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PE3OME

Mpe3 nepuoga 2013-2015 r B onuT-
HWTe nosieta Ha 3emMefesfiCKn WHCTUTYT-
LlymeH 6elwie w3BefeH MOJICKM OMUT B
KOMNTO € MpOoyvyeHO B/IMSHUETO Ha Tpwu
opraHo-MvHepanHu npoaykTn: buoakTus
(100 ml/da) Xymyctum (40 ml/da) wn
MUHepaneH a3oT (AMOHMEeB HUTpaT-20
kg/da) BbpXy NpOAYyKTUBHUTE KayecTBa Ha
cteBuss (Stevia Rabaudiana B.). 3a
ONMUTHUTE LENM ca W3NO0M3BaHN EeNUTHU
KOpeHULLa Ha Obarapckus CoOpT CTeBUs
Crena.

B pesyntar Ha nposefeHuNs TPUro-
JVLLEH ONUT € YCTaHOBEHO C/IeHOTO:
Hali-BuCOK [o6MB Ha cBexa 6uomaca
noslyyeHa oT efjHO KOpPEeHWLle ce KOHCTa-
TMpa OT BapuaHTa, TPpeTupaH C MUHepa-
neH asor (20 kg/da) — npoAyKTMBHOCTTA
Ha cBexa Maca OoT 1 KopeHule, cpegHo
3a TpuTe roguHM Ha usnutsaHe e 279.0
g/l kopeHuwe (c 87.6 % noseye OT
JobuBa Ha HeTpeTupaHata KOHTpona).
Mpy nokasaTens cyxa maca nonoxuren-
HUAT ehbekT BbpXy A06MBa OT npuiaraHe-
TO Ha Guonpenapara XyMycTUM € Haii-
CWNEH, Kato dhopmupa cpefHo Terno Ha 1
KopeHuue oT 167.4 g (c 47.4% nosede oT
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SUMMARY

An experiment has been conducted
in the fields of the Agricultural Institute -
Shumen from 2013 to 2015 for studying
the effect of three organic and mineral
products: Bioactive (100ml/da), Humustim
(40 mil/da) and Mineral Nitrogen
(Ammonium nitrate - 20 kg/da), on the
productive qualities of Stevia (Stevia
Rebaudiana B.). For the experimental
purposes were used elite rhizomes of the
Bulgarian Stevia kind “Stella”.

The results of the triennial
experiment are the following:
The highest vyield of fresh biomass
obtained from one rhizome is established
from the variant treated with Mineral
Nitrate (20kg/ha) — productivity of fresh
biomass from one rhizome, an average of
three years of testing is 279.0g/1 rhizome
(87.6% more than the vyield of the
untreated variant). The dry mass indicator
shows that the application of the bio
preparation Humustim has the highest
positive effect on the yield, with an
average weight of 167.4g for 1 (one)
rhizome (47.4% more than the yield of the
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[06VBa Ha KOHTPOJ/THUS BapuaHT).

OpraHo-MuHepanHuTe nNpoAayKTU
XyMycTUM W MUHepasieH a3oT okasBaT
NOSIOXUTENIHO B/USIHWE BBbPXY peannsu-
paHus [o6MB 3eneHa 1 cyxa maca CTeBUS
U npe3 TpuUTe TOAMHW Ha W3NUTBaHeE.
MpenapaTbT BrUoakTNB He BNKsie CbLUEC-
TBEHO BbpXY MNPOAYKTMBHOCTTA Ha cyxa
maca.

KnouoBn gymu: cTeBuUsi, opraHo-
MUHEPasTHN NPOAYKTW, MPOAYKTUBHOCT

YBO/[,

CrteBusaAata  (Stevia  rebaudiana
Bertoni) e MHOroroguLLIHO, KPbCTOCAHOOM-
pawBallo ce pacTteHue oT cem. CoXHo-
uBeTHu (Asteraceae). Cbabpxa B nucTa-
Ta cu AeBeT OUTEpPrEH rvMKo3maa ¢ Moa-
cnaxgalm csoiicTBa-cTeBmo3ng, Pebay-
anosung A, B, C, D, E, F, fiynko3ng A un
cteBuonounosng (Uchkunov et al., 2016a;
Kaschieva and Todorova, 2017). Te ca
HekasiopnyHn 1 ot 30 go 300 nbTM no
cnagkm oT 3axapta. (Geuns, 2004). Crte-
Bno3ung n Pebayanosmng A ce nanonssart B
XpaHutesHaTa  NPOMULINIEHOCT  KaTo
3amecTuTenn Ha 3axapta (Uchkunov et al,
2016b). Pa3speleHn ca 3a ynotpeba B
Bvarapya  kato  nogcnagutenu  c
abpesunetypata E960 ot bBwvarapckata
areHums 3a 6e30nacHOCT Ha XpaHuTe
(Kaschieva and Todorova, 2017). Opyru
LEeHHM BeLlecTBa, KOUTO ce CbabpXaT B
qmcTata Ha pacTeHMeTo ca nonusaxa-
puan, sButamuHu-A, C, B,, By, Fe, Mg,
Na, Zn n gp. (Kennely, 2002).

B bubarapusa cresBuaTa ce Kyntu-
Bupa ot 1984 r B MiHCcTUTyTa NO 3axapHo
UBEKNO cera 3emMefenckn  UHCTUTYT-
LLlymeH. Pa3paboTeHun ca pa3ninyHu 3BeHa
OT TexHonorvsATa Ha oTrnexgaHeTo U
(Kikindonov, 2013). BknouyBaHeTo Ha 6u1o-
NPOAYKTN B arpoTeXHOornnTe ce 0Tpass-
Ba 6/1aronpusATHO Ha pacTexa, pasButue-
TO, NPOAYKTUBHOCTTA W YCTONYMBOCTTA
KbM abWOTUYHMA M OUOTMYEH CTpec Ha
3emegencknte kyntypu (Yakimov, 2013;
Georgiev et al., 2015). BaxHo 3HauyeHue
3a CTUMy/iMpaHe Ha GMONOrMYHNS NOTEH-
uuas Ha pacTeHuaTa uma JIMCTHOTO

control variant).

The organic and mineral products
Humustim and Mineral Nitrogen have a
positive influence on the yield of green
and dry mass Stevia during those three
years of testing. Bioactive does not have
any significant affect on the dry mass
productivity.

Key words: Stevia, organic and
mineral products, productivity

INTRODUCTION

Stevia (Stevia Rebaudiana Bertoni)
is a perennial, cross-pollinating plant from
the Asteraceae family. It contains nine
diterpene glycosides with sweetening
properties — Stevioside, Rebaudioside A,
B, C, D, E, F, Dulcoside A and steviol
biosine (Uchkunov et al, 2016a;
Kaschieva and Todorova, 2017). They are
non-calorific and between 30 and 300
times sweeter than sugar (Geuns, 2004).
Stevioside and Rebaudioside A are used
in the food industry as a substitute for
sugar (Uchkunov et al, 2016b). In
Bulgaria, they are authorized for use as
sweeteners, abbreviated as E960, by the
Bulgarian Food Safety Agency (BFSA)
(Kaschieva and Todorova, 2017). Other
valuable substances, which can be found
in the Ileaves of the plant, are
polysaccharides, vitamin — A, C, By, B,,
Fe, Mg, Na, Zn and others (Kennely,
2002).

In  Bulgaria, Stevia has been
cultivated since 1984 in the former Sugar
Beet Institute, now Agricultural Institute —
Shumen. Various units of the cultivation
technology have been  developed
(Kikindonov, 2013). Adding bio products
to the agro-technology has a positive
impact on the growth, development,
productivity and sustainability to the
abiotic and biotic stress of agricultural
crops (Yakimov, 2013). Foliar fertilization
has an important significance when
stimulating the biological potential. It has
a complementary and correctional effect,
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TopeHe. TO MMa [foNb/iBall U Kopurupat,
eekT, KaTo KOMMOHEHT OT usanocTtHaTa
cuctemMa Ha MuHepasiHo XpaHeHe (Kerin
and Berova, 2003; Georgiev et al., 2015;
Mihova et al., 2017). 3acuieHo e BHu-
MaHVeTO BBbPXY JIMCTU TOpPOBE C opra-
HUYEH MPOU3X0A, CbAbPXaly XYMVWHOBM
KACE/IMHU, MUKPO W MakKpo efleMeHTU
(Petkova and Poryazov, 2007; Enchev
and Kikindonov, 2015a; Enchev and
Kikindonov, 2015b; Dochev et al., 2016a;
Dochev et al., 2016b; Vasileva et al.,
2016; 2017; Bozhanska et al., 2017).

CrteBuaTa uma ronemy notpebHoc-
T OT XpaHuTesiHM BelecTBa U 0COBeHo
oT N, P n K (Das Kuntal et al., 2007).
TexHnaT geduunt orpaHmyaBa Bb3MOX-
HOCTWTE 3a noslyyaBaHe Ha BUCOK J06UB
JINCTHA NPOAYKUUSI C ONTUMASIHO CbOTHO-
weHne Ha Pebaygmosng A n CTeEBMO3NA
(Geuns, 2003).

Pegvua mnscnegosartenn ca npoyu-
Ba/IM U [OKasaM BAMSHWETO Ha pasfny-
HK Guonpoayktn npu crteBms (Mamta et
al., 2010; Lei Ma and Yan Shi, 2011;
Spicnagel et al., 2011; Inugraha et al.,
2014; Zaman et al., 2015; Enchev et al.,
2018).

Llenta Ha npoyyBaHeTo e pa ce
yCTaHOBM eddMKkacHOCTTa OT npuiaraHeTo
Ha OpraHo-MWHEPaUTHU MNPOAYKTU BBLPXY
NPOAYKTMBHOCTTA Ha €/IMTHN KOpeHMLa
OT 6b/Irapckms copt cTeBus Ctena.

MATEPVAJT N METOOU

WN3cnepsaHeTo e npoBefeHO npes
2013-2015 r., B OMUTHOTO noOJsie Ha
3emepenckm nHcTutyt-LLymeH. MNpoyyeHo
e B/VAHMETO Ha  6uonpenapartuTe:
Brnoaktus (100 ml/da), Xymyctum (40
ml/da) npuioxeHn efHOKPaTHO B Mepuo-
[a Ha aKTMBHa BereTauua Ha pacteHusTa.
TpeTvpaHeTo e Wu3BbpPLIEHO C TPbOHA
npbckadka. (NH,)(NOs) B gosa 20 kg/da e
BHECEH Crief, 3acaxjaHe Ha KopeHuwara,
npu nosiBa Ha MbPBUTE KOPEHOBU N34 bH-
k1. BbB BCsKa onuTHa mapuena ca 3aca-
AeHun no 20 KopeHula B 4 NOBTOPEHMUS.

KopeHuwaTa ca enuteH marepuan
oT O6barapckus copT crtesBua Crena,

as a component of the whole mineral
nutrition system (Kerin and Berova, 2013;
Georgiev et al.,, 2015; Mihova et al.,
2017). Enhanced attention has been paid
on leaf fertilizers with organic origin,
containing humic acids, micro and macro
elements (Petkova and Poryazov, 2007,
Enchev and Kikindonov, 2015a; Enchev
and Kikindonov, 2015b; Dochev et al.,
2016a; Dochev et al., 2016b; Vasileva et
al., 2016; 2017; Bozhanska et al., 2017).

Stevia has great needs of
nutritional substances, especially from N,
P and K (Das Kuntal et all, 2007). Their
deficiency limits the possibility of high leaf
yield with optimal ratio of Rebaudioside A
and stevioside (Geuns, 2003).

A number of researchers have
studied and proved the influence of
various bio products on Stevia (Mamta et
al., 2010; Lei Ma and Yan Shi, 2011;
Spicnagel et al., 2011; Inugraha et al.,
2014; Zaman et al., 2015; Enchev et al.,
2018).

The aim of the research is to
establish the efficacy of the application of
organic and mineral products on the
productivity of elite rhizomes of the
Bulgarian Stevia kind “Stella”.

MATERIAL AND METHODS

The study has been conducted in
the experimental fields of Agricultural
Institute — Shumen, during the period
2013-2015. The influence of the organic
and mineral products has been studied -
Bioactive (100 ml/da), Humustim (40
ml/da) — applied once in the period of
active vegetation of the plants. The
treatment was done with a knapsack
sprayer. A dose of 20kg of Ammonium
(NH,) and Nitrate (NO3) has been applied
after planting the rhizomes, when the first
root cuttings appeared. Each
experimental plot is planted with 20
rhizomes in 4 replicates.
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cenekumoHupaH B 3emeiesiCKN UHCTUTYT-
LlymeH. B HayanoTo Ha eceHTa Ha 2013,
ONUTHUTE KOpeHula ca wu3BajeHn W
npubpaHn 3a CbxpaHeHne B U36eHU
nomeLlleHus npu Temnepatypa Hag 1 °C.
Mpe3 2014 r. cnef W3NUTBaHETO, Beue
OBYroAulLIHUTE  KOpeHulla OTHOBO ce
cbXpaHaBaT 3@ pekonTupaHe  npes
cnepsawiata rogvHa kKarto kopenuvwa lll
roguHa. OnMUTLT € 3a/loXeH crnef
npejwecTseHuK Ugekno. MNMoyseHnaAT Tun
B ONWTHOTO [MOJie € CPefHO MOLLEH,
TEXKO-NEeChbYIMBO [/IMHECT KapboHaTeH
yepHoseM, opMmupaH BbPXY J1bOCOBO
necbyIMBU rHU. OPHUAT CNOW CbabpXa
50 % dwm3nyecka rNuHa U cpegHo 5%
kKapboHatn, xymyc — 3.3 %, CaCO; —
6.5%, pH (H,O) — 7.8, PH (KCI) — 7.4,
Aszor — 35 mg/kg, P,Os — 4.7 mg/100g,
K,O — 34 mg/kg, B — 1.2 mg/kg, Zn — 0.1
mg/kg, Mo — 0.1 mg/kg. N npe3 Tpute
rOOVHN Ha M3NUTBaHe, 3acaxX[aHeTo Ha
KopeHulaTa ce U3BbPLIM PbYHO B Kpas
Ha Mecey, anpwn. lNpe3 BeretauuaTa ca
NnpoBefileHN TPU PbYHN OKOMaBaHWs, Kato
BNI2XKHOCTTa Ha noysata e nogabpxaHa B
pavmkute Ha 70-80 % ot [MMNB, kato e
W3Mos3BaHO KankoBo HarnossaHe. BbB
(paza OyTOHM3aAUMS Ha pacTeHusATa ca
OTYETEHU CNefHUTE nokasaTenu: ceexa u
cyxa Maca Ha efHO KOopeHuLe 1 Terno Ha
CBEXM U CyXU NUcTa NnosydeHn ot Aekap.

M3nuTBaHn BapuaHTu:

1. TpeTnpaHn c opraHMyHn TopoBe:

* Bbuoaktme — 100 % akTtmBupaH
encomut (MgSO, x 7 H,0);

* Xymyctum — 41,05 % nenenHun m
MUHepaNiHn BewectBa U 58,95 %
OpraHuyHu, ot kouto 23,4 % XYMWUHOBMU
KncenuHn, 5 % dynsokncennHu, 7,83 %
kanuin, 3 % a3ort,1,14% chocdop, 3,92 %
kanumia, 1,11 % marHeswii, pH-9.

2. AMoHueB HuTpaT — (NH4)(NOs3)

3. be3 nUcTHo TopeHe (KOoHTpona)

M3BbplleHa e maTemaTudecka
o6paboTka no Lidanski (1988).

PE3YJITATN N OBCBXAJAHE
MUWHEpPasHOTO TOPEHE W JIMCTHOTO
noaxpaHBaHe UMaT fo6pe M3paseH noso-

The rhizomes are an elite material
from the Bulgarian Stevia kind “Stella”,
selected at the Agricultural Institute —
Shumen. In the beginning of autumn
2013, the tested rhizomes are removed
and stored in cellars at temperatures
above 1°C. In 2014, after the experiment,
the two-year rhizomes are re-stored for
harvesting next year as rhizome Il year.
The experiment is set after a beet
precursor. The soil type of the test field is
moderately heavy, heavy-sandy clayey
carbonate black, formed on loess sandy
clays. The top layer contains 50%
physical clay and 5% carbonate on
average, humus-3.3%, CaC0O3-6.5%, pH
(H20)-7.8, PH (KCIl) — 7.4, Nitrogen -
35mg/kg, P205 — 4.7mg/100g, K20 — 34
mg/kg, B — 1.2 mg/kg, Zn — 0.1 mg/kg, Mo —
0.1 mg/kg.

During the three years of testing, rhizome
planting was done manually at the end of
April. During the vegetation period, three
manual entrenchments were carried out,
with soil humidity being maintained within
70-80%, wusing drip irrigation. In the
plantation phase, the following indicators
are taken into account: the fresh and dry
mass of a rhizome and the weight of fresh
and dry leaves obtained per hectare.

The following variants were tested:

1. Treated with organic fertilizers

* Bioactive - 100% activated
epsomit (MgSO, x 7 H,0).

* Humustim — 41.05% ashes and
mineral substances and 58.95% organic
matter — 23,4% humine acids, 5% fulvic
acids,7,83% potassium, 3% nitrogen,
Phosphorus 1,14% , Calcium 3,92%,
Magnesium 1,11% and pH-9.

2. Ammonium nitrate- (NH4) (NO3)

3. Without leaf fertilizer (control)

Mathematical  processing  was
performed according to Lidanski (1988).

RESULTS AND DISCUSSION
The mineral fertilization and leaf
nourishment have a well-pronounced
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XuteneH ediekt BbpXy MPOLYKTUBHOCTTA
Ha KopeHuwarta ot cteBus. MNMpe3 2013 r
JINCTHOTO nogxpaHeaHe ¢ bnoakTne BoAM
[0 yBesmMyeHne Ha fobuBa cBexa maca
OT pacteHune ¢ 39.7 % cnpamo HeTpe-
TUPaHUAT KOHTPONEH BapuaHT (durypa 1).
TpeTupaHute ¢ XymMycTUM WU MUHEPaseH
a3oT pacTeHuss cbwo dopmupar no-
BMCOKM CTOMHOCTM Ha Mokasartesisa Terso
Ha efHO pacTeHue, KOEeTO M3PaseHo B
npoueHTn e cboTBeTHo 9.3% u 31.7%.
MpaBu BMevaT/iIeHNe, 4e pacTeHusATa
TpeTupaHn ¢ XymycTUM ca C Haii-crnaba
NnonoXuTeiHa peakuus.

positive impact on the productivity of
Stevia  rhizomes. In 2013, leaf
nourishment with Bioactive waters led to
an increase in fresh mass yield of a plant
with 39.7%, compared to the untreated
control variant (Figure 1). Plants, treated
with Humustim and Mineral nitrogen also
form higher values of the weight indicator
for one plant, which is expressed in
percentages, respectively, 9.3% and
31.7%. It is important to note that plants
treated with Humustim have the lowest
positive reaction.

Fresh mass of a 1 plant,g

£00,0
350,0
300,0
250,0
200,0
150,0
100,0
50,0
0,0

Control Bioactive Humustim Min nitrogen

H2013 m2014 m2015
®dur. 1. Ceexa maca OT ejHO pacTeHue, g
Fig. 1. Fresh mass of a 1 plant, g
O1r durypa 2, wncTpupalla

nonyyeHuTe pesyntartv OTHOCHO TEers0To
Ha cyxaTa maca OT e[HO pacTeHue 3a
2013 roguvHa e BMAHO, 4Ye npwuiaraHeTo
Ha XymycTuMm nosuwasa gobéuea c 20.0
% cnpsAMo HeTpeTUpaHuUAT BapuaHT, a
TpeTupaHeTo ¢ Bbuoaktus e [oBeno Ao
noBulleHne Ha cbwma ¢ 37.3%. Haii-
[obpu  pesyntatm  ca  MOMydYyeHu OT

In Figure 2, illustrating the results
for the weight of dry mass from 1 (one)
plant in 2013, is shown that the
application of Humustim increases the
yield with 20.0% compared to the
untreated variant, and treatement with
Bioactive has led to an increase of the
same with 37.3%. The best results have
been obtained by the variant with applied
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BapuaHTta C NpuioXeH MUHepaseH asor,
npu KOWTO, AOOGMBBLT Cyxa /IMCTHA Maca
OT KopeHuwe e 22.3 g ¢ 48.7% no BNCOK
OT fo6uBa Ha KoHTposaTa. CpaBHUTENHO
HUCKUTE A00OMBU MOXe Aa Ce OBSCHAT C
U3K/IIOYMTENHOTO  3acyllaBaHe, npes3
Meceuute AU U aeryct. [o-Huckute
[obueu npe3 2013 r Ha cBexa U cyxa
JIMCTHA Maca OT 1 KOopeHuwe B cpas-
HEHME C OCTaHa/IMTe TOAMHU Ce OBSACHS-
Ba C (pakTa, 4ye KopeHuwaTta ca | roguHa
M He ca ce aganTupasim BCE OWe KbM
BbHLUHUTE arpoknIuMaTuyHn YCIoBUS.

mineral nitrogen, where the yield of dry
mass from a rhizome is 22.3g, 48.7%
higher than the control's vyield. The
relatively low yields can be explained with
the extreme droughts during July and
August. Lower yields of fresh and dry
mass from one rhizome in 2013 in
comparison to other years can be
explained by the fact that rhizomes are
yearling and have not yet adapted to
outside agroclimatic conditions.

Dry mass of a 1 plant,g

120,0
100,0
80,0
60,0

40,0

20,0

0,0

Control Bioactive

H2013 m2014

Humustim

Min nitrogen

2015

dur. 2. Cyxa Maca OT eHO pacTeHune, g
Fig. 2. Dry mass of a 1 plant, g

Cnep aHanM3npaHeTo Ha nonayde-
HuUTe paHHM 3a 2014 rogmHa e yctaHo-
BEHO, Ye NoaxpaHBaHeTo Ha KopeHuwa I
rogvHa C OpraHo-MvHepasiHuTe TOpoBe
oKasBa C/1abo MNONOXUTENHO Bb3AENCT-
BME BbPXY Mnokasartesnisa cBexa maca oT
e[HO KopeHulle. U npu TpuTe m3nuTaHu
6uonpoaykTa pacteHusTa popmupar no-
BMUCOKM CTOMHOCTWM OT KOHTposnaTa, Kato
npu  buoakTuB  nNpeBULLIEHNETO €

After analyzing the received data
for 2014, we  established that
nourishment of rhizomes “ll (second)
year” with organic and mineral fertilizers
has a low positive influence on dry mass
index for one rhizome. In all three tested
bio products the plants form a higher
control value, with Bioactive the increase
is negligible — 1.4%, with Mineral nitrogen
and Humustim — 15.2% and 16.3%. This

241



HesHauntesiHo — 1 4%, a npwu
MUHEpasieH a3oT n Xymyctum — 15.2%
1n16.3%. TeHaeHUMATa ce 3anassa u npu
cyxaTa maca-npwiaraHeTo Ha TopoBeTe
noeuwwasa gobuea c egsa 0.5%-10.4%.

MNpe3 nocnegHata rogMHa Ha
n3nutBaHe (2015) HabnwpaBame pasBu-
TVe Ha Nb/HUA MPOAYKTUBEH NoTeHuuan
Ha kopeHuwata. [pu Te3n ycnoswus,
TpeTupaHeTo Cc XyMycTUmM BOAM [0
COMNAHO YyBEeJ/IMYeHNe Ha TEersioTo CBexa
Maca, kaTto CTOMHOCTWUTE ca MO-BUCOKW C
17.7% oOT Te3n Ha KOHTPOJSIHUA BapuaHT.
CxopgHa e TeHAeHuuATa U BapuaHTa C
MUHepaneH a3oT, KaTo TyK npesBuLleHne-
TO CnpsAAMO koHTponarta e 16.9%. CyxaTa
Maca dopmmupa MNoO-BMCOKM CTOMHOCTU
npu TpeTnpaHuTe € JINCTHO noaxpaHsaHe
c Xymyctum — 17.0%, cnegBaH oOT
Buoaktne-14.1% ©n BapuaHTa CbC
CaMOCTOATE/IHO a30THO TopeHe — 10.8%.

MpoayKTMBHOCTTA Ha KyntypaTa e
rokasaTtes, KOMTo oTpassaBa KoMbuHMpa-
HOTO Bb3LEWCTBUME HA BCUYKMA BbHLUHM
thakTopm.

JdanHuTte 3a 2013 r (Tabnvua 1),
rnokassar, 4ye 13nos3BaHeTo Ha brnoakTus
W npuiaraHeTo Ha MuHepasieH asor,
BOAM [0 [06MB cBeXa mMaca CbOTBETHO
520.8 kg/da u 490.8 kg/da. [o6uBbT
nosydeH cnef TpetTupaHeTo ¢ XymMycTum
CbLUO npesuLlaBa KOHTPOJSTHUAT BapuaHT,
HO pasnukata e HepfokasaHa. [pu
nokasartens [o6MB cyxa maca e BUAHO,
ye U3MoN3BaHUTE NPOAYKTU 3a TOpeHe U
NINCTHO noAxpaHBaHe NOoBULLABAT KaKTo
[obuBa Ha cyxaTta Maca, Taka 1 BoaaT go
[JoKa3aHo yBesimyeHne Ha fobusa.

tendency is reserved in dry mass as well
— applying fertilizers increases the yield
with only 0.5% - 10.4%.

During the last year of testing
(2015), a development of the full product
potential of rhizomes can be seen. In
these conditions, the treatment with
Humustim leads to a solid increase of dry
mass weight, with 17.7% higher rates
compared to those of the control variant.
Similar is the tendency with the variant
with mineral nitrogen, but here the excess
compared to the control is 16.9%. The
dry mass forms higher values in the
treated with Hummustim - 17.0%,
followed by Bioactive — 14.1% and the
variant with nitrogen fertilization — 10.8%.

Culture productivity is an indicator,
which reflects the combined impact of all
external factors.

Data for 2013 (Table 1), shows that
the use of Bioactive and the application of
mineral nitrogen lead to yield of fresh
mass respectively 520.8kg and 490.8kg.
Yield, obtained after Humustim treatment
also exceeds the control variant, but the
difference is unproved. The dry mass
yield indicator shows that the fertilizer
and leaf nourishment products increase
the yield of dry mass and lead to a
proven yield increase.

Ta6bnuua 1. [o6MB Ha cBexa Maca npu TpeTupaHe C OpraHo-MUHepasiHU
NPOAYKTU Ha eNINTHU KopeHuLa cteBma copT CTena, kg/da
Table 1. Fresh mass yield, when treating with organic and mineral products of

elite rhizomes Stevia, sort “Stella”, kg/da

BapuaHTt FoanHa / Year CpegHo OTH. %

Variant 2013 2014 2015 Mean Relative %
Control 372.8 612.8 1317.8 767.8 100.0
Bioactive 520.8 621.2 1413.6 851.9 110.9
Humustim 407.6 712.8 1550.8 890.4 115.9
Mineral nitrogen 490.8 706.0 1540.0 912.3 118.8
GD1% 715 84.4 226.1 120.3 10.2
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Mpe3 2014 r, TeHAeHUuATa 3a
MOSIOKNTENIHO BAVAHWE Ha MWHEpaHUA
asoT u 6uonpogyktute ce 3anassa. pu
OBYrOAMLLHUTE  KOpeHuwa, npenaparsTt
XyMyCTUM MOB/IMsIBA B Haii-ronama cre-
neH NPoAyKTUBHOCTTa Ha 3e/ieHa maca —
712.8 kg/da, cnepgBaH OT MuHepaseH
as3oT — 706 kg/da. MonyyeHuAT cnepg Tpe-
TupaHe ¢ broakTe fO6MB HE3HAUYNTESTHO
npesuvwasa TO3W  OT  KOHTPOJIHUA
BapuaHT. B cpaBHeHvne c 2013 roavHa
(Tabnuua 2), pasnvkute B fobusa cyxa
Maca Mexay BapuaHTuTe ca Masiku. KoH-
cTtaTypaHo e, ye npuiaraHeTo Ha MuHe-
pasieH a3oT, BbNPEeKn CpaBHUTESHO BUCO-
KNTE CTOMHOCTW Ha Ao6uBa 3eneHa maca,
OT BapvaHTa C NPWUIOXKEH MuHepaneH
as3oT, Ao6uBBLT Cyxa Maca OT Cbluus
BapuaHT e CbMoCTaBMM C KOHTPOJIHUA
BapvaHT. EdekTtbT Bbpxy pobuea Ha
cyxa Maca OT npunaraHeTo Ha XyMyCTUM
ce n3passsa B fo6us ot 182.0 kg/da.

In 2014, the tendency of positive
influence of mineral nitrogen and bio
products is preserved. In the biennial
rhizomes, Humustim mostly affects the
productivity of green mass — 712.8kg,
followed by mineral nitrogen — 706kg.

The obtained yield, from the treated with
Bioactive variant, insignificantly exceeds
that of the control variant. In comparison
to 2013, the variation in dry mass yield
between the variants is small.

It has been found that the application of
mineral nitrogen, despite the
comparatively high yields of green mass,
the dry mass yield is comparable to the
yield of the control variant.

The effect of Hummustin application on
dry mass vyield is expressed in yield of
182.0kg,

Tabnuua 2. lo6MB Ha cyxa Maca nNpu TpeTupaHe ¢ OpraHo-MMHepPasIHU NPOAYKTHU
Ha eNIMTHU KopeHuLla cteBua copTt Ctena, kg/da
Table 2. Dry mass yield, when treating with organic and mineral products of elite

rhizomes Stevia, sort “Stella”, kg/da

BapuaHT FognHa / Year CpegHo OTH. %

Variant 2013 2014 2015 Mean Relative %
Control 60.0 164.8 355.2 193.3 100.0
Bioactive 82.4 177.6 381.2 213.7 110.5
Humustim 72.0 182.0 415.6 223.2 115.4
Mineral nitrogen 89.2 165.6 393.6 216.1 111.7
GD1% 19.2 17.0 50.2 29.4 8.1

Mpe3s 2015 roguHa arpoknuma- In 2015, the  agro-climatic
TMYHMTE ycrioBMATA ca  Hai-6naro- | conditions are the most favourable for

NPUATHW 3a peasi3npaHe Ha BMCOKa Npo-
OYKTUBHOCT OT KopeHuwata. Mpu Tesu
ycnosus, kopeHuwarta lll roguHa, npos-
BMXa B Mb/IHA CTeneH OMOMOTMYHNUAT CK
noteHunas. TpeTupaHeTo C XyMyCTUM
josege [0 npogyktmBHocT oT 1550.8
kg/da, a npunaraHeTo Ha MWHepasieH
asoT — 1540.0 kg/da. Haii-H1cko npogyk-
TMBEH OT M3NWTAHUTE BapuaHTh € TO3U C
Buoaktue. MonyyeHnsat gobus cyxa 6mo-
Maca o4yakBaHO € Hali-BMCOK Mpu BapuaH-
Ta ¢ Xymyctum — 415.6 kg/da.

MperneabT Ha cpegHUTE CTOMHOC-

realizing a high productivity of Stevia
rhizomes. In these conditions, rhizomes
Il year, show their biological potential in
full capacity. Humustim treatment led to a
productivity level of 1550.8kg, and the
application of mineral nitrogen -
1540.0kg. The lowest yield is seen in
tested variants with Bioactive. The
obtained dry biomass vyield is, as
expected, the highest in the Humustim
variant — 415.kg.

Reviewing the average rates for
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TM OT TpWU TOAWUIHOTO W3NUTBaHe 3a
NPOAYKTUBHOCT MOKa3Ba, 4e Haii-BMCOK
[06MB 3eneHa maca OT Aekap, peasvsu-
pat kopeHuwaTa Tpetuparu ¢ (NH,)(NO3) —
912.3 kg/da (c 18.8 % Hapg KoHTponata),
KOeTo e cTaTucTuyeckn gokasaHo npu GD
1%. Mo4yTV NOEHTUYHKU pe3ynTaTu ca oT-
YeTeHu U NpWU TPeTUpaHUTe ¢ XyMyCTUM
BapuaHT. lpu nokasatensa [obus cyxa
mMaca Hain-npoAyKTMBEH B TPUrOAWLLIHOTO
n3NuMTBaHe ce ouyepTasaT KopeHuwarta
TpeTvpaHn ¢ XymycTUMm.

n3BOAU

MpunaraHeto Ha 6GuonpoaykTuTe
Buoaktue, XymycTum ¥ OT gpyra ctpaHa
MUHepasieH A30T B/vMAe B W3BeCTHa
CTeneH BbBPXY MNPOAYKTMBHOCTTA Ha
e/IMTHU KopeHuLa Ha copT cTeBusa CTena.
Te nosuwwasaT f06MBA KAaKTO Ha cBexara
Taka 1 Ha cyxarta Maca nosiy4yeHa ot efHo
KOpeHulle, KaTo TOBa € Hail-gobpe
nu3paseHo npu BapuaHTUTEe TOPEHU C
MUHepasieH a3oT.

YcTaHOBEHO €, Ye f0O6UBBLT 3efeHa
6uomaca e Hali-B1COK Mpu TpeTupaHus ¢
MUHepasieH as3oT BapuaHT cnefsaH oT
TO3W Ha BapuaHTa TpeTupaH ¢ 6uonpe-
napara Xymyctum.

MpenaparbT BbuoakTMB He oOka3Ba
CbLUECTBEHO B/MAHME BBLPXY A06MBA Ha
cyxa maca npu cTeBus.

the three-year testing on the productivity
shows that the highest yield of green
mass from a hectare is realized in
rhizomes treated with (NH;)(NO3) — 912.3
kg (18.8% over the control) which is
statistically proven with GD 1%. Almost
identical are the results in the Humustim
treated variant. Regarding the dry mass
yield, the most productive for the three
years of testing are the variants, treated
with Humustim.

CONCLUSIONS

The application of the bio products
Bioactive, Humustim and  Mineral
Nitrogen, in some degree, has an
influence on the productivity of elite
rhizomes of the Stevia variety “Stella”.
They increase the yield of fresh, as well
as dry mass, obtained from one plant.
This is best expressed in Vvariants,
fertilized with Mineral Nitrogen.

It has been found that green
biomass vyield is highest in the Mineral
Nitrogen treated variant, followed by the
Humustim treated variant.

Bioactive and Mineral Nitrogen do
not have a significant influence on dry
mass yield in Stevia.
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PE3OME

OcobGeHOCT npu pacTexa Ha Ko-
puaHabpa e nosuweHata NoTpebéHoCT oT
a30T, KOeTo Kpue onpeneneH ekosornyeH
puck npu oTrnexgaHeto My. AnTepHa-
TMBa 3a MnoBuUllaBaHe Ha [Jobusute u
peanv3upaHe Ha npogykums c¢ 6wuosno-
rMYyHa CTOMHOCT, € JIMCTHOTO noAxpa-
HBaHe C GMOCTMMYNaHTU, 4ype3 KoUTo ce
nosuilaBa egpeKTUBHOCTTa Ha W3Mos3Ba-
He Ha MUWHepas/IHUTe HYTPUEHTU U BHacs-
HEeTo Ha a30T MoXe Ala 6bae orpaHuyeHo.

C uen fa ce nscnensa eqpekTMBHOCT-
Ta Ha HOBW npenapaTu-UTOCTUMYNaTopW,
paspaboTeHn Ha opraHWyHa OCHOBa B
Na6opaTtopwus “BMoNOrMyHoO aKTUBHU
BelllecTBa 3a pPacTeHMEeBBLACTBOTO” KbM
WHcTuTyT no Kpuobuonorus n XpaHutesiHu
TexHonornn-Coouss, B NPOLb/DKEHME Ha
JBe CTONaHCKM TroAMHM ca nNpoBefeHu
NPeLUn3HN NOJICKN ONUTK Mo 6/I0KOB MEeTOZ, C
kKopunaHgbp (Coriandrum sativum L.), copT
MecTteH ppe6HonsiofeH. lNpenapatute ca
NMPWIOXEHN Ype3 JIMCTHO TpeTupaHe BbB
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SUMMARY

A peculiar feature of coriander
growth is the increased demand for
nitrogen, which poses a particular
environmental risk when grown. An
alternative to increasing vyields and
realizing production of high biological
value is foliar feeding with biostimulants,
which increases the efficiency of mineral
nutrients utilization and the nitrogen intake
can be limited.

In  order to investigate the
effectiveness of new organic formulations
developed in the Laboratory "Biologically
active substances for plant breeding" at
the Institute of Cryobiology and Food
Technologies in Sofia, for two harvesting
years, field experiments by randomized
block design were carried out using a
coriander (Coriandrum sativum L.), local
small-breed variety. The preparations are
applied by leaf-treatment in the budding
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(hasza 6yToHu3auus. MonyyeHuTe pesyntatum
nokaseart, 4e JIACTHOTO MoOAXpaHBaHe C
usnuTBaHaTa cepus okassa CTUMYy/MpaLlo
B/IMSIHAE BbBbPXY MNPOAYKTMBHOCTTA, KaTo
Hali-epeKTNBHN ca 0bpasunTe Ha OcHoBaTta
Ha NyMOPUKOreHeH eKcTpakT (yBesimyaBaHe
Ha pgobuBa fo 16%, npu crartucTuyecka
[oKasaHOCT Ha pasnukute). MNpenapaTtute
OT TO3M TWM Ca W3K/IYUTENHO MOAXOAALLM
3a LesiMTe Ha OpraHM4yHoTO 3emefenme.

KntouoBu aymu: KopuaHabp,
61oxymyc, npenapaTtu-goMToCTUMynaTopu,
NPOAYKTUBHOCT

YBO/,

KopraHabpbT € efHa OT HETUMUYHK-
Te KynTypw, oTrnexgaHn B bbarapus, kaTto
npousBoAcTBOTO My dhopmmpa 90% oOT
M3HOCA Ha BCUYKM MOAMNPAaBKM U apoMaTtHU
pacTeHus. KopunaHgbpsT  (Coriandrum
sativum L.) e e4HOrogULWLHO MeaMLMHCKO U
apomMaTtHO pacTeHue OT CEMeNCTBOTO
Apiaceae. OrpOMHUAT MHOYCTPUaseH UHTe-
pec ce Ab/MKM Ha LeHHUTe CcBolicTBa Ha
pacTeHMeTo: aHTUOKCUMAAHTHO, aHTuMmyTa-
FeHHO, aHTUMWKPOBHO, YycrnokosBalo Aeii-
CTBME, KaKTO U aHa/ireTMdeH N XOPMOH-
6anaHcupaly, edekrt. VikoHoMuyeckaTa 3Ha-
4YMMOCT Ha KynTypaTa ce onpezens oT BUCO-
KaTa peHTabunHocT Ha oTrnexgaHeto U.
Camo B ceMeHaTta My ce CbAbpXaT Mexay
10% wn 27.7% MacCTHU KUCENNHU U o 2.6%
eTepuyHn macna, KouTo NOOTAENHO WX B
KOMOuHauusa, morat fda ce u3nonssar B
XpaHuTesiHo-BKycoBaTa, hapmaleBTMyHaTa
1 Ko3meTnyHarta npomuwneHoct (Diederichse
et al., 1996).

KopnaHabpbT €  W3TOYHMK  Ha
BUTaMWH K 1 O-TOKOGPepos1, MUKPOESIeMEHTH
W XpaHWTeNHW BellecTBa. Te3n U Apyru
0COGEHOCTM Ha KopuaHgbpa ro npassaT
U3K/IOUUTE/THO TbpCEHa CYpPOBMHA, KaTo
nasapHaTa My CTOMHOCT ce onpegens ot
QU3UYHUTE N XUMUYHUTE XapaKTepUCTUKM
Ha pacTeHWeTOo, KaKTo M OT KayeCTBOTO Ha
apomata My (Bhat et al., 2014).

KopraHabpbT e 0Obp30 pacTawa
KyNnTypa, Xxapakrepusupalia ce ¢ noBuLleHN
HYXAWM OT a3oT, docdhop, Kanuid, kanumii n
MUKpOENEeMEHTH, nopagu  OTHOCUTESTHO
KpaTkua BeretaunoHeH nepuogd. Mo oTHO-
lWeHVe Ha a30THOTO obesnevyasaHe, MNpo-

phase. The results obtained show that
foliar feeding with the tested series has a
stimulating effect on productivity. The
most effective are vermicompost extract-
based preparations (increase in yield to
16%, with statistical evidence of
differences). Preparations of this type are
extremely suitable for organic farming
purposes.

Key words: coriander,
vermicompost, phytostimulators, productivity

INTRODUCTION

Coriander is one of the atypical
crops grown in Bulgaria. Its production
accounts for 90% of the export of all
spices and aromatic plants. The economic
importance of culture is determined by the
high profitability of its cultivation.
Coriander (Coriandrum sativum L.) is an
annual medical and aromatic plant which
belongs to the family Apiaceae.

The huge industrial interest is due to the
valuable properties of the plant:
antioxidant, antimutagenic, antimicrobial,
soothing, as well as an analgestic and
hormone-balancing effect. Only its seeds
contain between 10% and 27.7% fatty
acids and to 2.6% essential oils, which,
either separately or in combination, can
be used in the food, pharmaceutical and
cosmetic industry (Diederichse et al.,
1996).

Coriander is a source of vitamin K
and a-tocopherol, trace elements and
nutrients. These and other features of the
coriander plant make it an extremely
sought-after raw material, as its market
value is determined by the physical and
chemical characteristics of the plant, as
well as by the quality of the fragrance
(Bhat et al., 2014).

Coriander is a fast growing crop,
characterized by increased needs for
nitrogen, phosphorus, potassium, calcium
and trace elements, due to the relatively
short growing season. In terms of nitrogen
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yuyBaHMsITa yCTaHOBABAT MHOMO BUCOKA CTe-
MeH Ha akymy/sauus Ha a3oT, He3aBUCUMMO
Jann nousute ca TOPEHW WM HETOpeHU
(Giuffre de Lopez Camelo et al., 1995;
Donega et al., 2013). Ha 6a3aTta Ha Te3u
JaHHN ce 06CHXAAT XMNoTe3n 3a eKoslo-

TMYHUS  PUCK NpW  OTIAeXAaHeTo  Ha
KopraHabp.
Mpn oTrnexgaHe 6e3  as0THO

noaxpaHesaHe, B no4ysu, 6e4HM Ha asoT, ce
npegnonara HegoMnycTMMo 1 HeobpaTMOTO
u3yepnsaHe Ha enemeHTa. ToBa onpegens
N3NCKBaHNATA 3a [OMbJ/IHUTE/IHO BHacsHe
Ha as30THW TOpOBe, KaTo u3cnenBaHusaTa
nokassart yBe/nmyaBaHe Ha fobuBa oT 4%
[0 70% npu BHAcsiHE Ha OpraHuyeH wau
MuHepaneH asotr (Carrubba et al.,, 2014).
N3nnwbKbT OT  OpraHM4yHu unm  Heopra-
HWYHW a30THM TOpPOBE BOAW [0 HUTPATHO
3ambpcsaBaHe No xpaHuTenHarta Bepura.

ExkonornyHa anTepHartvea 3a
nosulaBaHe Ha [O6GMBUTE N peann3upaHe
Ha npoaykuMs ¢ 6MonorMyHa CTOWMHOCT, e
M3Non3BaHeTo Ha OMOCTUMYNaHTW, 4pes
KOUTO ce noBMwasa egekTUBHOCTTa Ha
U3non3BaHe Ha MUHEepasIHATE HYTPUEHTU U
BHaAcCAHETO Ha a30T MOXe fa Obhe orpa-
H1yeHo. OT pas/iMyHN NpoBefeHn WU3cnej-
BaHWA, BeYe e W3BECTEeH MONOXUTENHUAT
eekT BbpXy pactexa u 6uomacara OT
npunaraHeTto Ha OGUOXYMyC KaToO MNOYBEH
nofo6puten npu oOTIIeXfaHe Ha Meau-
LUMHCKX M apoMaTHW pacTeHWs KaTo faika,
XMBOBNSAK, KOPUaHL4bLP, KOMbP, aHACOH U Ap.
(Shirkhodaei et al., 2014). [pyra Bb3MOX-
HOCT 3a crpaBfiHe C as3oTHara HeobXxo-
OVMOCT € BHACSHEeTO Ha XWU3HEHO BaXkHUTe
e/leMeHTU Ypes3 JIMCTHO TPeTUpPaHe.

LlenTa Ha HacToslILLETO npoyyBaHe e
Ja ce ycTaHOoB/ ed)eKTbT BbPXY pacTex-
HATE  XapakTepucTUKM Ha  KOpuaH4bp
(Coriandrum sativum L.) oT NMCTHOTO Tpe-
TMpaHe C KOMMJIEKCHW OpraHu4Hu npenapa-
v, paspaboteHn B Jlabopatopus “Buono-
IMYHO aKTMBHW BeLLecTBa 3a pacTeHWeBb/-
CTBOTO” KbM WHCTMTYT no Kpuobuonormsa u
XpaHutenuu TexHonorum-Codous.

MATEPWNAN N METO4WA

MpoyyBaHeToO e npoBefeHo npes ne-
puoga 2009-2011 r. Bbpxy 6uBLIA MBagHO-
6natHa cnabo 3acosieHa, MNeCbKIMBO-

sequestration, studies have found a very
high degree of nitrogen accumulation,
whether the soils are fertilized or non-
fertilized (Giuffré de Lopez Camelo et al.,
1995; Donega et al., 2013). Based on this
data, hypotheses about the environmental
risk in the cultivation of coriander are
discussed.

While growing without nitrogen
nutrition in soils poor in nitrogen, it is
suggested unacceptable and irreversible
depletion of the element. This determines
the requirements for additional nitrogen
fertilization, and studies show an increase
in yields of 4% to 70% when organic or
mineral nitrogen is introduced (Carrubba
et al., 2014). The excess of organic or
inorganic nitrogen fertilizers leads to
nitrate contamination along the food
chain.

Ecological alternative for increasing
the yield and realizing production with

biological value is the wuse of
biostimulants,  which increases the
efficiency of the mineral nutrients

utilization and the introduction of nitrogen
may be limited. From various studies, the
positive effect on growth and biomass
production of biohumus applied as soil
improver in cultivation of medicinal and
aromatic plants such as chamomile,
plantain, coriander, fennel, anise, etc. was
already known (Shirkhodaei et al., 2014).
Another option for dealing with nitrogen
need is providing the essential elements
through foliar treatment.

The aim of the present study was to
determine the effect of foliar application of
complex organic preparations, developed
in the Laboratory "Biologically active
substances for plant breeding" at the
Institute of Cryobiology and Food
Technologies in Sofia, on the growth
characteristics of coriander (Coriandrum
sativum L.).

MATERIAL AND METHODS
The study was conducted during
the period 2009-2011 on a former
meadow-pond low salinity sandy-clay soil
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rMMHecTa no4ysa B eKCNepumeHTasiHaTa
6a3a npu ArpapeH YHuBepcuteT - 1084uB.
CbAbpXaHWETO Ha OCHOBHUTE XpaHWUTESHU
efleMeHTn B noyseHus cnoit 0-20 cm e: N -
26.65 mg/100g; P,Os — 11.21mg/100g;
K,O- 27.47 mg/100g; xymyc — 2.39%.

B npoab/mkeHne Ha 2 BeretauyOHHU
ce30Ha e nposejeH Mocky onut no 6/10K0B
MeTof, B YEeTUpPU NOBTOPEHWUS U paHOoMU-
3MpaHO pasnosioXKeHne Ha BapuaHTute, C
rofieMuHa Ha pekonTHaTa napuena 15 m?
cnep npeAlecTBeHNK nweHuua. Mpunoxe-
HO e MUHepasiHO TopeHe. ®oChopHUAT Top
€ BHeCeH npegu opaHTa, a as3oTHUAT C
nocnegHarta npegcentoeHa obpaboTka.

Ceuntbata e n3BbpLLEeHa npes TpeTa-
Ta [eceTAHeBKa Ha Mecel, OKTOMBPW CbC
copT MecTeH ApebHONI0AEH Npu Mexaype-
ave 12-15 cm v nocesHa Hopma 1.3 kg da™,
Ha Abnb6oumHa 3-4 cm. 3a 6opba cpewy
nnesenvTe e M3non3saH xepbuuna, BHeCeH
cnepn ceutbarta, npeay NoHMKBaHe B [03a
2000 ml ha™.

M3nutaHo e BANAHMETO Ha 5
npenaparta, paspaboTeHn Ha ocHoBaTa Ha
XYMWHOBUW U3TOYHULN C pa3/INiyeH CbCTas:

1. X-80 (800 ml ha') -
npenapart - NPOTOTUN Ha pasnpocTpaHeH
B TbPprosckaTa Mpexa MnpoLyKT, C BUCOKO
CbAbpXaHne Ha KasmeB Xymar.

2. T-100 (2500 ml ha’) -
EeKCTpaKT OT 6UOXYMYC.
3. H-40 (300 ml ha') —

NPOM3BOAHO CbeAVHEHNE Ha pacTexeH pe-
rynatop ¢ NpypoAouAEHTUYEH XapakTep.

4, XH-100 (1000 ml ha') —
npenapat, CbAbpXall XyMWHOBK CO/N U
NPOM3BOAHN Ha (PEHOKCUKUCENUHA C
pacTex-CcTMMynupawlo gelicTeue.

5. TH-140 (2500 ml ha) —
eKCTpakT oT 6uoxymyc, oborateH ¢ puto-
CTUMY/IaTOpW.

BHacsHeTO Ha npenapaTnte € BbB
(pasa 6yTOHM3auus, NocpeaCcTBOM SIMCTHO
TpeTvpaHe npu pasxogHa HopMa Ha
pa6oTHMs pa3Tteop 250 L ha™.

OTueTeHM ca nokasatenuTe: BUCOUU-
Ha Ha pacTeHusiTa, OpOi CEHHUUM Ha
pacTeHue, Maca Ha nsiofoBeTe B pacTeHue,
Maca Ha 1000 nnoja, xeKtonuTposa Maca u
JobvB Ha cemeHa. 3a OGuMOMETpUYHMTE
M3MepBaHUA OT BCSiKa Mapuena Ha M3nuT-

in the experimental base at Agricultural
University - Plovdiv. The content of the
main nutrients in the soil layer 0-20 cm is:
N - 26.65 mg/100g; P,Os - 11.21mg/100g;
K,0 - 27.47 mg/100g; humus - 2.39%.

In the course of 2 consecutive
growing seasons, field experiments have
been established using randomly
assessed block design, in four replicates
per variant, plot size of 15 m® each, after a
wheat predecessor. Mineral fertilization
was applied as follows: the phosphorous
fertilizer - before ploughing and the
nitrogen fertilizer - at presowing.

Sowing was carried out during the
third decade of October with a local
variety “Drebnoploden” at 12-15 cm row
spacing, seeding rate 1.3 kg da*, at a
depth of 3-4 cm. For weed control a post-
sowing pre-emergence herbicide was
applied at the dose of 2000 ml ha™.

The influence of 5 preparations
developed on the basis of humic sources
of different composition has been tested:

1. X-80 (800 ml ha'l) - a prototype
of a commercially available product with a
high potassium humate content.

2. T-100 (2500 ml ha') -
vemicompost extract

3. H-40 (300 ml ha™) - a growth
regulator derivative compound of naturally
identical origin.

4. XH-100 (1000 ml ha’) -
preparation containing humic salts and
derivatives of phenoxy acid with growth-
stimulating action.

5. TH-140 (2500 ml ha™) - extract
from biohumus, enriched with
phytostimulators.

The preparations were applied as
foliar spray at the phase of budding, at a
rate of working solution 250 L ha™.

Reported indicators are: plant
height, number of canopies per plant, fruit
mass per plant, mass of 1000 fruit,
hectolitre mass and seed yield. For
biometric measurements 20 plants from
each plot were taken. The values are
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BaHWTe BapuaHTK ca B3eTu No 20 pacTeHusl.
CToiiHOCTUTE Cca OCpefHeHM 3a efdHo
pacteHve. lMonyyeHnTe daHHM 3a fo6uBa
ca 06paboTeHn MaTteMaTUyecku no mMetoga
Ha AUCNEePCUOHHNS aHaN3.

PE3YJITATN N OBCbXXAAHE

MpeauMCTBO Ha OTIEXAAHETO Npu
KopraHAbpa €, 4e USIoTO pacTeHue -
n1cTa, KOpeH, LBeToBe, Nao4oBe, npurexa-
Ba LIEHHW CBOICTBA M HaMupa UHAyCcTpua-
HO npunoxexwe. Pe3yntatuTe oT npoBege-
HWTe BereTauuMOHHU ONWTU MOKas3BaT, u4e
BCMYKM  M3NUTBAHW npenapartu-obpasuu,
pa3paboTeHn Ha OCHOBaTa Ha GMOMOrMYHO
aKTMBHM BellecTBa, CTUMYIMpaT pacTexa
Ha BereTaTMBHaTa Maca W noBuLIaBat
[o6vBa Ha ceMeHa B CTeneH, 3asucella oT
TemnepaTypHO-B/IaXXHOCTHUSE  pPexuM  npe3
cTonaHckara roguHa.

Mpu chakTopa cpegHoOMeEceYHa TeM-
nepatypa npes nepvoguTe Ha nNpoy4yBaHe
He ca HabnwgaBaHW CbLLIECTBEHU OTK/O-
HEeHWs, NO OTHOLUEHME W3UCKBaHUATA Ha
KyNnTypaTa W CTOMHOCTATE 3a MHOrOrofmiu-
HuA nepuog (Purypa 1).

averaged over a plant. The data obtained
for  the yield were processed
mathematically by the dispersion analysis
method.

RESULTS AND DISCUSSION

Advantage of the cultivation of
coriander is that the whole plant - leaves,
root, flowers and fruit, has valuable
properties and industrial application. The
results of the vegetation trials show that
all tested sample-preparations, developed
on the basis of biologically active
substances stimulate the growth of
vegetative mass and increase seed yield
to a degree depending on the
temperature-humidity regime during the
harvesting year.

In the average monthly temperature
factor during the study periods, no
significant deviations were observed in
terms of crop requirements and values
relating to the multi-annual period (Figure
1).

°C CpepHOMECeYHH TeMnepaTypH, °C
o8 Average monthly temperatures,°C
23
17,2
18 S
122/% s 2009-2010
1B 2010-2011r.
|| man 2011-2012r,
£ . | ——1965-19%r.
24
¥ XI X | I Il \Y v VI
dur. 1. CpegHoOmece4yHM TemmnepaTtypy nMpe3 BeretayMoHHUs Ce30H Ha
KopuaHAabpa

Fig. 1. Average monthly temperatures during the growing season of coriander
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JaHHuTe 3a pasnpegenieHneTto Ha
MeceyHaTa cyma Ha Basnexute (durypa
2) nokasear pas/imune npes fABeTe CTO-
naHcku roguHn. Pekontata ot 2010 r. ce
xapakrepmsmpa C no-Hucka obesnevye-
HOCT C Bfara npe3 Mecel, Maii, Korato
Kyntyparta BCTbNBa B KpuTMyHata asa
6yToHu3auma. MNpe3 2011 r. byToHu3a-
uusaTa 1 LbTeXbT ca NPoTeKknu npu no-
BMCOKa 3araceHocT C Bfiara — cyma Ha
Ba/IEXMTE Mpe3 nepmoga mMaii-toHn e 82,3
mm/m? cnpsMO MHOroroavLLIHaTa Hopma
oT 68 mm/m®.

mm

Data on the distribution of
precipitation totals (Figure 2) shows a
difference over the two economic years.
The harvest of 2010 is characterized by
lower moisture availability in May, when
culture enters the critical phase of
budding. In 2011, budding and flowering
occurred at a higher moisture supply - the
precipitation totals in the May-June period
was 82.3 mm/m’ versus the multi-year
rate of 68 mm/m”.

Mece4Ha cyma Ha Banexure,mm

Monthly precipitation totals, mm
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coriander
[aHHnte 0T MopdoMeTpuyHNTE
aHa/M3M noka3eaT, 4Ye B kKpas Ha

BeretTayusaTa BMcoYMHaTa Ha TpeTupaHu-
Te pacTeHus npeBuWaBa KOHTPOJIHMSA
BapuaHT ¢ 4-10 cm (Ta6nuua 1). Mpuna-
raHeTo Ha npenapaTute cTUMmynupa u
o6pa3yBaHeTO Ha CeHHuuUM ¢ 3 go 6
6pos. Te3n echekTn ca SICHO U3paseHn B
2011 roguHa, xapakTepusmpawa ce ¢ no-
61aronpuaTHOTO cbyeTaBaHe Ha
KAMMaTUYHUTE aKTopw.

= 2011-2012r.
==1965-1995r.

i v V VI
dur. 2. PasnpegesieHne Ha mMeceyHata Cyma BaslexuTe npes BeretalnMoHHUA

Ce30H Ha KopuaHabpa
Fig. 2. Distribution of monthly precipitation totals during the growing season of

Morphometric data analyses show
that at the end of vegetation the height of
treated plants exceeds the control variant
by 4-10 cm (Table 1). The application of
the formulations also stimulates the
formation of canopies with 3 to 6 pieces.
These effects are very pronounced in the

2011 vyear characterized by more
favourable combination of climatic
factors.
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Tabnuua 1. BnnAHMe Ha eKcnepumeHTasIHM rnpenaparn-outocTMMynaTopu
BbPXY MOPHOMETPUUHU XapaKTEPUCTUKN Ha KOpnaHabP
Table 1. Influence of experimental preparations-phytiostimulators on the
morphometric characteristics of coriander

Bpoii ceHHMLM Ha

Bpoli nnogose Ha

BapmaHTm BucounHa Ha pacTteHudaTa 1paCTeH|/|e lpaCTeHVIe
Variants Plant height, cm Number oFf)I(;z;l]rt\oples per Number of fruits per plant
2010 2011 CpepgHo/Mean 2010 2011 CpegHo/Mean 2010 2011 CpepgHo/Mean
X-80 85.7 105.5 95.6 286 31.1 29.9 346.5 269.0 307.8
XH-100 86.7 101.6 94.2 29.2 30.0 29.6 358.4 246.0 302.2
T-100 86.5 106.6 96.6 30.0 33.2 31.6 387.5 262.0 324.8
TH-140 84.0 102.3 93.2 31.3 34.6 33.0 395.7 274.3 335.0
H-40 84.2 104.0 94.1 28.4 34.0 31.2 363.0 255.0 309.0
Kowtpona g5 4 940 88.7 28.0 282 28.1 332.7 230.0 2814
Control
N=20. Preparations were applied at the stages of budding.

Bcuukn  m3nuTBaHW  npenapatwu All test preparations have a
oKasBaT MOMIOXUTENHO B/MAHUE BBPXY | positive impact on the main indicators
OCHOBHWUTE nokaszatenun, dopmupatyy | forming the yield — number of fruit and its
pobmBa — 6poii nnopgoBe K TexHuTe | physical characteristics (Table 2).

hu3nyHM xapakrepuctukn (Tabnuua 2).

Tabnuua 2. EQQeKT OT /INCTHO TpeTupaHe ¢ PUTOCTUMYNATOPU BbPXY (PU3NUHK
XapakTepucTUKM Ha NJ1040BeTe NpU KOpUaHabp

Table 2. Effect of foliar treatment with phytostimulators on the physical
characteristics of coriander fruits

Maca Ha nnogose B

Maca Ha 1000 nnoga XeKTo/imTpoBa maca

B\?ﬁf:gs” Mass o% fF;Si('E;epHeV:'eplant, g Mass of 1000 fruits, g Hectolitre mass,kg

2010 2011 CpegHo/Mean 2010 2011 CpepgHo/Mean 2010 2011 CpegHo/Mean
X-80 1.19 2.00 1.60 341 971 6.56 324 33.0 32.7
XH-100 1.13 2.20 1.66 3.37 911 6.24 32.0 34.0 33.0
T-100 1.21 2.50 1.86 3.52 10.00 6.76 336 32.0 32.8
TH-140 1.24 2.60 1.92 3.65 10.40 7.02 335 35.0 34.3
H-40 1.16 2.20 1.68 3.43 9.00 6.22 33.0 34.2 33.6
KoHtpona 4 9 1 96 1.53 3.24 870 5.97 321 330 32.6
Control

N=20. Preparations were applied at the stages of budding.

Mpe3 paBeTe CTONAHCKA TrOAUHN In the two harvesting years, the

CTUMY/IMpaLLMAT ediekT nNpu nokasartens
,0pOli MogoBe 3a efHO pacTeHue” e
Hali-cU/iHO m3paseH npu npenapatuTe T-
100 u TH-140, kato cpefHo 3a nepuoja
CbOTBETHUTE CTOMHOCTM ca 324 u 335
6posi/pacTeHune, KoeTo npesuwasa ¢ 15-19
% KoHTponara (281 6pos/pacTteHue). Mpu
ocTaHasMTe npenapatn eqpekTsT e 7-9%.
MpunaraHeTo Ha T-100 n TH-140 Boau Ao

stimulating effect on the "number of fruit
per plant” indicator is most pronounced in
the T-100 and TH-140 preparations, with
average values over the period being 324
and 335 pcs. per plant, that is by 15-19%
higher in comparison to control (281 pcs.
per plant). In the other preparations, the
effect is 7-9%. The application of T-100
and TH-140 results in an increase in the
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yBe/nMYaBaHe MacaTa Ha M1ofo-BeTe
cpegHo ¢ 26%, npu yBennyeHue 7-13% 3a
apyrute  npenapatn. CTOWHOCTUTE  Ha
XeKTONUTpoBaTa Maca 3a BapuaHTute TH-
140 n H-40 ca no-BMCOKW OT KOHTpO-naTa
npes [BeTe CTOMaHCKM TroAuHM, a 3a
npenapar XH-100 — camo B roguHarta c no-
61aronpuATHA KNMMaTUYHN YCI0BUSI.

Ha Ta6nuvua 3 ca oTpaseHun pesyn-
TaTuTe 3a epekta OT TpPeTMpaHeTo BbpXy
pobusa. CpefgHo 3a nepuoga, nosnyde-
HUAT OOOMB cemMeHa Mpu KOHTposnaTa e
1.992 t ha™. MNpn npunaraHeTo Ha KOM-
njekcHUTe XyMWHOBMW npenapatn [oobwu-
BUTe BapupaT oT 2.073 o 2.299 t ha™.
3a BCUYKM TpeTMpaHu BapuaHTn e oTye-
TEHO [OCTOBEpPHO MOBMLIABaHE Ha
noobusute oT 4 Ao 16%.

mass of fruit by an average of 26%. The
rest of preparations provide an increase
of 7-13%. Hectolitre mass values after
application of TH-140 and H-40 variants
are found higher than the control over the
two years and for XH-100 only in the year
with more favourable climatic conditions.

Results shown on Table 3 reflect
the effect of treatment on seed yield.
Over the period of two years the yield of
control variant was 1.992 t ha™ on the
average. In variants treated with complex
humic preparations the yields range from
2.073 to 2.299 t ha™. In all treatments a
significant increase from 4% to 16% has
been established.

Tabnuua 3. EGeKT OT IMCTHO TpeTupaHe ¢ UTOCTUMYyIaTopn BbpXy AoOMBa Ha

3bPHO NpPY KopUaHaAbP

Table 3. Effect of foliar treatment with phytostimulators on the seed yield of

coriander
CpepHo 3a nepuoga Pasnuka Kbm
Baplf'aHTV' 2010 2011 Average over the period Difference KoHTponara
Variants To control

thal % tha % that tha %
X-80 1.738 103.5 2.407* 104.5 2.073 8.1 104.1
XH-100 1.752 104.3 2.460* 106.8 2.106 11.4 105.7
T-100 1.800* 107.1 2.620* 113.7 2.210 21.8 110.9
TH-140 1.865* 111.0 2.732* 118.6 2.299 30.7 115.4
H-40 1.773 105.5 2.540* 110.2 2.157 16.5 108.3
KoWtpona 4 e 1000 2.304 100.0 1.992 100
Control
LSD,5% 0.057 0.071

*Results differ significantly at P<0.05

Hali-Bucokn gobuBn ca nosyyveHu
npu BHacsaHe Ha npenaparute Ha
OCHOBAaTa Ha eKCTPakT OT SIyMOpUKOoreHeH
Top: T-100 (2.210 t ha™*) n TH-140 (2.299
t ha'l) — 11/16% yBenuuyeHue. MNpn ocTa-
Hanite npenapatu X-80, H-40, XH-100
yBe/niMyaBaHeTo Ha fobusute e oT 4.1%
0o 8.3%.

OT nonyyeHuTe pesyntatv Moxe
Ja ce 3akIuu, 4Ye Kato UAnio, U3NuT-
BaHUTE cepun OT KOMMIEKCHU XYMWUHOBMU
npenapaTn UMaT MOoJIOKNTESTHO B/IMAHME
BbPXy pactexa W pasBUTMETO Ha
KopuaHabpa. CTuMynmpawoto feicTene

The highest yields were obtained
after foliar application of the preparations
based on the extract of vermicompost: T-
100 (2.210 t ha™) and TH-140 (2.299 t
ha'l) — 11/16% increase. In the other
preparations X-80, H-40, XH-100 the
yield increase is from 4.1% to 8.3%%.

From the results obtained it can be
concluded that, in general, the tested
series of complex humic preparations
have a positive impact on growth and
development of the coriander. The
stimulating effect is determined by the
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ce onpefens OT Ha/IMYMETO Ha BUCOKO-
YCBOUMW OpraHo-MUHEepasiHu KOMMIeKCH
N 6MOMOTMYHO aKTMBHM BellecTBa B
cbCTaBa. B noTBbpXxaeHve Ha ToBa e no-
BUCOKaTa eekTVBHOCT Ha npenapaTtute
T-100 n TH-140 Ha ocHOBa Ha GMOXymyc,
Abxala ce Ha no-6oratoTo CbAbpXxa-
HMe Ha uToCcTUMynaTopu, Makpo- U
MUKPOENEMEHTH, BK/IIOUUTENIHO U Ha
NIeCHO YCBOUMM a30THW CbeAUHEHUS B
NYMOPUKOTEHHUA  €KCTPakT, KOoeTo ro
npasu NOAXOASAL, U3TOYHUK HA HYTPUEHTU
3a KopvaHabpa 1 opyru Kyntypu ¢ nosu-
LWeHW W3UCKaHUA KbM asota u apyru
eceHUMasiHn  efleMeHTU. YCcTaHOoBeHuTe
pe3ynTtaTtn ca B CbOTBETCTBUE C U3Cnes-
BaHUSA OTHOCHO NONOXUTENHUA edekT OT
XYMYCHO TOpeHe Ha noysara. Hosopas-
paboTteHuTe npenapartn-puTocTMMynaTopu
no CBOSA CbCTaB ca MNPUNoXKUMM 3a
LesiTe Ha OpraHNYyHOTO 3emMejenve.

N3BOAN

JICTHOTO TpeTupaHe ¢ KOMM/IEKCHM
npenapatu-o6pasuy, CbabpXaliy akTuB-
HMW XYMWHOBM CyOGCTaHUUMM BbBB asza
OyTOHM3aLUMA Ha KopuaHabp CTUMYy/Mpa
pactexa ¥ pasBUTMETO NPU KOopuaHabp
CcopT MecTeH ,JpebHonnoaeH". MNpenapa-
TMTEe, pa3paboTeHM Ha ocHoBaTa Ha
eKCTpaKTh oT fiymbpukoreHeH top (T-100
n TH-140) ca c Hali-e(heKTMBHO [AelicT-
BMe. B ycnoeuaTta Ha npoBegeHuTe Mnon-
CK/ OMUTW TAXHOTO MPUIOXKEHWe Aonpu-
Hacs 3a nosulIaBaHe Ha J06VBWTE cpej-
HO ¢ 11% u 16%. MNpenapaTtn ¢ nogob6eH
CbCTaB Ca U3K/MOUYUTENHO NOAXOAALM 3a
OopraHVyHOTO 3emejenve.

presence of highly absorbable organo-
mineral compounds and biologically
active substances in the composition.

In confirmation of this is the better
efficiency of the biohumus based
preparations T-100 and TH-140, due to
the rich content of phytostimulators,
macro- and trace elements, including
easy available nitrogen compounds in the
vermicompost extract, which makes it a
suitable source of nutrients for coriander
and other crops with increased demand
for nitrogen and the other essential
elements supply. The results established
are consistent with studies on the humus
fertilization effect. The newly developed
products-phytostimulators are by their
composition applicable for the purposes
of the organic farming.

CONCLUSIONS

Foliar treatment with complex
sample-preparations containing active
humic substances in the phase of budding
stimulates growth and development of the
coriander local variety "Drebnoploden”.

Formulations developed on the
basis of the vermicompost extract (T-100
and TH-140) have the most effective
influence. In the conditions of the
established field trials, its application
contributes to an increase in yield by 11%
and 16% on the average. Preparations of
this composition are extremely suitable for
organic farming.
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PE3IOME

HacTtoswoTto npoyysaHe umMa 3a
uen ga nscnepsa epekra Ha MeTaHO0BYU
ekcTpakty Ha Juglans regia, Ruta
graveolens n Plantago major cpeLy
U3NInNBaHe Ha napeu BTopa Bb3pacT (/1)
OT LMCTU M XU3HEHOCT Ha JI, Ha KapTo-
(peHaTa uucTOOOpasyBawa HemaToga
Globodera pallida B TecTtoBe npu aupek-
TeH KOHTakKT. PacTuTesHUTEe eKCTpakTu
6sxa MpPUIOXKeHN B KOHUeHTpauun 2.5,
5.0 1 10.0% c ekcno3uuma 12, 24, 48 n 72
yaca fnpu KOHTPONUpPaHu ycnosus. Pesyn-
TaTUTe MokKasaxa, 4Ye TecTBaHUTe pac-
TUTENIHW EKCTPaKTU uMaT UHXubupaLy,
edpekT, cnpsAmo u3nonsaHeTo Ha Jfl, U
nosuaBaT CMbPTHOCTTA Ha MHBa3WNOHHK-
Te napsu BTOpa Bb3pacT Ha Globodera
pallida. Mpu koHueHTpaumnsa 5.0 n 10.0%,

Accepted: 13.09.2018

Published: 20.09.2018

SUMMARY

The present work aims to trace the
effect of methanolic extracts of Juglans
regia, Ruta graveolens and Plantago
major against the hatching of second-
stage juveniles (J,s) from cysts and J,s
motility of the potato cyst-forming
nematode Globodera pallida, in direct
contact assays. The plant extracts were
applied at a concentration of 2.5, 5.0 and
10.0% with exposure 12, 24, 48 and 72
hours under controlled conditions.

The results showed that the tested plant
extracts has an inhibitory effect of the
hatching of J,s and increase the mortality
of J,s of Globodera pallida.

In concentration 5.0 and 10.0%, Juglans
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eKCTPakTbT OT Juglans regia nokasa Hali-
BMCOKA e(unKacHOCT U HAMa CTaTUCTu-
yecka [0Ka3aHOCT MexAy [BeTe KOHLEeH-
Tpaymn. MeTabonutHuTe npodmnan Ha
pacTUTesNIHNTe ekCTpakTn 6sxa aHaInsu-
paHn 4pe3 rasoBa XpomaTorpadms-mac
cnektpometpus (MX-MC). Bsxa naeHTu-
hvumpaHn cbeanHEHUS NpUHaanexawy
KbM rpynuTe Ha MacTHUTE, OpraHu4yHU ”
(hEHOMHN KUCENVHK, anKasionam, MacTHU
ankoxonwu, BbraexmapaTun n cTeponu.

KntoyoBn  gymn:  pacTUTEsHK
ekcTpaktu, 'X-MC, Globodera pallida,
KOHTPON

YBO/[,

KapTtopeHute LuucToobpasysaLim

HemaTtoam (KLIH) Globodera pallida (Stone)
Behrens n G. rostochiensis (Wollenweber)
ca pasnpocTpaHeHn B NOBEYETO pavioHn Mo
cBeTa, KbAeTo ce oTriexpar Kaptogwu
(Solanum tuberosum L.) n morat ga npuin-
HAT 3ary6u B Jo6uBa oT 2-8 t ha™ B paiioHn
C HMBA Ha 3apa3a ~15 -160 siiua g~ nousa
B 3aBVICVMMOCT OT BMAA Ha roctonpuemMHuKa
W ycnoeuMAaTa Ha  OKOMHata  cpepa
(Whitehead et al., 1984; Samaliev and
Stoyanov, 2007). OT ggata Buga, G. pallida
e no-natoreHeH. B bbirapusa ca nposefeHn
uscneaBaHus B OCHOBHWUTE KapToghonpowus-
BOAMTE/IHN PErnoHn, KOUTO nokassar, ye G.
pallida e eanH OT yecTo cpewaHnTe OT Tasu
rpyna Bpegutenn nNo  pacteHuaTa, C
yectoTal2-41% » pguana3oH Ha NABLTHOCT
Ha nonynauusta oT 17 po 24 siiya g-1
nousa (Samaliev, 2011). KOHTPONBT Ha Te3un
napasuTtu no kaptoute e TpyaeH. U gsata
BMAa obpasysar LUMCTW, KOMTO Mmorar fa
OocTaHaT XM3HecnocobHu B noysaTa noseve
oT pecet roguHu (Perry and Moens, 2011).
MeToauTe 3a KOHTPO/1 Ce OCHOBaBaT BbpXy
centboobopota C KynTypu, KOUTO He ce
Hanagar, KakTo W 4pe3 npunaraHeTo Ha
XMMUYecKn cpecTtea. Potauusara Ha KynTy-
puTe e HepeHTabunHa, 0cobeHo B nonynna-
HVHCKMTE M NAaHVHCKUTE paioHn, KbaeTo e
KOHUEHTpMpaHa no-rofsmara 4acT  oOT
Npou3BOACTBOTO Ha KapTou B Bbarapus.
MpunaraHeTo Ha XMMUYeCcKU cpeacTBa BCe
oLle e OCHOBEeH MeTo/, 3a KOHTposn Ha KLH,
HO B CbLLOTO BpeEME € CKbMOo, B MOBEYETO
c/lyyan MMa He3afoBO/IMTENIEH eekT u

regia showed the highest efficacy and
there was no statistically proved
difference between two concentrations.
Metabolic profiles of plant extracts were
analyzed by gas chromatography-mass

spectrometry  (GC-MS).  Compounds
belonging to fatty, organic and phenolic
acids, alkaloids, fatty alcohols,

carbohydrates, sterols and other were
identified.

Key words: plant extracts, GC-MS,
Globodera pallida, control

INTRODUCTION

Potato cyst nematodes (PCNSs)
Globodera pallida (Stone) Behrens and G.
rostochiensis (Wollenweber) occur in
most areas throughout the world where
potatoes (Solanum tuberosum L.) are
cultivated and can cause yield loss of 2-8
t ha™ in areas with infestation levels of
around 15 -160 eggs g soil depending
on the host variety and environmental
conditions (Whitehead et al., 1984,
Samaliev and Stoyanov, 2007). From both
species G. pallida is the more pathogenic.
In Bulgaria was conducted research in the
major potato producing regions which
show that Globodera pallida was one of
the frequently encountered nematode
plant pests with frequency of occurrence
12 to 41% and range of population density
from 17 to 24 eggs g - soil (Samaliev,
2011). The control of these parasites on
potatoes is difficult. Both species form
cysts that can remain viable in the soil for
more than ten years (Perry and Moens,
2011).The methods of PCNs control focus
primarily on crop rotation with crops that
do not attack and the application of
chemical means. Crop rotation is
unprofitable, especially in the semi-
mountainous and mountainous regions,
where has concentrated the majority of
potato production in Bulgaria. The
application of chemical means is still a
major method of control of PCNSs, but at
the same time is expensive, in most cases
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npuynHsIBa
cpefa.

lopeonucaHute  aktm  U3Mckeat
npunaraHeTo Ha Apyru MeToau 3a KOHTpon
Ha KUH. EguH oT Te3n wmetoanm e
an/IMKMpaHeTo Ha OGMOMOrMYHN CpeacTsa.
KbMm Tasu rpyna 3a KOHTPO/N ce OTHacAT
pacTutenHuTe eKcTpakTu. PactuTenHute
€KCTPakTW ce M3BMYaT OT Pas/IMyHK YacTu
Ha pacTeHMETO - CEMEHa, KOpeHu, CTbona,
nucTa WM UBeToBe. YCTaHOBEHO e, 4e
HSIKOM OT TSAX MMaT 6MON0rMYHa akTUBHOCT
CpeLly pasnuyHu BpeauTenn 1 natoreHu, a
CbLIO ¥ NOATUCKAT pa3BUTUETO M pPa3MHO-
XaBaHeTO Ha pacTuUTesHN-NapasuTHN HemMa-
Toam (Caboni et al., 2014). BuonoruyHata
aKTMBHOCT Ha pacTuUTesIHUTE EeKCTpakTu ce
Ob/DKN Ha pasNMYHUTE KOMMOHEHTW, KOUTO
B/IM3aT B TEXHUS CbCTaB. YCTAHOBEHO €, ye
HeMaTouMaHUAT edekT Ha pacTUTeNHU
€KCTPaKTu ce OCHOBaBa Ha CbeAuHEHUs C
6V0N0rMYHa aKTMBHOCT — K30TUOLMAHATH,
TUODEHW, T/IIOKO3KAMW, ankanounan, oeHonu,
TaHWHW, CTEpPOnu, BbLIAEXUApaTM 1 Opyru
(Jang et al., 2014; Ntalli and Caboni 2012).

Mo-ronsiMaTa 4acT OT CTpaHuTe, B
KOUTO ca pa3npocTpaHeHn BMAOBETE OT PO,
Globodera spp., kato Hanpumep Wtanus
(D’'Addabbo et al., 2013), Ob6eauHeHOTO
kpancteo (Danhquah et al., 2010), ca pas-
paboTeHW pas/IMYHK cTpaTernm 3a KOHTPOs
Ha 6a3arta Ha pacTUTe/HN eKCTPaKTW.

Llenta Ha HacTOALLOTO MpoyyBaHe e
Ja wuscnegBa edekta OT pacTuTenHute
ekcTpakti Juglans regia, Ruta graveolens u
Plantago major, nosny4yeHn OT npepcrasu-
Tenn Ha 6barapckata ciopa, cpelly u3-
NONBAHETO M XM3HEHOCTTa Ha Nnapsu 2-pa
Bb3pacT (J/1,) Ha kapTodeHa LMcToo6pasy-
Bawa Hematoga G. pallida. Meta6onuTHUTE
npodunM Ha TecTBaHWTE pPacTUTESTHU EKC-
TPakTu e ce onpefensT upes raszoBa Xpo-
MaTorpagus-mac cnekrpometpus (MX-MC).

3aMbpCABaHe Ha OKOJiHaTa

MATEPWNAN N METO4WA

EkcnepumeHTTE Ca nNpoBefeHu
npes 2016 r. n 2017 r. B nabopartopusi no
€HTOMOJIOTUSt U HemaTtonorms B ArpapeH
yHMBepcuTeT - Mnosaus..

G. Pallida

KapTtotheHata umuctoobpasysalia

have an unsatisfactory effect and cause
environmental pollution.

The above-described facts call for
the application and use of other methods
of control PCNs. One of these methods is
the application of biological means. To
this group of control refer to plant extracts.
Plant extracts are extracted from different
plant parts - seeds, roots, stems, leaves
or flowers. Some of them have been
found to have biological activity against
different pests and pathogens and also to
inhibit the growth and multiplication of
plant - parasitic nematodes (Caboni et al.,
2014). These biological activities of plant
extracts are due to the different compouds
which they have. For example, the
nematicidal effect of the plant extracts
based on biological activity compounds,
such as likeisothiocyanates, thiophenics,
glucosides, alkaloids, pheno-lics, tannins,
sterols, carbohydrates and others have
been described (Ntalli and Caboni, 2012;
Jang et al., 2014).

The majority of studies evaluating
Globodera spp. control based on plant
extract have been developed in countries
affected by this nematodes, such as Italy
(D'Addabbo et al., 2013), Unated
Kingdom (Danhquah et al., 2010).

The aim of the present study is to
investigate the effect (in vitro) of plant
extracts Juglans regia, Ruta graveolens
and Plantago major, obtained from
representatives of the Bulgarian flora
against eggs hatching and motility of J,s
of potato cyst nematodes G. pallida. Also
metabolic profiles of plant extracts were
analyzed by gas chromatography-mass
spectrometry (GC-MS).

MATERIAL AND METHODS

The experiments were conducted
during 2016 and 2017 in a laboratory of
Entomology and Nematology at
Agricultural University - Plovdiv.

Culture of G. pallida
The potato cyst nematode G.
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Hematoga G. pallida (natotun Pa2),
MbpBOHAYa/IHO M30/IMpaHa OT MO4YBEHU
npo6u (CamokoBckn 1 Codoniickn kapTodho-
Npon3BOAETE/IEH paiioH) 6eLle noslyyeHa ot
€AVHNYHN  UWCTK, pPa3MHOXEHW Bbpxy
YyBCTBUTENHNS COPT KapTodm ,Hapexpa“.
Linctute 6Gaxa eckTpaxvpaHu Mo Metoda
JekaHTupaHe Ha no4veaTa (Southey, 1986).
3a cTumynupaHe U3/IONBaAHETO Ha NapBuTe
OT uucTuTe OGelle WK3MNONA3BaH KapTogeH
kKopeHoB ekcygart (KKE). N3ntoneHnTe napsu
BTOpa Bb3pacT (J/1,) 6sxa cbbupaHu BCeku
neH n KKE ce nogmeHswe npes vHTepsasl
OT 24 vaca. Jl, ce CbxpaHsiBaxa B Maibk
06em C Bofa MOCTaBeHW B XNaAWTHWUK Mpu
Temnepatypa 6 °C 3a MakCUMasieH nepuos
OT efHa cegmuua, npean pda  6baar
N3non3BaHu B eKkcnepnumeHTute. Lincture Ha
G. pallida 6sxa ctepunmavpadn B 1 %
pa3TBop Ha HaTpues xwunoxsopug 3a 30
MuHyTH, a /1, B 0.1 % pa3TBop Ha cTpern-
ToMuumMH cyndat 3a 15 muHytn (Mountain,
1955). Bcuukm Te 6sxa uM3nnakHatm B
cTepusiHa gectunvpaHna soga (CAB), npeau
Ja 6baaT n3non3BaHn B eKCneprMeHTUTe.

PacTtuteneH matepuan

Nncta ot Plantago major 6sxa
cbbpaHM OT ecTecTBeHa mnonynauus B
noAHOXMeTo Ha JlonH nnaHuHa, 730
MeTpa Hagmopcka BUCO4YMHA. Jlucta U
usetoBe Ha Ruta graveolens «kakto
apebHn nnogose ot Juglans regia 6sxa
CbOMpaHn B CbLUMA paiioH OT KyNTUBMpaHU
nnowwm (Ta6nuuya 1).

Mpouenypa 3a ekCcTpakumns

Bb34yLLHO Cyxusi, CM/IAH pacTuTeneH
matepuani oT Plantago major u Ruta
graveolens 6sixa ekcTpaxmHu ¢ 80%
MeTaHo/s1, Ype3 Kracuyecka mauepauus 3a
24 yaca. NMpecHn Masiku naogose ot Juglans
regia 6sxa ekcTpaxupaHuc 60% meTaHos,
ypes HakMcBaHe B NPOAb/IXKEHME Ha 15 AHu.

Mpouenypa 3a
pacTUTesIHUTE eKCTPaKTn

Cnep v3napsiBaHe Ha pas3TBopuTens,
MOJTYYEHUAT CYPOB EKCTpakT belle nogsio-
XEH Ha [OMbAHWUTENHM aHam3u. 3a Tasu
Luen oT BCEKW pacTUTefieH eKCTpakT bGelue
NpUroTBEH OCHOBEH pa3TBOpP C KOHLEHTpa-
una 10%, upe3 pobaBsHe Ha CcTepuiHa

noaroToBka Ha

pallida (pathotype Pa2), originally isolated
from soil simples (location Samokov
potato region) was obtained from cultures
derived from single cysts maintained on
potato cv. Nadezhda.

The cysts were extracted, after air drying
the soil, by wet-sieve (Southey, 1986).
Potato root diflusate (PRD), was used for
cyst hatching. The second stage juveniles
(J.s) were collected every day and the
hatching factors were renewed every
time. The J,s were stored in a refrigerator
at about 6 °C in a small volume of water
for maximum one week before use in the
experiments.

Cysts of G. pallida were sterilised in a 1%
sodium hypochlorite solution for 30 min
and J,s in streptomycin sulphate (0.1 %)
for 15 min (Mountain, 1955). All were
rinsed in sterile distilled water (SDW)
before use in the experiments.

Plant material

Leaves of Plantago major were
collected from the natural population in
the foot of the Ljulin Mountain, 730 m asl.
The aerial parts of Ruta graveolens and
small fruits of Juglans regia were
collected in the same region from the
cultivated areas (Table 1).

Extraction procedure

Air-dried, ground plant material of
P. major and Ruta graveolens was
extracted with 80% methanol by classical
maceration for 24 h. Fresh small fruits of
Juglans regia were extracted with 60%
methanol by maceration for 15 days.

Procedure to preparfe the plant
extracts

After evaporation of the solvent, the
resulting crude extract was subjected to
further analyzes. For this purpose each
plant extract was initially prepared with a
stock solution of 10% concentration by
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JecTwivmpaHa  BoAa, nocnegBaHo — OT
XOMOreHu3upaHe B ynTpasBykoBa 6aHs (Bio
Lab) npn 30°C. Cnep TOBa, CbOTBETHUAT
pa3TBop Gelle hUATpyBaH ABYKPATHO Mpes3
dunTbpHa XapTns. KoHueHTpaumaTa, Heob-
X04uMa 3a ekcnepumeHTUTe 6Gelle nosny-
yeHa 4pe3 paspexjaHe Ha OCHOBHMSA
pas3TBOp CbC CTepwHa AecTuiupaHa Boja
(COB).

EkcnepymeHTUTE 65ixa MNpOBEAEHN
Npu KOHTPOAMPaHW YCM0BUS, afanTupaHu
3a Globodera spp. MeTtog Ha Samaliev et al.
(2000): - "in vitro", 6eLue NpUIOXeH 3a Aa ce
onpefenu edekta OT KOHUEHTpauusTa u
BPEMETO Ha Mu3naraHe Ha CbOTBETHMUSA
pacTuTenieH eKCTPakT BbpXY W3/IH0NBaHETO
Ha /1, OT uucTMTEe M CNPAMO MOABMXHOCTTA
Ha J1, oT Globodera pallida.

adding sterile distilled water, followed by
homogenization in an ultrasonic bath (Bio
Lab) at 30°C. After that, the
corresponding solution was filtered twice
through filter paper. Concentration
required for the experiments was obtained
by diluting the resulting stock solution with
sterile distilled water (SDW).

The experiments were conducted
under controlled conditions adapted for
Globodera spp. Method of Samaliev et al.
(2000): - "in vitro", was applied to
determine the effect of the concentration
and time of exposure of the respective
plant extract on the hatching of J,s from
the cysts and the mobility of J,s from
Globodera pallida.

Tabnuuya 1. PacTuTesiHM BNAOBE MU3MN0A3BaHN B EKMNEPUMEHTUTE CPELLy LUCTU K

I, Ha Globodera pallida

Table 1. List of plant species used against cysts and J,s of Globodera pallida

Plant species
PacTtuteneH Bug

Common name
O6unyaliHo HanmeHoBaHne

Plant part used
M3nos3BaHa pacTuteniHa yacT

. Green walnut
Juglans regia L.

Small green fruits

3eneH opex Masikn 3eneHun nnogose
Common rue Aerial parts (leaves and flowers)
Ruta graveolens L.
Cepecpue HapgsemHa yacT (qmcTa v LBeToBe)
. Broad-leaved plantain Leaves
Plantago major L.
XXuBosnek Jlncta
Na3 xpomartorpagmsa — Mac Gas Chromatography-Mass

cnekTpomeTpus aHanusun (MX-MC)

MeTtaHonosute ekctpaktn (50 mg)
OT M3cneaBaHuTe BUAOBE 65xa cunupaHu
¢ 50 pL N, 0-6uc- (TpumeTuscunnn)
Tpudonyopo-auetamug (BSTFA) B 50 pL
nupmnanH 3a 2 h npu 50°C.

Cnektpute Ha GC-MS 6saxa 3anu-
caHn Ha Termo Scientific Focus GC,
cbyeTaH ¢ mac getektop Termo Scientific
DSQ, pa6otew, B pexum EI npu 70 eV.
M3non3saHa e konoHa DB-5MS (30 m x
0-25 mm x 0.25 pm). TemnepartypHa
nporpama: 100-180°C npu 15°C x min-1,
180-300 ° C npn 5° C x min™ 1 10 min
npu 300°C. Temneparypa Ha VHXeKTopa
250°C. CkopocTTa Ha noToka Ha
Hocewwms ras (xenuin) e 0.8 mL X MuH-1.
VHxekTnpaHeTo Ha pasteopa (1 pL) e B
cnimt - 1:10.  Metabonutute  65xa

Spectroscopy (GC-MS) analysis

The methanolic extracts (50 mg) of
studies species (50 mg) were silylated
with 50 pL of N,O-bis-(trimethylsilyl)
trifluoro-acetamide (BSTFA) in 50 L of
pyridine for 2 h at 50°C.

The GC-MS spectra were
recorded on a Termo Scientific Focus GC
coupled with Termo Scientific DSQ mass
detector operating in EI mode at 70 eV.
ADB-5MS column (30 m x 0.25 mm x
0.25 um) was used. The temperature
program was: 100-180 °C at 15 °C x min™,
180-300 20 at 5 °C x min™ and 10 min
hold at 300 °C. The injector temperature
was 250 °C. The flow rate of carrier gas
(Helium) was 0.8 mL x min™. The split
ratio 1:10 1 puL of the solution was
injected. The metabolites were identified
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naeHTuduumMpaHn Kato npou3BO4HU Ha
TMSiI, cpaBHsiBaLWM TEXHUTE MaC CNeKTpu
n Kovats Indexes (RI) ¢ Te3n Ha oHNaliH
Ha/anyHata 6asa JaHHW 3a pacTeHuATa.
Mac cnekTpu ce [eKkoHBoO/oMpaT upes
cneynanusnpaH coptyep (AMDIS), npeaun
cpaBHeHWe ¢ 6a3ute pgaHHu. Rl ot
CbefuHeHusATa  6Gfxa  3anuMcaHu  CbC
CTaHfapTHa Kanubpupawa cmec Ha n-
ankaHn (C9-C36) (Restek, Cat No. 31614,
poctaseHa ot Teknokroma, VicnaHus)

In vitro ToKcu4YHOCT

M3nonBaHe Ha Jl,: PactutennHure
ekcTpaktu (Juglans regia, Ruta graveolens
n Plantago major, KoHUueHTpauus 2.5, 5.0 n
10.0%) B go3a oT 2 ml 651xa nuneTMpaHn B
4aCOBHMKOBW CTbK/1a, MOCTaBeHW B neTpue-
Bn 6nwoga (8.5 cm). MNeT npegBapuTesiHO
cTepunmanpann uuctn (~ 300 siya/uncrta)
Ha G. pallida ce noctaBsixa B 4aCOBHWKOBM
CTbK/Ia, CNnef Koeto neTpuesuTe 6/04a ce
3aTBapsxa W ce nocraBsxa npu Temnepa-
Typa 20°C u ekcnosuvuma 1, 2, 3 n 6
ceamuun. KoHTponata ce cbCcToelle OT net
npeABapuTtesiHo  CTEPUNN3MPaHn  LUCTU
noctaBeHn B CTpepuHa JectunnpaHa
Boga (CAB). Bcekn BapuaHT € B 4eTupu
nostopexusa. Cnes u3MvHaBaHe Ha ecKrno-
3uupmaTa umctute 6axa npomutu cbe CAB n
npemMecTeHn B YacoBHUKOBM CTbKIa ¢ KKE.
ManoneHnte J1, ce npeb6posiBaT BCsKa
cegMuua B MpoAb/hKeHMe Ha 28 [OHu
(yetnpn cegmuun). Cnep BCSAKO Npebposi-
BaHe KKE B y4acoBHMKOBUTE CTbk/la ce
noamMeHsie cbe ceex. Cnepj ToBa UUCTUTE
ce cTpowasaxa B fecTuivpaHa BOAa,
6posAT Ha oOcCTaHa/MTe MbAHW fiiua B
umctute ce 6poum M CKOpOCTTa Ha
n3nonBaHe ce usuncnsaea no popmynara:

as TMSi derivatives comparing their mass
spectra and Kovats Indexes (RI) with those
of an on-line available plant specific
database. The measured mass spectra
were deconvoluted by the Automated Mass
Spectral Deconvolution and Identification
System (AMDIS), before comparison with
the databases. Rl of the compounds were
recorded with standard n-hydrocarbon
calibration mixture (C9-C36) (Restek, Cat
no. 31614, supplied by Teknokroma, Spain)
using AMDIS 3.6 software.

In vitro toxicity

Egg hatching: Plant extracts
(Juglans regia, Ruta graveolens and
Plantago major, concentration 2.5, 5.0
and 10.0%) at a dose of 2 mL were
pipetted into clock-glasses placed in petri
dishes (8.5 cm). Five pre-sterilized cysts
(~300 eggs/cyst) of Globodera pallida
were placed in a clock-glass, then the
plates were closed and placed in a
temperature of 20°C and exposure 1, 2, 3
and 6 weeks. The control consisted of
five cysts in SDW. Each variation is in
four reps.

After the exposure the cysts were
removed, washed with SDW and placed
in clock-glass with the PRD. Hatched J,s
were counted at weekly intervals for 28
days (four weeks). After each counted,
the PRD in the clock-glass was replaced.
Cysts were then crushed in distilled
water, the number of the remaining full
eggs in the cysts were counted and the
hatching rate was calculated according to
the formula:

CKOPOCT Ha M3/ilonBaHe = uasonenn J1, x 100/qaiiya + /1,
hatching rate = hatched J, x 100/eggs + J,

JXusHeHocT Ha Jl,: PactutenHu
ekcTpaktu (Juglans regia, Ruta graveolens
n Plantago major, KoHUueHTpauus 2.5, 5.0 n
10.0%) B po3a oT 2 mL ce nuneTupaxa B
YaCOBHMKOBM  CTbkMa, MNOCTaBeHUM B
netpvesn 6noga (8.5 cm). 100 N, Ha G.
pallida ¢ 0.2 mL C[B ce nuneTnpaxa BbB
BCSAKO YaCOBHWKOBO CTbK/0, C/lief ToBa ce

J,s motility: Plant extracts (Juglans
regia, Ruta graveolens and Plantago
major, concentration 2.5, 5.0 and 10.0%)
at a dose of 2 mL were pipetted into
clock-glass placed in petri dishes (8.5
cm). 100 J, of Globodera pallida 0.2 mL
SDW was pipetted into each clock-glass,
then covered and placed in a temperature
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3aTBapsxa W ce nocraBsxa npu Temnepa-
Typa 20°C u ekcnosvums 12, 24, 48 n 72
yaca. KoHTponata e cbctaBeHa ot 100 /1,
Ha G. pallida, B C[1B. Bcekn BapuaHT € B
yeTupn noBTOpeHus. Cnep u3TMYaHe Ha
nocoyeHata ekcnosuuus, fl,s ce npexsbp-
NAxa Ha 4YacoBHMKOBM CTbkna cbec CAB B
npoab/XeHne Ha 24 yaca. MpoueHTbT Ha
NoABMXHOCT Ha J,S Ce yCTaHOBsiBa 4pes3
[oKocBaHe C (MHHa HeMaTonornyHa wurna
nof crepeoMukpockon. Jl,s, KOWUTO cnep
[OKocBaHe He nokKasBaT [BWXEHUs ce
3anncear KaTto HenoABMKHU (MbPTBK).

EkcnepMMeHTbT ce npoBexza npu
KOHTPO/IMPaHU YycnoBus, afjantupaHu 3a
Globodera spp. metog Ha Samaliev et al.
(2000): - "in vitro", 3a pa ce onpegenun
edekta OT KOHLEHTpauuaTa u BpemMeTo Ha
u3naraHe Ha CbOTBETHWSA pacTuTesieH
eKCTpakT BbpXy W3nnBaHeTo Ha Jl, OT
UMCTU N BBPXY NOABWXHOCTTA Ha J1, Ha
Globodera pallida.

Cratnuctnyeckn aHanm3

CratnucTmyeckuaTr  aHanMs  belue
nm3sbpweH B SPSS. One-way ANOVA,
nocnefsaH OT MHOXECTBO [WarHOCTUYHU
TecTtoBe Ha Duncan, 6axa u3nonssaHu 3a
CpaBHfiBaHe Ha KoHTpofiata W rpynuTe
JaHHW, cboTBeTHO. CTOMHOCT Ha Pggs ce
cumTa 3a 3Haunma.

PE3YJITATN N OBCBXAAHE

EdpekT Ha pacTuTenHute
EeKCTPaKTM BbPXY W3MONBaHETO U
NnoABWXHOCTTAa Ha JlapBu  BTopa
Bb3pacT

JaHHuTe 3a ediekta Ha pactu-
Te/IHUTE EeKCTPaKTW BbPXY W3NIONBaHETO
Ha /1, Ha G. pallida ca npeactaBeHn B
Tabnuuya 2. PesyntatuTe nokassar, 4e
TecTBaHUTE pPacTUTESIHN EKCTPaKTW Nposi-
BABaT e(IUKACHOCT BbPXY W3/IONBaHETO
Ha /1, KaTo BbB BCUYKWN TECTBaHW BapuaH-
TM 6poAT Ha wusnneHute Jl, e 3Hauw-
Te/IHO NO-MasTbK OT 6p0s B KOHTpPONaTa.

of 20°C and exposure 12, 24, 48 and 72
hours. The control consists of 100 J,s, of
the G. palldia, in the SDW. Each variation
is in four replicates. After the expiration of
the indicated exposure, J,s were
transferred to a clock-glasses with SDW
for 24 hours. The percent motility of J,s is
detected by a touching with a fine needle
under a stereomicroscope. J,s, which
after touch do not show, slow movements
are recorded as non motility (dead).

The experiment was conducted
under controlled conditions adapted for
Globodera spp. method of Samaliev et al.
(2000): - "in vitro", to determine the effect
of the concentration and time of exposure
of the respective plant extract on the
hatching of J,s from the cysts and on the
motility of J,s of G. pallida.

Statistical analysis

Statistical analysis was carried out
in SPSS. One-way ANOVA followed by
Duncan multiple range post-hoc tests
were used to compare control and means
of data groups, respectively. A value of
Po.os was considered significant.

RESULTS AND DISCUSSION
Effect of plant extracts on
hatching and motility of second-stage
juveniles

The data for the effect of plant
extracts on the hatching of second-stage
juveniles of the Globodera pallida are
presented in Table 2. The results show
that the tested plant extracts have efficacy
on hatching of J,s from the cysts of
G.pallida and in all tested variants the
number of hatched J,s is significantly less
than the number in the control.
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Tabnuua 2. EdpuKacHOCT Ha TecTBaHUTE pacTUTesIHU eKcTpaktu J. regia, R.
graveolens, P. major n CAB (KoHTpona) Bbpxy mantonsaHeTo (%) Ha /1, Ha G.
pallida npu pas3nnMyHa KOHLEHTpauua U ekcnosvuua u 4 cegmuum  crep
npexsbpasHe Ha ynuctute B KKE

Table 2. Efficacy of tested plant extracts J. regia, R. graveolens, P. major and
SDW (control) on the hatching (%) of J,s G. pallida at different concentration and
exposure and 4 weeks after transferring the cysts in PRD

Exposure/ Hatched J, (%) / Concentration
weeks M3noneHu J1,/ KoHueHTpauus
Egg‘;‘“’fv'ﬁ:'f/ 2.5% 5.0% 10.0% K(():I-?'II"]ptz)(j'lla
Juglans regia
1 63.92b* 55.62c¢ 33.10d 76.22a
2 53.21b 45.02c 27.16d 81.05a
3 44.40b 32.36¢ 22.15d 84.71a
6 41.33b 30.38c 19.35d 84.33a
Ruta graveolens
1 71.92a 68.18b 58.36¢ 73.38a
2 68.25b 61.40c 50.83d 79.78a
3 47.61c 53.90b 44.27d 82.96a
6 44.81c 53.06b 41.51d 83.23a
Plantago major
1 77.73a 75.57b 68.63c 76.15ab
2 71.18b 72.05b 62.55¢ 81.05a
3 66.27b 63.80c 57.60d 84.71a
6 64.58b 63.18b 56.58¢ 84.33a

*Values followed by the same letter are not significantly different according by Duncan’s test (Po.os).
*CToAHOCTY, NOCnefiBaHn OT efHa 1 cblia GyKBa, He ce pa3/niMyaBaT 3HauUTENHO cnopes TecTa Ha
ObHKaH (Po.os).

Hali-HnCcbK nHxnbmnpaw, edpekt dele
OTYEeTEeH MNpW  pacTUTEesIeH  eKCTpakT
Plantago major BbB BCUYKM TecTBaHu
KOHUEHTpauum ©n ekcnosuumm wn cnepg
npeHacaHe Ha umctmte B KKE 3a 4
ceaAmMuLM, CbOTBETHO 77.73-68.63%, 71.18-
62.55%, 66.27-57.60% wn 64.58-56.58%.
Hail-Bucok nHxmbupauw, edhekt belle oTye-

The lowest inhibitory effect was
recorded for the plant extract Plantago
major in all tested concentration and
exposure and after transferring the cysts
in PRD for the 4 weeks, respectively
77.73-68,63%, 71.18-62.55%, 66.27-
57.60% and 64.59-56.58%. The highest

TEH MpU BCUYKN TECTBaHM KOHLEHTpaumun u
eKcrno3unumMn npu BapuaHTW C pacTuTesieH
ekcTpakT Juglans regia, cboTBeTHO 63.92-
33.10%, 53.21-27.16%, 44.40-22.15% n
41.33-19.35%, cnepBaH OT pacTuTeneH
ekcTpaktT Ruta graveolens CbOTBETHO
71.92-58.36%, 68.25-50.83%, 47.61-44.27%
n 44.81-41.51%. T[lpu noBuwaBaHe Ha

inhibitory effect was recorded in all tested
concentration and exposure variants of
plant extract Juglans regia, respectively
63.92-33.10%, 53.21-27.16%, 44.40-
22.15% and 41.33-19.35%, followed by
plant extract Ruta graveolens,
respectively 71.92-58.36%, 68.25-50.83%,
47.61-44.27% and 44.81-41.51%. When
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ekcno3uumaTa M KOHUEeHTpauusta Ha
pactutenHuTe ekcTpaktu Juglans regia,
Ruta graveolens, Plantago major, npoueH-
TbT Ha u3noneHn Jl, OT UUCTUTE Hama-
nasawe. BCWMYKM TecTBaHU pacTUTEsTHU
eKCTpaKT1 nokassaT HemMaTouuaeH eekT u
WHXMBMpAT U3/IONBaHETO HA UHBA3WOHHUTE
napsy BTOpa Bb3pacT OT LUUCTUTE.

Mpyn KoHueHTpauuaTa 2.5% BbLB
BapuaHTM C pacTUTeSIHUA eKCTPakT Ha
Juglans regia, NpoOLEHTHLT Ha HENOABWXHN-
Te NnapBu BTOpa Bb3pacT c/ef ekcnosuums
72 vaca 6ewwe 37.0%. NMpu gpyrute ABe no-
BUCOKN KOHUeHTpauun 5.0 n 10.0%, npo-
LEHTBT Ha HenoAaBwxHUTE J1, cnep excno-
3uusa 48 n 72 yaca ce ysennyasalle MHOMO
61bP30, CLOTBETHO 69.7, 74.7% (KOHLEHTpa-
unsa 5.0%) n 79.0, 81.7% (kOHUEHTpauus
10.0%) (Purypa 1). Cnef npexsbpasHeTo
Ha Jl, B 4aCOBHMKOBW CTbKna € AeCTWIu-
paHa BoZa B npoab/nkeHMe Ha 24 yvaca,
MHOro Masika 4yacT oT J1, Bb3cTaHOBsIBaT
NOABWXHOCTTa M MPOLEHTBLT Ha HENOABUX-
HOCT Hamansasa go 61.2 n 73.0%. Nma
[JaHHW, Ye HemartoumaHaTa akTMBHOCT Ha J.
regia ce Ob/MHKU HA MOHOXWUAPOKCU, AUXWA-
POKCK U TPUXUOPOKCU (PEHOSTHN KUCESTIUHN
(Mahajan et al., 1985). Mahajan et al.
(1992) cbob-waBa, Ye HAKOMKO (PeHOsTHU
KncenuHn - kacdpeeHa, 2,6-AMxnapokcu
6eH30eHa, p-MeTOKCUKaHeseHa, nokassart
BMCOKA Hema-TouugHa akTUBHOCT cpeLly
Meloidogyne incognita. Hactoswuar [X-
MC aHanu3 Ha ekcTpakTa oT J. regia nokasa
HaMuMeTo  Ha  (PEeHOSIHU  KUCeNUHU
(Tabnuua 3).

MpOoUEHTHT Ha HENOABWXHUTE NapBu
BTOpa Bb3pacT MNpu KoHueHTpauum 5.0 n
10.0% wu ekcro3uumsa 48 n 72 yaca c pacTtu-
TenleH ekcTpakT Ruta graveolens 6ewe
CXO[EeH C TO3U Ha pacTuTeNieH eKcTpakT J.
regia, cboTBeTHO 57.7, 65.7% wn 71.7,
76.0% (Purypa 1). MNMpwn no-HUckaTa TecTBa-
Ha KoHueTpauusa oT 2.5% u ekcnosuuna 72
yaca, NMPOUEHTBbT Ha HenoaswkHuTe Jl, e
3HAUUTENHO MO-HUCHK B CPaBHEHWE C Apy-
rMTe ABe No-BUCOKM KOHUEeTpauum, CboTBeT-
HO 33.5%, KOeTo e CXOAHO C edrkacHOCTTa
Ha pacTuUTesIHUS ekcTpakT J. regia npu Cb-
LLIOTO BpeMe Ha eKCrno3uumsa U KOHLeHTpa-
umna. Cnep npexBbpasHETO Ha J1, B AecTu-
NnunpaHa Bofa B NpoAb/ikeHne Ha 24 yaca,
pesyntatute ca CXOAHW C  pacTuTeneH

increased exposure and concentration of
the plant extracts Juglans regia, Ruta
graveolens, Plantago  major, the
percentage of hatched J,s from the cysts
was decreased. All tested plant extracts
showed nematicide effect and inhibit the
hatching of J,s from the cysts.

Concentration, 2.5% in plant
extract Juglans regia the percent of non
motility second-stage juveniles after 72h
was 37.0%. In another higher
concentration 5.0 and 10.0% the percent
of non motility J,s after 48 and 72h
increased very rapid and was as a
followed 69.7, 74.7% (5.0%
concentration) and 79.0, 81.7% (10.0%
concentration) (Figure 1). After
transferring the J,s to clock glasses with
destilled water for 24h very small part of
J,s recovered the motility and percent of
a non motility decreased to 61.2 and
73.0%. The major nematicide activity of J.
regia is in a relation with phenolic activity
compounds like monohydroxy, dihydroxy
and trihydroxy acid (Mahajan et al.,
1985). Mahajan et al. (1992) reported that
several phenolic compounds, for example,
dihydroxybenzoic acid dihydroxy caffeic
acid syringic acid showed high nematicidal
activity against Meloidogyne incognita. The
present GC-MS analysis with the plant
extract J. regia revealed the same phenolic
complex (Table 3).

Second-stage juveniles non motility
was similar at concentration 5.0 and
10.0% and exposure 48 and 72h in plant
extract Ruta graveolens, respectively
57.7, 65.7% and 71.7, 76.0% (Figure 1).
In less concentration, 2.5% and exposure
72h the percent of non motility J,s was
significantly lower than the others higher
concentrations respectively 33.5% which
is similar with the efficacy of the plant
extract J. regia in the same time of
exposure and concentration.  After
transferring the J,s in destilled water for
24h, results are like to plant extract J.
regia. The percent of non motility J,s
decreased to 47.5 and 58.5%. The
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ekcTpakT J. regia. MpoueHTbT Ha Henopa-
BWKHUTE J1, Hamansea Ao 47.5 n 58.5%.
Pesyntatute OT in vitro ekcnepumeHTa ca
nogobHn Ha m3cnegBaHusita Ha Sasanelli
(1992), c pacTuTenieH ekcTpakT OT JiucTa Ha
R. graveolens cpewy pactuTenHo-
napasuTHata Hemaroga Xiphinema index in
vitro. CbwmaT aBTop CbobulaBa, Kato
aKTMBHM KOMIMOHEHTM Ha eKcTpakta oT
nictata Ha R. graveolens ankanouau,

TepneHn u  KymMapuHu  (KCaHTOTOKCMH)
(Sasaneli, 1992). Hactoswuar [X-MC
aHanM3 Ha pacTuTenHus ekcTpakt R.

graveolens nokasa CbllO Ha/MYMETO Ha
ankanonam 1 kymapuHu (Tabnuua 3).

PactutenHmat ekcTpakt Plantago
major nposiBsiBaBa Hali-HUCBbK HemaTouu-
OeH edbekT BbpXy MNOABMXHOCTTA Ha
WHBa3NOHHWTE NapsBun BTOpa Bb3pacT. pu
TeCcTBaHWTE MO-BMCOKN KOHUEeHTpauuun 5.0 n
10,0% un ekcno3nuna 48 n 72 yaca, NpoLeH-
TbT Ha HenoaswxHuTe Jl, 6Gelle KakTo
cnepga 39.7, 42.7% v 55.2, 60.2% (Purypa
1). Mpwu KoHUeHTpaumsa 2.5% 1 ekcnosmuyms
72 yvaca, MPOLEHTLT Ha HEMNoABMXHOCT
6ewe 31.7%. Cnep npexBbpnsAHeETOo Ha J1, B
JecTunvpaHa Bofa B MpoAb/KeHne Ha 24
yaca, MPOLUEHTbLT Ha HenoaswxHuTEe Jl,
HamasisgBalle, CbOTBETHO A0 23.5 n 43.7%
npu KoHueHTpauusa 5.0 n 10.0%. EkcTpak-
TbT OT P. major e 6orat Ha Bbriexmapatu,
0CO6EHO Ha 3axapHus asikoxosi - copouTor.
Hama imTepatypHu aHHU 3a HemarouuaHa
aKTMBHOCT Ha BellecTBaTa B Ta3n MeTabo-
NINTHA rpyna ¢ N3KMYeHne Ha nosmsaxapu-
Aa xutosaH (Khalil and Badawy, 2012).

results in the in vitro experiment are the
similar with the research of Sasanelli
1992 with a plant extract from leaves of
R. graveolens against a nematode
Xiphinema index in vitro. The same
author reported that plant R. graveolens
contains  different biological activity
compounds like alkaloids, terpens and
coumarins (xanthotoxin) (Sasaneli, 1992).
The present GC-MS analysis with the
plant extract R. graveolens revealed the
similar alkaloids and the same coumarins
(xanthotoxin) (Table 3).

Plant extract Plantago major has a
lowest nematicidal effect on maoatility of
Jos. In higher concentration 5.0 and
10.0% and exposure 48 and 72h the
percent of non motility J,s was sutable
39.7, 42.7% and 55.2, 60.2% (Figure .1).
In concentration 2.5% and exposure 72h
the percent of non motility was 31.7%.
After transferring the J,s in destilled water
for 24h, the percent of non matility
juveniles decreased to 23.5 and 43,7%
respectively in concentration 5.0 and
10.0%. The extract of P. major is rich in
carbohydrates, especially sugar alcohol -
orbitol. No data were found in the
literature on nematode activity of the
substances in this metabolic group
except the chitosan polysaccharide
(Khalil and Badawy, 2012).
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Juglans regia
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Exposure [k]

MoaBwxHOCTTa Ha J1, 6elie Habno-
pasaHa cnefg 12, 24, 48 n 72 yaca ekcno-
3ULMs1 BbB BCEKM €MH OT TpuUTe pasTBopa
Ha pactutenHute ekcTpaktu — Juglans
regia, Ruta graveolens n Plantago major
nocneABaHo OT NPexBbPsHE U MHKybupa-
He B AecTwivMpaHa BOAa B NpPOAb/DKEHUE
Ha 24 yaca (mexay 72-96).

MeTabonnTHU npogounn Ha
n3cnenBaHUTe PacTUTESTHW EKCTPaKTU
MeTabonuTtHuTe npodounnu Ha

MeTaHOsIOBU EKCTPaKTh OT u3cnegsaHuTe
BugoBe 6sixa aHanmsmMpaHu ypes 'X-MC.
FonemusT 6poli NMKOBe B XpoMaTorpamuTe
nokassa Ha/IM4YMEeTO Ha MHOro BellecTBa
(Purypa 2).

Ruta graveolens
120
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£ i b 1.5%
S & 7 '
£ s s 0%
e 30 7 '—- —
2 2 — EA, =10,0%
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e
o
12 4 43 72 96
Exposure [h]
dur. 1. Edekt Ha TecTBaHUTe
pacTuTesniHu EeKCTPaKTu BbpPXy
NOABWKHOCTTA Ha  WHBa3WOHHUTE

napBu BTOpa Bb3pacT.

Fig. 1. Effect of tested plant extracts
on the motility of second-stage
juveniles (J,s).

*CTOWHOCTW, NocnefBaHn OT efHa U Cbluya GykBa,
He ce pasnnyaeaT 3HauMTesNIHO cnopef TecTa Ha
ObHkaH (Poos) / Values followed by the same letter
are not significantly different according by
Duncan’s test (Po.os)

The motility of J,s was observed
after 12, 24, 48 and 72h exposure in each
of three solutions of the plant extracts —
Juglans regia, Ruta graveolens and
Plantago major, followed by a transferring
and incubation in distilled water for 24h
(between 72-96).

Metabolic profiles of studied
plant extracts

Metabolite profiles of methanolic
extracts of studied species were analyzed
by GC/MS. The large number of peaks in
the chromatograms indicate the presence
of many substances (Figure 2).
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Upes cpaBHABaHe Ha Mac CrnekTpu-
Te un nHaekcute Ha Kosau (RI) Ha Heuns-
BECTHUTE CbefVHEeHUA C Te3u B Hasluu-
HaTa 6asa gaHHun 34, 45 n 30 cbeau-
HeHnsa 6axa uaeHTUUUMPaHN CbOTBET-
HO B eKkcTpakTute Ha R. graveolens, P.
major 1 J. regia (Tabnvua 3).

Tabnuua 3. VpeHTuduuupaHu meTad
nscnegsaHuTe Bugose vpes MNX-MC

dur. 2. TX-MC xpomartorpamy Ha
n3cnenBaHUTe BULOBE:

Fig. 2. GC/MS chromatograms of
studied species:

A — Ruta graveolens

B — Plantago major

C — Juglans regia

By comparing the mass spectra
and Kovats Indexes (RI) of unknown
compounds with those of available
database 34, 45 and 30 compounds were
characterized and identified respectively
of R. graveolens, P. major and J. regia
(Table 3).

O/INT B METaHOJ/1I0BN EKCTpakKTn Ha

Table 3. Metabolites identified in the methanolic extracts of studied species by

GC-MS
Compounds RI Studied plant extracts*
CbeanHeHns 3cnepBaHun patuTesiHu eKCTpakTu*
Juglans Plantago Ruta
regia major graveolens
1 2 3 4 5
Organic acids
OpraHuyHN KNcennHu
Phosphoric acid 1267 1,70
docchopHa kucenmHa
Succinic acid 1311 0,35 0,93 0,04
AHTapHa kncenmHa
Glyceric acid
nuueprHoBa kucennHa 1324 0.13 0.06
Fumaric acid 1347 0.88

PymapoBa KucennHa
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Table3 (continue)
Tabnuua 3 (Mpogb/HKeHnE)

1

Malic acid
A6bNYeHa KnucesmHa
Threonic acid
TpeoHUHOBa KncennHa
Ribonic acid
Pu6oHoBa kucenunHa
Quinic acid

XvHOBa KucesimHa
Ascorbic acid
Ackop6burHoBa
Phenolic acids
DEHOMHN KUCENNHN

3,5-Dimethoxy-4-hydroxybenzoic acid (Syringic acid)

3,5-[IumeToKcu-4-xnapoKey 6eH3oeHa knucennHa

(CvipviHroBa kucenuHa)

3,4,5-Trihydroxybenzoic acid (Gallic acid)
3,4,5-TpuxugpokcnbeHsoeHa kucenmHa

(FanoBa knucenunHa)
3,5-Dihydroxybenzoic acid
3,5-AnxngpokcnbeH3oeHa kncenmHa

trans -3,4-Dihydroxycinnamic acid (Caffeic acid)
trans -3,4-AuxngpokcrkaHeneHa KnucennHa

(KatheeHa knucenvHa)
Polyols

Monvonu

Glycerol

rnuuepon

Meso-erythritol
Me3so-Eputpon
2-Hydroxyglutaric acid
2-Xnapokcurnytaposa KncenuHa
Arabinonic acid, 1,4-lactone
ApabuHoBa kucenuHa, 1,4-nakToH
Sorbitol

Copbuton

Myo-Inositol
Mwuo-VMHo3uTon
Galactosylglycerol
[anakTo3un rnuuepon
2-Hexadecanoyl glycerol
2-XekcafiekaHun ravuepon
Carbohydrates
Bbrnexugpatu

Arabinose

ApabuHosa

Ribose

Pn6osa

Monosaccharide 1
MoHo3axapug, 1

Fructose 1

PpykTosa 1

Fructose 2

PpykTo3a 2

Fructose 3

dpykTo3a 3
Monosaccharide 2
MoHo3axapug 2
Monosaccharide 3
MoHo3saxapug 3

1482

1551

1757

1855

1943

1896

1951

2007

2134

1269

1493

1566

1630

1943

2088

2313

2584

1677

1701

1738

1803

1810

1817

1844

1847

4,46
5,07
0,23
2,06

0,02

0,40

1,02

0,84

2,37

0,07

3,56
0,37
0,08
2,40
3,32
4,92

0,05

0,10

0,22

0,01

0,11

5,64
0,25
0,04
0,10
34,76
0,22
1,01

0,16

0,20

2,64

5,03

1,70

0,08

0,61
0,18
0,21

0,33

0,02

0,09

0,03

0,06

1,13

1,73

0,97

0,01
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Table3 (continue)
Tabnuua 3 (Mpogb/HKeHnE)

1 2 3 4
Glucose 1891 13,17 2,64 83,65
Imokosa 1
Monosaccharide 4 1893 4,86
MoHo3axapug, 4
Monosaccharide 5 1903 0,54 1,25 0,02
MoHo3axapug 5
Glucose 2 1936 12,59
[noko3sa 2
Galactose 1965 0,34
[anakrosa
Monosaccharide 6
MoHo3saxapwvg, 6 1978 S
Monosaccharide 7 1979 14,55 0,20
MoHo3zaxapug 7
Monosaccharide 8 1983 15,78
MoHo3axapug, 8
Disaccharide 1
[nsaxapug 1 2522 534 2ot
Sucrose 2637 0,03 2,76 2,98
3axaposa
Disaccharide 2 2639 8,11
Onsaxapug, 2
Disaccharide 3
[nsaxapug 3 2641 1606
Threhalose 2740 0,09 0,11
Tpexasnosa
Disaccharide 4 2819 0,06
Onsaxapug 4
Disaccharide 5
[nsaxapug 5 2859 03t
Trisaccharide 1 2874 0,10
Tpusaxapug 1
Trisaccharide 2 2883 0,38
Tpusaxapug 2
Trisaccharide 3
Tpusaxapug 3 2901 037
Trisaccharide 4 2907 0,06
Tpusaxapug 4
Sugar derivative 1 2786 2,76
BbrnexugpartHo npovssogHo 1
Sugar derivative 2
BbrnexuaparHo NnponsBoaHO 2 3134 123
Amino acids
AMUWHOKUCENNHN
Valine 1217 0,07
BasivH
Serine
Copt 1259 0,10
Threonine 1295 0,08
TpeoHnH
Phenylalanine 1365.0 0,02
deHunnanaHuH
Pyroglutamic acid
MupornytamnHoBa kucenmHa 1522 013 1,09
Alanine 1556 0,10
AnaHuH
Sterols
Creponn
2659 183

Megestrol acetate / Merectpon aueTar
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Table3 (continue)
Tabnuua 3 (Mpogb/HKeHnE)

1

Campesterol

Kamnectpon

[B-Sitosterol

B-CutocTepon

Alkaloids

Ankanongmn

Furoquinoline alkaloid (skimmianine)
PYPOXUHONMHOB ankanoung (CKUMUaHUH)
Dictamine 6,7 dimethoxy (kokusaginin)

6,7 AUMETOKCUANKTAMUH (KOKYCarvHuH)
Coumarins Furocoumarins

KymapuHun ®dypokymapuHm

Xanthotoxin (methoxsalen)

KCaHTOTOKCUH (MEeTOKCas1eH)

Bergaptenn

BepranTeH

Fatty acids

MacTHM KncenmHm

Octanoic acid (Caprylic acid, C8:0)

OkTaHoBa kucenuHa (Kanpunosa kucenuHa, C8:0)
Hexadecanoic acid (Palmitic acid, C16:0)
XekcafiekaHoBa kucenuHa (MasMUTUHO KUCEUHA,
C16:0)

Octadecadienoic acid (Linoleic acid, C18:2)
OkTafekaanoHoBa kucenuHa (JInHonoBa KucenuHa,
C18:2)

Octadecatrienoic acid (Linolenic acid, C18:3)
OkTagekaTpueHoBa kucenmHa (J/lInHoneHoBa
KucenmHa, C18:3)

Octadecanoic acid (Stearic acid, C18:0)
OkTafekaHoBa kucenvHa (CTeaprHOBa KUCENWHA,
C18:0)

3245 0,20

3352 0,20 0,13

2299 0,07

2382 0,21

1935 0,48

1955 0,34

1534 0,09 0,62

1922 0,94 1,28

2089 0,05

2120 1,03 0,13

2186 0,15

*Data are expressed as percentage of the total peak area of identified compounds [%)]
*[laHHMTE ca U3pa3eHun KaTo NPOLEHT OT BCUYKU naeHTUULmMpaHnTe cbefuHeHns [%)

Hali-nobpe npeacraBeHata MeTa-
60nMTHa rpyna e Ha BbriexugpartuTe.
N3omepwn Ha thpykTO3a, r/110K03a 1 MHOro
MOHO3axapuau, au3axapugm u Tpusaxa-
puamn 6sixa onpegenexu. Lnpoka rama ot
opraHvyHK, (EHOMHW, aMWHO U MacTHU
KMCeNMHN 65xa ycTaHOBEHW. [onb/Hu-
TeNIHO ca MAeHTUULMPaHN ankanongu,
KyMapuHu 1 CTeponn B eKcTpakTa Ha R.
graveolens. VaeHTuduumpaHnte cbeam-
HEHNs ca B CbOTBETCTBME C Beye [0-
KnagBaHy AaHHW 3a XMMUYHWA CbCTaB Ha
R. graveolens (Ekiert and Kisiel, 1997,
Kostova et al., 1999, Arora and Tandon
2015). OCHOBHUMAT MWK Ha XpomaTorpa-
MaTa Ha ekcTpakta OT P. major Gelwe
naeHTUuumMpaH kato copbuton (3axa-
peH ankoxon). B ekcTpakta Ha J. regia,
OCBEeH BbriiexugpaTtute 6elle naeHtTudm-

The best presented metabolic
group is carbohydrates. Isomers of
fructose, glucose and many

monosaccharides, disaccharides and
trisaccharides were detected. Wide range
of organic, phenolic, amino and fatty
acids were determined also. Additionally
alkaloids, coumarins and sterols were
identified of the extract of Ruta
graveolens. The identified compounds
are in acondance with previously
preportrd data concerning chemical
composition of R. graveolens (Ekiert and
Kisiel, 1997; Kostova et al., 1999; Arora
and Tandon 2015). The main peak of the
chromatogram of P. major extract was
identified as sorbitol (polyhydric alcohol).
In the J. regia extract, besides
carbohydrates, a wide variety of organic
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UMpaHo rofIsMo pasHoobpasne OT opra-
HUYHU U (DEHOSTHU KUCENUHU. A6bnyeHaTa
M TPEOHWHOBA KWUCEIMHW Ca OMNpeAesneHu
KaTo OCHOBHM. docdopHaTta ¥ rasosa
KMCennHu ca fo6pe NpeacTaBeHn CbLLo.

n3BOAU

HacToswoTo npoyysaHe nokasa, 4e
BCUYKM PacTUTEsSIHU eKCTPaKkTW, TecTBaHWn B
nabopartopHn YC/oBKA, umaTt HemarouugHa
edmkacHocT cpeuwly G. pallida. Hait-Bucoka
eMKacHOCT cpelly HenpuaTtens [OeMOHC-
Tpupa ekcTpakTbT OT Juglans regia, nocneg-
BaH OT eKkcTpakTute Ha Ruta graveolens u
Plantago major.

EcukacHoCcTTa Ha pacTuteneHus
ekcTpakT Juglans regia cpewy G. pallida ce
cbobLlaBa 3a MbpBu MbT.

X-MC aHanusa Ha pactuTenHute
eKCTpakTu onpefenn cbCTaBa Ha 4acT OT
cbefuHeHVsTa (rnaBHO HENONSAPHU) B TAX.
MonyyeHnte pdaHHW MoraT fJda 6baar
n3non3saHu B ObAeLln eKCnepuMeHTU Unn
Tesn BewectBa fJda 6baar  XUMUYECKM
CUHTE3UPaHn 1 M3Mos3BaHN 3a KOHTPO/T Ha
pacTuTenHo-napasnTHU HeMaToau.

HeobxoamMmo e npoBexaaHeTo Ha
OONB/HUTENTHN  KU3CNefBaHus 3a  ycTaHo-
BABaHe Ha HemaToumaHata akTMBHOCT Ha
n3cnefBaHuTe ekcTpaktn cpeuwly G. pallida
no kaptoda, npu npoBexaaHeTo Ha in vivo
ONWTU M KOraTo ce npunarat B noysata npu
noJsieBu ycroBus.

and phenolic acids were identified. Malic
and threonic acids were determined as
the most abundant. Phosphoric and gallic
acids were well present also.

CONCLUSIONS

This study showed that all plant
extracts tested in laboratory conditions
has a nematicidal efficacy against G.
pallida. The highest efficacy against pest
demonstrated Juglans regia followed by
Ruta graveolens and Plantago major.

The efficacy of plant extract
Juglans regia against G. pallida was
reported for the first time.

The conducted GC-MS analysis of
plant extracts showed their basic
composition of the compounds and can
be studied in detail in future experiments
or to be chemically synthesized and used

for the control of plant-parasitic
nematodes.

Also is required conducting a
further research to established their

nematicidal activity of tested plant extracts
against G. pallida on potato, when
conducted in vivo experiments and
applying in the soil in field conditions.
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