaLIJHO OoT Nnmel, 29500 3182 872 30,64 2885
Einkorn flour

OBeceHo GpaluHo 625,00 3309 1337 22,80 5388
Oat flour

Pbxero 6pawHo 350,00 406950 - 7,77 -
Rey flour

BpaluHo oT eyeMmK 140,00 2959 - 31,50 -
Barley flour

BpaluHo OT TpuTukasne 324,30 2839 754,40 36,73 1808

Triticale flour

KanvaT e )XM3HeHOoBaXKeH Makpoere-
MEHT 3a NoAAbPXaHETO Ha Te/lecHUTe Teu-
HOCTU W €eneKTPO/UTHUS GanaHc B opra-
HM3Ma. [JeduumTbT Ha Kanuin BoAM Ao

Potassium is a vital macro element
for the maintenance of body fluids and
electrolyte balance in the body.
Potassium deficiency leads to fatigue,
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ymopa, pasgpasHuUTeNHOCT, XUMNepTOHUS U
HamasisiBaHe Ha KocTHata nabTHOCT (SCF,
2001). MpenopbYUTENHUAT OHEBEH MpUem
Ha kawmii e oT 3,5 go 3,6 g Ha fdeH
(NHMRC, 2005). W3cnegsaHute O6paluHa
cbabpxar kanmin ot 1380 o 4069,5 mg/kg.
BpawHOTO OT pbX € C Hali-BMcoka
KOHLEeHTpauusi Ha kanuin (4069,50 mg/kg),
cnegBaHo OT oOBeceHOTO O6pawHo (3309
mg/kg), 6pawHoTo oT numel, (3182 mg/kg),
6paluHoTOo OT evemMuk (2959 mg/kg), bpawwu-
HOTO OT TpuTukasne (2839 mg/kg) 1 NweHn-
yHOTO 6paruHo Tmn “500“ (1380 mg/kg).

MarHesusaT e 4YeTBbPTUAT MO Bax-
HOCT efIeMEeHT B YOBELUKUSA OpraHu3bM,
KOWTO perynupa KpbBHOTO HansraHe, Cbp-
JeyHaTa 4yecToTa, CKOpOCTTa Ha meTabo-
M3Ma M HuBaTa Ha KpbBHaTa 3axap.
MpenopbunTeNHMAT OHEBEH MNpWeM Ha
marHesuii e 300 go 400 mg Ha geH (SCF,
2001). edomumnTbT My Npeaun3BrKBa Xunep-
TOHWS, OCTeonoposa, TPemop, MYCKY/IHU
Kpamnu un 6e3CbHue. M3nonssaHeto Ha
Mb/IHO3bPHECTN 6pallHa No3BossBa Aa ce
HabaBAT HeobxogumuTE KoMMyecTBa Mar-
He3uii. OBECEHOTO 6pallHO 1M 6pallHOTO OT
NMMeL, ca Haii-6oratMm Ha MarHesuii wu
HEroBOTO ChbAbpXaHue B TAX € CbOTBETHO
1337 n 872mg/kg. bpaliHOTO OT TpUTKKane
€ CbC CbAbpXaHue Ha MarHesuii 754,40
mg/kg, gokato 651070 6GpallHO € C HaW-
HUCKa KOHUeHTpauusa - 294,30 mg/kg.

HaTpusT e enekTpoNnTEH A0oH, KONTO
urpae BaxHa posnsa 3a nofgnbpxaHe GasiaH-
ca Ha TeyHoCTUTe B TAMOTO, CbPAEYHO-
cbAoBaTa [eiHoCT, HopMasnHaTa OyHKLMS
Ha HepBHaTa cuctema u abcopbumaTa Ha
rnokosata.  lpenopbunTeneH  gHeBeH
npvem go 2300 mg Ha AeH. JeduunTbT Ha
HaTpuii B oOpraHusMa BOAM [0 [Anapus,
noBpbLLaHe, XMNOTOHWSA, neTaprus, 3aryba
Ha TenecHo Terno, 06 bPKLHOCT, 3amailiBaHe
n myckynHu kpamnu (NHMRC,2005). Konu-
4ecTBOTO Ha HaTpynaHus HaTpuii B pas-
NIMYHWUTE BUAOBE OpallHa OT 3bpHEHM
KynTypu Bapupa ot 7,77 pno 36,73 mg/kg.
BpalwHOTO OT pbX e C Hali-HUCKa KOHLIEH-
Tpauusa Ha Hatpuin — 7,77 mg/kg., gokato
npv octaHanute 6pawHa e oT 3 [0 5 NbTH
noseve.

BopbT € BakXeH MUKPOENEMEHT,
KOMTO yyacTBa B 3anasBaHe Ha CTpykTyparta
Ha ckeneta, peryimpa Mo3byHaTa COyH-

irritability, hypertension and decreased
bone density (SCF, 2001). The
recommended daily intake of potassium
is from 3.5 to 3.6 g per day (NHMRC,
2005). The analyses flours contain
potassium from 1380 to 4069.50 mg/kg.
The rye flour has the highest potassium
concentration (4069.50 mg/kg), followed
by oat flour (3309 mg/kg), einkorn flour
(3182 mg/kg), barley flour (2959 mg/kg),
triticale flour (2839 mg/kg) and wheat
flour type "500" (1380 mg/kg).

Magnesium is the fourth most
important element in the human body that
regulates blood pressure, heart rate,
metabolic rate and blood sugar levels.
The recommended daily intake of
magnesium is 300 to 400 mg per day
(SCF, 2001). Its deficiency causes
hypertension,  osteoporosis,  tremor,
muscle cramps and insomnia. The use of
whole grain flour allows obtaining the
necessary quantities of magnesium. Oat
flour and einkorn flour are richest in
magnesium and its content in them is
1337 and 872 mg/kg respectively.
Triticale flour has magnesium content
754.40 mg/kg, while white flour has the
lowest concentration - 294.30 mg/kg.

Sodium is an electrolyte ion that
plays an important role in maintaining
body fluid balance, cardiovascular
activity, normal function of the nervous
system and glucose  absorption.
Recommended daily intake is up to 2300
mg per day. Sodium deficiency in the
body leads to diarrhea, vomiting,
hypotension, lethargy, loss of body
weight, confusion, dizziness and muscle
cramps (NHMRC, 2005). The amount of
sodium accumulating in the various types
of cereal flour ranges from 7.77 to 36.73
mg/kg. The rye flour has the lowest
sodium concentration — 7.77 mg/kg, while
the remaining flour is 3 to 5 times more

Boron is an important trace
element that plays a role in preserving
the structure of the skeleton, regulating
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KuMsi, BK/OUYBA ce B MeTabosimsma Ha
MakpoesnieMeHTuTe  Kanuuin, docdop wu
MarHesuidi.  MpenopbUNTENHUAT  OHEBEH
npueM Ha MUKpoesniemeHTa 6op e oT 2 Ao 3
mg Ha geH (Murrayet. al., 2005). N3cnepgga-
HUTe GpallHa ca CbC CbhAbpXaHue Ha 6op
oT cnegmn (<0,1) npy nweHn4yHoOTO 6pallHo
Tvn ,500“ oo 4,59 mg/kg B 6pawHoTO OT
numvey,. MukpoenemeHTbT Gapuii € ¢ Haii-
HMCKa KOHLieHTpauus npu 6571010 6GpallHo
1,40 mg/kg, cnepBaHo OT OBECEHOTO
6pawHo - 1,12 mg/kg, O6pawHoTO OT
Tputukasie — 1,84 mg/kg n 6pawHo oT
nnwvel, — 3,55 mg/kg (Tabnuua 2).

brain function, and incorporating calcium,
phosphorus and magnesium into the
metabolism of macro elements. The
recommended daily intake of boron micro
element is from 2 to 3 mg per day
(Murray et al., 2005). The investigated
flours have a content of boron from trace
(<0.1) in wheat flour type "500" to 4.59
mg/kg in einkorn flour. The barium trace
element has the lowest concentration of
white flour 1.40 mg/kg, followed by oat flour,
1.12 mg/kg, triticale flour 1.84 mg/kg and
einkorn flour 3.55 mg/kg (Table 2).

Tabnuua 2. CbabpxaHMe Ha MUKPOESIEMEHTU B pasIMyHM BUaoBe 6pallHo
Table 2. Content of trace elements in different types of flour

MNokazaTtenu B Ba Cu Fe Mn Zn
Characteristics mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
BpawHo nweHniHo in 500" g 19 140 1,88 1516 572 13,64
Flour type 500
BpatuHo ot inmed 459 3,55 471 46,58 37,39 41,19
Einkorn flour
OBeceHo BpallHo 302 112 7,39 39,60 51,80 31,90
Oat flour
Pb>xeHOo 6pallHO ) i 271 15.29 ) 13.89
Rey flour
BpallHO OoT evyemMuK ) i} 313 19,80 - 14,40
Barley flour
Bpaluto ot Tputnkane 438 1,84 1,96 4124 2446 15,05
Triticale flour

Megta e eceHUManeH efieMeHT Copper is an essential element

BaXXEH 3a YCBOSIBAHETO Ha Xens3oTo U e
KO-(DaKTop Ha €H3UMUTE B [JIOKO3HUS
MeTabonn3bM M CUHTE3aTa Ha XeMorso-
6uHa, cbeguHUTENHaTa TbkaH 1 gocdonum-
nuaute. MegHuAT gedhuunT Npu xopata ce
nonyyaBa camMo nNpu AbATOTPaeH rnag.
MpenopbunTeNHUAT AHEBEH NPUEM Ha Mef,
e 0,9 mg Ha pgeH (SCF, 2001) n 1,2 mg Ha
aeHcnopeg NHMRC (2005). Mwukpoene-
MEHTBT Mej, e C Hali-BUCOKO CbAbpXaHune
npy oBeceHOTO 6pawHoTO - 7,39 mg/kg,
cnefBaHo B HU3XOZALW, pef OT 6pallHoTOo OT
nnwvel, — 4,71 mg/kg, evemmyeHo 6pallHo —
3,13 mg/kg, pwXeHo 6paluHo — 2,71 mg/kg,
6paluLHo oT TpuTukane — 1,96 mg/kg n 6810
6patuHo — 1,88 mg/kg.

YKenss3oTo e BaXeH MUKPOeNeMEHT,
KOMNTO KaTa/msmpa HSKOUM MeTabonTHY

important for iron uptake and is a co-
factor of enzymes in glucose metabolism
and synthesis of hemoglobin, connective
tissue and phospholipids. Copper deficiency
in humans occurs only with long-term
hunger. The recommended daily intake of
copper is 0.9 mg per day (SCF, 2001)
and 1.2 mg per day according to NHMRC
(2005). The microelement copper has the
highest content of oat flour — 7.39 mg/kg,
followed in descending order of einkorn
flour — 4.71 mg/kg, barley flour — 3.13
mg/kg, rye flour — 2.71 mg/kg, triticale
meal — 1.96 mg/kg and white flour — 1.88
mg/kg.

Iron is an important microelement
that catalyzes some metabolic reactions,
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peakuuu, KOMMOHEHT e Ha XeMornobuHa,
MUOr/106MHa, LUTOXpoMa U Apyru npoteu-
HW, urpae BaXHa pPoONA B TpaHCnopTa,
CbXpaHEeHWETO M ONoI30TBOPSABAHE Ha KUC-
nopoja n e Ko-hakTop Ha MHOIO €H3VMMU.
MpenopbynTeENHUAT AHEBEH npueM Ha
xensaso e 20-30 mg Ha pgeH (WHO/FAO,
2004; NHMRC, 2005). XXens3oTo B n3cnes-
BaHUTe OpallHa OT pas/IMYHN 3bPHEHN
KyNTypu € C Haii-HUCKa KOHLEeHTpaums npu
6palwHoTo OT nweHuya (15,16 mg/kg) u
pbX (15,29 mg/kg) 1 Hal-BMCOKO CbabpXa-
HWe npu 6palHoTO OT NnMel, (46,58 mg/kg)
n Tputukane (41,24 mg/kg).

MaHraHbT yyactsa B MeTabonusma
Ha Bbrexuaparure, AMnNuauMTe U npoteu-
HUTe, cneunduyeH Ko-hakTop 3a eH3umMuTe
yyacTBalliM B CUHTE3a Ha MyKOmnosu3axa-
pugn, n HecneumduyeH Ko-hakTop 3a
MHOrO Apyrm eHsuMmu. Toil ce Hamupa B
3HAUYUTENHN KONMYeCTBa BbB BCUYKM XpaHW.
HeroBuaT gecmunt He e 6Un perncTpupax
Kato npuyvHa 3a cmyuwieHve unun 3abona-
BaHe. OT 3 0o 5% oT 06Wwusa XpaHUTeTHUSA
nprveMm Ha MaHraH ce abcopbupa ycnewiHo,
OCTaHa/10TO KONMYECTBa ce eNvuMmMHupaT ot
TANOTO 4pe3 usnpaxHeHuata. MNpenopbyn-
TENHUAT [HEeBEH nNpWeM Ha MaHraH e
2,0-2,3 mg Ha geH (SCF,1993; SCF, 2000).
MaHraHbT B M3cnegBaHuTe 6pallHa Bapvpa
B MHOIO ronsiM [AuanasoH. [lWeHUYHOTO
6pawHo T1n ,500" e ¢ Hal-HUCKO CbhabpXa-
HWe Ha MaHraH — 5,72 mg/kg. Npu ocTtaHa-
NMTe 6paluHa KoMMYecTBOTO My HapacTsa
oT 5 go 10 nbTu. OBECEHOTO 6GpallHO K
6pallHOTO OT /MMel, ca C Hali-Bucoka
KOHUEHTpaLmMa Ha MaHraH.

LIMHKBT e BakeH MUKpOeneMeHT 3a
pactexa, CekcyanHOTO pa3BuTue, 3apacT-
BaHeTO Ha paHW, KakTo W HOPMasIHOTO
QYHKUMOHMPaAHe Ha WMyHHarta cuctema u
apyrn cusmnonornyHy npouecun. LIMHKBLT e
KOMMOHEHT Ha XOPMOHa UHCYUH. Toii e ko-
(hakTop Ha MHOTO €H3UMKW, KOMTO ca
BK/1HOYEHW B NOBEYETO MeTaboIMTHUTE Mpo-
uecu. lMpenopbyUnTEe/HUAT AHEBEH MpUEM
Ha uUMHK e 10-15 mg Ha peH(WHO/FAO,
2004). UnHKBLT B M3cnegBaHuTe 6paluHa e
B Hai-ronsiMo KonmMyectso npu 6GpaliHoTo
oT numey, — 41,19 mg/kg n oBeceHOTO
6pawHo — 31,90 mg/kg, pokato npu
ocTaHanuTe BUAOBe 6pallHa He HaaXBbps
15 mg/kg.

a component of hemoglobin, myoglobin,
cytochrome and other proteins, plays an
important role in the transport, storage
and utilization of oxygen and is a co-
factor of many enzymes. The
recommended daily intake of iron is 20-
30 mg per day (WHO/FAO, 2004;
NHMRC, 2005). The iron in the studied
cereal flour has the lowest concentration
in wheat flour (15.16 mg/kg) and rye
(15.29 mg/kg) and the highest content of
einkorn flour (46.58 mg/kg) and triticale
(41.24 mg/kg).

Manganese is involved in the
metabolism of carbohydrates, lipids and
proteins, a specific co-factor for enzymes
involved in the synthesis of mucopoly-
saccharides, and a non-specific co-factor
for many other enzymes. It is found in
significant amounts in all foods. Its
deficiency has not been reported as a
cause of disorder or illness. From 3 to 5%
of total manganese dietary intake is
successfully absorbed, the remaining
amounts are eliminated from the body
through the stools. The recommended
daily intake of manganese is 2.0-2.3 mg
per day (SCF, 1993; SCF, 2000).
Manganese in the analyzed flour varies
over a very wide range. Wheat flour type
"500" has the lowest manganese content —
5.72 mg/kg. For other flours, the amount
increases from 5 to 10 times. Oat flour and
einkorn flour have the highest concentration
of manganese.

Zinc is an important trace element
for growth, sexual development, wound
healing and the normal functioning of the
immune system and other physiological
processes. Zinc is a component of the
hormone insulin. It is a co-factor of many
enzymes that are involved in most
metabolic processes. The recommended
daily intake of zinc is 10-15 mg per day
(WHO/FAOQ, 2004). The zinc in the tested
flour is in the largest quantity in the flour
of einkorn — 41.19 mg/kg and the oat
flour— 31.90 mg/kg, while in the other
types of flour it does not exceed 15 mg/kg.
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N3BOAN

BpawHata, nony4yeHn OT pPasnUyHu
BMOBE 3bPHEHN KYNTypW Ce XapakTepusu-
pat c onpeAeneHo CbAbpXaHue Ha Makpo-
N MuKpoenemeHTu. [MweHnYyHoTo 6paLlHo
TMn “500“ KoeTo e npueto 3a 6palHo C
BMCOKO KayeCTBO e 6efHO0 Ha MUHepasiHu
BellecTBaq B CpaBHEHWe C ocTaHauTe
BMAOBe OpallHa, B KOWTO € BK/HOYeHa U
o6BMBKaTa Ha 3bpHOTO. OT uM3cnegBaHuTe
bpalHa C Hai-BMCOKO CbAbpXaHue Ha
Kanumii, marHesuii n ¢oocdiop € 0BECEHOTO
6pallHO, Kanuii — pPbXeHoTo 6pallHo,
HaTpuil, mMen W MaHraH — 6palHoTo OT
TpuTUKane, 6op, 6apuii, XXena3o n LUMHK npu
6pawHoOTO OT smMmel,. KoHcymauuAta Ha
BCEKW BUA OT u3cnefBaHuTe OpallHa 6u
umasna 6naronpuAaTHO BAMAHWE B AuetaTta
Ha 4oBeka B 3aBMCUMOCT OT HErosuTe
noTpebHOCTY 1 34PaBOC/IOBHO CLCTOAHNE.

CONCLUSIONS

Flour obtained from different types
of cereals is characterized by a certain
content of macro and trace elements.
Wheat flour of the type 500, which is
considered to be high quality flour, is poor
in mineral matter than other types of flour,
including the grain bran.

Of the investigated flours with highest
content of calcium, magnesium and
phosphorus is oat flour, potassium — rye
flour, sodium, copper and manganese —
triticale flour, boron, barium, iron and zinc
in einkorn flour. The consumption of each
type of the analyses flours would have a
beneficial effect on the diet of a person
according to his needs and health.
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Effects of water deficit on growth, development and
physiological indicators of gladiolus

Nadejda Zaprianova*, lvanka lvanova

Institute of Ornamental Plants, 1222 Negovan, Sofia, Bulgaria

PE3OME

BogHusaTt gedomunt, moxe ga 6bae
MOCTOAHEH WU MEPUOAUYEH U MNpefus-
BMKa peguua mMopdoaorniHn 1 gunsnono-
TMYHW NPOMEHU B pacTeHuaTa.

B nepuopa 2011-2013 r. e Hanpa-
BEHO Mpoy4YBaHe 3a B/IMSAHWETO Ha 3acy-
LaBaHeTO BbPXY pacTexa, pasButueTo 1
(IM3MONOTMYHOTO CBCTOSAHME TMpu  ABa
6barapckn copta rnaguon ,ExkatepuHa“ u
LV/Ba" — CbO0B ONUT , NPU OpPaHXEPUNHN
ycnosus. M3cnefBaHn ca Tpu HMBa Ha
nonveaHe - Tpu MNbTU, ABa NbTU U eauH
MbT CeAMUYHO. TPUKPaATHOTO MosMBaHe
Ha rnaguona ocurypsisa Heobxogumarta
onTumanHa npegenHa Bnara (80%).
Cywarta 6elle cuMynupaHa 4ype3 Hama-
nsBaHe Ha 6pofA Ha nonuekute (27-53%
rnr.).

Mpun pgBata copta r1aguonu
.EKatepuHa“ u ,lVBa“HamansABaHeTo Ha
NnosivBKUTE [0 eAvH NbT CEeAMUYHO mnpe-
OV3BYKBa CrnvpaHe Ha pasBUTUETO UM —
pacTeHusTa He BCTbMBAT B OyTOHM3aLMA
N UbTex.

HamanasaHeTo Ha MoSVBKUATE Ha
ABe ceAMW4YHO ce OTpasfBa HeraTmsBHO
BbpXy  OTAeNHuTe e/fleMeHTH Ha
0TpA3aHMA UBAT, KaTto ToBa € MO-CUJ/THO
n3paseHo npu coprt ,EkarepuHa‘“.

SUMMARY

Water deficiency may be constant
or intermittent and cause a number of
morphological and physiological changes
in plants.

In the period 2011 to 2013, a study
on the impact of drought on growth,
development and physiological condition
in two Bulgarian varieties of gladiolus
"lva" and "Ekaterina" — in pots, under
greenhouse conditions was conducted.
Three irrigation levels were examined -
three times (I11), twice (12) and once per
week (13). The triple watering of gladiolus
provides the required optimum moisture
threshold (80%). Drought was simulated
by reducing the number of times when
plants were watered (field capacity
27-53%).

In both varieties of gladiolus, Iva
and Ekaterina, the reduction of the
watering up to once a week causes them
to cease their further development - the
plants do not enter into budding and
blossoming.

The decrease in watering on two
weekly reflects negatively on the
individual elements of the cut flower and
is more pronounced in the Ekaterina
variety.
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PepyuvpaHeto Ha  nosvBkuTE
oKasBa MHOrO cu/ieH oTpuuareneH edexrt
BbpXy opMMpaHeTo Ha [EeTKU W npu
[ABaTa copTa rnaguon.

OTHOCUTE/IHOTO CbAbpXaHWe Ha
BOJA M HMBOTO Ha M3TUYaHE Ha efleKTpo-
nnTK Bapupar B 3aBWCUMOCT OT ceamuy-
HUAT 6POIA NOANBKN.

Hali-BMCOKM CTOMHOCTM Ha enek-
TPOJ/IUTHOTO U3TUYAHE ca OTYEeTEeHU Mnpu
eflHOKpaTHaTa nonuBka W npu JABaTa
copta rnagwon ,Mea“ u ,EkarepuHa,
CbOTBETHO 179,26 uS/g n 156,45 uS/g.

OTHOC/TENIHOTO BOAHO CbAbpXa-
HWe B pacTuUTesIHUTe TbKaHW Hamasissa B
3aBMCMMOCT OT MOJIMBHMA pexum. Hali-
HUCKM  CTOWHOCTM  NpM  copTOBETE
.EKatepuHa” n ,MBa” ca otbenasaHun npu
BapvaHTa C efHoKpaTHa cegMuyHa
nosnBka CbOTBETHO 69.25% 1 68.24%.

Kntouosu oyMmu: rnagmorn,
nonueka, BOAEH AeduuuT, pasBuUTUe,
OEeTKN, OTHOCUTENIHO BOAHO ChAbpXaHue,
KOHAYKTUBHOCT

YBO/[,

Mpe3 nocnegHWTe TrOAMHU  Cce
HabngaBa Ce30HEH X0f B konebaHusATa
U NPOMEHMTE Ha KIumaTta, u3paseHu B
yBeMMyaBaHe yectoToTtaTa W WHTEH3UB-
HOCTTA Ha EKCTPeMHWUTE SABMeHUs —
HaBOOHeHMA 1 3acylwaBaHe. Pesyntatute
OT peguua npoektn 3a HOromsToyHa
EBpona nokassarT, 4ye ToBa ce oTHacs U 3a
paioHa Ha basnkaHckunsi nonyoctpos (CC-
WARE, 2014; CC_WaterS, 2012;
CECILIA, 2011). YcTaHOBEHOTO Hamasis-
BaHe Ha BaJIeXXMTe N Ha OTTOKa , KakTo U
HapacTBaHeTO Ha TeMnepaTypHus guana-
30H Ha Bb3ayxa f0Bexja [0 BfolaBaHe
Ha KNMMatuyHuTe ycnoeus B Bbarapus.
Cnopep, pesyntatute Ha CC-WARE nu
MYPB 2016-2020, ce 3acopmsa TpaliHa
TeHOEeHUMA KbM 3acyllaBaHe B paioHa
(Popova, 2012; Spiridonov et al.,, 2014;
licheva et al., 2015).

MpoOobxUTENHUAT  6e3BasiexeH
nepuog He3aBUCUMO OT FOAULLIHUS CE30H
npegmsBakBa 3acyllaBaHe, KOeTO Hapy-
WaBa BOAHMSA GaslaHC KakTo B Mo4Bara,

The reduction of the watering has a
very strong negative effect on the
formation of number of corms In both
varieties of gladiolus

The relative water content and the
level of electrolyte leakage varied
depending on the number of times when
plants were watered per week.

The highest values of electrolyte
leakage were recorded in single watering
in both varieties of gladiolus "lva" and
"Ekaterina”, respectively 179,26 pS/g wu
156,45 uS/g.

The relative water content in the
plant tissues is reduced depending on the
irrigation frequency. The lowest values
were recorded for the one-time weekly
watering variant as for "Ekaterina" variety -
69.25% and for the "lva" variety was
68.24%.

Keywords: gladiolus, water deficit,
growth, blossoming, corms, relative water
content

INTRODUCTION

The recent years have shown
seasonal fluctuations in climate changes,
expressed in the increase of the
frequency and intensity of extreme
phenomena like floods and drought. The
results of a number of projects in East
Europe have shown that this is also true
for the Balkan Peninsula (CC-WARE,
2014; CC_WaterS, 2012; CECILIA, 2011).
The established decrease of precipitation
and runoff as well as the increase of air
temperature range has led to the
deterioration of the climatic conditions in
Bulgaria. According to the results of CC-
WARE and the River Water Management
Plan 2016-2020, there is a permanent
drought tendency in the area (Popova,
2012; Spiridonov et al., 2014; licheva et
al., 2015).

Regardless of the season, a long
period without precipitation leads to
drought thus ruining the water balance
both of soil and plant ecosystems
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Taka W B pacTuUTesIHATE €eKOCUCTEeMM
(Sabeva, 1968). Korato nouseHaTta Bnara
B eAHOMeTpoBUSA cnoii cnagHe nog 50%
ce cb3faBart npeanocTaBku 3a 3aTpygHe-
HUSA B pasBMTMETO Ha Kyntypute (Slavov
et al., 2004). ®U3NONOTMYHOTO CHLCTOSAHNE
Ha pacTeHusTa ce B/OlWaBa, BC/eACTBNE
Ha HacTbNUAM HeobpaTUMKU MPOMEHM B
OUOMETPUYHUYHUTE MOKa3aTeM 1 BbLB
PN3MKO-XMMUYHMTE CBOICTBA U BMOXM-
MWYHN MPOLECU Ha K/IETKNTE U ToBa
JoBexAa [0 pA3Ko cnajaHe Ha pobueure.

MogxopAawm mHAMKaTopn 3a BOA-
HWA CTaTyC Ha pacTeHusTa U 3a ycTaHo-
BSABAHE Ha HapylleHus B opraHusaumsata
N cbCTaBa Ha KNeTbyHUTE MembpaHute
ce u3nonseaT: OTHOCWUTESIHOTO BOZAHO
cbabpxaHne (OBC) (Lawlor and Cornic,
2002; Georgieva et al., 2004) n nosuLle-
HOTO M3TUYaHEe Ha eNEeKTPOINTK, yCTaHo-
BEHO 4pe3 KOHAYKTOMETPWYHWU M3MepBa-
Hua (Dhihdsa et al., 1981).

3a HamansiBaHe Wi npegoTBpaTsBa-
He Ha LuleTMTe OT 3acyllaBaHusTa, ce
paspaboTBar ajanTauyoHHN MEepPKU, BKIIHOY-
Baly: YCTaHOBSsIBAHE Ha YsA3BMMOCTTA Ha
3emMefesickuTe KynTypyu B TOBa YWC/O U Ha
[leKopaTUBHUTE pacTeHUst KbM BOAEH aedu-
LWT ¥ BAUSIHUETO MY BbpPXY KOJIMYECTBOTO U
KauecTBOTO Ha NPOAYKUMSITA, U3MN0N3BaHETO
Ha HOBW COPTOBE KyNTypW, KOWTO fa ca C
noBULIEHa TO/IEPAHTHOCT KbM 3acyllaBaHe
KakTo UM npomMsiHa B TexHo/iorMuTe 3a
OTINIeX/AaHe Ha HanosiBaHUTe KynTypu B
pasfIMyHMTE arpokIMMaTUYHU parioHn npu
YC/TOBUA HA HEAOCTUT Ha Boga.

Mpu peavua uscnegsaHusi e yctaHo-
BEHa crneuudmyHa BUAOBa 1 COPTOBA peak-
LMs Npy HamasnsiBaHe Ha BfiarosanaceHocT-
Ta W HapacTBaHe B/IUSHMETO Ha BOAHUS
aedomumnt (Shmatko, 1990). Hakou kynTypu
ce xapaktepuaupar c no-gobpa npucnoco-
6eHOCT, Ab/hKalla ce Ha NoBuLLaBaHe HUBO-
TO Ha ajanTVBHUA BOLOOGMEH Ha pacTe-
HMsITa, N0-406PO KAYECTBO Ha NPOAYKUMSATA,
[lokaTo npu gpyru ce Habngasa nogTuc-
KaHe Ha pa3BUTUETO 1 BriOLIaBaHe Ha Kou-
4ecTBOTO M KayecTBOTO Ha nNpoAykuusita
(Stoyanov, 2005; Valchev et al., 2005;
Bozhanova et al., 2009; Lozanova et al.,
2012; Mohamed et al., 2014; Spiridonov et
al., 2014).

(Sabeva, 1968). The decrease of soil
moisture to less than 50% in one meter
depth creates prerequisites for impeding
crop development (Slavov et al., 2004).

The physiological condition of plants
deteriorates as a result of the irreversible
changes of the biometric indexes as well
as the physical and chemical parameters
and biochemical processes of the cells,
hence the severe decrease of yields.

The following indicators were used
to identify the water status of plants and
disturbance of the organization and
composition of cell membranes: relative
water content (RWC) (Lawlor and Cornic,
2002; Georgieva et al., 2004) and
increased electrolyte loss, established via
conductometry (Dhihdsa et al., 1981).

Adaptation measures were
developed for minimizing or preventing
the losses caused by drought, such as the
identification of the susceptibility of farm
crops, including ornamental plants, to
water deficit and its effect on the quantity
and quality of production; use of new
drought-tolerant cultivars and modification
of the technologies for growing irrigated
crops in different agro-climatic zones in
the conditions of water deficit.

A number of studies found a
species and cultivar specific response to
decreased moisture  reserves and
increased effect of water deficit (Shmatko,
1990). Some crops were characterized
with better adaptability due to the
increased level of adaptive water
exchange and better quality of the
produce, while others responded with
suppressed development and deteriorated
product quantity and quality (Stoyanov,
2005; Valchev et al., 2005; Bojanova et
al., 2009; Lozanova et al, 2012
Mohamed et al., 2014; Spiridonov et al.,
2014).
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Llenta Ha n3cnegBaHeTo e ga ce
npoyun edekTbT OT BOAHWUS Aecmumg
BbpPXY pacTexa, pasButmeTo u drsnoso-
TMUYHUTE XapakTepUCTVKM Ha rnagmon.

MATEPWNAN N METO4WA

B nepuopa 2011-2013 r. e npose-
JeHO u3cnepBaHe B opaHXepus B
MHcTuTyTa 3a [AekopaTtvBHM pacTeHus -
Cochua ¢ gBa Gbarapcku copTta rnaguon
(MBa n EkaTepumHa) npu BUCOKa aTmo-
cthepHa TemnepaTtypa 1 HUCKa BJI&XHOCT
Ha Bb3ayxa.

CumynupaHeTo Ha 3acyllaBaHeTo
3anoyHa crfiefi NOHNKBAHETO Ha rpynKosny-
KoBMLMTE BBbB (pasa BTOPU SIUCT U Npo-
ObXN 0o ABe cegmuum npeau npubupa-
HeTO Ha rpyakonykosuuute. JINCTHUAT
mMatepuan 3a (QM3VOJIOTMYHU U3Cc/ieABaHuns
e cbbpaH no Bpeme Ha byToHM3aumaTa.

IpyakonykoBuuuTe 6sxa 3acafeHun B
anyBnanHo — naveagHa noysa (pH B KCI -
6.5). cbC cbAbpXaHne Ha xymyc 1.9-2.1%. B
cakcum Homep 19,. OnuTbT Gelle NpoBeseH
C rpyZkonykoBuuy BTOpY pasmep (10/12
cm), B 4 nosTopeHus, no 10 cakcum B
NOBTOpPEHME.

Mpu BCekM CcOpT O6sXa 3a/I0KEHU
cnegHnTe BapuaHTu:

I1 - TpM NONUBKA  CEAMUYHO
(koHTpona - noAabpXaHe Ha ONnTUMasiHa
npegenHa noscka snaroemHocT 80% MrB);

12 - [gBe nNONUBKM CeAMWYHO
(nopobpxaHe Ha onTMManHa npegenHa
nosicka snaroeMHocTt 50-53% MMB);

I3 - epHa nonvBka cegMUYHO
(nopabpxaHe Ha onTUManHa npegenHa
nosicka BnaroeMHocT 27-30% [IB).

KonuuectsoTo BOJa 3a efHa
nonveka 6ewe 200 ml Boga 3a cakcus.

Mo Bpeme Ha BeretaunoHHUA
nepuog e HanpaseHa eHoMorma Ha

Ha4Ya/lHUTE ”  KpailHWTe NposiBM Ha
(oeHohasnTe — MNOHWKBaHe (Havasno wu
Kpaih), 7-8 nmcTt (Hayano wu  Kpalii);

6yTOHM3auns (Hauano un Kpai) u ubgrex
(Hayas10 un Kpaw).

OTuutaHn 6axa crnegHuTe nokasa-
Tenu: BUCOYMHA Ha pacTeHueTo (cm),
Ab/MKMHA Ha cTb610TO (CM), 6POIA LBETHM

The aim of the study is to
investigate the effect of water deficit on
growth, development and physiological
characteristics in gladiolus.

MATERIAL AND METHODS

The study was conducted in the
period 2011 — 2013 in a greenhouse at
the Institute of ornamental plants-Sofia
with two Bulgarian gladiolus cultivars (lva
and Ekaterina), high  atmospheric
temperature and low air humidity.

The deficit irrigation treatments
were applied after a germination of corms
in phase second leaf and continued until
two weeks before the harvest of corms.
The leaf material for physiological
research was collected during the budding.

The corms were planted on alluvial-
meadow soil (pH in KCI - 6.5).with humus
content of 1.9-2.1%. in nineteen-size pots.
The tests were performed with second
grade corms (10/12 cm), planted at a
depth of 8 cm in four replications,with 10
pots per a replication.

The experiment was conducted in
three levels of irrigation:

I1 - three times a week (control -
field capacity FC-80%);

12 - two times a week twice a week
(field capacity FC-50-53%);

I3 - once a week (field capacity FC-
27-30%).

The irrigation rate was 200 ml water
per pot.

The following activities were carried
out during the vegetation period:
monitoring of the initial and final
manifestations of the phenophases of
germination (beginning and end), 7-8
leaves (beginning and end); bud formation

(beginning and end) and flowering
(beginning and end).
The following indexes were

examined: plant height (cm), stem length
(cm), number of flower buds per cut flower
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OYTOHM Ha eauH uBeToHoC (6p.), Aname-
Tbp Ha uBeta (cm), obu, 6poi rpyako-
nykosuum (6p.), gnameTrsbp (Ccm) u Terno
(g) Ha rpygkonykoBuuaTta u geTknTe.

Temnepatypata M BNaxHOCTTa Ha
Bb3ayxa O6sixa OTuMTaHu exenHeBHO C
TEPMOMETHP U XUTPOMETHP.

OTHOCUTE/STHOTO BOAHO CbAbpXa-
Hue (OBC) e n3mepeHo efHOBPEMEHHO C
N3TMYAHETO Ha €JIeKTPOSIMTU U € U3UUC-
neHo no dopmynara:
OBC % = (cBexo Terno — cyxo terno) /
(TypropHo Terno — cyxo Terno) X 100 — no
meTtogmkarta Ha Turner (Turner, 1981)

Bognusat pecomuymt (B, %) e
u3paseH no copmynaTta:

B4 % =1-0BC

CTteneHTa Ha yBpexpgaHe Ha MeM-
6paHMTe e onpegesieHa OT M3TUYaHETO Ha
€MeKTpoNUTK OT SiucTaTa, Ypes oTynTaHe
Ha KOHAYKTMBHOCTTa CaMO C/ief, CTpec u
ce n3passiea B LS/ CBEXO Terso.

[JaHHnTe 6sixa aHanusnpaHum 3a
3Ha4YMMOCT 4pe3 t-TecTa Ha coduTyepa
GraphPad Prizm. Pesyntatute ca
cTaTtucTMYeCKn aokasaHu npu P <0.05 (*),
P <0.01 (**), P <0.0001 (***), cbOTBETHO,
B CpaBHEHWe C KOHTponara.

PE3YJITATN N OBCbXAAHE

PepyumpaHeTo Ha 6poss Ha
NnosINBKUTE BNNSIE CBLUECTBEHO BBbPXY
pactexa v pasBUTUETO Ha rnaguonuTe.
MHOro cunHO e u3paseH oTpuuaTenHus
edekT Ha BapuaHTa ¢ 1 nonveka cegmuy-
HO BbpXY BCTbNBaHETO BLB (heHodasza
7-8 nucT M npu ABata copta rnaguonu
MBa u EkatepuHa, kato 3abaBsfiHeTO €
CbOTBETHO C 12 gHu 1 10 gHM B cpaBHe-
HWe ¢ ToBa Npu BapuaHTa Cc TpuTe MnosmB-
kn (Tabnuua 1). MNpun BapuaHTa Cc Age
NnosMBKM ce Habnogasa COPTOBO pas/iun-
yve, KaTo nNpu copT MBa 3aKbCHEHNETO B
HacTbNBaHeTO Ha Ta3n asa, Cnpsmo
KOH-TpONata e ¢ 7 [AHW, [okato npwu
rnagmonuTte copT EkatepuHa — nuncea
pasnuka.

W npu gBarta copTa rnagmonu Hama-
NnsiBaHeTO Ha nonuekmTe (Bap. 1 n 2) npe-

(pieces), flower diameter (cm), total
number of corms (pieces), diameter (cm)
and weight of a corm and cormles (g).

The air temperature and humidity
were measured on a daily basis with a
thermometer and hygrometer.

The relative water content (RWC)

was measured simultaneously with the
electrolyte leakage and calculated by the
following formula:
RWC % = (fresh weight — dry weight) /
(turgor weight — dry weight) X 100 —
according to Turner's method (Turner,
1981).

Water deficit (WD, %)
expressed with the following formula:

WD % =1-RWC

The degree of damage of the
membranes was established via the
electrolyte leakage of the leaves. The
electrolyte leakage was established by
measuring conductivity after stress only
and expressed as pS/g fresh weight.

The data were analyzed for
significance by means of the t-test of the
GraphPad Prizm software. The results
were statistically significantly different at
P<0.05 (*), P<0.01 (**), P<0.0001 (***),
respectively, compared to the control.

was

RESULTS AND DISCUSSION

The reduction of the frequency of
watering had a significant effect on the
growth and development of gladiolus. The
negative effect in the variant with a single
weekly watering was highly evident at the
beginning of 7-8 leaf phenophase in both
gladiolus cultivars Iva and Ekaterina,
showing a delay of 12 and 10 days,
respectively, compared to the variant with
triple watering (Table 1). The variant with
double  watering showed cultivar
specificity, the delay in this phase vs.
control in cv. Iva being 7 days and no
difference in gladiolus cv. Ekaterina.

The reduction of watering (variants
1 and 2) in both gladiolus cultivars
resulted in discontinued further

431



[OV3BUKBA CMMPAHETO Ha MO-HATaTbLIHOTO
UM pa3BUTME — pacTeHUsiTa He BCTbMBAT B
6yToHM3auma 1 ubdTex (Tabnuua 1).

development — the plants did not enter the
phases of bud formation and flowering
(Table 1).

Tabnuua 1. deHoOrMUYHNTE NPOSABM Ha rnagnonnte copTt MBa v EkaTepuHa
cpefHo 3a nepuoga 2011-2013 r.
Table 1. Phenological data for Gladiolus cv. Iva and cv. Ekaterina (average for

the period 2013-2014)

BapuaHTn JaTa Ha JaTa Ha Pa3za ByToHo3auuA LUbdTex
variants | 3acaxpaHe noHuKBaHe | 7-8 nuct Budding Flowering
Planting Germinat- Seventh- | Havano Kpan Havano Kpavi
date ion date eighth initial end initial end
leaf
copt MBa/ cv. lva
11 23V 07.VI 09.vil 15.VIl 02. IX 07.IX 16. IX
KoHTpona
Control
12 23.V 07.VI 16. VII - - - -
13 23.V 07.VI 21.Vil - - - -
copt EkatepuHa / cv. Ekaterina
11 23V 29V 16. VII o1.vil | 19.vill | 21.VII | 26. VI
KoHTpona
Control
12 23.V 29.V 16. VII - - - -
13 23.V 29V 26. VIl - - - -

HamaneHvneTo BbB BMCOYMHATA Ha
pacTeHusiTa BbB (pasza 7-8 nuct npu 1
nosivBka 1 2 NOSMBKW CEAMWYHO CNPAMO
Tasu npu koHtponata (3™ nonueku
CeMNYHO) € MO-CW/HO u3pas3eHo npwu
copT EkaTepuHa — CbOTBETHO C 48.5% 1
31.4%, pokato npu copt WMBa, TO €
CbOTBETHO C 35,2% 1 26,1% (P = 0.01).

BbB hasa 6yTOHM3aLUus
HamasieHMeTo npuv TO3M  MNoKasaren
CMpsAMO KOHTpoNata npu egHa v Ase
nonveku npu copt EkatepuHa e
cboTBeTHO ¢ 20.2 cm (36.1%) n 10.9 cm
(10,9%) un npu copT MBa — CLOTBETHO C
17.3 cm (35.8%) u 10.0 cm(20.6%)
(Tabnuua 2).

The reduction of plant height in 7-8
leaf phase with single and double weekly
watering vs. control (triple watering) was
expressed stronger in cv. Ekaterina —
48.5% and 31.4%, respectively, while in
cv. lva it was 352% and 26.1%,
respectively (P = 0.01). Compared to the
control, the decrease of this parameter in
the bud formation phase in case of single
and double weekly watering in cv.
Ekaterina was 20.2 cm (36.1%) and 10.9
cm (10.9%), respectively and in cv. Iva —
17.3 cm (35.8%) and 10.0 cm (20.6%),
respectively (Table 2).
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Tabnuua 2. BnuaHue Ha 6pos Ha MNOJIMBKUTE BBbPXY HAKOW MokasaTrenn npwu
rnaguonn cpegHo 3a 2011-2013 .

Table 2. Influence of the number of irrigations on elements in gladiolus cv. Iva
and cv. Ekaterina (average 2011-2013)

BapuaHTy | BucounHa | BrucounHa Libdptex/ Flowering
variants | Ha pacTe- | Ha pacT. Bucou. ObmxuHa Bpoli 6yToHn | dnameTbp
HMSATa BbB | BbLB (pasa | Ha pacTe- Ha Ha eauH Ha uBeTa
(pasa 7-8 | 6yTOHM3A- HUsITa LBETOHOCa | LBETOHOC 6p. Flower
nneT, cm uus, cm Plant Length Number of diameter
Plant |Plant height/ height of stem flower / stem cm
height/7-8 | Budding cm cm no.
leaf, cm cm
copt MBa/ cv. Iva
11 39.4 58.5 78.3 59.1 14.7 7,8
KOHTpOna
Control
12 29, 1%+ 38.5%+* 47 .4**x 0 0 0
13 15.6%+* 21, 2%+ 29.6%+* 0 0 0
copt EkatepuHa / cv. Ekaterina
11 49.7 65.9 84.6 62.0 15.5 11.5
KOHTpOna
Control
12 34, 1x+* 45.0%** 57. 1%+ 0 0 0
13 25.6%+* 35. 7%+ 41.5%** - - 0

[JlokasaHocT - npu P = 0.01 / - cna6a; - fo6pa; - MHOro Ao6pa; o-nuncea/
Evidence - at P = 0.01 / * - weak; ** - good; *** - very good; O-missing /

OTpuuaTenHoTo Bb3AEWCTBUE Ha The adverse effect of drought was
3acyllaBaHeTo ce nposiBsBa W BbpXy | also evident in the yield of seedlings in
pobvBa OT nocagbyeH Matepuan npu | both gladiolus cultivars (Table 3).

ABata copta rnaguonu (Tabnuuya 3).
CpegHoTo Terno Ha rpyakonykosuuata | Compared to the control, the average
npy egHa W pgse nonmekn ceamuyHo | bulb  weight with single and double
HamasisiBa CrnpsIMO KOHTposiaTa cboTBeT- | weekly watering decreased with 16.3 ¢
HO ¢ 16.3 g (73.1%) npu copT NBa mn c | (73.1%) in cv. Iva and 17.9 g (82.3%) in
179 g (82.3%) npu copT EkatepwHa | cv. Ekaterina (P = 0.01).

(P=0.01).

HamansBaHeTo Ha  nNoauBKuUTe The reduction of watering had a
npuuvHsaBa HeraTMBHO fJelicTBue BbPXy | negative effect on the formation of
hopmupaHeTo Ha geTkute n npu agarta | daughter bulbs in both cultivars. The
coprta. Npu copT EkaTepnHa BbB BapuaH- | variants with single and double weekly
TMTe ¢ 1 n 2 nonuBkm cegmuyHo He ce | watering did not stimulate the production
obpasyeatr pgetku. Tpm 1 nonueka | of daughter bulbs in cv. Ekaterina. The
cegMnyHO npu copT MBa cbuwo HaAMma | single weekly watering regime did not
obpasyBaHe Ha pAeTku, gokato npu 2 | lead to daughter bulb formation in cv. lva,
nonmuBkM OT efHa rpyakonykosuua ca | while double watering resulted in three
obpasysaHu no 3 6p. getku, gokato npu | daughter bulbs per plant, compared to
KOHTponata — 12 6p. (P = 0.01). twelve in the control (P = 0.01).
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Tabnuua 3. Jo6UB OT rpyaKOyKOBULM U AeTKN NMpu copToBeTe rnaanon Nea m
EkaTtepuHa B 3aBMCMMOCT OT 6p0osi Ha NOAIMBKMTE cpeaHo 3a nepunoga 2011-2013 r.
Table 3. Yield of corms and cormles depending on the number of irrigations in

gladiolus cv. Iva and cv. Ekaterina (average 2012-2013)
BapunaHtn OnameTbp Ha Terno Ha Bpoii aetkn ot egHa Terno Ha
Variants rPYAKOYKO- rPYLKOYKO- rpyAKoNyKoBMLa aetkute
BMLaTa BMLaTa Number of cormles Cormles
Corm diameter Corm weight of one corm weight
cm g g g
copt MBa/ cv. lva
11 35 22.3 12.0 3.6
KOHTpO/a
Control
12 2.3* 13.1** 3.0** 0.65***
13 1.6%* 6.0%** 0.0 0.0
copt EkatepuHa / cv. Ekaterina
11 3.3 21.8 55 1,8
KOHTpO/na
Control
12 2.5% 14.1* 0.0 0.0
13 1.5%* 3.85%* 0.0 0.0

BogHuat gedomumT, OTYeTeH cnef The water deficit reported following

NPUIOXeHUs pefyuvpaH BOAEH pexuMm e
CbC CTOWHOCTM nNpu  rnaguon  copt
EkarepuHa — 3a Bap.2 - 30+0.6% 1 3a Bap.3-
31.66%0.8%. lMpn copT MBa nokasarenute
ca cvoreBetHo 30.07+0.7% 3a Bap.2 u
31.73+08% 3a Bap.3.

B KOHTpONHWTE pacTeHus CTOWHOC-
TATe U Npu gBaTa copTa e 19%. Pasnvkute
ca cTartucTMyecku fokasaHu npu 3a copT
EkaTepuHa *** (P<0.0001) 3a copT WBa **
(P<0.01) (Purypa 1).

the reduced watering regime in gladiolus
cv. Ekaterina was 30%0.6% for variant 2
and 31.66+0.8% for variant 3. The values
for cv. Iva were 30.07+0.7% (variant 2)
and 31.73+0.8% (variant 3).

The values of the control plants in
both cultivars were 19%. The differences
were statistically significant for cv.
Ekaterina *** (P<0.0001) and cv. Iva **
(P<0.01) (Figure 1).
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our. 1. BogeH gedounumt (%) npu rnagmon: copt: EkatepuHa n Ba
Fig. 1. Water deficit (%) in gladiolus cv. Ekaterina and cv. Iva
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Kputepwuii 3a cyxoycToiumBocTTa
Ha pacTeHusiTa € BOOHOTO CbAbpXaHue-
TO B niuctaTta (Kolev, 1993; Valchev et al.,
1994).

Mpe3 uenua nepuog Ha oTyuTaHe
OTHOCWUTENHOTO  BOAHO  CbAbpXaHue
(%OBC) B KOHTPO/IHUTE pacTeHusTa npu
ABata copTa r1agmon ce ABMXW OKOMO
80%.

AHanornyHn pesyntatm - (Hai-
BUCOK npoueHT Ha OBC B KOHTPOJIHUTE
pacTteHus) ca NonyyeHn v Npu po3mapuH
oTrnexgaH C  pefyumpaHn  MnosvBkY
(Hassan et al.,2013).

CvMynupaHoTO 3acyluaBaHe npe-
An3Bnka HamaneHuwe Ha OBC B pactu-
Te/IHWUTe KNeTKn Ha rnaguona. Han-Hucku
CTOWHOCTM ca oTYeTeHn npu Bap.3, Kble-
TO CpefHUTE CTOMHOCTY 38 OTHOCUTESTHO-
TO BOAHO CbAbpXaHWe Hamansasart
CNPSAAMO KOHTPOJIHUTE pacTeHns ¢ 14% 3a
copt EkarepuHa n 14.6% npu copt WMBa
(Purypa 2).

OTyeTeHata pasfnvka He e rossma
M ToBa ce Ab/KU Ha hakTa, Ye go 30%
BoAeH fAdedwumunt B pacTeHuaTa, ce
npuemMa Kato fleK WM yMepeH cTpec
(Cornic and Fresneau, 2002)

The leaf water content is a criterion

for drought resistance (Kolev, 1993;
Valchev et al., 1994).
During the whole period of

monitoring, the relative water content
(%RWC) of the control plants was within
about 80%.

Analogous results with the highest
RWC in the control plants were also
obtained for rosemary under reduced
watering conditions (Hassan et al., 2013).

The simulated drought resulted in
reduced RWC in gladiolus plant cells.
The lowest values were reported in
variant 3, where the average RWC values
decreased with 14% for cv. Ekaterina and
14.6% in cv. Iva, compared to the control
(Figure 2).

The recorded difference was not
big due to the fact that plant water deficit
of up to 30% is considered light or
moderate stress (Cornic and Fresneau,
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Fig. 2. Relative water content (RWC%) of Gladiolus cv. Ekaterina and cv. Iva
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Mpn npoyyBaHe B/IMAHNETO Ha
BOA-HMA CTpec BbpXy BogoobmMeHa B
nmictata Ha Mnagu  pacteHus  pacyn
(Phaseolus vulgaris L) oT Tpu copTa: cv.
Mnosame 10, cv. [Jo6pymKaHckn u cv.
Mpesnom e ycTaHOBEHO MNOHWXaBaHe Ha
cTonHOoCcTMTE HA RWC B MbpBUYHKA NNCT
c 29% po 37%, KaTo Hali-3Ha4uuMo e
HamasieHneTo B cv. [lo6pymkaHCKu
(37%). OCHOBHOTO pas/finuue Mexay pac-
TeHWsTa OoT TpuTe copTa B pacyn B peak-
umATa KbM MPUIOXKEHOTO 3acyllaBaHe e
B CMOCOGHOCTTA UM fga noaabpxar
Typropa, KOeTo e nokasaresiHo 3a (DyHk-
LMOHAIHOTO CbCTOAHME HAa fiucTaTta n Ha
pacTeHusiTa Kato usano (Stoyanov, 2005).

MonyyeHuTe OT Hac pesyntatu 3a
npomsHata B OTHOCUTE/IHOTO BOJAHO
CbAbpXaHWe npwu apara copTa rnagvon
nokassaTt He3HauuTesIHU Pas/ivku, KOUTO
ca CTaTUCTUYECKN HeaokasyeMu.

M3TnyaHe Ha enekTponnTu ce Ha-
6niogaBa B HUCKA CTENeH U B KOH-
TPONHWUTE pacTeHusl, Kato CTOMHOCTUTE
3a copT EkatepuHa ca 96,7uS/g, a 3a
copt MBa — 101.11 uS/g (durypa 3).

The study of the effect of water
stress on water exchange in the leaves of
young bean plants (Phaseolus vulgaris L)
of the following three cultivars: cv. Plovdiv
10, cv. Dobrudjanski and cv. Prelom
found a decrease of RWC values in the
primary leaf within 29%-37%, being most
significant in cv. Dobrudjanski (37%).

The major difference of the response of
the three bean cultivars to the induced
drought was in the plants’ ability to
maintain the turgor, which is indicative of
the functional condition of leaves and
plants as a whole (Stoyanov, 2005).

Our results on the changes in the
relative water content in both gladiolus
cultivars showed statistically insignificant
differences.

Electrolyte loss was observed to a
lower degree in control plants as well, the
values for cv. Ekaterina being 96,7 uS/g
and for cv. lva — 101.11 uS/g (Figure 3).
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Fig. 3. Electrolyte leakage of Gladiolus cv. Ekaterina and cv. Iva

Mpy BapuvaHTUTE C peayuupaHu
NnonvBKKW, CTOMHOCTUTE Cce YyBe/nunyasar,
KOETO CMrHasIM3mpa 3a no-Bucoka crteneH

Mpy BapuvaHTUTE C peayuupaHu
NnonvBKKW, CTOHOCTUTE Cce YyBe/nyasar,
KOETO CMrHasIM3Mpa 3a no-Bucoka crteneH
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Ha yBpexpaHe Ha MeMb6paHuTe. Haii-
BMCOKM CTOMHOCTM ca 0T6ensizaHn npu
BapuaHtTa C efHa nosuBka 3a copT
EkatepuHa — 156.46 uS/g.,koeto e ¢ 61%
Haf nokasatesiMTe Ha KoTposata u 3a
copt WMea 179.26 uS/g, KbAaeTo
yBenuyeHneto e 77% (durypa 3).

HeratMBHO Bb3AeiCTBME OT 3acy-
LWaBaHeTo, NpeamnsBuKaHo OT peayumpa-
HETO Ha MOMUBKUTE — eAWH U ABa NbTU
CeMWYHO NMPU OTINIEXAAHETO Ha Niexa Ha
copToBe rnaguonu Mea n EkatepuHa e
OTpaseHo B nokasaresimTe, UHAMKaTOpP 3a
BOZHMWA cTaTyCc Ha pacTeHusaTa. Pegyum-
paHeTo Ha NoJvMBKUTE JoBexAa A0 yBe-
JIMYEHVE Ha U3TMYAHETO Ha eNnekTposiv-
TW. Hali-BMCOKM CTOMHOCTU Ca OTYETEHU
npv Bap 3 ¥ 3a gBarta copTa CbOTBETHO
3a copT EkatepuHa - 188.12 uS/g, a 3a
copt MBa — 140.22 pS/g. OTHOCUTENHOTO
BOJHO CbAbpXaHue B pacTUTeNHUTe
TbKaHM HaMa/isiBa B 3aBUMCUMMOCT OT
NOSIMBHUA PEXUM. Hai-HUCKN CTOMHOCTM
ca oTbenssaHy npu BapumaHTa C efgHa
nonmeka (Bap. 3) M 3a pABaTa copTa
rnagunon — 3a copT EkatepuHa pasnvkara
C KoHTponute e 4.5%, a npun MBa e
11.3%. OTuyeTeHUAT BoAeH AeduunT B
pacTutenHute TbkaHW Ha rnaguona
Bapupa oT 21 % B KoHTponuTte Jo 37%
npu BapuvaHTa C efgHa nonveka.Tesun
CTOMHOCTM TO ONpegenaT Kato ek A0
ymMepeH 3a pacteHusita (lvanova and
Zapryanova, 2015).

N3BOAN

1. MNpwu aBata copTta rnaguon Viea n
EkaTepuHa pegyuupaHeTo Ha NOMVBKUTE
Ha efHa W [OBe Ha cegmuua BoAu [0
cnupaHe Ha pas3BUTMETo UM cnep 7-8
JMCT W NpU pacTeHuaTa He npoTtuyar
OYTOHM3aUMNSA N LbAITEX.

2. OTpuUaTeNHOTO Bb3AENCTBME Ha
cywiata e Hai-CM/IHO NO OTHOLLEHME Ha
TErfI0To Ha rpyaKasykosuumte n 6pos u
Tern0To Ha feTkute, obpasysaHu OT egHa
rpygkosiykosmua 1 npy  gsata  coprta
rnaguon. Mpu pexumute 12 u 13 Ternoto
Ha o6pasyBaHuTe rpyaku npu copt Vea u
copT EkatepuHa Hamanssa B CpaBHeHue

Ha yBpexpaHe Ha MeMbpaHuTe. Haii-
BMCOKM CTOMHOCTM ca 0T6ensizaHn npu
BapvaHTa C efHa nosvBka 3a copT
EkatepuHa — 156.46 uS/g.,koeto e ¢ 61%
Haj, nokasarenunte Ha KoTposata U 3a
copt WMea 179.26 uS/g, Kbaeto
yBenuyeHneto e 77% (durypa 3).

The negative effect of drought,
caused by watering reduction of gladiolus
cultivars Iva and Ekaterina, grown in
rows, to once or twice a week was
reflected in the parameters that indicated
the plant water status.

The reduction of watering led to
electrolyte loss. The highest values for
both cultivars were reported in variant 3 —
188.12 uS/g for cv. Ekaterina and 140.22
uS/g for cv. Iva.

The relative water content of plant tissues
decreased according to the watering
regime. The lower values for both
gladiolus cultivars were found in the
single watering variant (variant 3): the
difference with the control for cv.
Ekaterina was 4.5% and cv. Iva - 11.3%.
The recorded water deficit of gladiolus
plant tissues varied from 21% for controls
to 37% in the single watering variant.
Those values defined it as light to
moderate for the plants (lvanova and
Zapryanova, 2015).

CONCLUSIONS

1. In both varieties, the reduction of
1 and 2 irrigations per week results in
their development being stopped after 7-8
leaves and in the plants there is no
budding and flowering.

2. The negative impact of drought is
the strongest with regard to weight of
corms and the number and weight of
cormles formed by one corm in both
cultivars of gladiolius. Under the 12 and 13
regime the weight of the formed corms in
var. Iva and Ekaterina decreases
compared to the control by 41.3% and
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C KOHTpOsia cboTBETHO C 41.3% n 73.1%
n 35.3% 1 82.3%.

3. OT4yeTeHuAT BoOAeH Apeduunt
Bapupa okono 30% u npu gBara copTa

rnaguvos, Koeto e rmnokasaTten, uye e
NPWIOXKEH YMEPEH CTpec.
4. CurmynupaHoOTO 3acyLlaBsaHe,

ypes peayuupaHe Ha NOAMBKUTE Npeams-
BMKBa M3MEHEHNS B K/IETbYHUTE MeMbpa-
HWU. Hail- BUCOKM CTOMHOCTU ca OTYETEHU
npv BapuaHTa C efgHa MnosvBKa 3a CopT
EkatepuHa — 156.46 uS/g u 3a copT VBa
179.269 uS/g.

5. OTHOCMTENHOTO BOAHO CbAbP-
XaHue B pacTuTesiHMTe TbkaHu Hamansea
B 3aBMCVMMOCT OT NOJIMBHUA pexum. Haii-
HUCKM CTOMHOCTM ca oTbenssaHn npwu
BapvaHTa C efHa nonueka (Bap.3 ) u 3a

73.1% and
respectively.

3. The recorded water deficit varied
at about 30% for both gladiolus cultivars,
which indicates moderate stress.

35.3% and 82.3%,

4. The simulated drought via
watering reduction caused changes in the
cell membranes. The highest values were
recorded in the single watering variant for
cv. Ekaterina — 156.46 uS/g and for cv.
lva —179.269 uS/g.

5. The relative water content of the
plant tissues decreased depending on the
watering regime. The lowest values were
recorded in the single watering variant
(variant 3) for both gladiolus cultivars —

ABata copTa rnagumon — 3a copT | 69.26+0.7 for cv. Ekaterina and
ExkatepuHa e 69.26+0.7, a npu VBa — | 68.23+0.9% for cv. lva
68.23+0.9 %.
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PE3IOME

TopeHeTOo e BaxeH (paktop 3a
noslyyaBaHeTO Ha LBEeTHa MNpPOAYyKUUS C
BMCOKO KayecTBo.

YMenoTto BHacsiHe Ha TopoBeTe
perynvpa BeretatMBHOTO U reHepaTuBHO-
TO pasBuTUe, B 3aBUCUMOCT OT LienTe Ha
oTrnexaaHe Ha LBeTHUTE KynTypu.

B uBeTOnpon3BoACTBOTO Npunara-
HETO Ha EeKOJIOTMYHO 4YMCTU Ge3BpeaHu
NPOAYKT CbLLO € OT 3Ha4yeHue. ToBa ce
006SICHSIBa KakTO C M3NCKBaHMATA 3a onas-
BaHe Ha mpupojHaTa cpeja, Taka 1 nopa-
an hakta, Ye UBeTHATa ca B eXefHEBEH
KOHTaKT C YOBEKa.

Mpoy4yeHO e AeNcTBMETO Ha YHU-
BepcanHute TopoBe MACTEPBJ/IEH[ wu
KPUCTA/IOH 1 opraHuMyHn TOpOBE
KOMIMTOBET n KOKOBET BbpXxy pacTtexa
W pasBuUTMETO Ha aHresioHus (Angelonia
angustifolia).

Mpn wn3nonssaHe Ha  6uoTtopa
KOKOBET ce yCTaHOBM CTUMynupaLl ecdekTt
BbpXy BeretaTMBHaTa maca, hopmupaHeTo
Ha LBETOBETE M pasMepa Ha LiBETOHOCUTE.

SUMMARY
Fertilization is an important factor in
obtaining high quality flower production.

The smart introduction of fertilizers
regulates vegetative and generative
development, depending on the purpose
of growing the ornamental plants.

The application of organic harmless
products in flower production is very
important as well. Not only because of the
requirements of environmental protection
but also because people are in contact
with flowers every day.

The study of the effect of universal

fertilizers MASTERBLEND and
KRISTALON and organic fertilizers
KOMPOVET and KOKOVET on the

growth and development of seedlings of
angelonia (Angelonia angustifolia).

The use of the KOKOVET - organic
fertilizer found a stimulating effect on the
vegetative mass, the formation of the
flower and of the flower stalk size
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LibpTeXxxbT HacTbNBaT Hai-paHo
npv n3snonssaHe Ha 6uotopa KOKOBET —
BTOpara MosioBMHa Ha M.lIOHW, B CpaBHe-
HWe C KOHTPO/IUTE U OCTaHauIMTe BapuaH-
TN Ha n3cnefBaHeTo.

[okazaH nonoxuteneH  edekT
BbpPXy BMCOuYMHATa W JuameTbpa Ha
pacTeHusiTa Mma U YHUBEPCA/HUA TOp
MACTEPB/IEH/[, kaTto o6wuAT npupact
Ha BUCOYMHA HajBWLaBa KoHTponara C
18,1%, a cToiiHOCTUTE 3a AMameTbpa Ha
pacteHusTa e ¢ 35,4% Haf KOHTPOJSIHUTE

He e HabnwogaBaHa (OUTOTOKCUYHOCT
NPy M3NON3BAHETO Ha OpPraHNYHUTE TOPOBE
KOMMOBET 1 KOKOBET npwu aHrenoHus.

Kntouosu oymu: Angelonia
angustifolia, MACTEPBNEHLA,
KPNCTAJ/IOH, KOMIOBET, KOKOBET,
pactex, passutue, LbpTex

YBO/,

TopeHeTo e BaxeH cpakTtop 3a
nonyyaBaHeTO Ha UBETHa nNpoayKuus ¢
BMCOKO KauecTBO, HO ce 3aTpyfHsiBa npwu
onpefensHe Ha onTUManHaTa cucTtema Ha
BHacsiHe Ha TOpoBeTe, nNopaau WU3K/Io-
YMTENHO Pa3HoobpasHWA MEeXaHW3bM Ha
NOCTbMNBAHE M YCBOSIBAHE HA XpaHUTENHUTE
BellecTBa Npu AeKopaTUBHUTE pacTeHus.

YMenoto BHacsiHe Ha TOpoOBeTe
perynupa BeretaTyBHOTO U FreHepaTUBHOTO
pasBuTMe, B3aBMCUMOCT OT LeuMTe Ha
oTrnexgaHe Ha LBeTHUTe Kyntypu. Peanua
uscnegoBaTtenm paboTaT no Te3u npobiemu
KakTo C pacTeHusi OTriexaaHn npu noscku
YC/OBUWSl, Taka U KaTo CaKCUMHW KynTypu
(Baas et al., 1993; Broschat, 1995; Ter Hell
and Hendriks, 1995; Awang and Ismai,
1996; Lloyd et al.,, 2006; Chavez et al.,
2008; El-Naggar, et al., 2016; Bashir et al.,
2016; Merida et al., 2017).

Mpe3 nocnegHuTe roAvMHW BCe MO-
MacoBo ce uM3nonsear  6uoTtoposeTe,
3all0TO TAXHOTO MPWIOXKEHUE rapaHThpa
KaKkto nonyyaBaHeTO Ha npoaykuus ¢
OT/IMYHM Ma3apHM KayecTBa, Taka MU
rapaHTvpa onas3BaHeTo Ha nouysaTa oOT
3ambpcsaBaHe (Midan and Sorial, 2011).

ToBa Hanara fa ce pa3paboTAT HOBM
cMcTeMM 3a TOpPEHe Ha pacTeHunATa,
BK/IIOUBALLM OMNTUMM3NPAHETO Ha BUAOBETE
13nos3BaHn TOpPOBe, HOPMUTE, CPOKOBETE

Flowering occurs at the earliest

when using the KOKOVET-organic
fertilizer — the second half of June,
compared to the controls and other

variants of the study.

A proven positive effect on the
height and diameter of the plants is also
the universal Masterbrand fertilizer, with
the total height increase exceeding the
control by 18.1% and the plant diameter
values by 35.4% above the control one.

The use of the organic fertilizers
KOMPOVET and KOKOVET was not
phytotoxic for the angelonia

Key words: Angelonia angustifolia,
MASTERBLEND, KRISTALON,
KOMPOVET, KOKOVET, growth,
development, flowering

INTRODUCTION

Fertilization is an important factor in
obtaining a high-quality color output, but
may find it difficult to determine the
optimal system of introduction of fertilizers
due to the extremely diverse employment
mechanism and absorption of nutrients in
the decorative plants.

The skillful introduction of fertilizers
regulates vegetative and generative
development, depending on the purpose
of the cultivation of flowering plants. A
number of researchers working on these
problems as with plants grown under field
conditions, and as potted crops (Baas et
al., 1993; Broschat, 1995; Ter Hell and
Hendriks, 1995; Awang and Ismai, 1996;
Lloyd et al., 2006; Chavez et al., 2008; El-
Naggar, et al., 2016; Bashir et al., 2016;
Merida et al., 2017).

In recent years, increasingly using
Biofertilizers because they ensure both
excellent production qualities and ensure
the protection of soil from pollution (Midan
and Sorial, 2011).

This makes it necessary to develop
new systems for fertilizing the plants;
including optimizing the types used
fertilizers, rules, terms and methods of
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HauMHWTE Ha BHacsHeTo MM. BanaHcupaHo-
TO XpaHeHe Ha pacTeHusATa TpsbBa fda e
CBbP3aHO C OTAE/IAHETO Ha MWHUMAaHWUTE
KO/iM4yecTBa OCTaTbyHW BELLEeCTBa B OKOM-
Hata cpefja M fa ca nog JonyctuMmure
MexayHapogHu cTtaHgaptu (Slavov, 2000;
Shober et al., 2010).

MocTnxkeHusATa Ha arpoxmmuyeckara
Hayka [onpuHecoxa [0 pa3paboTeBaHe Ha
6MOTOPOBE C pasMyeH Mpousxos, KOWUTO
MaKCVMMaUTHO ce yCcBOSIBaT OT pacTeHuATa, B
pesynrtaT, Ha KOEeTO HacTbnBaT 3Hauumu
NOJIOXUTESTHN pe3ynTatn Nno OTHOLUEHWE Ha
KO/IM4EeCTBOTO U KAYeCTBOTO Ha noslyyeHarta
npoaykumsa. Ha nasapa ce npegnarar ronsm
6poi 6uonornyHu npoayktn (bakrodun A n
B, Bruoxymakc n Aip.) KOUTO C ycnex Beuye ce
usnonseatr npuv peauua  3bPHEHOXUTHU,
TEXHWYECKM, 3EeMIeHUYYKOBM, TpaiHu u ap.
kKynTypu (lvanova et al., 2005; Sengalevich,
2007).

MpunaraHeTo Ha eKOI0MYHO YUCTU
6e3BpeHN MPOAYKTM NpU AeKopaTvBHUTE
BMAOBE CbLUO € OT 3HayYeHue, nopagm ToBsa,
ye Te ca B eXeHEeBEH KOHTaKT C YoBeka

Y Hac B ob6bnactrta Ha LBETONpous-
BO/CTBOTO Ca M3BbPLUBAHU NPOYyYBaHUA NpK
n3non3saHeToHa O6MOMOrMYHMUTE TOpOBE U
ctumynatopy  —  XymoctuMm,  burocTtum,
ArpocteMuH, MerarpuitH, KmyHoumutToguT,
Tepa-Cop6-®onunap, Jlymbpukon wu Aap.
(Sapundjieva et al., 2001; Atanassova et al.,
2007; Malinova, 2007; Zapryanova, 2011;
Zapryanova, 2013).

AHrenoHusATa (Angelonia angustifolia)
oT cem. Plantaginaceae, e HenynonspeH
B 3a [eKopaTVBHOTO rpagvHapcTBO B
Bunrapus. MNMponsxoxaa ot KOxHa Amepuka.
TA e TpeBUCTO pacTeHWe C BUCOYMHA [0
30cm. LiBetoBeTe ca apebHu, obarpeHu B
po30BO, /M1aBO W 6510, CcbbpaHu B
cbUBeTMe knac. PacTeHneTo HAMa apomar
W He e TOKCMYHO. Hamwupa npunioxeHue
KaKTo 3a 3auBeTABaHe Ha rpaguHu, Taka u
3a apaHXupaHeTo Ha OTAesHM CboBe,
KOLUHMUM 1 KaLnu.

Llenta Ha npoyyBaHeTO Gelle da ce
n3nuTa BVAHWETO Ha Pas/IM4yHN TOPOBE
BbpXy pasBUTMETO UM UbgTexa Ha
aHresioHusA.

insertion. A balanced diet of plants must
be connected with the separation of
minimum quantities of residues in the
environment and are eligible under the
international standards (Slavov, 2000;
Shober et al., 2010).

The achievements of agrochemical
Science contributed to the development of
biofertilizers with different backgrounds,
which are absorbed by plants, as a result
of which occur significant positive results
in terms of quantity and quality of the
resulting output. The market is offering a
large number of organic products (Bactofil
A and B BioHumaX® etc.), that are
already used with success in a number of
serials, technical, vegetable and other
crops. (lvanova et al., 2005; Sengalevich,
2007).

Application  of  environmentally
friendly Eco products in ornamental
species is very important as well. Not only
because of the requirements of
environmental  protection, but also
because people are in contact with
flowers every day.

In the field of flower production are
carried out studies in an organic fertilizer
and stimulators — Humustim, Biostim,
Agrosteim, Megagreen, Imunocitofit, Tera-
Sorb-Foliar, Lumbricol (Sapundjieva et al.,
2001; Atanassova et al., 2007; Malinova,
2007; Zapryanova, 2011; Zapryanova, 2013).

Angelonia (Angelonia angustifolia)
(Plantaginaceae), it is unpopular species
for decorative gardening in Bulgaria.
Originates from South America. It is a
herbaceous plant with a height of 30 cm.
The flowers are small, dyed in pink, purple
and white, collected in inflorescence
class. The plant has no scent and is not
toxic. It is used for both gardening and the
arrangement of the individual containers,
baskets and pots.

The aim of this study was to test
the effect of different fertilizers on the
growth and flowering of Angelonia.
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MATEPVAT N METOON

W3cnepsaHeTo e npoBefeHO B
nepuopga 2014-2015 r. B WMHctutyta no
JekopaTuBHu pacteHus - Codousa. L3Be-
JeH 6e CbhoB ONUT MpU OpaHXepuiiHu
yCnoBusa 3a Mpoy4yBaHe BNSAHMETO Ha
pasnuyHu Topose: KomnoseT, KOKOBET,
MacTtepbneHg wu  KpucTtasioH  BbpXy
pacTexa n pasBUTMETO Ha aHresIoHNA

M3nonsgaHnte TOpOBE Ca CbC
CNefHUTE XapaKkTepuUcTUKK:

KOMIMOBET - oT cupma Arpobuo-
BeT OO/[] e 6anaHcupaH opraHuU4eH Top
OT Ka/IM(POPHWICKM YepBeli C XxapaKkTepHa
MupM3Ma Ha opraHuyHa matepusa. Onpe-
Jena ce kato ed)eKTUBEH OpraHuyeH
XyMyCeH TOp, CTUMYy/upall pacTtexa Wu
pasBuTMeTO Ha pacTeHuaTa. TexHosio-
TMYHUAT NpoLec 3a NPUroTBSAHE Ha TeYHNSA
TOP NO3BOJIsIBA CbXPAHEHNETO U LIESIOCT-
Ta Ha BCUYKM CBOICTBA, MPUCHLLM Ha Topa
KOMTO uMMa CbAbpXaHWe Ha YCBOUMU
Ko/iMyecTBa MakpoesieMeHTu: HutpaTeH
asoT — 110mg/l; AmoHueB a3oT — 250
mg/l; P,Oz; — 1100 mg/l; K,O — 4200 mg/l;
MgO — 20 mg/l; CaO — 70 mg/l; Fe — 10
mg/l 1 Texkn metann nog Jonyctumara
Hopma, ¢ pH — 8.5-9.5, EC 1020 uS/m un
opraHnyHo BelecTso — 40%

KOKOBET - ot doupma Arpobuoset
OO/l e BUCOKO KOHLEHTpMpaH MNuieLLKu
TOp. Xapakrepusupa ce C MOBULUEHO
CbAbpXaHue Ha asoT, dpocdop 1 Kanuii.
[ob6pe 6anaHcupaHu Makpo- n
MUKpOEeNeMeHTH, [OonpuHacAwmM 3a no-
6BbP30TO  pa3BuMTME Ha  KopeHoBaTta
cuctema um u3obunHu ubgtex — HutpaTteH
asoT —250mg/l; AmMoHneB azoT — 335 mgl/l;
P,O; — 2580 mg/l; K,O — 7580 mg/l; MgO —
11 mg/l; CaO — 50 mg/l; Fe — 10 mg/l n
TEXKA MeTanu nog gonycruMara HopMma,
¢ pH-85 — 9.5, EC 1000 pS/m wu
OpraHnyHo BeLecTso — 45%.

MACTEPBJIEH, 20-20-20+ME -
cnoxeH 100% BopgopasTBOpPUM YHUBEP-
casleH TOp — Hali-MacoBO W3M0/3BaH B
npaktukara, nopaau ONTUMa/IHOTO CbOT-
HoweHne Ha asoT, docchop n kanuii —
(20%-20%-20%). Cbabpxa OCHOBHUTE
MakpoenemeHTn: Asor (N) — 20%,

MATERIAL AND METHODS
The research was conducted in the
period 2014-2015 at the Institute of
Ornamental Plants - Sofia. A pots
experience was made in greenhouse
conditions to study the influence of
various fertilizers: Compove, Kokott,
Masterbland and Crystalon on the growth
and development of angelonia.
Characteristics of the Fertilizers:
COMPOVET (Agrobiovet Ltd) is a
concentrated extract of bio-fertilizer from
Californian red worm with a characteristic
smell of organic matter. It is defined as an
efficient organic humic fertilizer, stimulating
growth and development of plants. The
technological process for the preparation of
the liquid fertilizer allows the preservation
and integrity of all properties inherent to the

fertilizer which it is derived with
macroelements composition: Nitrate
nitrogen (NO3-N) -110mg/l; Ammonium

nitrogen (NH;-N) —250 mg/l; Diphosphorus
Trioxide (P,O;) — 1100 mg/l; Potassium
oxide (K,O) — 4200 mg/l; Magnesium oxide
(MgO) — 20 mg/l; Calcium oxide (CaO) — 70
mg/l; Iron (Fe)— 10 mg/l and heavy metals
under the acceptable norm, with pH 8.5-9.5,
1020 m EU/uS and organic substance —
40% .

COCOVET: (Agrobiovet Ltd) liquid
fertilizer produced on the basis of chicken
manure. It is characterized by increased
content of nitrogen, phosphorus and
potassium. Well-balanced macro- and
micronutrients contributing to the faster
development of the root system and
abundant blooms — Nitrate nitrogen (NO3-N) —
250mg/l; Ammonium nitrogen (NHs-N) — 335
mg/l; Diphosphorus Trioxide (P,03) — 2580
mg/l; Potassium oxide (K,O) — 7580 mgl/l;
Magnesium oxide (MgO) — 11 mg/l; Calcium
oxide (CaO) — 50 mgl/l; Iron (Fe) — 10 mg/l
and heavy metals under the acceptable
norm, with pH 8.5-9.5, 1020 m EU/uS and
organic substance — 45% .

MASTERBLEND 20-20-20
(Masterblend®) 100% water-soluble all-
purpose fertilizer — the most widely used
in practice, due to the optimal ratio of
nitrogen, phosphorus and potassium
(20%-20%-20%). Contains  essential
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HutpateH — 6.22%, AMOHAYeH-3.88%,
YpeeH — 9.90%, PasTtBopum dhocdop
(P,0s) — 20%, PastBopum kanuii (K,0) —
20% 1 MUKPOENEeMEHTN, KOETO ocurypsisa
BMCOK [OOMB M KA4YeCTBO Ha npoaykumata
NpU BCUYKN KYNTYPHU W [EKOpPaTUBHU
pacTeHus.

KPUCTANIOH - OPAHXEB -
6:12:36:3 — c/I0XKeH Top, CbAbpXaLl: A30T
(N) — 6 %, AmoHMeB a3oT — 4.5 %,
HutparteH a3oT — 1.5 %, ®occhop (P205) —
12 %, Kammin (K20) — 36 %, MarHeswuii
(MgO) — 3%, Csapa (SO3) — 20 % wu
MukpoenemeHTu: bop 0.025 %, >XXensaso
0.070 %, MaHraH 0.040 %, Mepg, 0.010 %,
MonnéaeH 0.0004%, LinHk 0.025 %

OnuTBT € 3a0kKeH Npu opaHxe-
puiiHK yCroBMsA B 5 BapyaHTa kaTto BCEKM
BapuaHT e B 10 noBTOpEHUSA:

BapwuaHT | (HeTpeTupaHu pacteHus) — K;
BapwuaHT Il (MacTtepbneHs )- 3g/l;
BapwuaHrT Il (KpuctanoH)- 3g/l;

BapwuaHT IV (KokoseT) 5ml/l;

BapwuaHT V (Komnoset) 20ml/I

ToposeTe ca BHacAHW npe3 15 aHu
B nepuvoga Mai — tonun. KoHueHTauuuTe
Ha u3nonssBaHWTe TOpPOBE ca MNPEnopbL-
YeHn oT npoussoauTenIMTe UM. Toposute
pa3tBopu ca BHacAHM no 100 ml Ha
CaKcusi BCEKM BapuaHT.

WM3nonseaHu ca pacTeHus OT aHre-
JIOHUA, MOJSly4YEHM OT CEMEeHa, 3acAaTu
M.peBpyapu. [lonyyeHuTe cemeHayeTa
ca 3acafeHu No eAVHUYHO B Cakcuu, C
AvameTbp 9 cm, B CMeC OT Noysa, Tope n
nepsvT B CboTHOWeHMe — 1: 1:0.5.

3a npoyuyBaHe BWSHMETO Ha pas-
JIMYHUTE TOPOBE BbBPXY PasBUTUETO U
ubdTexa Ha aHrenoHus 6axa HanpasBeHu
oTuntaHua npe3 30 AHM Ha Nokasarenure:
BMCOYMHA W [AnamMeTbp Ha pacTeHWeTo,
6poli paskNOHEeHWA W LBETOBE W [b/DKMHA
Ha LBeToHOocCa.

M3BbpweHn 6axa (eHONornuHu
HabnoaeHUss Ha HavYaslHUTE U MacoBuTe
nposiBn Ha deHothasn OByToHU3aUUA W
Ubrex.

MpocnegeH 6elue 1 3apaBHUS CTaTyC
Ha pacTeHusTa 3a HanageHusi OT naToreHu
N HenpuaTenu.

macroelements: nitrogen (N) — 20%,
Nitrate — 6.22%, Ammoniacal — 3.88%,
Ureen-9.90%, soluble phosphorus (P205)
— 20%, soluble potassium (K,0) 20%, and
microelements, which provides a high
yield and quality production in all cultural
and decorative plants.

KRISTALON - Orange-6:12:36:3
KRISTALON™-complex fertilizer containing
nitrogen (N) — 6%, Ammonium nitrogen
(NH3-N) — 4.5%, Nitrate nitrogen (NO3-N) —

1.5%, phosphorus (P,Os) — 12%,
Potassium (K,0) — 36%, Magnesium (MgQ) —
3%, Sulfur (SO;) - 20%, and
microelements: Boron — 0.025%, Iron —

0.070 %, manganese — 0.040%, Copper —
0.010%, molybdenum - 0.0004%, zinc —
0.025%

The trial was conducted in five
variants, 10 replications each under
greenhouse conditions.

Variant | (untreated plants) — C (control);
Variant Il (MASTERBLEND) 3g/l;
Variant Il (KRISTALON) 3g/l;

Variant IV (COCOVET) 5ml/;

Variant V (COMPOVET) 20ml/l.

The fertilizers treatments took place
in the period May-July. The fertilizers
solutions were 100 mL per pot, applied
every two weeks. The concentrations of
the fertilizers used in the work were
according to product specifications.

The trials were carried out on plants
derived from seed, sown February.
Seedlings were planted singly in pots with
a diameter of 9 cm high, in a mixture of
soil, peat moss and perlite in the ratio
1:1:0.5.

Plants  biometric  data  were
gathered - plant height, number of
branches and blooms and bloom length
were measured at 30 days’ intervals.

Phenological observations of the
initial and massive manifestations of
phenophase, budding and flowering were
performed.

It was tracked and the health status
of plants to attack by pathogens and
pests.
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[aHHnTte  6sixa  cTaTUCTUYECKU
06paboTeHN U NPeACTBEHU KaTo cpegHa
CTOliHOCT. Te 65xa aHanm3upaHu 3a
[JokasaHoCT upe3 t-Tecta Ha coTyepa
GraphPad Prizm. Pesyntatute ca
cTaTtucTMYecKn aokasaHu npu P <0.05 (*),
P <0.01 (**), P <0.0001 (***) n 6e3
JokasaHoCT Ha pasnukara (ns),
CbOTBETHO, B CPaBHEHUE C KOHTpoNaTa.

PE3SYNTATU N OBCbXOAHE

Ha tabnmum 1 n 2 ca pageHu
pesynratute OT U3NUTBaHE B/IUSHMETO Ha
TOpOBeTe BbPXY HapacTBaHeTO Ha pacTte-
HUATA OT aHrenoHus (BMCOYMHA U Aname-
Tbp). Hal-gobpu pesyntatu ca nosayyeHu
npu BapuaHT |l (MacTtepb6neHsn), kato
0O6LMAT NpupacT Ha BMCOYMHA HajBULLA-
Ba KOHTposnata c 18,1%, a cToiHOCTUTE
3a AnameTbpa Ha pacteHusTa e ¢ 35,4%
Hag, KoHTposiHuTe (Tabnuua 1 n 2).

Data were processed statistically
and presented as an average value . They
were analyzed for significance by means
of t-test of GraphPad Prism software. The
significant differences between the control
and variants were presented as *(P<0.05),
** (P<0.01), *** (P<0.0001) and the non-
significant — ns.

RESULTS AND DISCUSSION

Tables 1 and 2 give the results of
testing the influence of fertilizers on the
plants growth of angelonia (height and
diameter). The best results are obtained
under Variant Il (MASTERBLEND), total
height growth exceeds the control values,
and 18.1% of the diameter of the plants is
35.4% over the control (Table 1 and 2).

Tabnunua 1. BucodnHa Ha pacTteHus OT AHresioHms (cm)

Table 1. Plant height of Angelonia (cm)

BapuaHT 1% 27 otuntane 37° oTunTaHe 47° oTumtaHe 06y, npupacT
Variant oTunTaHe (15.06.2016r.) (15.07.2016r.) (15.08.2016r.) Total growth
(15.05.2016r)  2nd reading 3rd reading 4th reporting
1st reporting
HauanHa [BucounHallpupacT BucounHa [MpupacT|Bucounna [Mpupactpupact %
BucounHa | Height | Growth | Height | Growth | Height | Growth | Growth [Cnpsimo
Starting hight] cm cm cm cm cm cm cm K
cm Vs. K
| - HeTpeTupaHu [2,5+0,3 7,2+0,7 4,7 20,9+ 18,4 27,328 24,8 24,8 100,0
pacteHus (K)
untreated plants
Il - MactepbneHg 1,9+0,3HC  [6,9+0,5HC5 26,8 1.3 *24,9 31,2 +1,8HC 29,3 29,3 118,1
MASTERBLEND
Il — Kpuctanon [2,4+0,2Hc  [6,8 4,4 23,5+1.5 21,1 28,4+1,5HC26 26 104,8
KRISTALON +0,6HC HC
IV — KokobeT 2,4+0,2HCc (7,7 5,3 24,2+1,1Hc21,8 27,8+1,1Hc25,4 25,4 102,4
COCOVET +0,6HC
V — Komnoset  |2,3+0,3HC 6,2 3,9 22,4+1,3Hc20,1 27,3xt1,6 |25 25 100,8
COMPOVET +0,7Hc HC
Monoxwutenex edpekT BbpXY A positive effect on the diameter of

AvaMeTbpa Ha pacTeHusaTa € MOJIyY4eH U
oT geicTtBmeTo Ha KokoBeT (BapuaHTt 1V).
OTyeTeHNTEe pe3ynTatu Hagsuvwasart
nokasasiMTeNnTe Ha KOHTPO/IHWUTE pacTe-
HUSA ¢ 26,2% (1,7 cm), (Tabnuua 2).
JokazaH nonoxuTteneH  edekT
BbpPXYy BWCOYMHATA Ha pacTeHusiTa €
ycTaHOBeH npu wu3nonssaHe Ha 1,0%

plants was also obtained by applying the
CocoVet (Variant 1V). The reported
results exceeded the indicators of the
control plants by 26.2% (1.7 cm), (Table
2). The results obtained are in
accordance with the results obtained by
the authors using different biofertilizer
(Zapryanova and Atanassova, 2013). A
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pasTBop Ha Jlymbpukon, Kkato npu
uMmnaTMeHca MpoueHTbT Ha  obwwsa
npupact 3a copt MagnumPink e 193,5%
n 3a SunHarmony Violet — 121,4%. Mpwn
neTyHusiTa npupacTtbT 3a copT Surfinia
Giant Purple e 117,3%, a 3a Surfinia Hot
Red - 183,1% (Zapryanova and
Atanassova, 2013).

positive effect on plant height has been
demonstrated using a 1.0% solution of

Lumbrickol, whereas in Impatiens the
percentage of total growth for
MagnumPink is 193.5% and for
SunHarmony Violet — 121.4%. For

petunia, Surfinia Giant Purple grows at
117.3% and Surfinia Hot Red at 183.1%.

Tabnuua 2. nameTbp Ha pacTeHus oT AHrenoHusi(cm)

Table 2. Plant diameter of Angelonia(cm)

1% 27" orunTaHe 37° oTunTaHe 47"° oTunTaHe 06y npupacT
oTunTaHe (15.06.2016r.) (15.07.2016r.) (15.08.2016r.) Total growth
BapuaHT (15.05.2016r), 2nd reading 3rd reading 4th reporting
Variant 1st reporting
HavaneH |OnameTtsp MpupactAnameTsp [MpupacTtdunametsp, MNpupact [Npupact %
avaveTsbp, | Growth | Growth| Growth | Growth| Growth Growth | Growth [CnpsimMo|
Starting cm cm cm cm cm cm cm K
diameter Vs. K
cm

| - HeTpeTnpaHu 6,2+0,5 10,606 | 4,4 11,9+0,6 | 5,7 12,7+0,4 6,5 6,5 | 100,0

pacTtenus (K)

untreated plants

Il —Mactepbnenp | 5,1+0,4Hc | 13,0+0,6*| 7,5 [13,5#0,5Hc| 8,4 | 13,9+0,5 8,8 8,8 | 1354

MASTERBLEND

Il — KpuctanoH | 5,5+0,5Hc |12,1+0,6Hc| 6,6 |(12,8+0,1Hc| 7,3 13,2+0,5 7,7 7,7 118,5

KRISTALON

IV — KokobeT 5,4+0,5Hc [10,940,5Hc| 5,5 |13,3+0,5HC 7,9 13,6+0,9 8.2 8,2 126,2

COCOVET

V — Komnoset 5,6+0,4HCc |10,3+0,5Hc| 4,7 |12,3+0,2HC| 6,7 12,8+0,4 7,2 7,2 110,8

COMPOVET

Ha Tabnuua 3 ca npeactaBeHu In Table 3 are presented the

pesynratute oT B/IUSIHNETO Ha
pasiMyHMTE TOPOBE BbPXY DOPMUPAHETO
Ha pask/IOHEHMS MpU aHrenoHus. Haii-
[0o6pu  pe3ynTatm ca OTYETEHU NpU
6uoTopa KokoBeT — cpegHo no 18,6 6pos
paskNoHeHUss Ha pacTeHue, KOoeTo € C
87,4% no — BMCOKO OT KOHTponata
(Tabnuua 3). CnegBaH e oT BapuaHT |l
(MactepbneHa) c 16,4 6pos,
HajBuWwagall KoHTponata C 65,6%
(Tabnuua 3).

results of the impact of various fertilizers
on the formation of branches at
Angelonia. The best results are reported
in the biofertilizer Cocovet with average
of 18.6 branches of a plant, which is
87.4% higher than the control (Table 3).
Followed by option Il (MASTERBLEND)
with the number exceeding 16.4 control
65.6% (Table 3).
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Ta6nuua 3. Bpoii pask/ioHeHMS NpY AHreNIoHUs
Table 3. Branches formation of Angelonia

1 "% oTuntaHe 27 oTunTare 37° oTunTaHe 06, 6poii
(15.05.2016r) (15.06.2016r.) (15.07.2016r.) Total number
BapuaHT 1st reporting 2nd reading 3rd reading
Variant Bpoii Bpoii | Mpupact | Bpoii MpupacTt | bpoii %
Number Number | Growth | Number | Growth | Number | cnpsamo
K
Vs. K
| — HeTpeTupaHu pacteHus (K) 1,6+0,5 3,2+0,5 1,6 5,1+0,8 3,5 9,9 100,0
untreated plants
Il — MacTep6neHp, 2,8+1,1Hc | 5,1+0,6* 2,3 8,5+0,4* 57 16,4 165,6
MASTERBLEND
11l — KpuctanioH 3,1+0,1*  |4,5+0,1Hc| 1,4 6,2+0,1 HC 31 13,8 130,6
KRISTALON
IV — KokobeT 4,5+0,8** 5,7+0,8* 1,2 8,4+0,8* 3,9 18,6 187,9
COCOVET
\V — KomnoseT 2,4+0,7* 3,9+0,6 HC 15 5,3+0,6 HC 2,9 11,6 117,2
COMPOVET

O6pa3yBaHeTO Ha NoBedve pakso-
HEHMWS e TACHO CBbP3aHo C yBeNnyaBaHe-
TO Ha [JrvameTbpa Ha pacTuTenHarta
Typa. lMpu u3non3saHe Ha npenapata
Tepa cop6-thonnap — 0,2% BbPXY ABa
copTa neTyHMs Cce YyCcTaHoBABa $ICHO
u3paseH MNoNoXnUTEeNeH edqekT BbPXY
O6posi Ha pasknoHeHusiTa. [okaTo npw
copT Gain Purple ctatuctuueckarta goka-
3aHOCT B Pas/IMKUTE C KOHTPOSIHUTE
pacteHuss ce Habnwgasa B HayaHWA
nepuog Ha ohopMsiHE Ha pasK/IOHeHMATa
(m.mait) ¢ P<0,05 *** 10 npu copT Hot
Red Ta3sn pokasaHOCT B pasfvkute e
oTpaseHa npe3 Mm.loaM B Zapryanova
(2011).

EcdektTbT OT  BHacAHETO Ha
TopoBeTe BbpPXy 6posi Ha LBeToBeTE OT
aHrenoHuss e oTpaseH Ha Tab6nuua 4.
M3non3eaHeTo Ha 6ruoTopa KokoseT AaBa
cpepHo no 6,6 6p. LBETOBE Ha pacTeHue.
MonyyeHnAT pesyntar e Hali-gobbp W
HaZBuLWaBa TO3M Ha KoHTponara ¢ 2,5
6p. [obpe n3paseHo Nof0KUTENHO BIMS-
HMe BBbPXY OpoOAT Ha uBeTOBETE Ce
Habniogasa npu  BapuaHtn  — I
(MactepbneHg) wn Il (Kpuctanon),
CbOTBETHO € 5,8 6p. 1 ¢ 5,2 6p. (Tabnnua
4).

The formation of more branches is
closely associated with the increase in
diameter of the plant tuft. Using the
preparation Tera — Sorbal Floriar®- 0.2%
on two varieties of petunia establishes a
clear positive effect on the number of
branches.

While in the Gain Purple variety,
statistical evidence of differences in
control plants was observed in the initial
period of branching (May) with P <0.05
*** in the Hot Red variety this difference
in evidence was reflected in (June)
Zaprianova (2011).

The effect of the introduction of
fertilizers on the number of blooms of
Angelonia is shown in Table 4. The use
of the (COCOVET) bio fertilizers gives an
average of 6.6 blooms per plant. The
result obtained is the best and exceeds
that of the control with 2.5 blooms. A
good positive effect on the number of
blooms was observed in variants - Il
(MASTERBLEND) and 11l (KRISTALON),
respectively by 5.8 and by 5.2 blooms
(Table 4).
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Tabnuua 4. Bpoii uBeTOBE NpU AHreIoHNA

Table 4. Number of blooms of Angelonia

1% otuntaHe 27" orunTaHe 06uy 6poii
BapuaHT (15.07.2016r.) (15.08.2016r.) Total number
Variant 1st reporting 2nd reading
Bpoli Bpoi Mpupact Bpoii % cnpsimo K
Number Number Growth Number Vs. K

| — HeTpeTupaHu pacTteHus (K) 1,8+0,3 2,3+ 0,45 4,1 100,0
untreated plants
Il - MacTep6neHp, 1,8+0,4HC 4+0,7* 2,2 5,8 143,2
MASTERBLEND
Il — KpuctanoH 1,7+0,4HC 3,56+ 0,5* 18 5.2 128,4
KRISTALON
IV — Koko6eT 2,9+0,4** 3,7+ 0,2* 0,8 6,6 162,9
COCOVET
V — KomnoseT 1,2+0,2HC 2,9+ 0,4HC 1,7 4,1 101,2
COMPOVET

PasvepbT Ha LUBETOHOCUTE Ha
aHresIoHUsi ce MNoB/iMABa OT BHACSAHETO
Ha pas3MyHuTe TopoBe. Hail-gobpun
pesyntatn ca noslyyeHn npu K3nosnssa-
HeTO Ha aBarta 6uotopa. Mpu BapuaHT IV
(KokoBeT) cpepHata  Ab/DKMHA  Ha
uBeToHoca e 12,4 cm, a npu BapuaHT V
(Komnoset) e 10,2 cm npe3 nbpsBus
nepuwog Ha otyuHate Mm.onu.  lpw
KOHTPO/IHUTE pacTeHua Ab/DKMHATa Ha
uBeToHoca e 9,1 cm. Npu BTOpPUA Nepros
Ha OTYMTaHe - HavasioTo Ha M.asryct
cpegHata [Ob/DKMHa Ha LBETOHoca 3a
BapuaHT IV (KokoseT) e 11,8 cm, 3a
BapwuaHT V (KomnoseT) e 10,8 cm, a npu
KoHTposuTe e 10,1 cm (Tabnuua 5).

XapakTepHOo 3a Buga e Ha/MyneTo
Ha LUBETOHOCU C pasnyHa [Ob/DKUHA,
Ob/mKalwo ce Ha wusubdTABAHETO Ha
oTgenHuTe usetyeta. MNpu Ob/MKUHA Ha
yetoHocute Hag 10 cm, Hali-BUCOKM
CTOMHOCTM Cca OTYEeTEHM OTHOBO Npw
6uoTopoBeTe M B ABaTa nepuoja Ha
oTumTaHe. 3a KokoBeT Te ca CbOTBETHO
14,4 cm u 16,6 cm, a 3a Komnoset ca
15,1cmwn 16,7 cm.

The effect of fertilizer input on the
number and size of the flower stalk of
angelonia is affected by the introduction
of different fertilizers. The best results are
obtained using both bio- fertilizers. For
Variant IV (COCOVET), the average
flower stalk length is 12.4 cm, and for
Variant V (COMPOVET) it is 10.2 cm
during the first period of July (Table 5).
For control plants, the flower stalk length
is 9.1 cm. In the second reporting period -
the beginning of August, the average
length of the flower stalk for Variant IV
(COCOVET) is 11.8 cm, for Variant V
(COMPOVET) is 10.8 cm and for the
controls 10.1 cm (Table 5).

A characteristic of the species is
the presence of variation in flower stalk
length, due to the flowering of the
individual florets. At flower stalk over 10
cm, the highest values are recorded
again at bio fertilizers in both reporting
periods. For CocoVet they are
respectively 14.4 cm and 16.6 cm and for
COMPOVET are 15.1 cm and 16.7 cm
(Table 5).
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Tabnuua 5. Pazmep Ha uBeTOHOCUTE NPU AHIresIoHNA
Table 5. Length of the flower stalk of Angelonia

[ObmknHa Ha uBeTa, cm
Length of the flower stalk (cm)
B\?Erli/l:r:itT 1" oTuntaHe 27" oTunTaHe
(15.07.2016r.) 1st reporting (15.08.2016r.) 2nd reading

Cp. cToiiHocT | <10cm >10cm | Cp. cToiHOCT | < 10 cm >10 cm

Avg. value cm Avg. value cm
| — HeTpeTupaHu pacteHus (K) 9,1+0,2 5,2+0,1 11+0,4 10,1+0,2 5,3+0,3 14,1+0,3
untreated plants
Il — MacTepbneHng 9,8+0,3 HC 7+0,2 HCc | 10,8+0,2 He | 10,8 0,3 HC | 6,2+0,1 | 13.9+0,1 HC
MASTERBLEND HC
11l — KpuctanoH 9,7+0,5Hc |6,7£0,3 Hc| 12,7+0,3 HC | 11,6%0,1 HC | 7,840,2 | 14#1,2 HC
KRISTALON HC
IV — KokobeT 12,4+0,2* |2,5+#0,1 Hc| 14,4+0,5* | 11,8+0,5Hc | 4,7£0,2 | 16,6+0,9*
COCOVET HC
V — Komnoset 10,2+0,6Hc |5,5+0,3 HC| 15,1+0,4* | 10,8+0,2 HC | 2,9+0,2 | 16,7%0,7*
COMPOVET HC

Mpv aHrenoHuaTa nbpBuTe ByTO-
HMU3NpaHW pacTeHuss ce Habnwgasar B
Hayasi0To Ha M.IOHW U MPU KOHTpos1aTa u
Npu BCUYKM BapuaHTy Ha TOPEeHe.

UbgpTexbT HacTbnBaT Hali-paHo
npu BapuaHT IV (KokoBeT) BTOpara
Mos0BMHA Ha M.IOHW, B CpaBHeEHWe ¢
KOHTPONUTE M OCTaHaNNTe BapuaHTu Ha
uscnefBaHeTo.

He ca HabnwogaBaHuM NposiBU Ha
(hMTOTOKCUYHOCT BBPXY pacTeHusaTa npu
BCUYKM BapuaHT Ha onuta. He ca
perucTpupaHn HanageHus ot 60s1ecTn u
HenpusaTenu.

n3BOAU

Mpu npoyyBaHe B/MAHWETO Ha
pasfsiMyHM TOpPOBe BBLPXY pPasBUTUETO Ha
aHresIoHUs1 ce YCTaHOBW CTUMYNMpaLl
edpekT BbpXy BeretatMBHara Mmaca,
hopmmupaHeTo Ha LUBeTOBeTe U pasmepa
Ha LBeTOHOCWUTE Mpu U3Mnos3BaHe Ha
6noTopa KokoserT.

[okazaH nonoxuteneH  edekT
BbpPXy BMCOuMHATa W Juamerbpa Ha
pacteHusitTa uma W YHUBEPCa/IHUA TOp
MacTepbneHn,.

Mpu M3NUTBaHe Ha BANSAHMETO Ha
ABata 6uotopa: KokoBeT u Komnoser,
KaKTo M Ha gBaTa YHMBEpPCasHW COXHU
TopoBe MacTtepbneHg u KpuctanoH B

npeasioXeHNTe KOHLEHTpauumM He ce
Habnogasa  (UTOTOKCUYHOCT  BBbPXY
pacTeHusTa.

In angelonia, the first budding of
plants is observed at the beginning of
June in the control and in all fertilization
variants.

Flowering occurs early in variant IV
(COCOVET) in the second half of June
compared to controls and other variants
of the study.

No plant phytotoxicity = was
observed in all experimental variants. No
attacks from diseases and pests have
been recorded.

CONCLUSIONS

In studying the influence of various
fertiizers on the development of
angelonia, a stimulating effect on the
vegetative mass, the blooms formation
and the size of the flower stalk were found
using the COCOVET biofertilizer.

A proven positive effect on the
height and diameter of the plants is also
the universal MASTERBLEND fertilizer.

In the study of the influence of the
two  biofertilizers: COCOVET and
COMPOVET, as well as of the two
universal complex fertilizers
MASTERBLEND and KRISTALON at the
proposed concentrations no  plant
phytotoxicity was observed.
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