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PE3IOME

B opaHxepuiiHOTO MpPoM3BOACTBO Ha
3efleHyyun ce npunarat ronemu  Koau-
yecTBa BOJa 3a HanosBaHe. EfHa Bb3-
MOXHOCT 3a NecTeHe Ha Bojarta € M3non-
3BaHEeTO Ha T.Hap AedUUUTHO HanosiBaHe.
HeroBoTo npunaraHe e CBbp3aHO C
BbMNpoca Kak BOAHMAT Aeduunt BAuse
KakTo Ha pgobuBa, Taka M KauyecTBOTO Ha
npoaykuuaTa. NMpes 2017 r. e n3segeH onut
no MeToda Ha AbArnTe napuesku ¢ gomatu,
OTrNIeXAaHu Ha KaHesieHa ropcka noysa B
HeoToM/IsiemMa nNoMMETUIEHOBA OpaHXepus
Ha onuTHO none YenoneyeHe Ha MHcTutyTa
no NoYBO3HAHME, arpoTEXHONOMUN U 3almTa
Ha pacTteHuaTa ,Hukona [Mlywkapos® - rp.
Cochna. [Oomatmute ca copT Solanum
lycopersicum “Big Beef”, oTrnexgaHn npu
KankoBo HanosiBaHe W nNo4 Myn4upaio
donvo. B TOBa M3cneaBaHe ca aHa/M3n-
paHu HAKOM MokasaTesin Ha KauyecTBOTO Ha
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SUMMARY

A large volume of irrigation water is
used in the greenhouse vegetable
cultivation. An opportunity to save water is
application of so-called deficit irrigation or
supplemental irrigation. Its application is
related to how water deficit affects yield
and quality of production. A long plots
design experiment is conducted during
2017 in an unheated plastic greenhouse
at the Chelopechene experimental field,
Institute of Soil Science, Agrotechnologies
and Plant Protection “Nikola Pushkarov”,
Sofia on tomatoes in Chromic Luvisols.

Tomato variety is Solanum lycopersicum
“Big Beef” cultivated under drip irrigation
and mulching. Some indicators of the
quality of the tomato fruits obtained at
different levels of irrigation 100 %, 80%,
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npoaykumMaTa OT JomaTu, MOoayvYeHu npu
pa3nimyHn HuBa Ha HanosisaHe: 100 %, 80%,
60 % oT onTMMasiHaTa NosIiMBHA HOpPMa, Kak-
TO W NOSVMBHA HOpMa, onpejeneHa no esa-
noTpaHcnupauus oT manaputen. M3sbplue-
HW ca (OU3MKOXMMUYHM aHann3mn 3a onpege-
NIAHE Ha HAKOW KayeCTBEHW MnokasaTenu Ha
uscneasaHmsa copt gomatu. Mpu cTatuc-
Tuyeckata 06paboTka Ha nosiyyeHUTe pe-
3ynTaTh 3a pas/IMYHUTE HMBA Ha HanosiBaHe
ca MNoJly4yeHn CTaTUCTUYECKU 3HaUYMMU pas-
JNIVKN MeXay OTAeSIHUTe BapuaHTW No OTHO-
lWeHVe Ha nokasartenute ButamuH C u
aKTMBHA KUCEMMHHOCT.

KntouoBu gymn: gomatu, opaHxepus,
KankoBo HanosiBaHe, BUTamuH C

YBO/,

[obpe n3BecTHO e, Ye gomaTtuTe ca
BaXKHa 3e/leHyyKoBa Kyntypa 3a bbarapus
C BUCOKa cTeneH Ha notpebneHue. [oma-
TUTE ce XapakTepuampaT C BMCOKa XpaHu-
TeNHa CTOMHOCT nopagy CbAabpxalluTe ce B
TAX aHTUOKCUAAHTW, KapoTeHouAaW, JINKO-
neH, sutamvin C n A. OT npousBefeHuTe
3efleH4yumn y Hac npe3 2016 r. Hai-ronsm e
henbT Ha gomatuTte — 141,4 xun. ToHa, OT
KonTo 35% ca opaHxepuiitin (MAFF, 2017).
B opaHXepuinHOTO NPOU3BOACTBO Ha 3e/eH-
yyum ce npunarart roieMu KosmyecTsa Boga
3a HanosiBaHe ¥ efHa BB3MOXHOCT 3a
necteHe Ha BojaTta € U3MNON3BaHETO Ha
T.Hap AeduuMTHO HanosiBaHe. To Jonycka
M3BECTEH BOAEH CTpec 3a pacTeHuaTa no
Bpeme Ha onpefenexHu dpasn oT pasBuUTUETO
UM UM MO BpeMe Ha Lie/Ins MOSIMBEH Ce30H,
6e3 ToBa [fa MNOBMUSE 3HAUYMTENIHO BbPXY
[o6uBMTE M KAYyecTBOTO Ha npoaykKuuaTa
(Banjaw et al.,, 2017). MNpu BoAeH cTpec
KO/IM4YeCTBOTO Ha rioKo3a, (hpykKTo3a, 3axa-
po3a, A6bAYHa K1cenuHa, ackopbuHoBa Ku-
Ce/iMHa 1 IMMOHEHa K/Ce/IMHa 3Ha4yuTesTHO
ce yeennyaBa (Nahar and Gretzmacher,
2002). HamansiBaHeTo Ha NnonmMBHaTa Hopma
oKasBa MOJIOXUTENIHO BAUAHWE BBPXY Cb-
[ObpXaHWeTo Ha Cyxo BellecTBo, peayuupa-
wy 3axapu (Shao et al.,, 2014) n nukoneH
(Dumas et al., 2003).

Llenta Ha wu3cnegsaHeto e pda ce
aHa/M3npaT HSAKOWM MokasaTesim Ha Kauvec-
TBOTO Ha npogykumata OT gomartu, nosy-
YeHW Npy pasnyHK HYBa Ha HanosiBaHe.

60 % of optimal irrigation rate and
evapotranspiration-based irrigation rate
were analyzed in this study.

Physicochemical analyzes to determine of
some quality indicators of the studied
tomato variety were performed. The
statistical processing of the results
obtained under different levels of irrigation
produced statistically significant
differences between the variants in terms
of vitamin C and active acidity.

Key words: tomato, greenhouse,
drip irrigation, vitamin C

INTRODUCTION

It is well known that tomato is
important vegetable crop -cultivated in
Bulgaria with high consumption rate.
Tomato fruits are rich in antioxidants,
carotenoids, lycopene, vitamin C and A
and have high nutritional value. A 141.4
thousand tons tomato of which 35% from
greenhouses was produced in Bulgaria in
2016. Tomatoes have largest share of
vegetables production in Bulgaria (MAFF,
2017). A large volume of irrigation water is
used in the greenhouse cultivation and an
opportunity to save water is application of
so-called deficit irrigation. The deficit
irrigation allows some water stress during
a certain crop stage or the whole irrigation
season without a significant reduction in
yield and production quality (Banjaw et al.,
2017). Glucose, fructose, sucrose, malic
acid, ascorbic acid and citric acid content
increased significantly with water stress
(Nahar and  Gretzmacher, 2002).
Decreased level of irrigation exerted
beneficial effects to total soluble solid and
soluble sugar contents (Shao et al., 2014)
and lycopene (Dumas et al., 2003).

The aim of this study was to
analyze some indicators of the quality of
the tomato production obtained at
different levels of irrigation.
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MATEPVAT N METOON
EkcnepymeHTBLT OGelle nposefeH
npe3 2017 r. B HeoTonasdemMa MoaveTu-
NneHoBa opaHxepuss Ha OnNUTHO nose Ha
WMA3P ,Hukona Tlywkapos® B KB.
UenonedeHe (42°73'N, 23°46'E 1 550 m
HaZMOpCka BMCOYMHA) B paiioHa Ha rp.
Cochua, c¢ pomatm copT  Solanum
lycopersicum “Big Beef”, oTrnexgaHu npu
KankoBO HarosBaHe W noj Mynuyupaiio
honmo. KnumaTteT € ymepeHO KOHTUHEH-
TaneH. MNousara e KaHefneHa ropcka, us-
nyxeHa. 3a 40 cm cnoli BogHO-(hM3NY-
HWUTEe CBOICTBa Ha noysaTa ca MMNB - 21.9
% 1 o6emMHa nabTHOCT — 1.46 g cm™,
Mrowra Ha ekcnepyMeHTa B OpaH-
XepusaAta e 288 m?. MpoBepeH e eaHo-
(haKTOpPEH eKCNepuUMEHT C eKCcrepuMeHTa-
NneH dhakTop — HanossaHe. M3nutaHu ca
YyeTUpW BapuaHTa Npu pas/IMyHn HMBa Ha
pakTtopa: (T1l) —onTMMasiHO HarnosiBaHe
cbC 100% nonmBHa HopMa C noagbpXaHe
Ha npegnosveHa BnaxHocT 90% ot MIMB;
(T2) - HanosiBaHe ¢ 60% OT onTyMasiHaTa
nonusHa Hopma; (T3) - HanosiBaHe ¢ 80%
OT onTumasiHaTa noamBHa Hopma; (T4) -
HanosBaHe cbC 100% nosvBHa HOpMa,
onpeferneHa no mnsnapurten knac A. Cxe-
MaTa Ha onuta e no MeTtoda C AbAru
napuenkv B 4 noBTopeHus. onemuHarta
Ha onWTHaTa napuenka e 18 m? u ce
CbCTOM OT ABa pefa gomartu. 3a AOMbJl-
HUTENIHO HamasiiBaHe Ha 3arybute orT
BOJa ¥ MOATUCKaHe pa3BUTNETO Ha NJeBenm
€ W3Mo/I3BAHO YEpHO  MOJIMETU/IEHOBO
Mynumpatlo dgonmo (+UV 15 mic/1.20 m).
3a (PM3NKOXMMUYHUTE aHanMs3n ca
n3nonssaHun no 4 aobpe yspesnu, 3gpasu
nnofose OT BCEKM BapuaHT. Te ca
XOMOreHu3npaHn B 6neHgep u  ca
onpegesieHnN: CyxoTo BELLECTBO, akTVBHa

KUCENIMHHOCT, TUTpyema  KUCEIMHHOCT,
BuTaMMH C 1 peayuupaliy 3axapw,
CbOTBETHO 4pe3 BfaroMepHa Be3Ha

.Kern“; pH-meTbp ,Hanna“;, tutpumeTtpu-
yeH metog ¢ 0,1n NaOH; TtutpyBaHe c
2,6-anxnopeHon-nHaodeHon, metTos Ha
Mypu; meTopg Ha LLoopn.

Mpu cTaTuctuyeckata ob6paboTka
Ha nonyyeHuTe pesynTtaty, paHrbT Ha

MATERIAL AND METHODS

The experiment was conducted in
2017 in unheated plastic greenhouse
located in the Chelopechene experimental
field of the Institute of Soil Science,
Agrotechnologies and Plant Protection
"Nikola Pushkarov” (42° 44" 23" N, 23°
28' 4" E and 550 m a.s.l.), Sofia region on
drip irrigated tomato (Solanum
lycopersicum “Big Beef”) under mulch.
The climate is moderate continental. The
soil type is Chromic Luvisol. For the 40-
cm deep soil layer the average values
are: field capacity - 21.9 % and dry bulk
density — 1.46 g cm™.

The experimental area in the
greenhouse was 288 m® A one-factor
experiment was conducted with an
experimental factor — irrigation. The
following treatments were tested: (T1) -
optimal irrigation in pre-irrigation soil
moisture 85-90% of the field capacity;
(T2) - 60% of optimal irrigation rate; (T3) -
80% of optimal irrigation rate; (T4) - 100%
evapotranspiration-based irrigation rate.
The experimental treatments were
arranged according to the method with
long plots in four replications; each plot
has a surface of 18 m® and consisted of
twin rows. A black plastic mulch (+UV 15
mic/1.20 m) was used to suppress weeds
and conserve water.

Four uniform, mature and disease-
free fruits at harvest were selected from
each plot and used for physicochemical
analysis. The fruits were homogenized in
a blender, and then the contents of total
soluble solids (TSS), active acidity (pH),
titratable acidity (TA) reducing sugars
(RS), vitamin C (VC), were measured.
TSS was determined by a Moisture
analyzer “Kern”, pH was determined by a
pH Meter “Hanna”, TA was determined by
titrating diluted tomato product to pH 8.00
with 0.1n NaOH, VC was determined by
titrating with 2.6-Dichlorophenol-indophenol
sodium salt (VC C,,H¢CI,NNaO,), method of
Muri, reducing sugars was determined by
method of Schoorl.

In statistical processing of the
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[0Ka3aHOoCT 3a pas3Nnkute Mexagy oTaen-
HUTE BapuaHTV e onpejesieH ypes cpas-
HsIBaHE Ha OMUTHO MoJlydYeHaTa CTOMHOCT
Ha Kputepua Ha duwep (Feyp) C KPUTUY-
Hata My cToitHocT (Fqi). B cnywawute,
Korato OMWTHO MoJlyyeHaTa CTOMHOCT e
no-ronsiMa, ca Haavue CcTaTUCTUYECKn
[IOCTOBEPHU pas/Ivku Mexay CbOTBETHUTE
BapuaHTu.

PE3YJITATN N OBCb)XXAAHE

Pesyntatute oT aHa/iM3a Ha kadvec-
TBOTO Ha jAomareHuTe M04OBE ca npeg-
cTaBeHu Ha durypa 1 n durypa 2. Cbabp-
XaHMEeTO Ha CyxO BeLLecTBO € HaW-ronsmo
npu BapuvaHtu T2 u T3 c pegyuupaHa
nosivBHa HOpMa B CpaBHeHVe C BapuaHTta
T1 c 100% nosivBHa Hopma U BapuaHT T4 ¢
Nno/sivBHa HopMa ornpejesieHa rno usnapuren.
MpeAnwHM MNpoy4YBaHUSA Ha ApYyrn asTopwu
nokasaT CbLIO, 4Ye OonpefesieHn HuBa Ha
BOJEH cTpec Morar ga nofobpaT kadvec-
TBOTO Ha AOMaTeHuTe M/I040BE M [a NoBU-
WwaT cbAbpXaHNETO Ha cyxo Bellectso (Du
et al., 2017; Mitchell et al., 1991; Sun et al.,
2013). ToBa ce Ab/XM [NTABHO Ha yBenuye-
HUA cnHTE3 Ha 3axapo3a (Qi et al., 2003).

results obtained, the rank of evidence of
differences  between the  different
treatments was determined by comparing
the experimentally obtained value of the
Fisher criterion (Fexp) With its critical value
(Feir). In case where the experimentally
obtained value is higher, there is
statistically significant difference between
the treatments.

RESULTS AND DISCUSSION

The results of the analysis of fruit
quality are presented in Figure. 1 and
Figure. 2. Total soluble solids content was
higher in treatment T3 and T2 with lover
irrigation rate compared to the treatment
T1 with 100% irrigation rate and treatment
T4 with evapotranspiration-based
irrigation rate. Previous studies also
reported that a certain level of water
stress can improve the tomato fruit quality
and increase total soluble solids content
(Du et al., 2017; Mitchell et al., 1991; Sun
et al.,, 2013). This is mainly due to the
increased synthase of sucrose (Qi et al.,
2003).

OCyxo pewecTeo/
Total soluble solids

Bl mworozal
Glucose

miokozal Glucose
QpykTosal Fructose
(%)

Cyxo eewecteo/ Total soluble solids

BdpykTosal
Fructose

B TuTpyema kMcenMHHocT/!
Titratable acidity

0.3

Tutpyema kwcennnHoct! Titrable acidity (%)

Bapwant/Treatment

dur. 1. PUINKOXMMUYHWN NOKasaTes M Ha gomMaTeHn naoaoBse
Fig. 1. Physicochemical indicators of tomato fruits
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Fig. 2. PH and vitamin C content in tomato fruits
Pesyntatute oT cTatucTnyeckus The results of the statistical

aHanu3 ca npeactaBeHn B Tabnvua 1 u
Tabnuua 2. Bmkpga ce, 4e uMMa Cb-
LWeCTBEHM pas3/MkM B MnokasaTens cyxo
BELLECTBO MeXAy OTAEeNHUTE BapuaHTy.
To3u pe3ynTar e oyakBaH, Tbii kaTo Te ce
peanu3vpar npu pas/iMyHn HMBaA Ha
HanosBaHe. CTaTUCTUYECKN HecCbLUec-
TBEHW pas3fIMkM ce nonyyasat efuviH-
CTBEHO Mexay BapuaHtm T1 u T4 wu
BapuaHTn T2 n T3.

OT dwrypute ce BuxAa, ue
TUTpyemMarta KUCesSIMHHOCT U BuTamuH C
ca Hali-BMCOKM Mnpu BapuaHT T2 c Haii-
HMCKa MOSIMBHA HOPMA W Hal-HUCKM - NpW
BapvaHT T1 c onTMMasiHa NosMBHA HOp-
Ma. CblyaTa TeHAeHUmMA e HabnwgaBaHa
U npu npeavwHn npoy4ysaHus (Veit-
Kohler et al., 1991; Yang et al., 2017) u
Ce Ab/DKM Ha No-HMCcKaTa akymynaums Ha
BoAa B nsiofoseTe. 10 OTHOLUEHME Ha
nokasatens sutamvH C ca nosy4yeHun no-
BMCOKN CTOMHOCTU NPV BCMYKU BapuaHTu
B cpaBHeHue ¢ T1, kaTto npu BapuaHT T2,
Tasun pas/sivka e N ctTaTUCTUYecku nokasa-
Ha (Tabnuua 1 n Tabnuua 2). Mo oTHowe-
HVe Ha nokasaTens TUTpyema KMCESIMHHOCT

analysis are presented in Table 1 and
Table 2. Table 1 and Table 2 show that
there were significant differences in the
Total soluble solids indicator between the

different treatments, which is the
expected result, since they are
implemented at different levels of

irrigation. Only between treatment T1 and
T4 and between T2 and T3 the
differences  were  not  statistically
significant.

The figures show that Ttitratable
acidity (Figure 1) and Vitamin C (Figure
2) content were higher in treatment T2
with the lowest irrigation rate and least
under optimal irrigation (treatment T1).
The same trend was reported in previous
studies (Veit-Kéhler et al., 1991; Yang et
al., 2017) due to the lower accumulation
of water in the fruits (Mitchell et al., 1991;
Guichard et al., 1999). Regarding the
vitamin C indicator, higher values were
obtained in all treatments compared to T1
and for treatment T2 the difference was
also statistically proven (Table 1 and
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(Tabnuua 1 n Tabnamuya 2) ca NnonyyeHn no-
BMCOKM CTOMHOCTU 3@ BCUYKM BapuaHTu B
cpaBHeHVe ¢ T1, HO pas3nukuTe ca cratuc-
TUYECKN He3HauuTeNHW. AKTMBHATa Kuce-

Table 2). Regarding to the titratable
acidity content (Table 1 and Table 2)
higher values were obtained for all
treatments compared to T1, but the

NMHHOCT (pH) e Hali-Bucoka nmpu BapuaHT
T2 (durypa 2). Takmea pesyntatu ca nosny-
yeHun 1 npu gpyrn npoyysaHus (Yang et al.,
2017). 3a nokasartessi akTMBHa KUCENNH-
HocT (Tabnvua 1 n Tabnuua 2) e KoHcTa-
TMpaHa CTaTUCTMYECKM 3HauYMma Mno-Hucka
CTOMHOCT Ha TO3M nokasaten B CpaBHEHue
Cc BapuaHt1 T2 n T4.

differences  were  not  statistically
significant. Active acidity (pH) was higher
in treatment T2 (Figure 2). These results
agree with other studies (Yang et al.,
2017). Regarding to the active acidity
(Table 1 and Table 2) a statistically
significant lower value of this indicator
was found compared to T2 and T4.

Ta6bnuua 1. CpaBHUTE/IHA OLEHKa MeXxAy BCUYKN BapuaHTU yYpe3 KpUTepusa Ha
duulep npu cCbOTBETHM HMUBA Ha 3HadumocT P=0.05; 0.01 n 0.0 01

Table 1. Comparative assessment between all treatments by Fisher criteria at
levels of significance P=0.05; 0.01 and 0.001

Mokazarten / Indicators Mexzay BCUYKu BapuaHTu
Between all treatments
Fexp Rank
Cyxo BelyectBo / Total soluble solids 9.90 i
ButamuH C / Vitamin C 3.94 *
Tutpyema kucenunHHocT / Titratable acidity 1.55 -
pH — akTBHa KncenuHHocT / pH - active acidity 3.34 -
noko3a / Glucose 0.35 -
PpykTo3a / Fructose 0.33 -

Mpy KPUTWMYHK CTOMHOCTM Ha KpuTepus: Fqqi = 3.49; 5.95; 10.80 cboTBeTHO 3a P=0.05; 0.01 1 0.001
In critical values of the criterion: Feq = 3.49; 5.95; 10.80 for P=0.05; 0.01 1 0.001, respectively

Tabnuua 2. CpaBHUTEe/IHA OLUEHKa MeXAy BapuaHTUTe dpe3 Kputepus Ha duwep
Nnpv CbOTBETHU HMBa Ha 3Ha4yumocT P=0.05; 0.01 n 0.0 01

Table 2. Comparative assessment between treatments by Fisher criteria at levels
of significance P=0.05; 0.01 and 0.001

Mokazaren Mexagy T1u | Mexgy T1n | Mexay T1u | Mexay T2 n | Mexay T2 n | Mexay T3 u

Indicators T2 T3 T4 T3 T4 T4
Between T1 | Between T1 | Between T1 | Between T2 | Between T2 | Between T3

and T2 and T3 and T4 and T3 and T4 and T4
Fexp R Fexp R Fexp R Fexp R Fexp R Fexp R

Cyx0 BeLLecTBO 62.24 | *** | 11.46 * 2.13 - 0.07 - | 32.67 | ** 7.19 *

Total soluble solids

ButamuH C 8.20 * 1.94 - 1.94 - 3.74 - 4.92 - 0.02 -

\Vitamin C

Tutpyema 3.65 - 2.27 - 3.56 - 0.27 - 0.61 - 0.03 -

KNCENUHHOCT

Titratable acidity

pH — akTnBHa 1.91 - 1.78 - 1.95 - 7.31 * 0.03 - 8.97 *

KNCENUHHOCT

pH - active acidity

ntokosa / Glucose 0.13 - 0.78 - 0.11 - 0.11 - 0.30 - 0.79 -

PpykTo3a / Fructose | 0.13 0.78 0.08 0.11 0.26 0.74 -

Mpy KPUTWMYHM CTOMHOCTM Ha kpuTepus: Feqi.= 5.99; 13.75; 35.51 cvoTBeTHO 3a P=0.05; 0.01 1 0.001
In critical values of the criterion: Fei.= 5.99; 13.75; 35.51 for P=0.05; 0.01 1 0.001, respectively
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CbabpXKaHMeTO Ha [/1oKo3a W
opykTo3a (dPurypa 1) e Hail-BMCOKO MNpu
BapuaHT T3 W HaW-HUCKO npu BapuaHT
T4. Opyrn npoyyBaHUA CbLIO NoKassar,
ye npv JedUUMTHO HanosiBaHe ce
HaTpyneBaT noseuye 3axapu (Ripoll et al.
2016). Mo-BMCOKO CpefHO CbAbpXaHue
Ha peayuupaliy 3axapu ce Habnwgasa
npu BapvaHtn T2 u T3 c pegyuupaHu
NOSINBHW HOPMW, HO pas/iMKNUTe He ca
crarmuctmyeckn 3Haummm (Tabnuua 1 un
Tabnuua 2).

N3BOAN

MonyyeHnTe pesynTartyM nokasear,
ye AeUUUTHOTO HanosiBaHe MOXe [Aa
MoBAUsie NOIOKNUTENHO BbPXY Ka4ecTBOTO
Ha nsogoBeTe. Hai-BMCOKMTE CTOMHOCTU
Ha rNIKo3a, pyKTo3a U Cyx0 BELLECTBO
ce HabnwogasaT npu HanosiBaHe ¢ 60 %
OT onTMMasiHaTa NnosiMBHa Hopma, a Hali-
BUCOKUTE CTOMHOCTM Ha BuUTamuH C,
TUTpyeMa  KUCEJIMHHOCT W aKTUBHAa
KMCENNHHOCT npu HanoseaHe ¢ 80 % ot
onTMMasiHaTa NoaiMBHa HopMa.

Glucose and fructose content
(Figure 1) was higher in treatment T3 and
least in T4. In other studies also reported
that under deficit irrigation more sugars
are accumulated. (Ripoll et al. 2016).
Higher average reducing sugars content
were occurred in treatments T2 and T3
with lower irrigation rates applied but the
differences  were  not  statistically
significant (Table 1 and Table 2).

CONCLUSIONS

The results obtained show that
appropriate water deficit can have a
positive effect on fruit quality. In present
study the highest content of glucose,
fructose and total soluble solids were
occurred in irrigation with 60% of the
optimal irrigation rate and the highest
values of vitamin C, titratable acidity and
active acidity were occurred in irrigation
with 80% of the optimal irrigation rate.
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PE3IOME

Llenta Ha HacTosilaTa pa3paboTka e
Ja ce nosiyym 6GMONIOTMYHO akKTMBEH eKc-
TpakT, cbabpxall EBreHon, ot cyxu nucta
Ha Ocimum americanum L. (JlumoHOB 60cCu-
nek), oTrnefdaH B botaHnyeckata rpaguHa u
4yacT OT KosekumsaTa oT MeauLMHCK/A BUA0Be
Ha WHcTutyTa no PactutesnHun [eHeTuyHu
Pecypcu - CagoBo. Cyxata nnMctHa maca e
noanoxeHa Ha obpaboTka kaTo e cTapTu-
paH TeXHOMOTMYHUA pef, BK/IYBALL, pexuns-
pataums c gectunupaHa Bofa, eKcTpakuums
ype3 EeH3MMHO CMWIaHe Ha KNeTbyHuUTe
CTeHM 3a MakCMMa/lHO 3ana3BaHe Ha
610N0rMYHO-aKTUBHUTE BellecTBa 6e3 npo-
MsiHa. Ypes xpomaTorpadicko nscnejsaHe e
KOHCTaTMpaHo Ha/mune Ha nuK B obnactra
Ha BpeMeTo Ha wu3nu3aHe Ha EsreHon. C
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SUMMARY
The aim of the current study is to
receive bioactive extract, containing

Eugenol, from dry leaves of Ocimum
americanum L., grown in the Botanical
garden and part of the Medicinal plants
collection of the Institute of Plant Genetic
Resources - Sadovo. The dried leaf is
processed by starting the process line
including rehydrating with distilled water,
extracting by enzymatic digestion of the
cell walls for maximum preservation of the
biologically active substances without
change. Chromatographic analysis
revealed peak in Evgenol exit time.

This that

proves biologically active

265



TOBa Ce [10Ka3Ba, Ye 6MO/IOrMUYHO aKTUBHUTE
BelllecTBa ca 0CBOGO/eHN OT k/eTkarta, 6e3
13rnosi3BaHe Ha opraHW4YHyM pasTBoOpUTENN U
BMUCOKA TemnepaTtypa. 3a AOMb/HUTE/THO
[loka3BaHe Ha eH3MMHOTO CMU/IaHe Ha pac-
TUTENHaTa KMeTka e HanpaBeHO MUKPOCKOM-
CKO HabnodeHne Ha enuaepma OT CBexX
MCT Ha 6ocunek 1 npenapar, NPUroTBeH oT
NONYYEeHWAT Ccnes  eHSMMHOTO  CMulaHe
€KCTPaKT.

KntouoBn  gymu:  6MOMOTUMYHO
aKTMBEH €eKCTpakT, EBreHon, JIMMoOHOB
6ocunek, in vitro, LWOKOBO 3ampassiBaHe,
€H3UMHa eKcTpakums, nuounmnsayms

YBO/,

BocuneksT e pacteHve, YAUTO fiucTta
ce u3nonsear kKaTo noAnpaska No Lenus
CBAT. 3a Heroea pofuHa ce cuuTart Tponu-
unte Ha Asusa n Adpuka. Tebpan ce, 4e
MbpBM 3anoysar fa ro M3nonssaT WHAWIA-
unTe, HO OHec TOW e Hefjenuma 4acT oOT
TalinaHfckara, nTaimaHckaTta, BMeTHaMCcKa-
Ta 1 naockara KyxHsi. CbLiecTByBaT noseye
oT 60 pasHOBMAHOCTM Ha 6ocusieka, KoUTo
Ce pasnyaBaT Ha BbHLIEH BUO U BKYC.
Hakon coptoBe gopu npegnarar YHUKaHu
BKYCOBE Ha JIMMOH, aHaCOH U kaHena.

Ocimim americanum (Syn. Ocimum
canum) npvHag/iexu kbMm ceM. Lamiaceae.
Mpn Hero ce pasmMyaBaT TPU OCHOBHMU
TMNa— NIMMOHOB, KaMCDOPOB U JIIOTUB.

OcBeH kaTo nognpaska, 60CUNeKLT e
no3HaT M CbC CBOMTE fleyebHN CBONCTBA.
Toli € OTANYEH U3TOYHUK Ha BUTaMuHUTE K,
A 1 C, Ha MVHepasIn KaTo Xenss3o, Kanuuii,
MaHraH, MarHe3uid, kanuii, KakTo u eTepuu-
HOTO Macno OoT Juctata e 6orato Ha
EBreHos, KOWTO € C u3pa3eHo CW/IHO
aHTMMUKPOOHO aeiicTBme (Avetisyan et al.,
2017; Amit et al., 2014).

YCTaHOBEHO €, Yye eTepuyHOTO Mac-
no, nonyyeHo ot O. americanum nposBsBa
aHTMbakTepuanHa aKTUBHOCT cpeLyy
Staphylococcus  aureus,  Streptomyces
pyogenes, Escherechia coli and Salmonelld
typhosa. lMputexaBa M CWIHa NPOTUBOIb-
6uyHa akTMBHOCT (Shadia et al., 2007).

Toli UMa CW/IHO NPOTUBOBBL3NANNTEN-
HO JeicTBMe 1 e U3KUMTETHO eddekTUBEH
B 6opbata C Bb3nasieHUsATa Ha 4yepsarta U
peBmaTonaHusa aptput. OCBEH TOBa TOW

substances are released from the cell
without the use of organic solvents and
high temperature.

For further proof of the enzymatic
digestion of the plant cell, microscopic
observation of a fresh basil leaf epidermis
and an extract obtained after the enzyme
digestion was made.

Key words: bioactive extract,
Eugenol, Ocimum americanum L., in vitro,
shock freezing, enzyme extraction,
liofilization

INTRODUCTION

Basil is a plant whose leaves are
used as a spice around the world. The
tropics of Asia and Africa are considered
to be its place of origin. It is considered
that the Indians first started using it, but
today it is an integral part of Thailand,
Italian, Vietnamese and Laos -cuisine.
There are over 60 varieties of basil that
differ in appearance and taste. Some
varieties even offer unique flavors of
lemon, anise and cinnamon.

Ocimim americanum (Syn. Ocimum
canum) belongs to Lamiaceae. There the
three varieties — lemon, cynamon and
mint.

Basil is also known for its healing
properties. It is an excellent source of
vitamins K, A and C, minerals such as
iron, calcium, manganese, magnesium,
potassium, and the essential oil of the
leaves is rich in Eugenol, which has a
strong antimicrobial action (Avetisyan et
al., 2017; Amit et al., 2014).

It is established that the essential
oil obtained from O. americanum exhibits

antibacterial activity against
Staphylococcus aureus, Streptomyces
pyogenes, Escherechia  coli and

Salmonelld typhosa.lt also has antifungal
activity (Shadia et al., 2007).

It has a strong anti-inflammatory
effect and is extremely effective in fighting
inflammation of the gut and rheumatoid
arthritis. In addition, it contains flavonoids
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cbAbpxa hraBoHOMAM, KOUTO ocurypsisat
3alyTa Ha KNeTbyHO HMBO U CpeLLy Hexe-
naHo 6aktepuanHo passutue (Benedec et
al., 2012).

UaaT oT 6ocunek e noneseH cnef
XpaHeHe, 3aLl0To YCNoKosiBa pa3fpasHeHus
cToMax, nomara npu avapus, si3Ba, UH(ek-
UMM Ha MNWKOYHUTE MbTUWA U A0PU aHo-
pekcus. Macnoto oT 60cunek 4ecto ce
U3nos3Ba, 3a Ja OTOG/bCHE MyXUTe U KOoMa-
puTe. OcBeH ToBa TO y6uBa TeXHWUTe Nnapsu.

MATEPVAT N METOOU

N3cnegBaHnsaTa ca HanpaseHW Ha
cyxu nucta ot O. americanum, OTriefaH
npu opaHxepuiinn ycnosus B WPIP -
CapoBo. JluctHata Maca e npefBapuTesiHo
u3cylleHa npu craiiHa Temnepatypa. Cyxu-
AT pacTuTefnieH marepuan e CMeceH C aec-
TWIMpaHa Bofa B cboTHOweHue 1:10 (20g
nncTHa maca: 200ml gectunupaHa Boga).
KbMm pa3TBopbT € gobaseHa 1% nMmoHeHa
KncenuHa n cnegHute ensumu: DenilLight
(Nakasa), Lipopan (Jliunasa), Fungamyl 4000
SG (Anga amwnnasa), Celluclast 1,5 L
(Uenynasza) B konuyectso 0,5 g Bceku, C
uen pasrpaxjaHe Ha KI1eTbyHUTE CTEHW.
MpouecbT npogb/kaBa 72h npu cTaitHa
Temnepatypa. onoBmMHaTa OT MOSyYEHUAT
pa3TBop Gelle oTAesieH 3a onpefensHe Ha
MUKpobMasiHa akTMBHOCT. OcTaHanara vact
OT pasTBopa OGelle LUeHTpodyrMpaH CcbC
ckopocT 10 000 06./min. npu t 7° C. B Taka
Nnosly4eHnsAT pas3TBOp pacTuTenHara maca
cnefBa ga 6bAe C paspylleHn KIeTbUHM
CTeHU 1 ocBobofeHN GMONOTUYHO aKTUBHU
BeLLecTBa B Hero.

Cnep  ueHTpodhyrmpaHeTto  belue
HanpaseHa UATPauUMsa Ha CcynepHaTtaHTa,
KoATO Gelle nofsoxeHa Ha xpomaTorpad-
Ckn aHanus. lNbpeaTta cuntpauns 6Gewe
HanpaseHa npe3 HeTbKkaH TeKCTW/, BToparta
dunTtpaums — npe3 UITbpHaA XapTusa C
ronemMmHa Ha nopute 100 p u TpeTa
dunTtpaums npe3 (uATbpHa Xaptua C
ronemmHa Ha nopute 40 U. Hakpas 6elue
HanpaseHa KapTpumx dwmntpauma npu
KOATO rofiemuHaTa Ha nopute e 0,45 .

HanpaBeH 6elwe xpomartorpadyckm
aHanu3 npu cnegHute ycnosus: anapat HP
Agilent 1260 Infinity Quaternary LC, DAD
[A=270 nm], RP-C18 [250 mm], ncokpateH

that provide protection at the cellular level
and against unwanted bacterial
development (Benedec et al., 2012).

Basil tea is useful after eating
because it soothes irritated stomach,
helps with diarrhea, ulcer, urinary tract
infections and even anorexia. Basil oil is
often used to repel flies and mosquitoes.
It also Kills their larvae.

MATERIAL AND METHODS

The investigations were conducted
on dry leaves of O. americanum, grown
under greenhouse conditions in IPGR -
Sadovo. The foliage is pre-dried at room
temperature. The dry plant material is
mixed with 1:10 distilled water (20 g leaf
weight: 200 ml distilled water). To the
solution are added 1% citric acid and the
following enzymes: DeniLight (Lipase),
Lipopan (Lipase), Fungamyl 4000 SG
(Alpha Amylase), Celluclast 15 L
(Cellulose) at 0.5 g each to degrade the
cell walls. The process was continued for
72 hours at room temperature. Half of the
resulting solution was separated to
determine  microbial  activity.  The
remainder of the solution was centrifuged
at 10,000 rpm. at 7°C. In the solution thus
obtained, the plant mass should be with
destroyed cell walls and released
biologically active substances therein.

After centrifugation, the supernatant
was filtered off and subjected to
chromatographic analysis. The first
filtration was done through nonwoven
fabric, the second filtration was through a
100 p filter pore paper and a third filtration
through a 40 p pore filter paper. Finally, a
Cartridge filtration was made in which the
pore size was 0.45 m.

Chromatographic  analysis was
performed under the following conditions:
HP Agilent 1260 Infinity Quaternary LC
Apparatus, DAD [A = 270 nm], RP-C18
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pexum n TeyHa pasa CbC cbcTaB 1%
OueTHa kucenvHa (H,0) : MeOH [70:30].

3a fokasBaHe Ha pasrpaxgaHeTo Ha
KneTbyHaTa CTEHa € HanpaBeHO MMUKPOCKONM-
CKO HabnwgeHne Ha Mukpockon Onumnyc,
npy o6buwo yesennyeHne X40 Ha envgepma
OT CBEX JINCT W npenapat OT NoJlyvyeHus
pas3TBOp cnej eH3VMHOTO CMUIaHe.

PE3YNTATN NN OBCBbXOAHE

MpunoxeHata MeToAMKa  [okasa
Bb3MOXHOCTTa O6BMBKaTa Ha pacTutenHara
KneTka ga 6bae paspylleHa 6e3 n3nonssa-
He Ha OpraHu4yHW pasTBOpPUTENM W BUCOKA
Temnepartypa. ToBa cTaBa 6narogapeHvie
Ha un3nonssaHuTe eHsumn Denilight (Jlaka-
3a), Lipopan (Jlunasa), Fungamyl 4000 SG
(Ancba amunasa), Celluclast 1,5 L (Llenynasa).

KneTbuHata cTeHa Ha pacTutesiHaTa
Knetka e wusrpageHa OT  LenynosHu
MUKpOhMOpMAM  NOTOMEHM B CW/HO
XxuapatmpaH MaTpukc OT XeMULEenysosu,
NEeKTUHOBM BeLLecTBa U Masiku KonmyecTsa
rnykonpotemHn un  aunugn  (durypa 1)
http://www.mylessons.net/index.php/lectures-
bg/13-cell-bg?showall=&start=15.

-y -
\

[250 mm], and a 1% Acetic Acid (H20):
MeOH [70:30].

To prove the degradation of the cell
wall, microscopic observation was made,
using of Olympos microscope, at a total X40
magnification of a fresh leaf epidermis and a
preparation of the resulting solution after
enzymatic digestion.

RESULTS AND DISCUSSION

The applied methodology proved
the possibility of the plant cell shell being
destroyed without the use of organic
solvents and high temperature. This is
due to the enzymes DeniLight (Lipase),
Lipopan (Lipase), Fungamyl 4000 SG
(Alpha Amylase), Celluclast 1.5 L
(Cellulose).

The wall of the plant cell is made
up of cellulose microfibrils immersed in a
highly hydrated matrix of hemicelluloses,
pectin substances and small amounts of
glycoproteins and lipids (Figure 1)
(http://www.mylessons.net/index.php/lectures-
bg/13-cell-bg?showall=&start=15).

s J

\Y

dwur. 1. YCTPONCTBO Ha K/1IeTbYHa CTEHA
Fig. 1. Structure of the cell wall

268



Llenynosata € OCHOBHUSIT KOMMO-
HEHT Ha KneTbyHaTa 06BMBKA Ha pacTu-
Te/IHUTE K/IeTKU 1 e Haii-pa3npocTpaHeHUsIT
CTPYKTYpEH nonusaxapug B pactutesniHus
CBAT. TS e usrpageHa OT CBbpP3aHu NOMeX-
[y Cun, NoOBTapsLLX Ce [/IMKO3HN MOHOMEpPMU.
Xapaktepusumpa ce ¢ UskuMTenHa Mexa-
HMYHA M XMMWUYHA YCTOMYMBOCT. HepasTBo-
pvMa e BbB BOAa, Cnabu KNCeNMHU N OCHO-
BM 1N OBVMKHOBEHM OpraHW4YHW pas3TBOpUTE-
M. MaTpuKCbhT Ha KneTbyHaTa CTeHa e
u3rpageH oT Xemuuenynosu, MneKTMHOBK
BellecTBa M rMKONpoTeUHW. Xemuenyno-
3uUTe ca noam3axapuamn ¢ AbArv, Hepaskio-
HEHW Bepurn, W3rpageHn OCHOBHO OT
KCW03a M MaHo3a M Masiku KOonmyecTsa
apabuHosa K ranaktosa. XWMWUYHUAT UM
CbCTaB Bapvipa CW/IHO, KaKTO Mpu pasnny-
HUTE TMNOBE KMEeTKM, Taka u cpeq pasnuy-
HUTE TAKCOHOMWYHM rpynu. Te orpaHnyaBaT
€N1aCTUYHOCTTa Ha KNieTbyHaTta CTeHa, KaTo
ce cBbp3BaT MNOCPEACTBOM BOAOPOAHMU
BPBb3KM C LEesy/no3HUTEe MUKpOubpunn un
cdvkcupat nosvuumMTe UM efHa  CnpsiMo
apyra. MNekTvHUTe ca KanuueBu U marHe-
31eBM COMIM Ha raflakTypoHoBaTa KucenvHa
1 apabuHosaTta. Te umaT CUIHO pask/ioHe-
HVY Monekynu, 6e3 onpefeneHa NPOCTpaH-
CTBeHa opueHTauus. MNMekTnHuTe nsrpaxaar
U3LAI0 cpedHaTa flaMena, KosiTo CBbp3Ba
CbCefHUTE KNeTkKM W ce CcbAabpxar B
roJiemMy KOnMyecTsa B MbpBUYHATA KNETbY-
Ha o6BuBka (840 65%). Te ca CcwWIHO
XUTPOCKONWYHM  NojM3axapugn  un - umat
CNnoco6HOCTTa fa nornbluaT 1 3agbpxart
3HauMTeNnHW Konuyectsa Boga. Invkonpo-
TEVHUTE ca UMM CTPYKTYPHU MPOTEUHU WNN
eH3umun. Haii-gobpe nosHaTtu OT CTPYKTYp-
HATE [/IMKOMPOTEMHU Ca EKCTEH3WHUTE,
KOUTO 3a3fpaBsBaT KieTbuyHaTa CTeHa U
HaMansBaT pasluMpsiBaHETO W enacTuy-
HocTTa u (Terziyski et al., 1998).

XpomatorpadpcknaT  aHa/M3  Ha
cynepHaTaHTaTa nokasa Hanmuve Ha nvkK B
06nacTTa Ha BpeEMETO Ha AeTekTupaHe Ha
EBreHon, ¢ koeTo ce fokasBa, uye kne-
TbyHaTa CTeHa € paspyLueHa n G1OMorMyHo
aKTMBHWTE BellecTBa OT k/eTkaTa ca
npeMrvHasM BbB BOAHMAT pasTBop, 6e3
U3MNo/a3BaHe Ha OpraHWyYHY pasTBOpUTENN U
BMCOKa Temnepatypa (durypa 2).

Cellulose is the main component of
the plant cell wall and is the most
common structural polysaccharide in the

plant world. It is made up of
interconnected, repeating glycosylation
monomers. It possesses good

mechanical and chemical resistance. It is
insoluble in water, weak acids and bases,
and simple organic solvents. The cell wall
matrix is composed of hemicelluloses,
pectin substances and glycoproteins.
Hemicelluloses are long, unbranched
chain polysaccharides, mainly made of
xylose and mannose, and small amounts
of arabinose and galactose. Their
chemical composition varies greatly
between cell types and among taxonomic
groups. They restrict cell wall elasticity by
binding hydrogen bonds to cellulose
microfibrils and fixing their positions
relative to each other. Pectins are
calcium and magnesium salts of
galacturonic acid and arabinose. They
have highly branched molecules with no
definite spatial orientation. Pectins form
the entire middle lamella that binds
neighboring cells and is contained in
large quantities in the primary cell
envelope (up to 65%). They are highly
hygroscopic polysaccharides and have

the ability to swallow and retain
significant amounts of water.
Glycoproteins are either  structural

proteins or enzymes. The most well-
known structural structurally
glycoproteins are the extensions which
heal the cell wall and reduce its
expansion and elasticity (Terziyski et al.,
1998).

The chromatographic analysis of
the supernatant showed a peak in the
area of Eugenol detection time,
demonstrating that the cell wall was
destroyed and the biologically active
substances from the cell were transferred
to the aqueous solution without the use of
organic solvents and high temperature
(Figure 2)
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Fig. 2. Chromatographical analysis for quality determination of presence of

Eugenol

JonbnHuTenHo gokasatesicTtBo 3a
paspylliaBaHeTo Ha K/leTbyHaTa CTeHa Ha
pactTutenHnTe KI1eTkn e HabnoaeHveTo,
HanpaseHOo nof Mukpockon (Purypa 3 u
4). Ha dwurypa 3 ce BwkgaT $CHO
060cobeHn enuaepMasiHn KneTkn Ha O.
americanum. Ha ®urypa 4 e nokasaHo
Ha/imume Ha  hparMeHTn, noJslyyeHu
BCNeACTBME E€H3MMHOTO pasrpaxjaHe Ha
KnetbyHata cTeHa. Hab6nwopgasat ce
hparMeHTV OT pasfinyeH xapakrep, kKoe-
TO MokKasBa Ha/lMune Ha BbTPEKETbYHU
e/leMeHTU 1 4acTK OT KNeTbyHarta cTeHa.

Further evidence of the destruction
of plant cells wall is the observation done
under the microscope (Figures 3 and 4).
Figure 3 shows clearly distinct epidermal
cells of O. americanum.

Figure 4 shows the presence of
fragments resulting from enzymatic cell
wall degradation. Fragments of a different
nature are observed, indicating the
presence of intracellular elements and
parts of the cell wall.
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dur. 3. MMKpoCKorcka CHMUMKa Ha kneTku Ha O. americanum
Fig. 3. O. americanum cells

dur. 4. MMKpPOCKOMNCKa CHMMKa Ha eH3MMHO TpeTupaHa JInCTHa Maca
Ha O. americanum
Fig. 4. O. americanum leaf mass after enzyme treatment
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N3BOAY

MpoBefeHOTO u3cneaBaHe [0ka3Ba,
ye o06BMBKaTa Ha pacTuTenHaTa kneTka
MoXe fa 6bAe paspyllueHa 6e3 u3non3BaHe
Ha OpraHnyHu pasTBOPUTENM U BUCOKA
Temnepartypa.

To3n MeTog e NPUIoKUM 3a BCUYKM
BMAOBE OMOMOrMYHA MaTepusi, OT KOATO ce
Luenn noslyyaBaHe Ha 3aBbpLUEH eKCTPakT
CbhC 3aMaseH0 MakCUMasiHO KOMIMYEeCTBO Ha
6/10NOrMYHO aKTUBHWM KOMMOHEHTUW, Henpo-
MEHEHM MO BpeMe Ha 0bpaboTkaTa. ToBa ce
nocTura camo 4pes uUenu nogbop Ha ycro-
BMSITA, KAKTO 1 Ha BMAOBETE M3MO0/3BaHN B
npoueca eH3umu, Taka 4Ye ga ce konupart
MaKCUMa/IHO ecTecTBeHMTe npolecu, npo-
TUyaly B npypogara.

To3n ekcnepuMMeHT [okas3Ba, 4ye Au-
PEKTHOTO TpeTWpaHe C eH3UMW ocurypsisa
0CBOOOXAABaHE Ha Ha/IMYHUTE BELLECTBa,
Hamupalm ce BbTpe B K/eTkaTa u B croe-
BeTe OT kNeTbyHaTa cTeHa. Mo To3u HauuH
ce nosy4yaBa BUCOKOedDEKTMBEH 6GMONOTNY-
HO aKTMBEH EKCTpPaKT OT usxogHaTa CypoBu-
Ha, Kato 3a obpaboTkaTa € W3Nnos3BaHo
€OVHCTBEHO BOAQ, /IMMOHEHA KUCesuHa U
Lenesun eH3umu. ToBa e MeXAnHHa CypoBu-
Ha, KOATO MOxe Aa 6bAe u3non3BaHa Au-
PeKTHO 3a BnaraHe B NPOW3BOACTBO Ha Kpa-
€H 610/IOTMYHO aKTUBEH HaTypasieH NPOAYKT.

CONCLUSIONS

The study shows that the plant cell
wall can be destroyed without the use of
organic solvents and high temperature.

This method is applicable to all
types of biological matter from which it is
intended to obtain a finished extract with a
preserved maximum amount of
biologically active components unchanged
during processing. This is only achieved
by selecting the conditions as well as the
types of enzymes used in the process so
as to maximize the natural processes
taking place in nature.

This experiment demonstrates that
direct enzyme treatment provides for the
release of the substances present inside
the cell and in the cell wall layers. In this
way a highly effective biologically active
extract of the feedstock is obtained, only
water, citric acid and target enzymes
being used for the treatment. It is an
intermediate feedstock that can be used
directly for incorporation in the production
of a finite biologically active natural
product.
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PE3IOME

MpoyyeHa e Bb3MOXHOCTTA 3a Cb3-
[JaBaHe Ha ehbeKTuBHa cucTema 3a pereHe-
pauus Ha ekcnaaHTM OoT nucT npu Buga
Calendula officinalis L. upe3 nsnutBaHe Ha
yeTMpy TMNa MoaMULMPaHN XpaHWTENHU
cpean G1 - QL ¢ pgob6aseH 1.0 mg/l TDZ,
0.05 mg/L IBA n 0.03 mg/l GA), G2 (MS ¢
pobaseH 1.0 mg/l BAP, 0.05 mg/l IBA n 0.03
mg/l GA), G3 (QL ¢ pobaseH 1.0 BAP mg/I,
0.05 mg/L IBA n 0.03 mg/l GA) n G4 (MS ¢
pobaseH 1.0 mg/l TDZ, 0.05 mg/L IBA 1
0.03 mg/l GA. 3a npoyyBaHe Ha pereHepa-
UMOHHAaTa CMNOCOGHOCT Cca  M3Mof3BaHu
nmMcTa oT usanaTa 4yacT Ha pacTeHueTo. Te
ca HapaHeHu Ha 2-3 MecCTa, HanpeyHo Ha
LEeHTpa/HMA HepB. Hali-ronsim 6poii pereHe-
pvipann AIMCTHW eKCNIaHTu € No efuH pere-
HepaHT ce HabnogaBa BbB BapuaHT G4 ¢
X =0.8 6posa. Mpu Buga Calendula
officinalis L. e HabnogaBaHa pereHepauus
OT JINCTEH €EKCMaHT C Makcumym 5
nosy4yeHn ekcnnaHTa oT 1 3an0XeH UCT B
MoaudpmumpaHata  XpaHuTesHa — cpefja
Murashige & Skoog c gob6aBeHW XOPMOHU
1.0 mg/l TDZ, 0.05 mg/l IBA 1 0.03 mg/l GA.

KntouoBu AYyMU: in vitro,
Me[ULMHCKN BWUA, ayKCUHW, LUTOKUHHW,
pereHepauus, Calendula officinalis L.
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SUMMARY

We have explored the possibility of
creating an effective Calendula officinalis
L. leaf explants regeneration system by
testing four types of modified G1 - QL
culture media with 1.0 mg/l TDZ added,
0.05 mg/L IBA and 0.03 mg/l GA ), G2
(MS with 1.0 mg/I BAP, 0.05 mg/l IBA and
0.03 mg/l GA), G3 (QL with 1.0 BAP mg/l,
0.05 mg/L IBA and 0.03 mg/G4 (MS with
1.0 mg/l TDZ added, 0.05 mg/L IBA and
0.03 mg/l GA. For the regeneration study,
leaves are used from the entire plant part.
They are injured at 2-3 sites across the
central nerve. The largest number of
regenerated leaf explants with one
regenerant was observed in variant G4

X = 0.8 number. In the case of Calendula
officinalis L., foliar explant regeneration
with a maximum of 5 obtained explants of
1 layered leaf in modified Murashige &
Skoog broth with added hormones 1.0
mg/l TDZ, 0.05 mg/l IBA and 0.03 mg/l GA
was observed.

Key words: in vitro, medical
species, auxins, cytokines, regeneration,
Calendula officinalis L.
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YBO/[,

BuabT Calendula officinalis L. e
€[HOroAMWHO, TPEBUCTO pacTeHue OT
cemeiicTBo Asteraceae. OTrnexaa ce Kato
[JekopaTvBHO pacTeHue B UAna Espona
(Evstatieva, 2001; Atanasova and Nedkov
2004). EKCTpakTbT OT HEBEH MMa aHTUBM-
PyCHO ¥ MNPOTMBOBBL3NAIMTE/IHO CBOCTBO
(Jimenez et al., 2006). MeTaHOMOBUAT U
€TaHONOB EeKCTPakT OT BuAaa Aasat [obpu
npoTmBorebuyHm pesyntatn (Efstratiou et
a.l, 2012). lMpenapatute OT HEBEH ce
n3non3sart nNpu MbYHO 3a3fpaBsaBally paHu,
npw 3abonaBaHNa Ha AMxaTenHuTe NbTuLa.
B HapogHaTa MeuuuHa HeBeHbT wuma
Lmpoka ynotpeba — OT U3N0N3BAHETO MY 3a
yaili 1O NPUrOTBSHE HA KPEMOBE 3a KOXHW
npobnemu (Isaev, 1977).

MpunaraHe Ha in vitro meToauTe npwm
C. officinalis gaBa Bb3MOXHOCT 3a npoy4Ba-
He peakuusiTa Ha BuAa B KOHTPOMUPaHu
ycnosus. ABTopbT Victorio (2008) e ycTaHo-
BW/, Ye XpaHuTenHata cpega Murashige &
Skoog (1962) 6e3 pobaBeHW XOPMOHU
3aTpyfHsBa MakCUMas/lHOTO pas3BuTUe Ha
BMAa. B3aumogeicTBMeTo mMexay aykCuUHM-
T€ U LUTOKUHUTE N M3N0N3BAHETO Ha TOYHa-
Ta KOHUEeHTpaumsa crnpamMo M3NCKBaHMATa Ha
pacTuTenHuTe BMAOBE € OT BaXHO 3Haue-
HMe 3a pactexa n aundepeHumaumaTa Ha
pactutenHute knetkm (Turk et al.,, 1994;
Durkovic, 2003; Kyozuka, 2007). ABTopute
Sriskandarajah et al., (1990) wuscneggat
pas/iMkata BbB Bb3pacTTa Ha Jsmcrtara U
ycTaHoBABaT, Ye MaaguTe nucra ca nogar-
NMBK KbM 06pasysaHe Ha Kasyc. NpoyyeHo
e, Ye C Hai-gobpa pereHepauMoHHa cno-
COGHOCT ce oTnm4yaBaT 4 A0 7 AWUCT OT
ekcnnaHtute (Welander et al., 1992).

Mpy meguumHckna BUA Plantago major
L. ce HabnogaBa pereHepaLus cnep netara
cefMuua OT 3a/1araHe Ha onuita Bbpxy
XpaHuTesiHa cpega MS ¢ go6aseHun 0.2 mg/l
indole-3—acetic acid (IAA) n 1.0 mg/l TDZ.
MonyyeHUTe eKcrniaHTW No-KbCHO ca 6uun
ajantvpaHu KbM okonHaTa cpega (Li, 2005).

LlenTa Ha HacToAWMA ONUT € Bb3-
MOXHOCTTa 3a MNpoy4YBaHe Ha pereHepa-
LUMOHHUAT NOTEHUMaN Ha in vitro ekcniaHTu
ot Calendula officinalis L. upe3 npoyusaHe
Ha YyeTupu BMaa MoamduumpaHn XpaHuTesn-
HW cpeau.

INTRODUCTION

The species Calendula officinalis L.
is an annual herbaceous plant of the
Asteraceae family. It is grown as a
decorative plant throughout Europe
(Evstatieva, 2001; Atanasova and Nedkov
2004). The marigold extract has an
antiviral and anti-inflammatory property
(Jimenez et al., 2006). Methanol and
ethanol extract of the species give good
antifungal results (Efstratiou et al., 2012).
Calendula preparations are wused in
severe healing wounds, in respiratory
diseases. In folk medicine marigold is
widely used — from its use for tea to
making creams for skin problems (Isaev,
1977).

Application of the in vitro methods
of C. officinalis allows for the study of the
species reaction under controlled
conditions. Author Victorio (2008) found
that Murashige & Skoog (1962) without
added hormones impeded the
development of the species. The
interaction between axins and cytokines
and the use of the exact concentration to
the requirements of the plant species is
important  for  the growth and
differentiation of plant cells (Turk et al.,
1994; Durkovic, 2003; Kyozuka, 2007). The
authors Sriskandarajah et al., (1990)
investigated the difference in leaf age and
found that the young leaves were prone to
callus formation. It has been investigated
that 4 to 7 leaves of explants have the
best regenerative capacity (Welander et

al., 1992).
For Plantago major L., post-5
weeks recovery from MS assay with

added indole-3-acetic acid (IAA) and 1.0
mg/l TDZ was observed. The resulting
explants were later adapted to the
environment (Li, 2005).

The aim of the present experiment
is to study the regenerative potential of in
vitro explants of Calendula officinalis L. by
studying four types of modified nutrient
media.
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MATEPWNAN N METO4WA

3a npoyyBaHe Ha pereHepaumoHHa-
Ta CMoCOBHOCT in vitro oTrnexaaHn pacte-
Hua ot C. officinalis ca nsnonssaHu nucT-
HW eKcnnaHTu, passBuBally ce Ha OCHOBHa
XpaHuteniHa cpega MS, 6e3 BKIOYEHU
pacTexHu perynatopu. W3nonssaHu ca
nncTa oT usnaTta yacT Ha pacTeHuneto. Te
ca HapaHeHW Ha 2-3 mecTa, HanpeyHo Ha
LeHTpanHNA HepB, N 3a/10KeHn € ca noc-
TaBeHW C afiakcunapHara cu NnoBbPXHOCT
KbM XpaHuTenHata cpeja.

B ekcnepumeHTa ca BK/IOYEHU
yeTmpu 6pos xpaHUTesHU cpeaw, paspa-
60TEHN B 3aBMCUMOCT OT LeJiTa Ha U3-
cnepgaHeTo ot Aou. A-p Buoneta KoHga-
koBa (Tabnuua 1). Jo6aBaHETO Ha LuUTO-
KnHuHa TDZ ce u3BbpLuM cnej aBToKNa-
BMpaHe Ha XpaHuTesHaTa cpeja B
namunHap—60kc.

MATERIAL AND METHODS

To examine the regeneration
capacity of in vitro grown plants of C.
officinalis, leaf explants developed on MS
basic media without growth regulators
included. The leaves are used throughout
the plant. They are injured at 2-3 sites,
across the central nerve, and laid down
with their adapaxary surface to the
nutrient medium.

The experiment included four
nutrient media developed according to the
purpose of the study by Assoc. Prof. Dr.
Violeta Kondakova (Table 1). The addition
of the TDZ cytokinin was performed after
autoclaving of the culture medium in
laminar box.

Tabnuua 1. XpaHuTenHu cpeamn 3a agBeHTUBEH OpraHoreHes
Table 1. Nutritional media for adventitious organogenesis

Cpega | OcHoBHa xpaHuTeNHa cpefa | Bug v KoMyecTBO Ha pacTexHUTe perynaropu
G1 Quorin & Lepoivre (1977) TDZ 1mgl/l IBA 0.05 mg/l | GA 0.03 mg/l
G2 Murashige & Skoog (1962) BAP 1 mgl/l IBA 0.05 mg/l | GA 0.03 mg/l
G3 Quorin & Lepoivre (1977) BAP 1 mgl/l IBA 0.05 mg/l | GA 0.03 mg/l
G4 Murashige & Skoog (1962) TDZ 1mgl/l IBA 0.05mg/l | GA 0.03 mg/l

ExkcnnaHTuUTe ca noctaBeHW B MeT-
pueBu 6nwAa, cnep KoeTto ca 3aTrBopeHu
c 6e3uBeTHO 3anensawo oMo 3a
npegnassaHe oT MHQekuus. Bcako net-
pueBo 6080 cbabpxa 10 ml xpaHuten-
Ha cpeja.

XpaHuTenHute cpeau, U3non3saHu
3a pereHepauus, cbabpxaT 30 g/l 3axa-
po3a, 7 g/l arap n 5.6 pH. Taka npurot-
BEHUWTE Cpefn ce CbXpaHABaT B X/1aHU U
TbMHM nomewleHna o 30 AHW npegu
TAXHOTO U3MO0J13BaHe.

OTrnexaaHeTo Ha ekcrnjaHtuTe B
eTanuTte Ha U3NWTBaHe Ce OCbLLECTBU B
Kamepa C TemnepaTtypeH pexum 24+2°C
n dootonepmos 16 yaca ceeT/MHa M 8
yaca TbMHUMHa ¢ ocBeTneHme 3000 Ix.

OTyeTeHnTe nokasaTtesnn ca 6poli
pereHepupasiv eKkcniaHTu U MnosyyeHu
pereHepaHTn OT eANH EKCMNIaHT.

The explants are placed in petri
dishes and then closed with a colorless
adhesive foil to prevent infection. Each

petri dish contains 10 ml of culture
medium.
The nutrient media used for

regeneration contained 30 g/l sucrose, 7
g/l agar and 5.6 pH. The prepared media
are stored in cool and dark rooms for up
to 30 days prior to use.

Exploitation of the explants in the
test steps was carried out in a chamber
with a temperature of 24 + 2°C and a
photoperiod of 16 hours of light and 8
hours of darkness with 3000 Ix of light.

The reported ratios are the number
of regenerated explants and regenerants
obtained from one explant.
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PE3YJITATU N OBCBXXOAHE

Pa3paboTBaHeTOo Ha cuctema 3a
pereHepauusa ce onpegesis OT U3UCKBa-
HEeToO Ha reHotuna Ha Buga. daxkropuTe,
KOUTO OKa3BarT B/INSHWE BbpPXY pereHepa-
LMOHHUAT NOTEHLMas ca pas/iMyHu: reHo-
TWUM Ha eKCnjiaHTa, CbCTaB Ha XpaHuTen-
HUTe cpeau.

OT HanpaBeHWTe BU3yasiHU Habto-
OeHuna pereHepaunsa OT JINCTHU CETMEHTU
B XpaHutenHute cpegn Gl m G2 ce
otuuTa cnefd 20-a feH OT 3a/1araHeTo Ha
onuta. PereHepauuaTa e cBbp3aHa N C
UHAyLUMpaHe Ha kanyc ¢ 6580 ueat. Kanyc-
HUTE TbKaHW ca pa3nosioXeHn Nno NoBbPX-
HOCTTa Ha ekcnnaHTta. BbB BapuaHty G3 u
G4 perepaumm OT JIACTHU CErMEHTU ce
oTuuTa cnepg 23 AeH OT 3as1araHe Ha onura.

BB BapuaHT G1 ce oTkposiBac 1 un 2
Nnoslyd4eHn pereHepaHtTm Ha 22 f[eH oT
3anaraHe Ha onuTta. CpaBHsiBailku edpekta
Ha Pas/IM4yHN LMTOKUHWHOBU U ayKCUHOBM
[06aBKM ce ycTaHOBM, Ye KOMOuHaumATa oT
TDZ n IBA (c po6aBka ot GA 0.03 mg/l)
oKasBa CTUMynupall edekT BbpXy pereHe-
pauusta. BbB BapuaHt G1 ce Habnogasa
MaKkCUMyM  pereHepvpaHtu OT  JIUCTEH

ekcnniaHt ¢ no 1 6poii cbe X =0.3 6pos.
Te3n nonyyeHn pesyntaTu ca Hain-gobpu 3a
NPOYYEHUSAT BapnaHT.

XpaHutenHa cpega G2 ce pasnnyasa
oT G1 no nonyyeHn pesyntatu. PereHe-
paunHHUAT nNpouec ce Habnwgasa cnepg 25
[eH OT 3a1araHe Ha onuTta c obpasyBaHe Ha
Kastyc ¢ 651 uBAT. JuHamvkara Ha pereHe-
pauvs oT NIMCTHU eKCnaaHTW Bapupa ¢ eauH
[0 veTnpu 6pos B mogudmuMpaHuTe xpaHu-
TenHn cpegn. Ha 35 geH ot 3anaraHe Ha

onuta ce Habnogasar X =0.6 6post NNCTHM
eKkcnnaHTy ¢ no 2 6posi ob6pasyBaHn pereHe-
paHTW, KOUTO €ca MHOMO XXM3HEHW U HapacT-
BaT 6bp30 (dPurypa 1). OTumta ce 20% ot
3a/10KeHNTEe MUKpopacTeHuss ca ¢ no 4
obpasyBanm ce pereHepaHTa OT JIACT.
MpuumHaTa 3a Te3n NonyyveHn pesyntatu ce
Ob/KM Ha OCHOBHaTa XpaHWTenHa cpefa
MS ¢ po6aseHn BAP 1 mg/l, IBA 0.05 mg/l
GA 0.03 mg/l, konto gaBat Bb3MOXHOCT 3a
MakCUMasiHO peanusnpaHe Ha BMaa.

RESULTS AND DISCUSSION
The development of a regeneration
system is determined by the genotype
requirement of the species. The factors
that affect the regeneration potential are
different: the explant genotype, the
composition of the nutrient media.

Visual observations of leaf segment
regeneration in nutrient media G1 and G2
were recorded after the 20th day of the
trial. Regeneration is also associated with
callus induction with white color. Callus
tissues are located on the surface of the
explant. In G3 and G4 variants leaf
segment segments are counted after 23
days of betting of the test.

In variant G1 stands out with 1 and
2 received regenerators on the 22nd day
of betting of the trial. By comparing the
effect of different cytokinin and auxin
supplements, it was found that the
combination of TDZ and IBA (with the
addition of GA 0.03 mg / I) had a
regenerative stimulating effect. In variant
G1, maximum recurrences of leaf explant

of 1 number with X = 0.3 were observed.
These results are best for the study.

The G2 nutrient medium differs
from G1 on the results obtained. The
regeneration process was observed after
25 days of experimentation with white
callus formation. The regeneration
dynamics of leaf explants ranged from
one to four in the modified nutrient media.

On the 35th day of experimentation, X =
0.6 follicular explants with 2 regenerants
formed, which are very viable and rising
rapidly, are observed (Figure 1). From
20% of the deposited micro-plants are
recorded with 4 regenerated leaves per
sheet. The reason for these results is due
to the MS main nutrient medium with
added BAP 1 mg/l, IBA 0.05 mg/l GA 0.03
mg/l, which allow for maximum realization
of the species.
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dur. 1. PereHepauus npu Calendula officinalis L. B mogndumympaHa xpaHuTtesiHa
cpepa G1, G2, G3 u G4 c nonyyeHn 1, 2, 3 n 4 pereHepaHTa OT 3a/10)KEH JINCT
Fig. 1. Regeneration in Calendula officinalis L. in modified broth G1, G2, G3 and G4

with 1, 2, 3 and 4 leaf regeneration

B nonyuyeHute paHHM ce Habnio-
JaBart Nno-HWCKW CTOMHOCTU Ha pereHepa-
umaTa BbB BapmaHT G3. Ha 23 pgeH ot
3anaraHe Ha onuTa ce oTyuTarT Haii-
MasIko HOBOOOpasyBaM pereHepaHTu

X =0.6 6pos NUCTHM eKkcnnaHTu ¢ no 1
pereHepaHT. O6pa3yBasiMAT ce kanyc e ¢
68N UBAT CbC cpefHa NNbTHOCT. [pu
noseye OT NOJIOBUHATA 3a/10KEHU JINCTHU
cermeHTu B cpefla G3 He ce Habnwaasa
pereHepauuoHeH npouec npu Buga C.
officinalis. MonyyeHnTe pesyntatu ca Be-
POSATHO MOB/IUSAHW OT OCHOBHAaTa XpaHu-
TenHa cpepa QL.

Jobpa peanvszauma Ha Buga C.
officinalis ce otuuta B XpaHuTenHata
cpepa G4 kbaeTo ce HabnogaBa obpasy-
BaHe [0 4 pereHepaHta OT 3a/10XeH
NncTeH ekcnnaHt. lMosBarta Ha NbpBUTe
pereHepaHTU cnep v3osmMpaHe Ha JIACT-
HUTE eKcnnaHTu ce Hab6nwgasa 20-25
OHV cnef HayanoTo Ha KynTuBMpaHeTo
BbpXYy pereHepauuoHHaTa cpefa. Mony-
YeHW pereHepupasiv IMCTHU eKCnaHTu ¢
no efuH pereHepaHT ce Habnwgasa BbB

BapuaHT G4 ¢ X =0.8 6pos. MonyyeHnTe
pe3ynTaTn BEpOSiTHO Ce Ab/HKAT Ha Bb3-

In the obtained data, lower values
of the regeneration in variant G3 were
observed. On day 23 of the assay, at

least new regenerants X = 0.6 follicular
explants with 1 regenerant were counted.
The callus is white in color with average
density. More than half of the foliar
segments in G3 medium did not show a
regeneration process in the species C.
officinalis. The results obtained are likely
influenced by the QL core nutrient
medium.

A good realization of the C.
officinalis species was recorded in the G4
medium where formation of up to 4
regenerants from the embedded leaf
explant was observed. The appearance
of the first regenerants after isolating the
leaf explants was observed 20-25 days
after the onset of cultivation on the
regeneration medium. Regenerated leaf
explants obtained with one regenerant

were observed in variant G4 X =0.8.

The results obtained are probably due to
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[ENCTBMETO Ha KOMOBUHaUMSITA OT XOPMO-
HM TDZ 1mg/l, IBA 0.05 mg/l 1 GA 0.03
mg/l B xpaHutenHa cpega MS. VaeHTnu-
HW pe3ynTatM ¢ obpa3yBaHe Ha Tpu W
yeTMpu pereHepaHTa OT eAuH 3a/I0XKEH
JIUCTEH CErMeHT ce Habnwgasa B G4 ¢

X =0.5 6posi. BapuaHt G4 ce oT/MyaBa
c 70% pereHepupasiv JIMCTHN eKCnaaHTy,
Hali-0obpuTe pesyntatu MnosyYeHn 3a
uenuaT nepuog Ha onuta. Bnaronpuat-
HOTO B/IMSIHME Ha XpaHuTefnHaTa cpefa
Murashige & Skoog (1962) cbuyeTaHo C
ONTMMasiHa KOHUEHTpauus OT pacTtutes-
HW XOPMOHU AaBa Bb3MOXHOCT Ha BuAa
[a penusnpa makcumaneH 6poli pereHe-
paHTu. ToBa € BEpPOSATHOCTTa npuymHarta
3a ronsim 6poii pereHepaHTn — 4 6pos oT
€[JMH eKCnnaHT.

OT u3BbpLUEHUTE HabNwaeHnsa Ha
Buga Calendula officinalis L. ce Ha6nto-
JaBa MHOro gobpa peraHepaTvBHa CMo-
cobHocT (Purypa 2). PereHepalOHHUAT
oTroBop Ha Buga C. officinalis e ¢ Hait-
[o6pu pesyntatm B mogucvumpaHuTe
XpaHutenHu cpean G2 n G4. MpunaraHe-
TO Ha OCHOBHaTa xpaHuTenHa cpefa QL
BOAM A0 cfaba nposiBa Ha pereHepaumoH-
HWSI NOTEeHLMaN Ha n3cnefBaHe Ha BUaa.

the combination of hormones TDZ 1mg/I,
IBA 0.05mg/l and GA 0.03mg/l in MS
medium. Identical results of formation of
three and four regenerants from one set
leaf segment were observed in G4

X =0.5. Variant G4 is distinguished by
70% regenerated follicular explants, the
best results obtained for the entire trial
period.

The beneficial influence of Murashige &
Skoog (1962), combined with an optimal
concentration of plant hormones, enables
the species to regenerate the maximum
number of regenerants. This is the
probability of causing a large number of
regenerators — 4 pieces of one explant.

Observations of the species
Calendula officinalis L. show very good
rearing  ability (Figure 2). The
regenerative response of C. officinalis
has the best results in the modified
nutrient media G2 and G4. The
application of the primary nutrient
medium QL leads to a low occurrence of
the regenerative potential of the species.

owur. 2. PereHepauyus npu Calendula officinalis L. oT incTeH cermeHT B Xp. cpega G4
Fig. 2. Regeneration from Calendula officinalis L. leaf segment in G4 medium

N3BOAN
1. MpoyyeHo e BANAHMETO Ha pas-
JINYHU XpaHUTENIHU CPean N PacTeXHU
perynaropu Bbpxy pereHepatvBHara cro-
cobHocT Ha Calendula officinalis L. Ha in
Vitro HMBO, U3MN0N3yBalKN IMCTHN CErMeH-
TW. PereHepaunoHHMAT OTTOBOP Ha €eKc-
naaHTUTE € C yAO0BETBOPUTE/THA PEreHe-
paTvBHa CNOCO6GHOCT.

2. Mpu Bnaga Calendula officinalis L.
e otyeteHa 70% pereHepauums OT JINCTEH

CONCLUSIONS

1. The impact of various nutrient media
and growth regulators on the regenerative
ability of Calendula officinalis L. at an in
vitro level using leafy segments was
studied. The regeneration response of
explants has satisfactory regenerative
ability.

2. In the case of Calendula officinalis L.,
70% foliar explant regeneration was
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eKCnnaHT Mpu M3nuTBaHe Ha OCHOBHaTa | observed in the Murashige & Skoog
XpaHuTesniHa cpega — Murashige & Skoog | primary broth, supplemented with 1 mg/l
¢ pobaeBka Ha 1 mg/l TDZ +0.05 mg/l | TDZ +0.05 mg/l IBA +0.03 mg/l GA.

IBA +0.03 mg/l GA.
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PE3IOME

MocTnxeHnsaTa Ha arpoxmmuyeckara
Hayka [OonpuHacAaT 3a paspaboTBaHe Ha
HOBW €KOJIOTUYHW YNCTU TOPOBE C pas/iMyeH
npousxofd, KoOUTo Aa ocurypssaT 6anaHcu-
paHo XpaHeHe Ha pacTeHusATa ¢ MUHVMasTHU
KO/iMyecTBa OCTaTb4YHW BeLlecTBa nog [o-
nycTMUTE CTOMHOCTU B pacTuTenHaTa npo-
OYKUMS 1 OKOMHaTa cpefa, CblnacHo npue-
TMTe cTtaHgapti, CbBpeMeHHUTE W3MCKBa-
HWA 3a onasBaHe 3[4paBeTo Ha YoBeka U
npvpogara HanaraT HoOBUTe TOpPOBE Npe/Ba-
puTenHo ga 6bAaT M3NUTBaHWU 3a YCTaHOBS-
BaHe Ha NoAXOoAslMTe HAYMHWN Ha BHACSIHeE,
ONnTUMasIHUTE HOPMU U CPOKOBE Ha TOPEHE.

Mpn npoyyBaHe Ha OpraHUYHUTE
Topose KomnoseT 1 KokoBeT npu asanuga 3a
oTrnexaaHe B CTailHW yCNoBUS ce yCTaHOBU
CTUMy/IMpaHe Ha pacTexa W yBenvyaBaHe
Ha: BMCOYMHATA Ha pacTeHusTa, CbOTBETHO
c 21,3% wn 18,0%, guametbpa — ¢ 12,7% un
3,2% 1 Ha 6poA Ha pasKNoHeHuATa,
CbOTBETHO € 20,4% 1 6,8%. NMpn n3nnutsaHe
Ha opraHWyHMTe TOpoBe, No-A06bp edekT e
nosiyd4eH Mpu KOPEHOBO MoAxpaHBaHe Ha
pacteHusaTa ¢ 2,0% pa3TBop Ha Komnoset
(bnoTtop OT KanNMGOPHUICKM 4YepBeli), B
CpaBHEHVe C MoaMBaHe Ha pacTeHuaTa C
0,5% pa3TBop Ha KokoBeT (NTuuu Top).

KnrouoBu ayMn: OpraHnyHu
TopoBe, KomnoseT, KokoBseT, asanus,
pacTtex, pa3sutue

Accepted: 05.11.2018

Published: 12.12.2018

SUMMARY

The achievements of agrochemical
science contributed to the formulation of
new organic fertilizers with different origin
that provided balanced nutrition to plants
with minimal residues in plant products
and environment, i.e. below the values of
the current standards. The concern for
human health and environmental
protection require that new fertilizers are
subject to preliminary tests for suitable
methods of application, optimal quantities
and terms.

The tests of the organic fertilizers
Kompovet and Kokovet in indoor azaleas
showed growth stimulation and increase
of plant height with 21.3% and 18.0%;
increase of diameter with12.7% and 3.2%

and increase of number of lateral
branches with 20.4% and 6.8%,
respectively.The application of 2.0%

solution of Kompovet (biofertilizer from
California worms) on the roots showed a
better effect, compared to watering with

0.5% solution of Kokovet (poultry
fertilizer).

Key words: organic fertilizers,
Kompovet, Kokovet, azalea, growth,

height, diameter, lateral branches
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YBO/,

3a onasBaHe npupojarta u 34paBeTo
Ha 4yoBeka, B pe3yntaT Ha akTMBHa Hay4yHa
JeHOCT npe3 nocnefHuTe ToAvHU  ce
npegnarat Ha nasapa HOBW EKOJIOTUYHO
UMCTU 1 BUOMNOrMYHOAKTUBHY TOPOBE, YMUTO
OCTaTbyYHM BeLLECTBa He Ce HaTpynsaT B
pacTutTenHata MpoAyKUMs W OKOoJjiHaTa
cpega (Malinova, 2007; Sengalevich, 2007;
Petkova and Kutev, 2017). 3a BbBEXdaHe B
Npon3BOACTBOTO Ce Hanara HOBWUTE MUHe-
pasiHK 1 OpraHWyYHK TOpoBe Aa 6baat npes-
BapuTesIHO M3NUTaHW Mpu peauua Cencko-
CTOMaHCKN KyNTYpW.

LiBeTaTa 3a CBOETO pasBWTME U3UC-
KBaT GanaHCcHpaHu U pauyoHaHU CUCTEMM
Ha xpaHeHe C NoAXoAALM GUOMUHEPasTHY 1
OpraHvW4yHM TOpPOBE, CBHOTBETCTBALUM Ha
CbBPEMEHHUTE TEXHOMOMMN Ha OTrexaaHe
(lvanova et al.,, 2005). MpeaMmcTBO Ha
opraHvWyHNTE TOpPOBE €, Ye He CbabpxaTt
BpeAHU MpumMecu, KOUTo MoraTt fJa gosegat
[0 yBpexaaHe Ha pacTeHusiTa wanm Ao
HaTpynBaHe Ha OCTaTb4HM BellecTBa B
noysara u npoaykumsata. OCBeH ToBa Te ca
y[o6HM 3a ynoTpeba, Tbii KaTo mMoraTt ga ce
BHACAT C NOSIMBKUTE MPU KOPEHOBO TOPEHe
UM NpU SINCTHO TpeTMpaHe, KOMBUHUPaHK C
npenapaTvTe 3a pacTuTesiHa 3aluTa.

MpoyyBaHUsi y Hac B Ta3W Hacoka C
LBETHUTE B1AOBE Ce U3BbPLUBAT NpeanMHO
B VIHCTWTyTa MO [AeKOpaTUBHW pacTeHus -
Codmst. Mpu n3nuTBaHe Ha OpraHnyHUTE TO-
poBe Buoctum, Xymyctum, Baiikan, Jlym-
6pukon un MnaHTarpa npu KynTypu 3a oTps-
3aH UBAT M CaKCUiHW UbdTAWM BUAOBE —
cakcveH kapamduna, MUHU kapamdoun, Xpu-
3aHTeMa, NeTyHus, umnaTueHc, runcoduna
W OpyrM e [okas3aH nosioxuteneH edekTt
BbpXY pacTexa M pa3BuUTMeTO Ha pacTe-
HusTa (Atanassova et al., 2007; Kotopanova
and Atanassova, 2008; Atanassova, 2012;
Atanassova and Nencheva, 2012;
Atanasova and Zapryanova, 2013). ¥ Hac
He ca M3BBbPLUBAHN NPOYYBAHUSI C OpraHny-
HW TOpoBe NpW asanuna 3a oTrexgaHe B
cTaliHn ycnoBus.

Llen: YcrtaHoBsiBaHe echekta Ha
opraHuyHuTe  TopoBe  KomnoBeT w
KokoBeT BbpXy pactexa u pa3BUTUETO Ha
cakcuiiHa asanusi.

INTRODUCTION

In their efforts to preserve the
environment and human health, scientists
have developed new environmentally
friendly and organic fertilizers that do not
accumulate residues in plants and the
environment (Malinova, 2007;
Sengalevich, 2007; Petkova and Kutev,
2017). Priorto using them in production,
the new mineral and organic fertilizers
have to be tested on a number of farm
cultures.

Flowers need balanced and rational
nutrition systems with suitable biomineral
and organic fertilizers, corresponding to
the modern growing technologies
(lvanova et al., 2005). The advantage of
organic fertilizers is the lack of harmful
additives that could damage the plants or
accumulate residues in the soil or
produce.Besides, they are handy to use
as they can be applied by pouring in case
of root fertilization or foliar treatment in
combination with the plant protection
products.

The studies of this subject with
regard to flowers in Bulgaria are mainly
carried out at the Institute of Ornamental
Plants - Sofia.The tests of the organic
fertilizers Biostim, Humustim, Baikal,
Lumbricol and Plantagra in the production
of cut flower or pot flower species such as
pot carnation, spray carnation,
chrysanthemum, petunia, impatiens and
gypsophila, etc., showed a proven
positive effect on plant growth and
development (Atanassova et al.,, 2007

Kotopanova and Atanassova, 2008;
Atanassova, 2012; Atanassova  and
Nencheva, 2012; Atanasova and
Zapryanova, 2013). No studies with

organic fertilizers have been done on
indoor azalea in our country.

Aim: Study of the Effect of Organic
Fertilizers Compovet and Cocovet on the
growth and development of indoor
azaleas.
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MATEPVAT N METOON

Mpes 2017 r. B WHcTutyta no
JekopaTuBHM pacTeHns - Codwmsa e
3a/10XEH CbA0B ONUT MPU OpaHXepuiiHu
YCNoBuA € 2 opraHnyHn Topa KomnoseT u
Kokoser, NPOAYKTH Ha dmpma
«ArpobuoseTt» EOO/[, — Cocpus:

- KomnoseT: TeueH Top, Nosiy4yeH ot
6MOTOP Ha KasMADOPHUIACKK YepBeii,

cbabpxaw, MuHumym 40% opra-
HUYHO BeuwlecTBo, 110 mg/l HuTpaTeH
asoT, 250 mg/l amoHuneB as3ot, 1100 mg/l
P,0s, 4200 mg/l K,O, 20 mg/l MgO, 70
mg/l CaO, 10 mg/l Fe n Texkn metanu
nog gonycrtumara Hopma;

- KokoBeT: TeyeH KOHLUEeHTpupaH,
noslyyeH OT MTUYM  TOpP, ChbAbPXKAaLl
MUHUMYM 45% opraHn4Ho BelecTso, 250
mg/l HuTpateH asoTt, 335 mg/l amoHueB
asoT, 2580 mg/l P,Os5, 7580 mg/l K50, 11
mg/l MgO, 50 mg/l CaO, 10 mg/l Fe n
TEXKW MeTann nog, gonycrumara Hopma.

3a 3anaraHe Ha onuta ca M3nos-
3BaHW e[HOroAuLLIHN pacTeHns, KOUTO ca
neH3npaHn 2 nbTM 3a od)opMsiHE Ha
xabutyca. PacteHusATa ca 3acajeHn B
cakcum Ne 9 B nogxopgdaw, cybctpar 3a
azanma (Topdd, NPBLCT OT YrHWMAM GOpoBYU
UrINYKKA, NOYBA N NEP/IUT B CbOTHOLLEHNE
1:1:0,5:0,25).

OnuTBLT e 3a/10KeH Ha 22 1oHU B 3
BapuaHTta, ¢ no 10 pacTeHus BbB BCEKU
BapuaHT:

| — KoHTpona (HeTopeHu pacteHus);

Il — TopeHe c 2,0% pa3TBOp Ha
Komnoser;

Il — TopeHe c¢ 0,5% pa3tTBop Ha
KokoBerT.

Jlosnte u3nonseaHu 3a KOPEHOBO
TOPEHe Ha pacTeHusATa ca npenopbyaHu
OoT dhvpmara npou3BoAuTESN, KAaTO BCSKO
pacTeHue e nonveaHo ¢ 100 ml pasTeop.
MbpBOTO nNogxpaHesaHe e u3BbpLeHo 15
OHW cnepj neH3vpaHe U NPexBbprisiHe Ha
pacteHusAsTa B cakcum Ne 14 (7 wonwn), a
cnepsawmte 5 npe3 15 gHu. HetopeHute
pacTeHus ca nonueaHu cbc 100 ml Boga
(KoHTpona).

OTuuTaHu ca cnegHvTe rnokasaTe-
/I BUCOYMHA W OAVaMEeTbp Ha pacTeHus-

MATERIAL AND METHODS

In 2017, a pot trial was set up in
glasshouse conditions at the Institute of
Ornamental Plants in Sofia with two
organic fertilizers - Compovet and
Cocovet, both products of Agrobiovet Ltd.
(Sofia):

- Compovet: liquid fertilizer,
obtained from California worms organic
fertilizer, contains a minimum of 40% of
organic matter; 110 mg/Initrate nitrogen;
250 mg/lammonium nitrogen; 1100 mg/|
P,0Os, 4200 mg/l K,O, 20 mg/l MgO, 70
mg/l CaO, 10 mg/l Feand heavy metals
below the limit;

- Cocovet: liquid  concentrate,
obtained from poultry fertilizer, contains a
minimum of 45% organic matter; 250
mg/Initrate nitrogen; 335 mg/lammonium
nitrogen; 2580 mg/l P,Os, 7580 mg/l K,0,
11 mg/l MgO, 50 mg/l CaO, 10 mg/l
Feand heavy metals below the limit.

The trial was set with one year old
plants that were pinched twice for habitus
shaping. They were planted in #9 pots in
a suitable substrate for azaleas (turf,
decomposing pine needles, soil and
perlite in a ratio of 1:1:0.5:0.25).

The trial was set on June 22 in
three variants, ten plants each:

| — Control (non-fertilized plants);

Il — fertilization with 2.0% Compovet
solution;

Il — fertilization with 0.5% Cocovet
solution.

The doses used for root fertilization
of plants were recommended by the
manufacturer, each plant being watered
with  100mlsolution.The first application
was done fifteen days after pinching and
moving the plants to Nol14 pots (July 7)
and the following five applications were
done at fifteen-day intervals. The non-
fertilized plants were watered with 100
mlof water (control).

The following indexes were
recorded: plant height and diameter and
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Ta, U 6pOI paskIoOHEeHUs Ha 1 pacTeHue
(npe3 30 gHn).

Cratuctnyeckatra ob6paboTka Ha
JaHHUTe e um3BbplieHa no ANOVA TecT.
JlocToBepHaTta pasnuka Mexay KoHTpona-
Ta W BapuaHTUTe e npeacraBeHa CbC
3Haka * (P<0.05), ** (P<0.01), ***
(P<0.001), a HefOKa3aHaTa pasnuka — ns.

PE3SYNTATUN N OBCBbXOAHE

MNpun TOpeHe Ha pacTeHuATa C
[Bara opraHWyHuM TOopa ce Habnwgasa
MOSIOKMTENIHO B/IMAIHWE BBLPXY pacTexa
(Tabnuua 1). Mpu BMCOYMHATA HaR-406BbP
edekT e nocTurHat npu nogxpaHeaHe Ha
pacTeHusTa ¢ KOMNOBET, karto CTOWMHOC-
TUTE Ha npupacta HajsuwasaT Te3n Ha
HeTopeHuTe pacteHusa ¢ 21,3%. Pacrte-
HuaTa TopeHn ¢ KokoBeT ca Cbwo no-
BVMCOKM OT KOHTPOJIHUTE pacTeHus, HO
npupacTeT € no-manbk — 18,0%. U npwu
JBaTta opraHvyHy ToOpa pas/iMkiTe B
npupacTa c To31 Ha KOHTpoJsiata ca MHOro
[obpe pokaszaHu (P<0.001).

number of lateral branches per plant (at
thirty-day intervals).

Statistical data processing was
done with ANOVA test. The significant
difference between the control and
variants was presented as * (P < 0.05), **
(P = 0.01), *** (P = 0.001) and the non-
significant — as ns.

RESULTS AND DISCUSSION

The application of the two organic
fertilizers had a positive effect on plant
growth (Table 1). In terms of height, the
application of Compovet produced the
best results with a growth rate exceeding
that of non-fertilized plants with 21.3%.
The plants, fertilized with Cocovet, were
higher than the control as well but with a
smaller growth rate of 18.0%. The
differences in growth rate with the
application of both organic fertilizers vs.
the control were significant (P<0.001).

Tabnuua 1. BAnsaHne Ha opraHNyHUTE TOPOBE BbpPXY BUCOUMHATA HAa pacTeHusATa
Table 1. Effect of organic fertilizers on plant height

BucounHa Ha pacTeHusaTa (cm) MpupacT
Plant height Total growth
BapuaHt 07.07. 22.07. 22.08. 22.09. cm %
Variant HauanHa cnpsiMo
initial cm % cm % cm % K
cm %vs.C
| - HeTOpeHN pacTeHus 5,7 6,0 100,0 9,4 100,0 11,8 100,0 6,1 100,0
| - non-fertilized plants
Il - 2,0% KomnoseT 57 57 95,0 9,9 105,3 13,1 1110 | 7,4 121,3
Il - 2,0% Kompovet il
Il - 0,5% KokoseT 57 6,3 105,0 9,5 101,1 12,9 1093 | 7,2 118,0
Il - 0,5% Kokovet el

* (P<0.05), ** (P<0.01), *** (P<0.001), a HepgokasaHata pasnuka / non-significant — ns

Ha Ta6nuua 2 ca pganeHn pesyn-
TaTuTe 3a guameTbpa Ha pacTteHusita. U
npu gsata OpraHMyHuM Topa € Habno-
[aBaH nonoxuteneH edekr, kaTo Hali-
BMUCOKM CTOMHOCTM Cca OT4YeTeHu npu
pacTteHusTa nogxpaHBaHu C TEYHUS TOp
KomnoBeT, npu KOMNTO npupactbT Hapg-
BMLUABa TO3W Ha KOHTPOJIHWUTE pacTeHus
c 12,7% (mHOro pgob6pa [AokasaHOCT —
P<0.001. CToiHOCTUTE Ha npupacTa npu
nTnuna Top KokoBeT ca 61m3kn Jo Tesun

Table 2 shows the results on plant
diameter. A positive effect was observed
from the application of both organic
fertilizers, the highest values being
reported for the plants fertilized with the
liquid Compovet, where the growth rate
exceeded that of control plants with
12.7% (highly significant at P<0.001).The
values of growth rate with the application
of poultry fertilizer Cocovet were close to
those of non-fertilized plants, therefore,
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Ha HETOPEeHUTe pacTeHus, Nopagn KoeTo
HAMa AoKas3aHCT Ha pesynTtatute (ns).

the results were not significant (ns).

Tabnuua 2. BAmsHne Ha opraHnyYHUTE TOPOBE BbPXY AnamMeTbpa Ha pacTeHusiTa
Table 2. Effect of organic fertilizers on plant diameter

[vamveTbp Ha pacTeHusTa (cm) Mpupact
Plant diameter (cm) Total growth
BapuaHT 07.07. 22.07. 22.08. 22.09. %
Variant HavasiHa cm  cnpsiMo
initial cm % cm % cm % K
cm % vs. C
| - HeTopeHu pacTteHus; 9,5 9,7 100,0 14,6 100,0 15,8 100,0 6,3 100,0
| - non-fertilized plants
Il - 2,0% KomnoseT 9,5 9,8 1010 | 144 98,6 16,6 | 105,1 7,1 112,7
Il - 2,0% Kompovet i
Il - 0,5% KokoseT 9,5 10,3 106,2 | 15,2 | 104,12 | 16,0 | 101,3 6,5 103,2
Il - 0,5% Kokovet ns
* (P<0.05), ** (P<0.01), *** (P<0.001), a HegokasaHata pasnuka / non-significant — ns
Mo oTHoweHue Ha nokasarensd — In terms of number of lateral

Opoii pask/IoHEHMA Ha 1 pacTeHue Haii-
[06pun pesyntatn 0THOBO ca Habnaasa-
HW NpY TeYHUs opraHuyeH Top KomnoseT
(Tabnuuya 3). MNpouUeHTLT Ha npupacTa
npu Hero Hajsuwasa TO3M Ha HeTope-
HUTe pacteHns ¢ 20,4%, kaTto pasnunkara
C KOHTponata e MHOro pobpe pgokasaHa
npu P<0.001. CToiiHOCTUTE Ha npupacTta
Ha pasK/IOHeHMsATA Npu NTUYNS  TOp
KokoBeT ca 6/M3kn A0 Te3n Ha KOHTPOsI-
HUTE pacTeHUS 1 He ca AokasaHu (ns).

branches per plant, again, the best results
were observed with the application of the
liquid organic fertilizer Compovet (Table
1). In this case, the growth rate percentage
exceeded that of non-fertilized plants with
20.4%, the difference with the control
being highly significant at P<0.001.The
values for the growth rate of lateral
branches with the application of Cocovet
were close to those of the control plants
and were not significant (ns).

Tabnuua 3. BnusiHe Ha OpPraHUYHUTE TOPOBE BBPXY pPa3K/IOHEHUsITA Ha

pacTteHndaTa
Table 3. Effect of organic fertilizers on lateral branches
Bpoii paskNoHEHNsI HA eHO pacTeHne Mpupact
Number of branches per plant Total growth
BapuaHT 07.07. 22.07. 22.08. 22.09. %
Variant HavaneH cm  [cnpsAmo
initial, 6p. % 6p. % 6p. % K
no. no. no. no. %vs.C
| - HeTopeHu pacTteHus]; 4,3 4,7 100,0 4,9 100,0 8,7 100,0 4,4 100,0
| - non-fertilized plants
Il - 2,0% KomnoseTt 4,3 4,4 93,6 5,2 106,1 9,6 110,3 5,3 120,4
Il - 2,0% Kompovet ol
Il - 0,5% KokoBeT 4,3 4,8 102,1 5,0 102,0 9,0 103,4 47 106,8
Il - 0,5% Kokovet ns
* (P<0.05), ** (P<0.01), *** (P<0.001), a HegokasaHata pasnuka / non-significant — ns
MoNoXnUTEeNHMAT eekT ycTaHOBEH The positive effect, established

npu n3nNMTBaHe Ha ABarta opraHM4HU Topa
KomnoBeT n KOKOBET ce Ab/KM Ha BUCO-
KOTO CbAbpXaHue Ha XyMUHOBU, qynBo-
W aMUHOKMCEeNuHKW, asoT, occop u
KasInin, KakTo 1 Ha gobpe 6anaHcupaHoTo

during the tests of the two organic

fertilizers Compovet and Cocovet,
resulted from the high contents of humic,
fulvic and amino acids, nitrogen,

phosphorus and potassium as well as the
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CbOTHOLLIEHNE Ha Makpo- U MUKpoene-
MEHTUTE, KOeTO JonpuHacs 3a no-gobpo
pa3BuTME Ha KOpPEeHOBa cuctema u pacre-
HusaTa (dPurypa 1). HanpaBeHuTe OT Hac
npoy4YyBaHWsA C [ABaTta OpraHuWyHu Topa
KomnoseT 1 KokoBeT notBbpXAaasar rno-
NOXUTENIHOTO B/IUAHWE HAa OpraHuyHuTe

TOpoBE npw LUBETHUTE KynTypu
(Kotopanova and Nencheva, 2008;
Atanassova, 2011; Zapryanova and

Atanassova, 2013; Atanassova, 2015).

well balanced ratio of macro and micro
elements that contributed to the better
development of the root system and
plants (Figure 1). Our studies with the two
organic fertilizers Compovet and Cocovet
confirmed the positive effect of organic
fertilizers in flower cultures (Kotopanova
and Nencheva, 2008; Atanassova, 2011;
Zapryanova and Atanassova, 2013;
Atanassova, 2015).

Al

B/

dur. 1. ByrognwiHn pacteHusi cnepg npukaoyBaHe Ha onuTa, NnpeMuHann gasa

ubdTex

Fig. 1. Two-year old plants after the experiment and after the flowering phase
A/ pacteHusa nogxpaHBaHu ¢ 2,0% KomnoseT / plants fertilized with 2.0% Kompovet

B/ HeTopeHu pacTeHus / non-fertilized plants

N3BOAN

= HoBuTe opraHnyHM TOpoBe KoM-
noset 1 KokoBeT okKassar MOJIOXUTENHO
B/IMAAHWE BbPXY pacTexa v pasBuUTNeTo Ha
asanvs.

*[lpy nogxpaHeaHe C TeyHuTe
opraHWYyHN TOPOBE CTOWHOCTUTE Ha BUCO-
ynHata, [AvamMeTbpa Ha pacTeHuATa U’
6pos Ha pask/IoHeHuATa ca No-BUCOKK OT
Te3N Ha HETOPEeHUTe pacTeHus, CbOTBET-
HO C 21,3%, 12,7% wn 20,4% npun Komno-
BeT 1 ¢ 18,0%, 3,2% v 6,8% npun KokoseT.

CONCLUSIONS

= The new organic fertilizers
Compovet and Cocovet had a positive
effect on azalea growth and development.

» The application of the liquid
organic fertilizers resulted in higher values
of plant height and diameter and number
of lateral branches, compared to non-
fertilized plants, with 21.3%, 12.7% and
20.4% for Compovet and 18.0%, 3.2%
and 6.8% for Cocovet, respectively.
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