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Abstract

Garden bean plant®laseolusvulgaris(L.) Savi.) cv. Xera were grown under glasshouse conditions at optimal fertilizer rates
using mineral, organic, and foliar fertilizers previously established in a model pot experiment. It was shown the favorable effect
of the foliar feeding on the biomass accumulation in the different vegetative organs and formation of fresh products with low
levels of nitrates and nitrites. In the leaves of the plants with foliar feeding higher levels of nitrate reductase enzyme activity are
observed which contributes to more intensive nitrogen uptake. No differences are established among the variants with different
fertilizer sources regarding plastid pigment content.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction under unfavorable soil-climatic conditions and other
stress circumstances.

Forms and amounts of applied fertilizers influence ~ The aim of our study is to establish the advantages
to a great extent on the yield and quality of vegetable of different fertilizer sources for the optimal yield for-
plants Wery et al., 1988; Gunes et al., 1995; Sidiras mation with high quality of garden beans plants.
et al., 1999. Vegetable plants response positively to
organic and mineral fertilization. According to some
reports Rankov et al., 1993; Kovacheva et al., 1999; 2. Material and methods
Panayotov, 2001these cultures response positively
also to foliar feeding. At times foliar fertilizers are vi-
tal supplements to standard plant nutrition, especially

Garden bean plant$faseolus vulgaris (L.) Savi.)
ssp. Nanus cv. Xera were grown under glasshouse con-
ditions at optimal water regime without deficiency on
glasshouse soil substrate with pH 6.3. A randomized
"+ Corresponding author. Tekt359-2-979-2616: block_ design with four replicates was _used at plant
fax: +358-2-248-937. density of 10 plants per 1fmEach experimental plot
E-mail address: ira_stancheva@abv.bg (I. Stancheva). was 6.72 m in area and consisted of four rows. Plants

0098-8472/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.envexpbot.2004.02.006
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TP KOETO KOJKHE
- HEQWITPALOH
B CBCTABA HATIOI3EMH]

‘B HOHOOGMEHHU peakiyy 1 IIPH YCNIOBUATA Ha 3a0aBeHHd
. BOXOOOMEH B MIHOLEHCKHTE BOJOHOCHH XOPH30HTH HMAT

1EPHOZEM-CMON HI LI 11
YHACTBIM, B ofpabdonact
Ha A30THH. TGPO3E &

1HEBA O MIHOHA (P USTHHHUTE
[P nCBH 1 OCODSHC MPH H3TIOA3BAHE

TO HM MAT .,»aw..;}(,mo mpaCTBa.
Hpocmyksarda 263 TTOMBEHHA 0 MOAXpaHBaula
OT *H3HEHATA ek

Hurpatuure Houwk ca euun o1 Hafi-KoHCepBaTHBHUTE HOHH
re poar. Te ne ce pawarat, He y4acTsar

CBOHCGTBOTO ha ce HaTpymnBaT. B pesyntaT Ha ToBa
KOHUEHTPALMHTE HM NOCTHIAT JPACTHYHH CTOHHOCTH,
MHEOTOKpaTHO Hagsrinaraiy [ 1K 3a nuteiiire Boau - B HAKOH
OT H3CNCJBAHWTE BONOHM3ITOYHHLM CHABPKAHHETO UM
Hanmunasa 1000 Mr/i/ npu wopma 50 mrin/

Ofmara MHHEpATH3aIHA HA BOOUTE OT TO3H THI HaH-4ecTo
Bapupa 0T 3 70 10 1/71, a B CHCTABA M Ce OTKDHBAT H ITOBHILIEHH
MAarHe3UeBH KOHUEHTpauuH /oT ropaabka Ha 100 - 170 mr/n/
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BJIVSTHUE HA M3TOUYHULMITE W HOPMMUTE HA AZOTHOTO |

TOPEHE BbPXY IOBMBA I KAYR

HMpa Craunaesa', Wsanxa Murosa?, Eruaua Aramacora?, Pocnina Tonuera?, |
M. [lontoe”- Cogs, ? MuetuTyT 1o nousosnanue “H. [Mymxapos”-

Ha pacTenuaTa “Axa.

CTBOTO HAMAPYIIH

HHCTHTYT 10 dhuznonorus
Codus

MapynaTa & OT IHCTHITE 3ENEHUYIY, KOUTO HATDPYTIBAT Hait-
TONIEMH KOTi4eCTBa HATRATH. Hawou asropu (Geyer, 1978 mopu
A OCTABAT Ha MBPBO MACTO CDEI( 3STEHTY LIHTE [0 aKyMyIHpaHe
Ha HuTpatu. Martinetti (1996), Kalembosa and Peska {1996} ,

Gonnella et al (2000) ca ycranosuau, 4e HaTpyNBaxeTo Ha
HUTPATH 3aBHCH IIABHO OT a30THOTO Topede. IpyTy apropH
(Kondela and Petrikova (1999), Slipka et al. (2000), mocousar,
€ METCOPONIOrHYHHTE YCIOBHA, MEPHOAA Ha OTTHEXAAHE, a
CBIIO0 TaKa H COPTA OKA3BAT BIHAHLE BbPXY ChILPIKEHHETO HA
HMTPATH B CAIaTa H Mapylid. YCTaHOBEHA e 3aBUCHMOCT MEHKITY
CHABPKEHHETO HA HHTPATH B PACTHTENHATA NPOAYKLIHA H
MEXaHHYHUA U XUMHYHHA ChCcTaB Ha nourata (Geyer,1978).
3anaceHoCcTTa Ha MOYBATA € JECHONOCTHIIHKH A30THH
ChEAHMHEHHA OKa3Ba CBILECTBEHO BIMHAHUE BBPXY
HATPYNBAHETO HA HHTPATH B 3EMEHYYKOBHTE pacTeHms. TIpu
CcaHaka v MapynsTta ciabo aKyMYNHpPaHE € OTYETeHO NpH
3afac Ha a30T B To4sara no 3 meq/L (Paiixosa v Panros, 1984).
OcHoBHa 1e/T Ha NPOBEACHOTO H3C/EABaHE, € 1 Ce YCTAHOBH
KOHUCHTPALMATA M M3TOUHNKA Ha A307, okalsail Haii-
0.1aronpUATHO BB3AEHCTBHE KAKTO BbPXY M00YRa, Taka H BhpXY
peania NapaMeTpH Ha Ka4eCTBOTO Ha Mapysd,

Marepuan n MeToau :

OnutsT ¢ Mapyit (copr Paris Island cos.) € 3acat na 07.03.2003,

pascamnT € 3acaneH Ha 03.04. 2003 u pacresuara ca npuGpamy
Ha 09.05.2003. PacTenusATa ca OTIMIENAHU MO €4HO B
COHOKHIOTPAMOBH CB/I0BE HA ATYBHANHO JIMBanHa no4sa —pH
(H20) = 7.2 B ueTupuKpaTHa [OBTOPHOCT MPH CHEAHHTE
BApHAHTH:

1. KOHTpOJIA /HETOPEHO/

82

. 100 mg munepansu N/kg nousa

. 300 mg munepanen N/kg rousa

500 mg munepaned N/kg nousa

. 4.2 g fkg nousa ofopexu Top

. 12.6 g /kg moura ofopexi Top

21.0 g /kg nouyra obopcku TOD

8. aucren Top Arponud (Agroleaf)

M HHEepanHHAT a30T NpH BAPHAHTHTE 2, 3 U 4 ¢ BHECEH KaTo
amonues HuTpaT (NH NO ) npu $oHOBO ch3bpiKaHue Ha
dbocdop, xanui u marsesuii kaxto ciexsa 300 mg/kg nousa
P,0,373 mg/kg nousa K, 1 40 mg/kg nousa Mg. CbeTapbt
Ha BHECCHHA NONypasfioxeH ofopeku Top e 06w N —0.64%,
06110 crappranue Ha P,O,—1.84% 1 060 chLabpkarue Ha
K,0 0.51%. JIncTHuAT Top Arpofiud € NpOH3BEAEH OT
aMepuxaHckara komnanva Ckote. Toll € BUCOKO NpeuHCTeH ¢
MHOTO J00pa pasTECPHMOCT H ChOTHOLIEHUE HA OCHOBHHTE
Makpoenemernrtn N:P:K=20:20:20. Xenartupauute
MHKPOEJIEMEHTH ca NpeficTaBeHu B yHHkanta M77 dopayra :
0.190 Fe, 0.06% Mn, 0.06% Cu, 0.06% Zn u 0.02% B, PacTenudra
ca Tpetupand ¢ 0.3% pa3Teop Ha Arponud), TpH TBLTH Ipes
geretauusaTa npes 10 auu 3anousatlixu oT 3-Ta ciep
paszcakaaneTo. BriaxHOCTTa Ha TIo4BaTa € Nourbprxara Ha 70%
HITIB ro TemOBHHKSA METO/ C €3KEAHEBHH MOTHBKH,

[Tpy npHOMpaHETO Ha PACTEHUATA CA ONpeENeHy CIEAHNTE
NOKA3aTeNH: ' '

I. dobus /cBewa Suomaca/, g/pactenie

. ADCOJNIEOTHO CYX0 BEILECTBO -%%

. Buramun C —~mg/100g crexxo tero no Mmetona Ha Mypu
PasTBopHMu 3axaph - mg/100g cyxo Terno mno Merefa Ha
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Biochemical Characteristics Used as Quality Parameters
in White Head Cabbage at Different Nitrogen Rates,
Sources and Ways of Application

Abstract

The study was performed to establish the effect of different
nitrogen rates, sources and ways of nitrogen fertilizer application
as an alter - effect on the biochemical characteristics - considered
as guality parameters of head cabbage. White head cabbage
(Brassica oleracea var. capitata, cv. Kyosse -17) was grown as a
sacond crop after potatoes without additional fertilization - after
effect. Before the first crop sowing the following nitrogen rafes had
applied: N, Ny, N, and N, kg/ha at two nitrogen sources:
ammonium nitrate and urea. Two ways of nitrogen fertilizer
application were tested: single before the sowing and split
application. Theresults from the study show determinative influence
of fertilizer rates on the quality parameters, while the effect of
nitrogen source and way of application were less effective. The
content of nitrates in cabbage leaves was much lower beneath
acceptable limitconcentration. Similar values of quality parameters
under application of urea and ammonium nitrate did not give a
reason to determinate the advantage of the used nitrogen sources.
Two appropriate ways to obtain good quality parameters for head
cabbage - grown as a second crop were suggested: single
application of urea and split application of ammonium nitrate.

Keywords: white head cabbage; quality parameters; after-
effect, fertilizer application

Infroduction

The head cabbage with its chemical composi-
tion, taste and nutritional value appeared to be
among the most valuable vegetables and it is a
good, dietary food (Alipieva, 1986). Cabbage is a
good source for carbohydrates (mainly sugars),
vitamins, minerals, amino acids and other biologi-
cally active substances. Vitamin C content is very
high in cabbage leaves and especially varieties
appropriate for storage are rich in vitamin C
(Volodina, 1987). The head cabbage is a crop with
high nutrient requirements to the nitrogen as well
as potassium and phosphorus because it accumu-

lates large vegetative biomass for a relatively short
period. The right proportion between the nitrogen
and other nutrients leads to the ballanced mineral
nutrition. Unbalanced nitrogen application leads to
the quality deterioration — crude protein increase,
reduction of carbohydrates and accumulation of
nitrates were observed, cabbage turned sleazy
and disposed to bursting Bomme et al., 1987,
Ezepchuk, 1990). Different opinions exist regard-
ing sources and ways of nitrogen application. Some
authors suggested split application of nitrogen
fertililizer—before the sowing and dressing Volodina
(1987), Amirov et al. (1990), Everaats (2000), while
according to the others the nitrogen fertilizer split
application did not increased the yields compared
with the one time spread application before the
sowing Barthacur et al. (1990).

The aim of the present study is to estabiish the
effect of different nitrogen rates, sources and ways
of nitrogen fertilizer application as an after - effect
on the bicchemical changes indicators for quality
of white head cabbage grown as a second crop
after potatoes.

Material and Methods

The field experiment was conducted on an allu-
vial-meadow soil (Fluvisol) in South Bulgaria with
white head cabbage (Brassica oleracea var.
capitata, cv. Kyosse —17) as a second crop after
potatoes without additional fertilization — after ef-
fect. The experiment is a part of complex trials
carried out by the scientific team from the N.
Poushkarov Institute of Soil Science - Sofia with
potatces, cabbage and lettuce grown in compact
vegetable rotation. The arable horizon has the
following agrochemical characteristics: pH (H,O) -
6.20, humus - 0.70%, N total - 8.052%, N mineral
- 10.7 mg/kg and low cation exchange capacity -
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chOTBETEH M3pa3 oT ¢Gopmyna /3/ cnen neneHHe Ha
nabepeHumana Ha Bpemeto dr .

Oute ot BpeMeTo Ha Makcyen e H3BeCTHa ciieHaTa odua
(opMyiia 33 MHTEH3UTETA Ha U3IIAPEHHUE!

ﬂ_ké‘c

dt 4sin@ r’
KBAETO ¢ k € o3HaueH kKoeHUMEHT Ha udy3us Ha
BOJHUTE NapH BbB BB3IyXa.
[To-momy Lie pasrenaMe BLIPOCA 3a BpEME Ha H3[IapeHHe
TPY MO € MOCTOAHEH KOHTAKTEH BbI'bJL
B cnyuaii e npH H3napeHHe ce MEHH CaMo O , BbB

14/

dopmynara /2/ penena Ha dt , 3a C;—T cien aHyJIHpaHe Ha

do

—, [onyyaBame:

dt

W 2
d = _paré (tg3g+3tgg

d = 16 2 2" at
BwmecTo JisiBaTa cTpaHa Ha /5/ I0CTaBAME HETOBOTO PABHO
criopen u3pasa Ha Makcyes BbB Buja /4/:
k 5 c p7r52 3 E

- = = I
o 4sin8r 16 (g 2

MoxeM [a pasriexkiaMe TFOPHHA H3pa3 Karto
IIHCIJBPGHHH&HHO YPaBHEHHE C pasae/ifluu Ce¢ INpPOMEHIIHBH.

Kato npexsbp/iiM HEeW3BECTHATA BEMMYMHA O (1) W HelHHsA

"5/

g.dé
g —) —
e gz)dr

nudeperuman dS(t) OT efHaTa CTPaHA HA PABEHCTBOTO, 2

oudepenuHana OT JpyraTta CTpaHa H HHTErpHpamMe
nojryyasame:
& 1,
' 4k / '
I5d§=— 5 2 < r)é’ jdt
& e (tg3-5+3tg5)sin9 1o

TYK 50, 5] Ca CbOTBETHO AHaAMETPHTEC HA KOHTaKTHaTa

00J1acT Ha KankaTa CbOTBETHO B HAYaNHKs [, M KpaiHuA [
MOMEHT Ha U3MIapeHHe.
Cnen xato HHTErpUpaMe H 3aMECTHM IPaHHUHUTE Ha

HHTETPHPAHE IOJTy4YaBaMe 3a BpEMETO Ha H3NMApEeHHE tn = []

- [, HaTasuMona:

r (82-6%), ;60 g. .
{ =—p——"=(tg” —+3tg —
ity =g P (1g > g2)51ﬂ9.
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Yeon

Pesynrarure OT NPOLBIKUTEIHI HAYUHH H3C/IEIBaHHA
I10KA3BaT, Y€ 3a IOBEYETO 3eeHUYKOBH KYITYPH, B 3aBUCHMOCT
OT NOYBEHO- KITHMATHYHMTE YCIIOBUA, TOPEHETO, PECTIEKTHBHO
a30THOTO TOPEHE Ce ABABA BaXKeH (DAKTOp 3a MOBHILABAHETO
Ha go6upa (Teopruesa u ap.,1978; Xyp6uuknit, 1963).5es
H3MOJN3BaHETO Ha a30THH TopoBe JOoOHBHTE B
3eJIEHUYKONPOH3BOACTBOTO KaTO L0 ¢a Mo~ HHekH ¢ 20-25%
(Bopwcos 1 ap., 1987).

Topa ¥Ma 0COOEHO BXKHO 3HAUEHHUE 32 TTaBECTOTO 3€J1E,
KOETO € MEMKIY Hali-B3HCKATETHHTE KbM XPaHHTEHUSA PEKHM
3eJIeHYYKOBHM BHOBE, U € HAa €IHO OT MBPBHMTE MECTA MO
H3HECEHH OT MOYBATAa XPAHUTENHH €IEMEHTH ¢ n00HBa
(Tletkosa, 1984; Croixos u ap.,2004; Atanasova etal., 2004).

YCTaHOBEHO €, ¥e 33 OTIVIEKAAHETO HA 3eJIETO MEXIy

182

BCHYKH XPaHHTE/THH €IEMEHTH a30ThT € OT MbPBH MHHHMYM
(Bopucoe u 1p.,1987).

[TpekoMepHOTO 3aBHILIABAHE HA a30THUTE HOPMH obaue,
BIMAE€ OTPHLATE]HO BHPXY Ka4eCTBOTO Ha MOJy4YeHaTa
NPOIYKUHA KAaTO BOJH [0 HATPYNBAHE Ha HUTPATH ¥ HUTPHTH,
BJIOLIABA CbXPAHASMOCTTA U CNIOCOBHOCTTA 32 KOHCEPBUpaHe
u ap.( AHTOHOBa W AIp., 1995; [MeTkora, 1984).

ChbueTaBaHEeTO Ha IBaTa KPUTEPHA 3a JOOHB H KaueCTBO
M3HCKBA NPOABKUTEIHH H3CJICIBAHHA BhB BEreTALMOHHH H
MOJICKH YCNOBHA 3a ONTHMATHO ChYETAHUE Ha (akTopuTe
onpeaenamy GopMUpaHeTO Ha KOGHBA W NOMYCTHMHTE
CTOHHOCTH Ha NOKA3aTENHTE 3a Ka4eCTBO.

[len Ha MCNeABAHETO € J1a C€ YCTAHOBAT M3TOYHHMKA M
KOHLEHTpalUHATa Ha a30T OKa3BallM HaH-OnaronpHATHO
Bb3JeHCTBHE KAKTO BbpXy N00HBa, Taka M BbPXY HAKOH
XapakTepHH [TOKa3aTe/TH 3a KaYeCTBOTO MPH [IaBECTO 3ee.



ECOLOGY AND FUTURE, VOL IV, No |
Bulgarian Jeourmnal of Ecological Science
Sofia. 2005

MARIETA HRISTOZKOVA, IRA STANCHEVA,

CAcadd & Bonchevt B, BL 21, 1113 Solic, Bulooric

i,!:y

MARIA BGENEVA
Acadd M Popov ir;sf:fu?@ of f»’.c,,rﬂh;s o;w;w Bulgorion Academy of Scien

5, SCH

Response of Inoculated Pea Plants (Pisum safivum L)
to Foliar Fertilizer Application with Elevated Concentrations

4

Abstract

Acormparative effect of combined root and foliar applied min-
gral elaments with increased follar fertilizer concentrations (0.1~
0.7%) on the plant growth and root nodulation af sarly steps of
nodule formation was studied. Plants grown at combined root
and foliar nutrition & follar fertilizer concentration 0.3% showe
highest valuss of the paramsiars related to ;
fixation: noduls number, nodule fresh weigh
shaot content of soluble sugars and total nitrogsn.

Keywards: Fisum sativum L., Tollar application. nodule for-
mation, shool to root diy welght ratio, tofal nitrogen

dry welgn,

inhroducHon

The formation and functioning of nitrogen ﬁx’ng
nodutes of legume ools is known to be
cessiul under nitrogen-iimiting conditions. M(,m}
4 ;ihorﬂ" {Kijne el al., 1888; Smit et al., 1886, Qﬁm“i

et al., 1992} using f?f?fzob;um ;agumn SSEFUTT b
vicae have shown, that the conditions ussd@r
which Rhfzobia are grown are ofien of prima im-
portance to their ability to attach to root hairs, The
early steps of nodule formation are especially
sensitive 10 the changes of mineral nutrition both
under conditions of nutrent starvation {Thome
and Willlams, 1887) and nutrlent axcess {Streater
1988; Marschner 1885},

The nagatéva effect of higher than 2 mM of soll
NG, - N on nodule nitrogenase activity and syn-
thesis of transport products is also dascribed
{Streeter, 1588}, A perspective way o reducs the
inhibitory effect of soil supplied inorganic nitrogen
on the nodulation and symbiotic nitrogen fixation
i5 tu change the direct place of plant N upiake and

ssimnilation. In agriculture, a common method of
fertilization is the application of nutrients by spray-
ing a solution onto the leaves (foliar nutrition).

VETY SUG-

%

14

One of the estabilished benefits of foliar fertiliza
Hon is the increased uptake of nutrienis from th
soil because of the released more sugars and
other exudates from the rools into the rhizosphere
(Kuepper, 2003). Beneficial microbial populatio
in the root zone is stimulated by the increase
avallability of thase sxudates. Although high rates @
of foliar applied N would cause serious leaf dam-
age, the small rates could stimulate growth with
out inhibiting nodulation.

in these reason the aim of our study is to estab
lish the most appropriate foliar fertilizer congen
tration that ensure normal plant growth and nod
ule development at early steps of nodule forma
tion of the inoculated with a Rh. leguminosarum
by Vicae pea plant seedlings. %

Material and Methods _ %

Seeds of garden-pea Plsum sativurm L. var, Av-
ola were surface sterilized with 4% NaQC! an
germinated in the Petrl dishes at 25°C. Thre
days old seedlings were inoculated with the bac
terial suspension of Rhizobium leguminosarum
by. Vicae strain D 293 at approximately 10° cell
per o, On the 5™ day the seedlings were trans
ferred to 1.2 dm? pots (2 plants par pot) contain
ing liquid nutrient solutions of Helriegel and wen
grown in the greenhouse until the 15" day. T
solution was aerated continuously and rep faced
twice weekly. Nutrient solution of Hellriegel sup
plied to plants was with half strength of nutrients

with the exception of the control variant, which
contained full strength solution. The NO;™ con
centration was 0.5 mM in all-experimental vari
ants. The complementation of nuirents with mi
cronutrients was done according to Hoeagland
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EFFECT OF DIFFERENT FOLIAR FERTILIZER
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ABSTRACT. Garden pea Pisum sativum L. var. Avola inoculated with
bacterial suspension of Rhizobium leguminosarum bv. Vicae strain D 293 were
grown in the greenhouse until the 15" day on liquid half strength nut:ient
solutions of Hellriegel, contained 0,5 mM NOj  in the all experimental variants.
The complementation of nutrients with micronutrients was done according to
Hoagland and Arnon excluding Mo from the nutrient medium. The following
variants were tested: (1) control plants with root nutrition only and presense of
Mo; (2) control plants with root nutrition only without Mo (3) plants with
combined root and foliar nutrition (0,1%Agroleaf); (4) plants with combined
root and foliar nutrition (0,3%Agroleaf); (5) plants with combined root and
foliar nutrition (0,5%Agroleaf). Application of foliar fertilizer in elevated
concentrations had a positive effect on the Mo deficient pea plants. An increase
of nodule number, plant dry weight, total shoot nitrogen and leaf soluble sugars
have been found. The highest nodule number and leaf soluble sugar content was
observed at spraying with 0.3% concentration of Agroleatf.

KEY WORDS: Pisum sativum L, Rhizobium leguminosarum bv. Vicae, foliar
fertilization, plants with reduced Mo supply.

INTRODUCTION
The most importance of molybdenum (Mo) for plants, animals and
microorganisms has been known for a long time (Coughlan, 1980). Molybdenum is a

365
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Quality and Yield of Lettuce in Dependence

of Different Fertilizer Sources
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Abstract

DIMITROV, L, I. STANCHEVA, 1. MITOVA and E. ATANASOVA, 2005. Quality
and yield of lettuce in dependence of different fertilizer sources. Bulg. J. Agric.

Seci., 11: 589-594

The influence of different fertilizer sources on lettuce yield and quality was studied. The field
experiment was carried out on alluvial meadow soil in Tsalapitsa experimental station. The experi-
ment included three fertilizer sources: mineral fertilizer, farmyard manure and foliar fertilization.
The highest yield values from lettuce were obtained in the variants with mineral fertilization. A
beneficial effect of the lettuce quality was observed: high values of soluble sugars and vitamin
C content, low level of cellulose and reduced nitrate content.

Key words: lettuce, fertilizer, nitrate content, cellulose, soluble sugars

Introduction

Application of different fertilizer rates
and sources makes an impact in a differ-
ent way on the yield and quality of leafy
vegetables fresh production in dependence
on soil-climatic conditions of growth. The
nitrate content in lettuce leaves is mainly
influenced by the nitrogen fertilization
(Martinetti, 1996; Pavlovic, 1997;Gonnella
et al. 2000). High rate of nitrate uptake
and slow nitrate reduction in plants is due
to the relatively short vegetative period of

lettuce (Reinken, 1992). It was established
in our previous studies carried out both
under conditions of phytocamber
(Stancheva and Mitova, 2002) and glass-
house (Stancheva et al., 2004) that foliar
fertilization with Agroleaf resulted in high
values of lettuce fresh and dry biomass
with low nitrate content.

The aim of our study is to establish the
advantages of different fertilizer sources
(mineral, organic and foliar fertilization) on
the quality and yield of lettuce under spe-
cific soil-climatic conditions.
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Response of Pea Plants (Pisum sativum L.) to Reduced Supply
with Molybdenum and Copper

MARIETA HRISTOZKOVA, MARIA GENEVA AND IRA STANCHEVA'

Department of Mineral Nutrition and Water Regime, Acad M.Popov Institute of Plant Physiology, Bulgarian Academy of
Sciences, Acad. G. Bonchev Str., Block 21, Sofia 1113, Bulgaria.

'Corresponding author’s e-mail: ira_stancheva@abv.bg

ABSTRACT

The role of molybdenum (Mo) and copper (Cu) in regulation the activities of the enzymes involved in primary nitrogen
assimilation in particular the nitrate reductase (EC 1.6.6.1) and glutamine synthetase (EC 6.3.1.2) was examined. Pea plants
were grown in a phytotron chamber at 12 h photoperiod, day /night temperature 25/18 °C and photon flux density of 95 umol
m” s until 217 day. Plants were grown at full strength Helriegel nutrient solution competed with micronutrients as in
Hoagland and Arnon and reduced Mo and Cu concentrations. Although only extremely small amounts of Mo and Cu are
required for normal plant growth, reduced supply with Mo and Cu to the growth medium decreased activities of the enzymes
(nitrate reductase and glutamine synthetase) involved at initial steps of nitrate assimilation, fresh weight, and plastid pigment
content (total chlorophyll and carotenoids). Accumulation of nitrates in plant tissues enhanced, especially in the variants with

restrictive Cu concentration.

Key Words: Pea (Pisum sativum L.); Molybdenum; Copper, Nitrate reductase, Glutamine synthetase
Abbreviations: NR - nitrate reductase, GS- glutamine synthetase, FW-fresh weight

INTRODUCTION

Plants in balanced proportion require all the essential
nutrients. Continuous shortage of a nutrient or nutrients
might cause nutritional disorders and even plant death. Plant
species differ regarding its Mo and Cu requirements {Gupta
& Lipsett, 1981). According to Gupta (1997) pea
requirement for Mo is medium, while for Cu is low (Ayala
et al., 1992). Molybdenum and copper are among the most
recently recognized nutrient elements essential for the plant
growth and development (Bottrill ef al, 1970; Brown &
Clark, 1977). The role of Mo as a plant nutrient is related to
its function as a metal component of some enzymes that
catalyze nitrogen fixation, nitrate assimilation and reduction.
(Kisker et al., 1997, Campbell, 2001). Mo itself seems to be
catalytically inactive in biological systems until is bound in
complex to a unique pterin compound named Mo cofactor —
MoCo. The presences of MoCo have been reported in seeds
of pea (Svetsov ef al, 1992).

In spate of the known action of Cu on
photosynthetic membranes (Quartacci et al, 2001), on
plasma membrane level and on its lipid composition,
there is a lack of information regarding Cu effects at the
function of copper in nitrogen uptake and assimilation in
legumes. There are some reports about suppressed
nodulation and nitrogen fixation when a copper is
insufficient in the growth medium (Cartwnight &
Hallsworth, 1970). The study is aimed at establishing the
physiological response of pea plants under conditions of
reduced supply with Mo and Cu to the nutrient solution.

MATERIAL AND METHODS

Pisum sativum L. cv. Avola seeds were surface

sterilized with 4% sodium hypochlorite (NaOCl) and
germinated in thermostat at 25°C. Five-day old seedlings
were transferred to a hydroponics system - 0.8 L pots with 5
plants per pot (4 replicates per variant). Plants were grown
in a phytotron chamber at 12 h photoperiod, day/night
temperature 25/18°C and photon flux density of 95 pmol m’
"' until 21™ day. Nutrient solution was prepared after
Helriegel and completed with micronutrients as in Hoagland
and Arnon (1950). The following variants were tested: (1)
control plants — full strength nutrient solution; (2) full
strength solution with twice reduced Mo concentration -
0.085 uM Mo; (3) full strength solution without Mo, (4) full
strength solution with twice reduced Cu concentration —
0.15 uM Cu; (5) full strength solution without Cu.

Enzymes were extracted at 0-4°C from 1.0g leaves
using mortars and pestles and 5 cm’ of optimized extraction
medium 50 mM Tris-HCI (pH 8.0), 1 pM Na,MoO;, 10
mM MgSO,.7H,0, 1 mM EDTA, 10 mM L-cysteine, 1%
PVP-40, 1g Dowex (Frechilla ef al., 2000). The extracts
were filtered through one layer of Miracloth, centrifuged at
20 000g for 20 min, and the supernatant used for the
following respective assays. Nitrate reductase (NR: NADH,
EC 1.6.6.2) activity was measured according to Hageman
and Reed (1980). Glutamine synthetase (GS: EC 6.3.1.2)
activity was determined by a biosynthetic assay based on y-
glutamil hydroxamate synthesis (O’ Neal & Joy, 1973).
Protein content was determined as in Bradford (1976) with
BSA as a standard. The content of nitrates was determined
by Nitrachek from Hawk Creek Laboratory Inc. USA and
leaf tissue nitrate quick test was made.

Total chlorophyll and carotenoids in the pea leaves
were exhaustively extracted in 80% acetone. The pigments
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Comparative Study of Some Quality Parameters
of Lettuce in Dependence on Way of Cultivation
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Abstract

DIMITROV, I, [. STANCHEVA, I. MITOVA and E. ATANASOVA, 2006. Compara-
tive study of some quality parameters of lettuce in dependence on way of cultivation.
Bulg. J. Agric. Sci., 12: 421-427

The influence of different way of cultivation on lettuce yield and quality was studied. Two
field experiments were carried out on alluvial meadow soil in Tsalapitsa experimental station. The
experiments were performed with lettuce, grown as a spring crop and winter crop with applica-
tion of three fertilizer sources: mineral fertilizer, farmyard manure and foliar fertilization.

Significantly higher yield values from lettuce were obtained when lettuce was grown both at
spring and winter lettuce crop in the variants with mineral fertilization. The best quality param-
eters: high values of soluble sugars and vitamin C content, low level of cellulose and reduced
nitrate content were observed in the variants with foliar fertilization.

Key words: lettuce, mineral fertilization, organic fertilization, foliar fertilization, quality

parameters

Introduction

The optimum fertilizer rates application
in vegetable growing are the main factors
for receiving profitable production with low
nitrates content without creating conditions
for pollution of different components of the
ecosystem. When the lettuce was grown
as a third crop in the rotation has lead to
maximum inclusion of nitrogen in the nu-
trients cycle was observed resulted in the
restoration of nitrogen content in the soil
near its background values (Stoicheva, el
al., 2002).

The quality of vegetables is in close de-
pendence on the way of cultivation. Ap-
plication of different fertilizer sources in-
fluenced in a different way lettuce yield
and quality which strongly depended on
soil climatic conditions (Martinetti, 1996;
Stancheva et al., 1997). The most favor-
able effect of foliar fertilization on the qual-
ity of lettuce grown during the spring was
shown in our earlier work (Dimitrov et al.,
2005).

In our previous studies with leafy veg-
etables the optimal fertilizer rates of min-
eral organic and foliar fertilizers that de-
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ABSTRACT

The study evaluated the response of pea (Pisum sativum cv. Avola) to arbuscular mycorrhizal fungi (AM) species
Glomus mosseae and Glomus intraradices and Rhizobium leguminosarum bv. viceae, strain D 293, regarding the
growth, photosynthesis, nodulation and nitrogen fixation activity. Pea plants were grown in a glasshouse until the
flowering stage (35 days), in 4 kg plastic pots using leached cinnamonic forest soil (Chromic Luvisols — FAO) at
P levels 13.2 (P1) and 39.8 (P2) mg P/kg soil. The obtained results demonstrated that the dual inoculation of pea
plants significantly increased the plant biomass, photosynthetic rate, nodulation, and nitrogen fixation activity in
comparison with single inoculation with Rhizobium leguminosarum bv. viceae strain D 293. On the other hand,
coinoculation significantly increased the total phosphorus content in plant tissue, acid phosphatase activity and
percentage of root colonization. The effectiveness of coinoculation with Rhizobium leguminosarum and Glomus
mosseae was higher at the low phosphorus level while the coinoculation with Glomus intraradices appeared to be

the most effective at higher phosphorus level.

Keywords: Pisum sativum; Glomus mosseae; Glomus intraradices; Rhizobium leguminosarum

The endomycorrhizal fungi produce a highly
branched hyphal structure within the plant cell.
This infection creates an absorptive structure with
a very high surface area of transfer for nutrients
between the plant and the fungus. Mycorrhizal
fungi hyphae secrete acid and alkaline phosphatases
(APA and ALP) into the rhizosphere. It was estab-
lished that APA activity increases in roots growing
under P stress (Woolhouse 1975). Therefore, the
regulation of these enzymes is critical to a plant’s
survival in soils with limited P resources (Duff et
al. 1991). There is extensive evidence for a de-
crease in the number of arbuscules under high
external P (Bethlenfalvay et al. 1990, Smith and
Smith 1996).

Phosphorus has a key role in the energy metabo-
lism of all plant cells, and particularly in nitrogen
fixation (Dilworth 1974). It was established that

nodulating legumes require more P than legumes
growing on mineral nitrogen (Al-Niemi et al. 1997).
The AM fungi associated with legumes are an
essential link for effective phosphorus nutrition,
leading to enhanced nitrogen fixation that in turn
promotes root and mycorrhizal growth. Synergistic
effect of dual colonization of roots with AM fungi
and Rhizobium on growth, nutrient uptake and
nitrogen fixation in soybean (Bethlenfalvay et al.
1990) and pea (Xavier and Germida 2003) were
reported. The effectiveness of the tripartite sym-
biosis — AM fungi, Rhizobium and plant, depends
on the competition of the three symbionts for
carbon (Jakobsen and Rosendahl 1990). Roots
with AM fungi receive about 4—20% more photo-
synthates than comparable non-mycorrhizal roots
(Smith and Reed 1997). Jakobsen and Rosendahl
(1990) estimated that AM fungi could use up
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MeToau 3a onpeaensHe Ha reHOTUNOBE COA,
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Methods for Determination of Tolerant to Water and Temperature
Stress Genotypes of Soybean
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Abstract

Two types of pot experiments were carried out: vegetation glass house experiments, supported
with two soil moisture regimes: 50% and 80% FC and in climatic chamber under 50% FC soil mois-
ture and air humidity < 40% and air temperature 27-35 °C during the period “flowering- pod forma-
tion”. The experiments were conducted with 10 genotypes: 5 resistant to water stress (dry resistant
- DR) and 5 responsive to irrigation (RI). Prolin and electrolyte content in the plant leaves were

determined to evaluate plant water stress.

The experimental results for DR- and RI- genotypes showed that the standard pot experiments in
glass house under soil water deficit and those in climatic chamber under soil and air water deficit
with parallel determination of prolin and electrolyte content in the plant leaves were one good system

for screening of dry tolerant genotypes.

Keywords: water stress, genotypes of soybea, pot experiment

Cywara e eQuH OT Hal-BaxHWUTe akTopw,
NUMUTUPALLM NPOU3BOACTBOTO Ha 3bPHO OT
CericKOCTOMaHCKMTE KynTypu He camo Yy Hac, HO
1 B cBeTOBeH mawab. Ycunuarta Ha ronsm bpoi
YYEHW MOHACTOSILLEM Ca HACOYEHWU KakKTO KbM
u3yvaBaHe Ha pmamonoruyHaTta agantauua Ha
pacTeHusaTa KbM BOLEH CTPEC, Taka CbLLO U KbM
cb3fasaHe Ha eheKTUBHM MeTOAM 3a OLleHKa Ha
TONEepPaHTHOCTTa UM B CENEKLIMOHHUTE Nporpamu.
Peauua astopu B YyxbuHa 1 y Hac cboblyasaTt
3a TorepaMTHW Ha cyla obpasuyu cos [2, 7, 9,
14, 15]. KaTo CyxoycTol41BU Ce onpeaensT cop-
ToseTe Evans u Hodgson ot CALL, ykpauHckute
- XepcoHckas 2, CesepHas 5 [4], a npe3 noc-

14

negHuTe roguHu u 6bnrapckute coptoee [lae-
nukenn 121 u Oannena 97 [7]. HanpaBeHuat
ckpuHUHT Ha 300 reHoTunose cos ot Carter et al.
[11] e eauHCTBEH NO poAa cu, Bb3 OCHOBA Ha KOW-
TO ce Ka3Ba, Ye 416937(PI) e yHukaneH no Hero-
BaTa Bb3MOXHOCT [la 3aA4bpa BoAa no speme
Ha 3acyllaBaHe BbB (pasa HanmeBaHe Ha 3bPHOTO.

Bates et al. [10], Hanson et al. [13] onpegensar
CTeneHTa Ha CyXOyCTOMYMBOCT NPWU pacTeHusTa
Bb3 OCHOBRA Ha KOHLEHTpauusaTa Ha HaTpynaHus
nponuH. Mo KoNU4ecTBEHUTE U3BMEHEHUA Ha Cb-
ObpXXaHUETO My B NUCTaTa Ha pacTeHuaATa, CTpa-
falm oT BoAeH cTpec, e paspaboTeH meToj 3a
onpeaensiHe Ha CyxoyCcTORYMBOCTTa — “NPONUHOB
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EFFECTS OF COMBINED INOCULATION OF PEA PLANTS
WITH ARBUSCULAR MYCORRHIZAL FUNGI AND
RHIZOBIUM ON NODULE FORMATION AND NITROGEN
FIXING ACTIVITY

1. Stancheva*, M. Geneva, G. Zehirov, G. Tsvetkova, M. Hristozkova, G. Georgiev

Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad.
G. Bonchev Str., Bl. 21, 1113 Sofia, Bulgaria

Summary. The response of pea (Pisum sativum cv. Avola) to arbuscular
micorrizal fungi (AM) species Glomus mosseae and Glomus intraradices
and Rhizobium leguminosarum bv. Viciae, strain D293 regarding growth,
nodulation and nitrogen fixing activity was studied. Pea plants (Pisum sativum
cv. Avola) were grown in a glasshouse until flowering stage (35 days) in 4
kg plastic pots using leached cinnamonic forest soil at low phosphorus level
(60mg P,0O, kg soil'!). The obtained results demonstrated that dual inocula-
tion of pea plants increased plant biomass, nodulation parameters, N, fixa-
tion activity at varying levels compared to plants submitted to single inocu-
lation with Rhizobium leguminosarum, strain D293, and depended on AM
fungi species. Coinoculation increased significantly total P content in plant
tissues and percentage of root colonization. Coinoculation efficiency of
Rhizobium bacteria and Glomus mosseae was higher compared with Glo-
mus intraradices regarding biological N, fixation and AM colonization at
the tested P concentration.

Keywords: Glomus intraradices, Glomus mosseae, Pisum sativum, Rhizo-
bium leguminusarum
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RESPONSE OF INOCULATED PEA PLANTS (PISUM
SATIVUM L.) TO ROOT AND FOLIAR FERTILIZER
APPLICATION WITH REDUCED MOLYBDENUM
CONCENTRATION

M. Hristozkova*, M. Geneva, I. Stancheva
Acad. M. Popov, Institute of Plant Physiology, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., block 21, Sofia, 1113, Bulgaria.

Summary. The effects of foliar absorbed nutrients on root processes re-
lated to assimilation of nitrogen under presence or absence of molybdenum
(Mo) were studied. Pea plants (Pisum sativum L.), var. Avola were grown
until the 15™ day in a glasshouse on liquid nutrient solution both without
and with Mo added to the media. Plants were inoculated with bacterial sus-
pension of Rhizobuium leguminosarum bv. Viciae strain D 293 at approxi-
mately 10% cells per cm?. Application of a liquid foliar fertilizer at a concen-
tration of 0.3% was performed twice a week by spraying under high pres-
sure. The effects of foliar supplied nutrients in addition to root nutrition on
dry biomass accumulation, protein content, root nodulation and activities of
the enzymes of primary nitrogen assimilation (nitrate reductase
(NR - NADH, EC 1.6.6.1), and glutamine synthetase (GS: EC 6.3.1.2) dur-
ing the early stage of nodulation were studied. Foliar application of nutri-
ents had a positive effect on the activities of NR and GS enzymes in shoots
of Mo-supplied plants. It was found that foliar application of nutrients re-
duced the inhibitory effect of Mo shortage on root nodulation, plant dry
biomass and protein content. The negative influence of Mo exclusion from
the nutrient media on biomass accumulation and nodule formation was di-
minished through the foliar absorbed nutrients.

Keywords: pea (Pisum sativum L), foliar fertilizer, nitrate reductase, glutamine
synthetase, molybdenum.
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RESPONSE OF INOCULATED FOLIAR
FED PEA PLANTS (PISUM SATIVUM L.)
TO REDUCED MO SUPPLY

MARIETA HRISTOZKOVA, MARIA GENEVA,
IRA STANCHEVA* and G. GEORGIEV

Department of Mineral Nutrition and Water Relations, Acad. M. Popov Institute of Plant Physiology,
Bulgarian Academy of Sciences
Acad. G. Bonchev str., block 21, 1113 Sofia, Bulgaria

(Received: June 22, 2006; accepted: July 14, 2006)

The application of nutrients to the roots and leaves of inoculated pea plants grown under conditions of
reduced Mo supply was studied. Pea plants (Pisum sativum L.) were grown on liquid nutrient solution
excluding Mo from the media until the 35th day under glasshouse conditions. Plants were inoculated with
the bacterial suspension of Rhizobium leguminosarum Bv. Vicae, strain D293 at approximately 103 cells
per cm?. The foliar fertilizer Agroleaf® was applied at 0.3% concentration. Changes in the root nodula-
tion and the activities of the enzymes connected with nitrogen assimilation pathway (nitrate reductase —
NR-NADH: EC 1.6.6.1; glutamine synthetase — GS: EC 6.3.1.2; glutamate synthase - NADH-GOGAT:
EC 1.4.1.14 and nitrogenase — NG: EC 1.7.99.2) were observed. It was established that the foliar appli-
cation of nutrients reduced the inhibitory effect on the root nodulation and nitrogen assimilatory enzyme
activities due to the Mo shortage.

Keywords: pea — foliar fertilizer — nitrogen assimilation — molybdenum

INTRODUCTION

The most important highly regulated enzymes of N metabolism in higher plants are
nitrate reductase (NR), glutamine synthetase (GS) and glutamate synthase (GOGAT)
[18]. In legumes ammonia can be formed by the direct fixation of atmospheric dini-
trogen atoms within root nodules [12]. With the addition of nitrates to the plant tis-
sues ammonia is generated by the concerted reactions of nitrate reductase and nitrite
reductase. It is established that the major pathway for ammonia incorporation into
non-toxic organic compounds occurs through GS-GOGAT cycle [9, 16].

Changing the site of primary N assimilation can affect the activities of some key
enzymes of nitrogen metabolism in the roots and shoots. Foliar application of nutri-

* Corresponding author; e-mail: ira_stancheva@abv.bg
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Nitrogen Assimilatory Enzymes and Amino Acid
Content in Inoculated Foliar Fertilized Pea Plants
Grown at Reduced Molybdenum Concentration

Marieta Hristozkova, Maria Geneva, Ira Stancheva,
and Georgy Georgiev

Acad. M. Popov, Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad.
G. Boncheyv, block 21, Sofia, 1113, Bulgaria

ABSTRACT

A possibility to improve nitrogen assimilation in nitrogen fixing Molybdenum (Mo)
deficient pea plants was shown. The influence of foliar supplied nutrients in addition
to root nutrition resulted in reducing the unfavorable effects of inorganic nitrogen on
nodule function and Mo deficiency on the nitrogen assimilatory enzymes. Inoculated
pea plants were grown on liquid nutrient solution both with and without Mo. The fol-
lowing variants were tested: Mo supplied plants with root nutrition (F1 + Mo); Mo
supplied plants with root and foliar nutrition (F2 + Mo); Mo deficient plants with root
nutrition (F1 — Mo); and Mo deficient plants with root and foliar nutrition (F2 — Mo).
Foliar application of nutrients had a positive effect on the glutamine synthetase and
glutamate synthase enzyme activities in the roots and nodules of Mo deficient plants. It
was found that the foliar fertilization reduced the inhibitory effect of Mo shortage on
the aspartate/asparagine content in the pea shoots.

Keywords: amino acids, foliar fertilizer, glutamate synthase, glutamine synthetase,
molybdenum, pea (Pisum sativum L)

INTRODUCTION

Amino acids in plant tissues are determined by complex interplay of fac-
tors, which may be influenced by nutrition, developmental stage and by
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CONTENT OF NITROGENOUS FORMS AND AMINO ACIDS IN HEAD CABBAGE -
CHANGES AS A RESULT OF NITROGEN FERTILIZATION
Emilia Atanasoval, Ira Stancheva®
'N. Poushkarov Institute of Soil Science, National Center of Agricultural Sciences,
7-Shosse Bankya str. 1080 Sofia, Bulgaria
“dcad. M, Popov Institute of Plant Physiology, Bulgarian Academy of Sciences,
Acad. G. Bonchev str., Bl. 21, 1113 Sofia, Bulgaria

Introduction

Nitrogen is very important element for plant growth and development and plays a key role in the
synthesis of amino acids, proteins, pigments, hormones and DNA. Plants received nitrogen from the soil
rather as NOs-N than as NH,; -N. Forms and amounts of applied fertilizers influence to a great extent on the
vield and quality of vegetable plants. Vegetable plants response positively to organic and mineral
fertilization. The head cabbage with its chemical composition, taste and nutritional value appeared to be
among the most valuable vegetables and it is a good, dietary food (Alipieva, 1986). Cabbage is a good source
for carbohydrates (mainly sugars), vitamins, minerals, amino acids and other biologically active substances
(Huxsoll et al., 1989). The head cabbage is a crop with high nutrient requirements to the nitrogen as well as
potassium and phosphorus because it accumulates large vegetative biomass for a relatively short period. The
right proportion between the nitrogen and other nutrients leads to the ballanced mineral nutrition.
Unbalanced nitrogen application resulted in quality deterioration. The content of amino acids is a good
indicator for the quality of vegetables. In most non-leguminous crop plants, the dominant organ in amino
acid synthesis and distribution is the leaf (Noctor and al., 2002). Leaf amino acid content increase with
enhanced supply of nitrogen during growth. In plants, fluctuations in the amino acid proportion might reflect
changes in the source of nitrogen for growth (Peoples et al., 1987). The composition of amino acids is
genetically determined, but the content varied in dependence on several factors as fertilization and different
soil — climatic conditions (Shmatko et al., 1986). Some authors established significant changes in amino acid
composition as a result of sources and rates of nitrogen fertilization (Atanasova and Bubarova, 1990,
Alehina, 1992).

The aim of our study is to establish relationship between different nitrogenous forms (protein and non-
protein N) and the content of amino acids synthesized in head cabbage leaves after treatment with different
forms and amounts of nitrogen fertilizers.

Material and methods

Head cabbage plants, hybrid Orion F; are grown in 3 kg plastic pots under glasshouse conditions on an
alluvial meadow soil from Chepinci — Sofia region until head formation stage. All treatments were carried
out in four replications. Nitrogen was applied as ammonium nitrate and calcium nitrate in the following
increased rates: 250, 500, 750 and 1000 mg.kg" soil on the background of the control without fertilization.
Potassium and phosphorus were applied at the rate 400mg kg 'soil. Initial accessible NPK reserves are as
follow: nitrogen (NH;"-N - 8.9 mg.lOOOg'1 soil, NO;- N — 26.5 mg.lOOOgI soil), P,Os - 16.6, KO —
25.5mg.100g" soil. Exchangeable Al is zero, i.e. no exchangeable acidity in this soil type was found. At
cabbage harvest the following parameters were measured: total nitrogen — spectrofotometrically after Kjeldal
digestion, protein nitrogen — after Bernstain, crude protein = protein nitrogen x 6.25. Total amino acid
content (free and binded into proteins) was determined after preliminary acid hydrolysis with 6n HCI by the
aminoanalytic chromatograph “Hromaspect” according to the method of absorption gromatography.

Data are expressed as means + standard error where n=4. Comparison of means were performed by the
Fisher LSD test (P< 0.05) after performing multifactor ANOVA analysis.

Results and Discussion . _
Total nitrogen content varied between 1.17% in the control variants and 3.22% in the variants with the
highest rate of fertilization with NH;NO; (table 1). The total N content increased with the increase of
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Effect of different fertilizer sources on the qulaity of
head cabbage

Emilia Atanasova®, lvanka Mitova*, llko Dimitrov* and Ira Stancheva**

* N. Poushkarov Institute of Soil Science, National Center of Agricultural Sciences, 7-Shosse Bankya str. 1080 Sofia, Bul-
garia; ** Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad. G. Bonchev str., Bl. 21, 1113 Sofia,
Bulgaria; **Email: ira_stancheva@abv.bg

Abstract

The influence of different fertilizer sources on head cabbage (Brassica oleracea var. capitata, cv. Pructor) yield and quality was
studied. The field experiment was carried out on alluvial - meadow soil (fluvisol —FAO) pH 6.5. The trial included mineral fertilizer,
farmyard manure and foliar fertilizer. The highest yield values were obtained with mineral fertilization. The best quality parameters
in the cabbage leaves — dry weight, total soluble sugars, cellulose, vitamin C and nitrates content were obtained in the treatments with
foliar fertilization followed by the treatments with organic fertilization. The observed decrease of N and K residuals after the harvest
of head cabbage crop in comparison with the initial soil reserves indicated complete absorption of fertilizers supplied and this is a

very important result from ecological point of view.

Key words: Head cabbage, quality parameters, foliar fertilization, fertilizer application

Introduction

Forms and amounts of applied fertilizers influence the yield
and quality of vegetable plants to a great extent (Sidiras et
al., 1999). Vegetable plants response positively to organic and
mineral fertilization. According to some reports (Kovacheva et
al., 1999; Panayotov, 2001) these crops also respond positively
to foliar feeding. The head cabbage is considered among the
most valuable vegetables becuase of its chemical composition,
taste and nutritional value (Alipieva, 1986). Cabbage is a good
source for carbohydrates (mainly sugars), vitamins, minerals,
amino acids and other biologically active substances (Huxsoll ez
al., 1989). Vitamin C content is very high in cabbage leaves and
especially varieties appropriate for storage are rich in vitamin C
(Volodina, 1987). The head cabbage is a crop with high nutrient
requirements to the nitrogen as well as potassium and phosphorus
because it accumulates large vegetative biomass in a relatively
short period. The right proportion between the nitrogen and other
nutrients leads to the ballanced mineral nutrition. Unbalanced
nitrogen application resulted in quality deterioration - reduction
of carbohydrates and accumulation of nitrates were observed,
cabbage turned sleazy and disposed to bursting (Soyergin et
al.,1999; Rozek et al., 2001).

The aim of the present study was to investigate the effect of
different fertilizer sources (mineral, organic and foliar fertilizers)
on the yield and quality parameters of head cabbage.

Material and methods

White head cabbage (Brassica oleracea var. capitata cv.-Pructor)
plants were grown in a field experiment on alluvial —- meadow soil
(fluvisol — FAO) with pH 6.5 and low content of total nitrogen and
humus — 0.052 and 0.70%, respectively. The alluvial — meadow
soil is distinguished with relative density 2.53- 2.71 and volume
density within the range 1.54-1.66g cm™.

Soil samples were collected both before the planting and after
the harvest of the cabbage. The arable horizon (0-30 cm) had the
following agrochemical characteristics: NH," - N = 12.35 mg
kg soil, N-NO," =18.53 mg kg™ soil. The content of movable
P and K forms were P,O, = 63 mg kg and K,0 = 265 mg kg™
soil. Soil samples have been collected for determination of soil
mineral nitrogen (spectrophotometrically after Kjeldal digestion),
phosphorus and potassium after acetate - lactate method (Ivanov,
1984).

A randomized block design with 4 replicates was used at plant
density 33 x 10° plants per hectare. Each experimental plot was
40 m? in area and consisted of 12 rows (11 plants in row). Plants
were grown at optimal fertilizer rates previously determined
in model pot experiments (Mitova et al., 2005). The following
treatments were tested:

B, - Control, without fertilization.

B, - Mineral nitrogen, applied as NH)NO,, 150 kg ha" active
substance, P as one time application as a triple super phosphate
and K applied as a K, SO, (100 kg ha' P,O, and 100kg ha" KO,
respectively). For the nitrogen and potassium fertilizers split
application was performed: for NH NO, 2/3 as a base fertilization
+1/3 as a dressing and for K,SO, 1/2+1/2, , respectively.

B,- Farmyard manure —24t ha™'. (The composition of the farmyard
manure was: total N — 0.64%, total P,O,— 1.84% and K,O -
0.51%.). The farmyard manure fertilized rate was calculated to be
relevant to the NPK content in the applied mineral fertilizers.

B,- Foliar fertilizer Agroleaf (Agroleaf total) from Scotts
company, Ohio, USA and distributed by VLADI Company
in Bulgaria. Agroleaf distinguishes with high purity, N:P:K
—20:20:20 + all important microelements. Agroleaf chemical
characteristics have been described in details in our previous
study (Stancheva et al., 2004).
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Effect of Soil Fertilizer, Foliar Fertilizer,
and Growth Regulator Application on Milk
Thistle Development, Seed Yield, and
Silymarin Content

Maria Geneva, Grigor Zehirov, Ira Stancheva, Lubomir Iliev,
and Georgi Georgiev
Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of
Sciences, Sofia, Bulgaria

Abstract: An important consideration for milk thistle (Silybum marianum L.) cultiva-
tion is regulating development to lengthen the reproductive stage and increase seed
yield with high silymarin content. The treatment of milk thistle with foliar fertilizers
and growth regulators—thidiazuron (Dropp®), 2.3,3-triiodobenzoic acid (Tiba®),
mepiquat chloride (Pix®), and prohexadione-Ca (Regalis®)—resulted in an increase
in the proportion of mature flower heads. Highest seed yield was observed in plants
treated with Pix® and mineral soil fertilization, whereas in plants treated with foliar
fertilizers, highest yields were observed with Pix® and Regalis®. The highest
content of silymarin was found in plants treated with Dropp™ and foliar fertilizer.
Generally, treatment of milk thistle with plant-growth regulators in combination
with soil or foliar mineral fertilizers increased the total amount of silymarin by increas-
ing seed yield per hectare.

Keywords: Dropp®, Pix®, Regalis®, Silybum marianum L. silymarin, Tiba®

INTRODUCTION

Milk thistle plants produce seeds that are an important source of silymarin,
which is used in modern pharmaceutical industries. Silymarin is a group of
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Influence of foliar fertilization and growth effector S-tert-butyl-/NV-m-
tolylpyrazine-2-carboxamide on the milk thistle (Silybum marianum L.)
seed yield and quality

Ira Stancheva', Georgi Georgiev', Maria Geneva', Albena Ivanova', Martin Dolezal’,
Lenka Tumova®

! 4cad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences
? Faculty of Pharmacy in Hradec Kralove, Charles University in Prague

ABSTRACT

The aim of this study was to evaluate the effects of foliar fertilization and a growth effector 5-
tert-butyl-N-m-tolylpyrazine-2-carboxamide (MD148/11) on the growth, seed yield and
silymarin content of field grown milk thistle (Silybum marianum L. Gaertn.) plants. Foliar
fertilizer Agroleaf® was applied at different plant developmental stages. with different
proportions of N, P, K. Combined application of foliar fertilizer with MDI48/Il in
concentration 1.10° M affected most positively growth, number of plant lateral shoots and
flower heads per plant. Treatments with foliar fertilizer and MD148/I1 resulted in
improvement of whole plant biomass, and seed yield and quality. The increase of seed yield
per unit area was a result of the flowering rate improvement and flower head setting per plant.
Dry seeds contained more total flavonoids and silymarin compounds. Analysis of the fatty
acid composition of milk thistle seed oil showed some increase of the fraction of saturated
over the polyunsaturated fatty acids and the content of high molecular fatty acids declined.

Keywords: milk thistle (Silybum marianum L. Gaertn.), 5-tert-butyl-N-m-tolylpyrazine-2-
carboxamide, foliar fertilization, seed yield, silymarin, fatty acids

INTRODUCTION

Silymarin, derived from the seeds of milk thistle plant (Silybum marianum L. Gaertn.) has
been used widely for the treatment of toxic liver damage (Dewick 1998). The dried seeds
contain 1- 4% of silymarin flavonoids. Silymarin primarily consists of an isomeric mixture of
six phenolic compounds: silydianin, silychristin, diastereoisomers of silybin (silybin A and
B), and diastereoisomers of isosilybin (isosilybin A and B) (Lee et al., 2007). In our previous
field experiments (Geneva et al. 2008) it was found that the treatment of milk thistle plants
with thidiazuron and foliar fertilizer resulted in higher silymarin content in the seeds.
Although the effects of growth regulators on the growth and development of plants are well
stated, their applicability as plant secondary metabolite effectors is still unknown. Recently
Dolezal et al., (2002, 2007), synthesized and tested biological activity of amides derived from
substituted pyrazinecarboxylic acid. Additionaly, Tumova et al, (2005) found that the newly
synthesized compound 5-tert-butyl-N-m-tolylpyrazine-2-carboxamide (MD148/1l, Figure 1)
increased flavonolignan production milk thistle suspension culture. '
On the basis of the results of the previous studies regarding biological activity of the
substituted pyrazine -2- carboxamides in a milk thistle callus culture we carried out
experiments aiming to evaluate the combined effects of abiotic elicitor MD 148/11 (3-
methylphenylamide S-tert-butylpyrazine-2-carboxylic acid) and foliar fertilization on seed
yield, flowering rate, silymarin content and composition of fat in the seeds of milk thistle
grown in field experiments.
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EFFECTS OF FORE-CROP FERTILIZATION ON THE YIELD
AND QUALITY OF KIDNEY BEANS UNDER VEGETABLE
CROP ROTATION CONDITIONS
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Kidney beans (Phaseolus vulgaris (L.) Savi.) ssp Nanus cv. Lodi were grown as a
mid-early second crop after lettuce on an alluvial meadow soil with pH(y;0) = 6.4 and a
plant density of 22 plants per m”. The bean crop was grown without fertilization, but the
lettuce crop was treated with mineral, organic or foliar fertilization. The application of
different fertilizer sources to the fore-crop resulted in high yields of the subsequent bean
crop, with good quality parameters and without polluting the arable soil layer with
fertilizer residues. Foliar fertilization applied to the fore-crop resulted in a lower
accumulation of nitrates in fresh beans in comparison with the other fertilizer sources.
Organic fertilization supplied during the cultivation of the previous crop had a stronger
effect than mineral fertilization on certain quality parameters of the kidney bean plants,
such as dry matter, vitamin C content, and the accumulation of nitrates.

Key words: kidney beans, lettuce, fertilizer sources, crop rotation, quality
parameters

Introduction

Several factors are responsible for the quality of fresh vegetable produce.
Among these factors, fertilizer forms and rates play an important role in ensuring
an optimal nutritional regime for successful plant development and in
influencing the yield and quality of vegetables (Sidiras et al., 1999). Horticulture
may result in the accumulation of nitrogen fertilizer residues in the root zone
after the crop harvest. Eddy (2000) and Stancheva et al. (2004) reported on the
effects of foliar fertilization on the duration of the plant growth period and on
improvements in fruit quantity and quality. Reducing the supply of fertilizers
and crop cultivation after a fore-crop is also a promising way to improve the
quality of vegetables. When lettuce was grown as a third crop in the rotation, the
maximum inclusion of nitrogen in the nutrient cycle was observed and the
nitrogen content in the soil was restored to close to its background values
(Stoicheva et al., 2002).

0238-0161/$ 20.0002008 Akadémiai Kiado, Budapest
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RESPONSE OF ALFALFA (MEDICAGO SATIVA L)
GROWTH AT LOW ACCESSIBLE PHOSPHORUS
SOURCE TO THE DUAL INOCULATION WITH
MYCORRHIZAL FUNGI AND NITROGEN FIXING
BACTERIA

1. Stancheva’, M. Geneva', E. Djonova’, N. Kaloyanova’,
M. Sichanova’, M. Boychinova', G. Georgiev'

'Department of Plant Mineral Nutrition and Water Relations, Acad M. Popov
Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad. G.
Bonchev str., bl. 21, Sofia 1113, Bulgaria

’Department of Soil Microbiology, N.Poushkarov Institute of Soil Science,
7 Shosse Bankya str., 1080, Bulgaria

Summary. The study evaluated the response of alfalfa
(Medicago sativa L) to arbuscular mycorrhizal fungi (AM)
species Glomus intraradices and Sinorhizobium meliloti, strain
1021 regarding the dry biomass accumulation, mycorrhizal
fungi colonization, nodulation and nitrogen fixation activity.
Alfalfa plants were grown in a glasshouse until the flowering
stage (58 days), in 4 kg plastic pots using leached cinnamonic
forest soil (Chromic luvisols — FAO) at P levels 42 mg PO,
kg! soil (applied as 133 mg kg soil"! tunisian phosphorite). The
obtained results demonstrated that the dual inoculation of alfalfa
plants significantly increased the percent of root colonization
and acid phosphatase activities in the root tissue and in the soil in
comparison with a single inoculation with Glomus intraradices.
Coinoculation also significantly increased the total phosphorus
and nitrogen content in plant tissues. Under conditions of dual
inoculation high nitrogenase activity was established, especially
in the floral budding stage as compared to the single inoculation

*Corresponding author, e-mail: ira_stancheva@abv.bg
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EFFECTS OF SINORHIZOBIUM MELILOTI STRAINS
(1021 AND NitR) ON NITROGEN ASSIMILATION

OF ALFALFA PLANTS UNDER CONDITIONS OF
MINERAL ELEMENTS SHORTAGE

M. Hristozkova'', M. Geneva', I. Stancheva’

'Acad M.Popov Institute of Plant Physiology, Department of Mineral
Nutrition and Water Regime, Acad. G. Bonchev Str., Block 21, Sofia 1113,
Bulgaria

Summary. Two Sinorhizobium meliloti strains (1021 and NitR)
were used for inoculation of alfalfa plants to study nitrogen
assimilation under nutrient deficiency conditions in hydroponics
experiments. The wild type Sinorhizobium meliloti 1021 was
compared with a mutant strain — S. meliloti NitR. NitR protein
was found to be a regulator of S. meliloti hmgA expression under
nitrogen deprivation conditions, suggesting the presence of a
ntr-independent nitrogen deprivation regulatory system. nifR
insertion mutations were shown not to affect bacterial growth,
nodulation of Medicago sativa plants, or symbiotic nitrogen
fixation under the physiological conditions examined. The
relationship between free living and symbiotic bacterial forms
was revealed indirectly by the changes of nitrogen fixation
and assimilation under conditions of nutrient deficiencies.
Before seeds inoculation, bacteria were cultivated in Vincent
minimal media with limited nitrogen source. The alfalfa plants
were grown on a nutrient solution in the presence or absence
of molybdenum. The differences between the two symbiotic
systems were established by the variations of nodule formation
and enzyme activities participated in nitrogen fixation and

*Corresponding author, e-mail: mhristozkova@abv.bg
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assimilation (nitrogenase — NG: EC 1.7.99.2; glutamine synthetase —
GS: EC 6.3.1.2; glutamate synthase - NADH-GOGAT: EC 1.4.1.14
and nitrate reductase — NR-NADH: EC 1.6.6.1). Negative effects of
Mo shortage on the rate of nitrogen fixation and nitrate reduction in
both symbiotic systems were found. When plants were inoculated
with strain S. meliloti NitR and grown under nitrogen limiting
conditions, the highest stability of nitrogen fixation and nitrogen
reduction was determined in conformity with characterization of
this mutant strain.

Key words: alfalfa; strain effect; nitrogen assimilation, mineral
elements shortage. VA multifactor analysis.

INTRODUCTION

The role of biological nitrogen fixation is well-known for a long time as
a nonpolluting and cost-effective way to improve soil fertility. Rhizobia,
such as S. meliloti, must be able to persist and compete for scarce nutrients
in the bulk soil, compete for colonization of the rhizosphere and plant
infection, and adapt their metabolism to the nutritionally more favorable,
distinct conditions within the plant cells in the nodule. These three different
modes of existence exemplify the need for a high degree of physiological
adaptability, specific genetic mechanisms to sense changes in environmental
conditions, and the ability to respond rapidly. These characteristics led to a
search for S. meliloti genes specifically expressed under nutrient limitation
conditions (Milcamps etal., 2001). Recently, a gene, named nitR, involved in
direct or indirect regulation of 4imgA gene expression in response to various
stresses, including starvation, have been identified in S. meliloti (Davey and
de Bruijn, 2000; Milcamps et al., 2001). hmgA gene expression, is involved
in the degradation of tyrosine as an alternative nitrogen source (Milcamps,
A., and F. de Bruijn. 1999). The mutant strain referred to as NitR is with
reduced expression of ~imgA4 under nitrogen deprivation conditions.

It is well known that legumes possess a systemic regulatory control
able to detect the presence of combined nitrogen in the rhizosphere and
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EFFECT OF FOLIAR FEEDING
ON NITROGEN ASSIMILATION IN ALFALFA PLANTS
AT INSUFFICIENT MOLYBDENUM SUPPLY
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Acad. M. Popov, Institute of Plant Physiology, Bulgarian Academy of Sciences,
Acad. G. Boncheyv, block 21, Sofia, 1113, Bulgaria

(Received: March 13, 2008; accepted: June 17, 2008)

The influence of foliar feeding on the nitrogen assimilation in alfalfa plants under conditions of Mo short-
age was studied. It was established that foliar fertilization with 0.3% solution of Agroleaf® resulted in
increase of nitrogen fixation and nitrogen assimilation in the absence of Mo. Insufficient molybdenum
supply leads to significant reduction of plant Mo content and nitrogen-fixing activity, while stress
induced amino acids as alanine, GABA, threonine, proline and serine increased repeatedly. The negative
effect of Mo deficiency on the enzyme activities related to the primary nitrogen assimilation (NR, GS,
GOGAT) and plant growth diminished due to the foliar absorbed nutrients.

Keywords: Alfalfa — Mo deficiency — foliar feeding — nitrogen assimilation — nitrogen fixation

INTRODUCTION

Molybdenum (Mo) is among the micronutrients that are very essential for the plant
growth and is required in small amounts. The symptoms associated with Mo defi-
ciency are closely related to nitrogen metabolism [6] and nitrogen assimilatory
processes in plants tissues strongly depend on the plant Mo levels [13]. Mo is an
important constituent of several enzymes catalyzing different chains of nitrogen
metabolism: nitrate reductase (EC 1.6.6.1), nitrogenase (EC 1.18.6.1), xanthine
dehydrogenase (EC 1.1.1.204) [17]. Loss of Mo-dependent activity (directly or indi-
rectly through low internal Mo levels) impacts nitrogen metabolism and eventually
plant development. Otherwise, it might be expected that when plants are supplied

* Corresponding author; e-mail: ira_stancheva@abv.bg
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GROWTH AND NITROGEN FIXATION OF DIFFERENT MEDICAGO SATIVA-
SINORHIZOBIUM MELILOTI ASSOCIATIONS UNDER CONDITIONS OF
MINERAL ELEMENTS SHORTAGE
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Correspondence to: Marieta Hristozkova
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ABSTRACT

Sinorhizobium meliloti is an a-proteobacteria of the family Rhizobiaceae that alternates between a free-living phase in soil
and a symbiotic phase within the host plant cells, where the bacteria ultimately differentiate into nitrogen-fixing organelle-like
cells, called bacteroids. The present study was designed to compare the difference in responses to nitrogen and carbon
limitation in free living Sinorhizobium meliloti strains and their ability to form symbiotic association with alfalfa (Medicago
sativa) plants. The effectiveness of observed symbiotic associations was evaluated by number of formed nodules, nitrogen
fixing activity, and plant biomass production in control environmental conditions of a growth chamber. A wild type strain
Sinorhizobium meliloti 1021 and two mutants - Sinorhizobium meliloti NitR and Sinorhizobium meliloti TspO were used in this
research. Both mutant strains were previously created to study the general stress response in Sinorhizobium meliloti and its
regulation mechanisms. The products of the genes named tspO and nitR, act either as direct or indirect regulators of gene
expression in response to various stresses, including starvation. The up- and down regulated genes under conditions of
nitrogen and carbon limitation were identified in free living forms of the three strains. Comparison of the genes differentially
expressed in the wild type strain to those found in the tspO and nitR mutants showed no significant difference. In both
starvation conditions the most effective symbiotic system was established between alfalfa and Sinorhizobium meliloti TspO,
concerning nitrogen fixing capacity and plant biomass production.

Keywords: nitrogen fixation, starvation, strain effect nitrogen-fixation induction in symbiotic conditions. Both
mutant strains used in this work were previously created to

Introduction study the general stress response in Sinorhizobium meliloti

The soil bacterium Sinorhizobium meliloti exist either as a  and its regulation mechanisms. A gene, named nitR (member

free-living form or in symbiosis within nodules of alfalfa  of the ars4 family of regulatory genes), involved in direct or

(Medicago sativa) plants, where nitrogen is fixed by the
bacteria and released to the plant in exchange for
photosynthates. Both in the soil and in planta, rhizobia are
subject to stress and they developed specific genetic
mechanisms to sense and respond to various stresses, such as
nitrogen and carbon starvation, oxygen limitation etc (29).
Some Sinorhizobium strains are more tolerant towards
environmental stresses, whereas others are unable to develop
an effective symbiosis under these conditions. Above-
mentioned facts led to a search for S. meliloti genes
specifically expressed under nutrient limitation conditions
and creating of new strains overcoming the negative

influence of the environment factors with successful
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indirect regulation of ~mgA gene expression in response to
various stresses, including starvation, have been identified in
S. meliloti (16, 17). The expression of hmgA is involved in
the degradation of tyrosine as an alternative nitrogen source
(18). The mutant strain referred to as NitR is with reduced
expression of hmgA under nitrogen deprivation conditions.
Identification of nutrient deprivation-induced locus in
Sinorhizobium meliloti strain 1021 (ndiAB) by use of a Tn5-
luxAB reporter gene transposon was reported by Milcamps et
al (16) and Davey and de Bruijn (5). The expression of the
ndi locus was found to be induced by carbon and nitrogen
deprivation, osmotic stress, and oxygen limitation and during
entry into stationary phase. A double-mutant strain was
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Abstract—Oxidative stress response and essential oil composition of sage (Salvia officinalis L.), grown on
industrially polluted soil were studied. Sage plants were grown on the soil polluted with Cd, Cu, Pb, Zn, and
non-polluted control soil. One-year-old sage possessed a high potential for heavy metal accumulation mainly
in the roots. Heavy metal pollution resulted in root and shoot dry biomass inhibition. The increased levels of
hydrogen peroxide and MDA showed that the heavy metal uptake caused oxidative stress. The increase
towards the control was observed in the levels of glutathione, ascorbate, dehydroascorbate, catalase, dehy-
droascorbate reductase, and glutathione peroxidase. Weak activities of the most enzymes of the ascorbate—
glutathione cycle allowed to suppose that H,O, neutralization is rather non-enzymatic than enzymatic pro-
cess. Observed decline in .- and B-thujones and elevated camphor content in the sage leaves did not indicate
a deterioration of the essential oil quality. Sage grown on heavy metal-polluted soil successfully accumulated
cadmium, lead, and zinc, which is resulted in plant biomass inhibition, but essential oil yield and quality was

not declined.

Keywords: Salvia officinalis, heavy metals, antioxidants metabolites, antioxidant enzymes, essential oils.

DOI: 10.1134/51021443710060087

INTRODUCTION

Medicinal properties of the Lamiacea plants have
been used since antique times for their healing proper-
ties. Garden sage (Salvia officinalis L.) essential oil is
applied in the treatment of a large range of diseases,
such as those of the nervous system, heart, blood cir-
culation, and respiratory [1].

Some essential aromatic and medicinal plants are
capable to accumulate heavy metals from contami-
nated soils [2]. All heavy metals, both essential (Cu,
Zn) and non-essential (Cd, Pb) can cause toxic effects
to plants and humans if found in high concentrations.
In the field experiments conducted in the vicinities of
the Non-Ferrous Metals Combine near Plovdiv. Zhel-
jazkov et al. [2] reported about the reduction of essen-
tial oil yields of several medicinal plants and distribu-
tion of heavy metal accumulation in the plant organs.

! This text was submitted by the authors in English.

Abbreviations: APX—ascorbate peroxidase; ASC—ascorbate; CAT—
catalase; DHAR-—dehydroascorbate reductase; DHASC—dehy-
droascorbate; GPO—guaiacol peroxidase; GPX—glutathione peroxi-
dase; GR—glutathione reductase; GSH-—reduced gluthatione;
GSSG—oxidized gluthatione; GST—glutathione S-transferase;
MDHAR—monodehydroascorbate reductase.

This study demonstrated that high concentrations of
heavy metals in soil did not result in metal transfer into
essential oil.

To combat the metal toxicity of several free radi-
cals, there is a mobilization of the antioxidant reserves
in the plant, which react both enzymatically and non-
enzymatically with these toxic molecular species,
making them less harmful. Non-enzymatic antioxi-
dants include ascorbate (ASC) and glutathione
(GSH), and enzymatic antioxidants are superoxide
dismutase (SOD), various specific peroxidases, cata-
lase (CAT) and enzymes of the ascorbate—glutathione
cycle, as reviewed by Foyer [3]. It is well known that
the ascorbate—glutathione cycle plays a vital role in
ROS detoxification.

Several reports have indicated the development of
oxidative stress under Cd toxicity [4, 5], Cu and Zn
toxicity [6], and Pb toxicity [7]. The development of
oxidative stress symptoms was judged by the accumu-
lation of H,0, and the oxidative damage to lipids.

In order to improve knowledge regarding the
response generated by heavy metal producing oxida-
tive stress, we investigated specific antioxidant protec-
tion and essential oil composition of one-year-old
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Effects of foliar fertilization and arbuscular
mycorrhizal colonization on Salvia officinalis L.
growth, antioxidant capacity, and essential oil
composition

Maria P Geneva,* Ira V Stancheva, Madlen M Boychinova,
Nadezhda H Mincheva and Petranka A Yonova

Abstract

BACKGROUND: The effect of foliar fertilization and Glomus intraradices inoculation on the growth, qualitative and quantitative
pattern of essential oil in Salvia officinalis was determined. Sage plants were grown in a glass house on a soil/sand mixture
(w/w = 3:1). Agroleaf® total, N:P:K = 20:20: 20 + microelements, was used at the whole vegetative growth stage as a 0.3%
solution. Inoculation with Glomus intraradices was done at the sowing stage.

RESULTS: Application of foliar fertilization and/or mycorrhizal colonization improved dry biomass accumulation and increased
the content of antioxidant metabolites (ascorbate and reduced glutathione). Applied treatments lowered the activities of
the antioxidants enzymes catalase, ascorbate peroxidase and superoxide dismutase, while guaiacol peroxidase increased.
The relative quantity of essential oil pattern was also altered as a result of the applied treatments. Combined application
(FF+Gi) significantly promoted 1,8-cineole and «-thujone, mycorrhizal colonization enhanced bornyl acetate, 1,8-cineole, «-
and B-thujones, while foliar fertilization increased bornyl acetate and camphor. The favorable effect of root colonization by
Glomus intraradices was determined both on quantitative and qualitative pattern of sage essential oil.

CONCLUSION: We conclude that inoculation with Glomus intraradices resulted in improved essential oil yield and quality, while
combined application of foliar fertilizer and mycorrhizal fungi predominantly enhanced shoot biomass accumulation.
(© 2010 Society of Chemical Industry

Keywords: sage (Salvia officinalis L.); foliar fertilization; Glomus intraradices; antioxidant capacity; essential oil
______________________________________________________________________________________________________|

INTRODUCTION

often the harvest products. However, it was recently reported

Essential oils of the plants belonging to the Lamiaceae family pos-
sess high biological activities and show antioxidant, antibacterial,
antimicrobial and anti-inflammatory activities.'? It is generally ac-
cepted that the medicinal properties of this family are due to the
secondary metabolites as total phenols (including flavonoids and
phenylpropanoids) as well as anthocyanins. There is increasing
interest in the use of antioxidants in the food, pharmaceutical, and
cosmetic industries. Usage of natural antioxidants as food preser-
vatives is a very appropriate policy for many countries. Among
these natural antioxidants, ascorbate, glutathione and vitamin E
(tocopherols and tocotrienols) are of significant importance and
have been extracted from a number of medicinal plant species.?
Antioxidants and antioxidant enzymes function to interrupt the
cascades of uncontrolled oxidation.*

Many species belonging to the Lamiaceae form arbuscular
mycorrhizal (AM) associations. In addition to increasing uptake
of poorly accessible nutrients® or conferring protection against
pathogens,® AM fungican alsoinduce changesin the accumulation
of secondary metabolites in host plant roots.” Relatively little is
known about the effects of AM colonization on the accumulation
of active compounds in shoots of medicinal plants, which are

that Glomus mosseae directly increases the essential oil content
in shoots of different species of Lamiaceae medicinal plants.®°
Endomycorrhizal colonization of Salvia officinalis roots can provide
an efficient and natural way of improving the growth of these
medicinal herbs and increase essential oil yield. To the best of our
knowledge there are no reports on variations of the antioxidant
capacity and essential oil composition as a result of the foliar
feeding with fertilizers containing balanced nutrients.

The aim of the present study was to establish the effects of
foliar fertilization and AM fungus (Glomus intraradices) inoculation
applied separately and in combination on Salvia officinalis growth,
essential oil composition, level of secondary metabolites and
antioxidant capacity.

* Correspondence to: Maria P Geneva, Acad. M Popov Institute of Plant
Physiology, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., Block
21, Sofia 1113, Bulgaria. E-mail: boykova2@yahoo.com

Acad. M Popov Institute of Plant Physiology, Bulgarian Academy of Sciences,
Sofia 1113, Bulgaria

J Sci Food Agric 2010; 90: 696-702
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(© 2010 Society of Chemical Industry
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INFLUENCE OF FOLIAR FERTILIZATION AND GROWTH REGULATOR
ON MILK THISTLE SEED YIELD AND QUALITY

Ira Stancheva,’ Georgi Georgiev,' Maria Geneva,' Albena lvanova,’
Martin Dolezal,? and Lenka Tumova?

1Academy M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences,

Sofia, Bulgaria

2Faculty of Pharmacy in Hradec Kralove, Charles University in Prague, Hradec Kralove,
Czech Republic

o The effects of foliar fertilization and a growth regulator 5-tert-butyl-N-m-tolylpyrazine-2-
carboxamide (MD148/1I) on the growth, seed yield, and silymarin content of milk thistle (Silybum
marianum Gaertn.) plants were evaluated. The study was conducted over two years at an exper-
imental field on a slightly acid-leached cinnamonic meadow soil. The MDI148/II was applied in
the beginning of milk thistle flowering stage. Foliar fertilizer was applied at different plant devel-
opmental stages with different proportions of nitrogen (N), phosphorus (P), and potassium (K).
Treatments with foliar fertilizer and MDI148/II resulted in improvement of plant biomass, number
of plant lateral shoots, flowering rate, and seed yield and the content of some active substances
in milk thistle seeds. A reduction of high molecular fatty acids was observed. The increase of seed
yield was a resull of the flower head setting enhancement. Therefore the combined treatment of foliar
Sertilizer and MD148/II was efficient in elicitation milk thistle production under field conditions.

Keywords: 5-tert-butyl-N-m-tolylpyrazine-2-carboxamide, silymarin, fatty acids

INTRODUCTION

Silymarin, derived from the seeds of milk thistle plant (Silybum mari-
anum Gaertn.) has been used widely for the treatment of toxic liver damage
(Dewick, 1997). The dried seeds contain 1% to 4% of silymarin flavonoids.
Silymarin consist primarily of an isomeric mixture of six phenolic com-
pounds: silydianin, silychristin, diastereoisomers of silybin (silybin A and B),
and diastereoisomers of isosilybin (isosilybin A and B) (Guz and Stermitz,
2000; Lee et al., 2007). In field experiments Geneva at al. (2008) reported

Received 8 July 2008; accepted 25 March 2009.
Address correspondence to Ira Stancheva, Academy M. Popov Institute of Plant Physiology, Bulgar-
ian Academy of Sciences, Acad. G. Bonchev str., B.21, 1113 Sofia, Bulgaria. E-mail: ira_stancheva@abv.bg
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Abstract Three 4-hydroxycoumarin derivatives (ethyl 2-[(4-
hydroxy-2-oxo-2H-chromen-3-yl)(4-hydroxyphenyl)methyl]-
3-oxobutanoate (SS-14), ethyl 2-[(4-hydroxy-2-oxo-2H-chro-
men-3-yl)(3-nitrophenyl)methyl]-3-oxobutanoate (SS-21), and
2-[(3,4,5-trimethoxyphenyl)(4-hydroxy-2-oxo-2H-chromen-
3-yl)methyl]-3-oxobutanoate (T-2)] were tested for growth-
regulating activity on nitrogen-fixing soybean plants in
different concentrations: 107> R 1074, and 1073 M. They
revealed growth-regulating activity in a concentration-
dependent manner. The most powerful suppression effect of
T-2 on shoot and root fresh and dry biomass accumulation,
length of roots, and height of plants was found. Shoot fresh
biomass was suppressed in an equal extent at 10~ M of the
three compounds but the order of inhibition regarding the
three applied concentrations was T2 > SS-14 ~ SS-21.The
compound SS-14 inhibited nodule number and nodule bio-
mass mainly at the highest applied concentration, 10~ M.
The highest inhibition of nitrogenase activity was established
at the three applied concentrations of the compound SS-14.

Keywords Plant growth inhibition -
4-Hydroxycoumarins - Nitrogenase - Soybean

Introduction

The coumarins are a widely spread group of natural com-
pounds. They have anticoagulant, antibacterial, antiviral (anti-

S. Stanchev (<) - T. Boyanov - I. Manolov
Department of Organic Chemistry, Faculty of Pharmacy,
2 Dunav Street, Sofia 1000, Bulgaria

e-mail: stancho_stanchev@yahoo.com

M. Geneva - M. Boychinova - I. Stancheva
Academy of the M. Popov Institute of Plant Physiology,
Acad. G. Bonchev Street, BI. 21, Sofia 1113, Bulgaria

HIV), spasmolytic, and cytotoxic properties (Hayward 1984;
Cespedes and others 2006). The influence of different cou-
marin derivatives (coumarin, 4-hydroxycoumarin, 7-hy-
droxycoumarin, psoralen, and xanthotoxin) was explored on
root tips in onion plants (Alium cepa). Segregation of areas of
the cytoplasm by sheets of endoplasmic reticulum and invag-
inations of plasmalemma in the meristematic cells (Pod-
vielkowska and others 1996) was noted. Cytostatic activity of
coumarins in plant cells in vitro (Gawron and Glowniak 1987)
was discovered. Decreased growth of cells may be caused by
lack of energy, and coumarins were found to inhibit and
uncouple oxidative phosphorylation (Knypl 1969). Aleksieva
and others (1995) showed the inhibiting activity of some
synthetic phosphorus-containing coumarin derivatives on the
growth of the shoots of pea, wheat, and cucumbers. Most
known coumarins possess potent biological properties and
strongly influence biosynthetic pathways (Seigler 1997).
Coumarins were the most effective against Gram-negative
bacteria (Cespedes and others 2006). The role of some syn-
thetic dicoumarols as growth inhibitors on Mimosa pigra Linn.
was shown by Chavasiri and others (2001). Some of these
dicoumarols that contain hydroxy or methoxy groups as sub-
stituents on the benzene ring display high herbicidal activity.
The aim of the present study was to evaluate the effects of
three 4-hydroxycoumarin derivatives on the plant growth
and nodule parameters and nitrogen-fixing activity in soy-
bean plants inoculated with Bradyrhizobium japonicum.

Materials and Methods
Chemicals

The three tested 4-hydroxycoumarin derivatives have been
synthesized by Stanchev and others (2008a, b). They are ethyl

@ Springer
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Essential Oil Variation of Salvia officinalis Leaves
during Vegetation after Treatment with Foliar
Fertilizer and Thidiazuron

IRA STANCHEVA,! MARIA GENEVA,'! GEORGI
GEORGIEV,! MILKA TODOROVA.,> AND LYUBA
EVSTATIEVA?

'Academecian M. Popov Institute of Plant Physiology, Bulgarian Academy
of Sciences, Sofia, Bulgaria

Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian
Academy of Sciences, Sofia, Bulgaria

*Institute of Botany, Bulgarian Academy of Sciences, Sofia, Bulgaria

The essential oil yield and chemical composition of Salvia officinalis L. (Dalmatica
origin) have been analyzed. Leaf samples for essential oil analysis were harvested at
different developmental stages after treatment with foliar fertilizer Agroleaf® and foliar
fertilizer + thidiazuron. In total, 10 constituents were identified and quantified. The main
compounds in the essential oil that increased during the vegetative to the fruiting-set
stage are a-thujon and camphor, whereas borneol, viridoflorol, and manool decreased.
The effect of thidiazuron applied together with foliar fertilizer was established mainly at
the flowering stage, increased essential oil yield by 16% over the control, and positively
affected the percentage of P-caryiophylene, a-humulene, viridoflorol, and manool.
Application of foliar fertilizer resulted in a greater increase of essential oil yield at the
Sflowering stage in the combined foliar and thidiazuron application over the control. Both
treatments decreased camphor at flowering and fruiting stages.

Keywords Chemical composition, essential oil, Salvia officinalis L., thidiazuron

Introduction

Garden sage (Salvia officinalis L.) of the family Lamiaceae is well known as a common
medicinal and aromatic plant and is widely used in food and herbal products
(Hohmann et al. 2003). Salvia officinalis essential oil is applied in the treatment of a
large range of diseases, such as those of the nervous system, heart and blood
circulation, and respiratory system (Duke 2001). Good-quality sage oil contains a high
percentage (>50%) of the a- and B-thujones and low proportion (<20%) of camphor
(Putievsky, Ravid, and Sanderovich 1992). It seemed likely that different develop-
mental stages of S. officinalis would have different oil compositions because Mirjalili et
al. (2006) reported the essential oil variation of sage aerial parts during its phenological

Received 19 March 2008; accepted 4 October 2009.

Address correspondence to Ira Stancheva, Acad. M. Popov Institute of Plant Physiology,
Bulgarian Academy of Sciences, Acad. G. Bonchev, block 21, Sofia 1113, Bulgaria. E-mail:
ira_stancheva@abv.bg
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Fed Legume Plants at Insufficient
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Abstract Formation and function of N,-fixing systems between bacteria from
Rhizobiaceae family and legume plants from Fabaceae family are especially
sensitive to molybdenum (Mo) deficiency. The hypothesis of the present work
was that nitrogen fixation and assimilation in Mo deficient pea and alfalfa plants
are enhanced when the nutrients were supplied through the foliage. It was estab-
lished that foliar fertilization resulted in the increase of nitrogen fixation and
biomass accumulation in the absence of Mo. The positive effect of foliar fertiliza-
tion at insufficient Mo supply on the nitrogen uptake is better expressed in garden
pea than in alfalfa. Otherwise, alfalfa was more sensitive to Mo starvation than
the pea plants. Insufficient Mo supply leads to significant reduction in plant Mo
content and nitrogen fixing activity, while stress induced free amino acids increased
repeatedly. The negative effect of Mo exclusion from the nutrient media on
nitrogen assimilation and biomass accumulation diminished through the foliar
absorbed nutrients.

M. Hristozkova, M. Geneva, and I. Stancheva (<)
Acad. M. Popov, Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad. G. Bonchev
str., block 21, Sofia 1113, Bulgaria
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Accumulation of Cd, Pb and Zn in Tribulus terrestris L. Grown on Industrially
Polluted Soil and Plant Antioxidant Response

!]. Stancheva, *M.Geneva, P.Yonova and 2Yu. Markovska
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I. Stancheva, M.Geneva, P.Yonova and Yu. Markovska: Accumulation of Cd, Pb and Zn in Tribulus
terrestris L. Grown on Industrially Polluted Soil and Plant Antioxidant Response

ABSTRACT

Possibilities for phytoaccumulation of heavy metals and antioxidant capacity of puncture vine, grown on
industrially polluted with Cd, Pb and Zn soil were studied. Content of Cd, Pb and Zn in the polluted soil
exceeded permissible concentrations 3, 4 and 2 times respectively. Puncture vine plants (Tribulus terrestris L.),
were grown under glasshouse conditions on polluted and non-polluted control soil. Plants grown on heavy
metal polluted soil accumulated in the aboveground parts 3.3 times more Cd, 4.3 times more Pb and 2.3 times
more Zn, in comparison with the control plants. Heavy metals concentration in plant and soil samples were
determined on the inductively — coupled Plasma Mass Spectrometer. Spectrophotometric quantification of
ascorbate, reduced glutathione and vitamin E was performed through the formation of phosphomolybdenum
complex. Total antioxidant capacity (free radicals scavenging activity) was measured from the bleaching of the
purple-colored methanol solution of free stable radical (diphenylpycril-hydrazyl, DPPH’) inhibition. All
antioxidant enzymes (ascorbate peroxidase, catalase, dehydroascorbate reductase, guaiacol peroxidase,
glutathione peroxidase, glutathione reductase, glutathione-S-transferase and monodehydroascorbate reductase)
were assayed spectrophotometrically. Puncture vine plants possess good ability to accumulate heavy metals.
Plants grown on heavy metal polluted soil accumulated heavy metals in both the shoots and roots. Cd and Pb
accumulated more in the roots than in the shoots of plants both from the non - polluted and polluted soil. The
observed levels of main contaminates in aboveground parts were 3.3 times more Cd, 4.3 times more Pb and
2.3 times more Zn, in comparison with the control plants. Heavy metals content in the roots of treated plants
was 2.5, 2.8 and 1.4 times more than in the controls for Cd, Pb and Zn respectively. The levels of heavy
metals accumulation in aboveground parts allowed supposing that Tribulus terrestris is a plant that could be
used for phytoremediation, more over that higher Cd and Zn levels were found in the plants than in the soil.
Absence of biomass reduction indicated that puncture vine plants tolerate the existing concentration level of
Cd, Pb and Zn. The antioxidant potential of the puncture vine plants is defined by the content of antioxidant
metabolites vitamin E, ascorbate, glutathione and total phenols and antioxidant enzyme activities of glutathione
peroxidase, glutathione reductase and dehydroascorbate reductase. From the results we can conclude that soil
Cd, Pb and Zn in concentrations far exceeded permissible limit concentrations influenced only a part of
antioxidant capacity of Tribulus terrestris plants.

Key words: Tribulus terrestris L. - heavy metals - antioxidants metabolites — antioxidant enzymes
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MHHEpaTHO XpaHeHe ¥ TpeTHpaHe ¢ pacTexkeH perynarop. KoMOMHHpPaHOTO TpeTHpaHe Ha PAacTEHHATA C
HUTOKWHUHOBUA PACTEXKEH PEryaTop THAHA3ypOoH npes (asa poseTka ¥ IMCTHO NOAXpaHBaHe ¢ TEUeH TOp
[Ipe3 BereTalugaTa Ipy pasiiyHO ChOTHOINEHHE Ha MUHEPATHUTE eleMEHTH B HEro BOAM 0 mogoOpaBaHe
ubdTexxHara JHHAMHKKA, 3a5larafe Ha MoBedYe LBETOHOCHM cTebia ¢ mo-rojieMy HBeTHH KOITHWYKH, KOUTO
CRABPIKAT Mo-eOpwu ceMeHa. CeMeHaTa chIbpXKaT NOReYe CHIMMAPHH H HeHACHTEHH MacTHH KUCEIHHU B

JHUITH IHATa {b]ﬁl akKIiiA CJICH V3PABAHC.

2 nperedunu, 3 purvpu
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Antioxidant activity of in vitro propagated Stevia rebaudiana
Bertoni plants of different origins

Ely ZAYOVA, Ira STANCHEVA, Maria GENEVA, Maria PETROVA, Lyudmila DIMITROVA
Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Sofia 1113 - BULGARIA

Received: 26.04.2012 ® Accepted: 09.08.2012

Abstract: An efficient in vitro protocol for propagation of Stevia rebaudiana Bertoni is described. Multiple shoots were
induced in vitro from shoot tip and nodal segments on Murashige and Skoog medium containing 6-benzylaminopurine,
zeatin, or thidiazuron alone and in combination with naphthalene acetic acid or indole-3-acetic acid. A high frequency
of shoot induction as well as maximum number of shoots per shoot tip explant was observed on Murashige and Skoog
medium supplemented with 6-benzylaminopurine (1.0 mg L) alone and combined with indole-3-acetic acid (0.1 mg
L™). For root induction, in vitro shoots were transferred to rooting media containing naphthalene acetic acid, indole-
3-acetic acid, or indole-3-butyric acid. The highest rooting frequency and the highest number of roots was observed in
half-strength Murashige and Skoog medium supplemented with 0.1 mg L™ indole-3-butyric acid. The rooted in vitro
plants were successfully acclimatized in a growth chamber and transferred to the field. Leaf extracts of plants propagated
in vitro and adapted to field conditions are characterized by high levels of water-soluble antioxidant capacity (expressed
as equivalents of ascorbic acid), phenols, and flavonoids, and therefore by high total antioxidant potential, expressed as

DPPH radical scavenging activity.

Key words: Acclimatization, micropropagation, nodal segments, shoot tips

Introduction

Stevia rebaudiana Bertoni, belonging to the
family Asteraceae, is a perennial sweet herb. It is
a native medicinal plant of Paraguay and is a new
alternative source of calorie-free sweetener having
no carbohydrates. The leaves of this plant produce
diterpene glycosides (stevioside and rebaudiosides).
Pure stevioside is 30 times sweeter than sugar
(1-4). Recently, food-derived antioxidants, such
as vitamins and phenolic phytochemicals, have
received growing attention because they are known
to function as chemopreventive agents against
oxidative damage (5). The dry extract from the leaves
also contains flavonoids, alkaloids, water-soluble
chlorophylls and xanthophylls, hydroxycinnamic
acids (caffeic, chlorogenic, etc.), neutral water-

soluble oligosaccharides, free sugars, amino acids,
lipids, essential oils, and trace elements (6). Plants
constitute an important source of active natural
products, which differ widely in terms of structure,
biological properties, and ways of propagation.
Therefore, it is of great interest to evaluate the
nonenzymatic antioxidants and the water-soluble
and lipid-soluble antioxidant capacities (expressed
as equivalents of ascorbate and a-tocopherol), total
phenolic compounds, flavonoids, and free radical
scavenging activity of Stevia rebaudiana Bertoni
propagated in different ways. Although phenolic
compounds do not have any nutritional function,
they may be important to human health because
of their antioxidant potential (7). Therefore, the
study of the importance and role of nonnutrient
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Abstract: An effective in vitro protocol for rapid clonal propagation of Echinacea purpurea (L.) Moench through tissue culture was described.
The in vitro propagation procedure consisted of four stages: 1) an initial stage - obtaining seedlings on Murashige and Skoog
(MS) basal medium with 0.1 mg L' 6-benzylaminopurine, 0.1 mg L a-naphthalene acetic acid and 0.2 mg L™ gibberellic acid;
2) a propagation stage - shoot formation on MS medium supplemented with 1 mg L-1 6-benzylaminopurine alone resulted
in 9.8 shoots per explant and in combination with 0.1 mg L' o-naphthalene acetic acid resulted in 16.2 shoots per explant;
3) rooting stage - shoot rooting on half strength MS medium with 0.1 mg L indole-3-butyric acid resulted in 90% rooted microplants;
4) ex vitro acclimatization of plants. The mix of peat and perlite was the most suitable planting substrate for hardening and ensured
high survival frequency of propagated plants. Significant higher levels were observed regarding water-soluble and lipid-soluble
antioxidant capacities (expressed as equivalents of ascorbate and a-tocopherol) and total pnenols content in extracts of Echinaceae
flowers derived from in vitro propagated plants and adapted to field conditions in comparison with traditionally cultivated plants.

Keywords: Purple coneflower « In vitro shoots * Seedlings * Morphological traits * Antioxidant activity
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Abbreviations

MS - Murashige and Skoog medium;
PGR - plant growth regulator;

BAP - 6-benzylaminopurine;

GA, - gibberellic acid;

AA - ascorbic acid;

IBA - indole-3-butyric acid;

NAA - a-naphthalene acetic acid.

1. Introduction

Echinacea purpurea L. Moench (Asteraceae) or purple
coneflower is a widespread medicinal plantused in diverse
range of herbal products. It was proved that Echinacea
is one of the most promising immune strengtheners and
modulators, with numerous scientific studies and rich
clinical evidence in its favor [1-3]. The increasing demand
in E. purpurea needed development of methods for rapid

@ Springer

multiplication of plants and faster introduction of new
cultivars with desired traits [4]. However, E. purpurea
plants produced highly heterozygous progeny in the field
[5]. In this regard, in vitro tissue cultures are proved to be
valuable technique to produce genetically homogeneous
plant material. There were identified 58 unique germplasm
lines based on screening for antioxidant activity and
concentrations of caftaric acid, chlorogenic acid, cichoric
acid, cynarin, and echinacoside from clonal propagated
seedling-derived plants [6].

Several in vitro techniques were developed in
E. purpurea [3,4,7-9] as some of the genotypes showed
high coefficient of in vitro propagation [8,10,11]. The
application of biotechnological techniques might offer the
possibility of producing large amount of uniform high-
quality plants in a short period of time and limited space
for obtaining a biomass as a source of biological active
compounds [3]. Nevertheless, many questions about its
in vivo and in vitro culture remain still unsolved. In Bulgaria,
E. purpurea is grown on limited area and the information

* E-mail: ira_stancheva@abv.bg
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AGRONOMIC CHARACTERISTIC AND ANTIOXIDANT
ACTIVITY OF AN INTERSPECIFIC HYBRID LINE
BETWEEN HELIANTHUS ANNUUS AND HELIANTHUS
MOLLIS
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Abstract

Most of the important agronorﬁic characters of a sunflower cultivar, such
as yield, oil content, oil quality, and response to abiotic stress, and also many
of the pathogen-resistance traits would benefit from wild Helianthus species.
The strategy using wide hybridization between cultivated sunflower Helianthus
annuus and many wild annual and perennial species in the genus Helianthus
produced introgressed plants with a wide range of variability. The advanced in-
terspecific line . annuus x H. mollis represents a successful wide cross between
two morphologically dissimilar species. A detailed morphological characteristic
and analysis of antioxidant activity was made to illustrate the interspecific ori-
gin of the plants. Results have revealed that introgression between cultivated
sunflower and wild H. mellis has probably occurred. 1t is believed that the re-
sults and interpretations are confident as well as applicable for plant breeding.

Key words: sunflower, wild sunflowers, biochemical markers, morpho-
logy, hybridization

Introduction. The present work is a portion of a sunflower research pro-
gramme whose objective is the production and evaluation of new interspecific hy-
brids for transferring desirable traits from wild relatives to cultivated sunflower
lines, developing germplasm pools having wild Helianthus genes in domestic back-
ground, and evaluating sunflower evolution and interspecific relationships. In our
previous studies, we reported the results from hybridization of cultivated sun-
flower H. annuus L. with silver-leaf sunflower HI. Argophyllus [*'], wild perennials
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EDTA Reduces Heavy Metal Impacts on Tribulus terrestris
Photosynthesis and Antioxidants!
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fax- +359-2-873-9952, e-mail: ira_stancheva@abv.bg
¢ Faculty of Pharmacy, Department of Chemistry, Medical University of Sofia, Bulgaria
Received August 21, 2012

Abstract—The effects of EDTA application to heavy metal-polluted soil on phytoextraction of heavy metals,
leaf anatomy, gas exchange parameters, enzyme activities of C4 carbon cycle, antioxidant defense, and active
compounds of Tribulus terrestris L. were evaluated. The addition of EDTA to the soil polluted with Cd and
Pb markedly increased dry weight and Pb, Zn, and Cd contents in shoots. Plants responded to the action of
EDTA by an increased stomatal conductance, photosynthetic and transpiration rates, water use efficiency,
chlorophyll and carotenoid contents. The activities of C4 carbon cycle enzymes simultaneously increased,
thus concentrating CO, for enhanced CO, assimilation and providing NADPH for the antioxidant system.
Antioxidants, such as ascorbate, reduced glutathione, and flavonoids, increased more in the shoots of T. fer-
restris after the addition of EDTA. The activities of guaiacol peroxidase, catalase, and the enzymes of the
ascorbate—glutathione cycle enhanced significantly in the presence of EDTA. Increased activities of antiox-
idant enzymes suggest that they have some additive functions in the mechanism of metal tolerance. EDTA
application lowered the activity of phenylalanine ammonia-lyase and the content of total phenols, MDA,
hydrogen peroxide, dehydroascorbate, and lipid-soluble antioxidant capacity expressed as o.-tocopherol.
Increased levels of total radical-scavenging activity are in correspondence with the activity of water-soluble
antioxidant compounds in 7. ferrestris tissues. The content of furostanol saponins protodioscin, protot-
ribestin, and rutin increased as a result of EDTA addition. The results obtained allowed us to assume that
applied EDTA reduced a negative heavy metal impact on puncture vine photosynthesis and antioxidant
potential.

Keywords: Tribulus terrestris, C4 carbon cycle enzymes, EDTA, heavy metals, leaf anatomy, antioxidant
capacity, furostanol saponins

DOI: 10.1134/51021443713050117

INTRODUCTION

Tribulus terrestris L. is a flowering plant of the fam-
ily Zygophyllaceae, native to warm temperate and
tropical regions of the Old World in southern Europe,
southern Asia, throughout Africa, and Australia.
T. terrestris plant extracts contain saponins, fla-
vonoids, amides, and alkaloids [1]. The biologically
active furostanol saponin fraction of this plant finds
application in the contemporary medicine as a com-

! This text was submitted by the authors in English.

Abbreviations: AGC—ascorbate—glutathione cycle; ASC—
ascorbic acid; CAT—catalase; DHASC—dehydroascorbic acid;
GPX—glutathione peroxidase; GR-—glutathione reductase;
GSH—reduced; GSSG—oxidized glutathione, GST—glu-
tathione S-transferase; HM-—heavy metal; NADP-ME—
NADP-malic enzyme; PAL—phenylalanine ammonia-lyase;
PEPC—phosphoenolpyruvate carboxylase; PPDK-—pyruvate
orthophosphate dikinase; SOD—superoxide dismutase.
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ponent of drugs effective in treatment impotence and
other sexual disorders [2].

T. terrestris grown on industrially polluted soil
showed good ability for Cd, Pb, and Zn accumulation
and could be used for phytoremediation of polluted
soils [3]. The plant biomass production and the heavy
metal (HM) concentration in the harvestable biomass
are important factors for the practical efficiency of
phytoextraction [4]. One strategy to achieve the higher
HM removal efficiency is to enhance the concentra-
tions of soluble HMs in the soil with the application of
complexing agents [5]. EDTA is widely investigated
due to its high complexing capability towards Pb, Cu,
Cd, and Zn. That leads to an increase in the metal
uptake by plants like Brassica juncea, Helianthus
annuus, and Zea mays [6]. The medicinal plants could
be grown as alternatives to edible crops in HM-pol-
luted agricultural soils, because possess a significant
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A compact sunflower line produced after cross
Helianthus annuus x Verbesina encelioides
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Abstract: Intergeneric cross was made between the cultivated sunflower inbred line HA89 and an accession of wild Verbesina
encelioides tolerant to drought and high temperature. The line was a BG,F, progeny. The most remarkable feature of the plants
was their compact architecture due to short petiole length and also, rather specific bright-yellow inflorescences. Similar
plant architecture did not exist in either the wild or the cultivated parent. For sunflower, it is considered as a favourable and
potentially useful adaptive trait. The line was multi-branched of medium type branching and possessed good agronomic
characteristics. The overall characteristics of HA-VERBENC line make it a useful plant material for research on wide hybridization.

Keywords: Antioxidants ¢ Crown beard * Cultivated sunflower * Intergeneric cross  Introgressive hybridization * Wide hybridization
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1. Introduction

Wide hybridization is frequently used as a tool to improve
valuable agronomic traits of cultivated sunflower
Helianthus annuus [1-5]. The range of wild Helianthus
available to use is extensive while the genus comprises
51 species, 14 annual and 37 perennial, which are
diploids, tetraploids and hexaploids [6]. The majority of
wide hybridization studies have examined interspecific
hybridization between closely related Helianthus
species, while limited information is available on
intergeneric hybridization and the barriers that prevent
hybrid production [7-11].

The present work is a portion of a sunflower research
program. lts objective is production and evaluation of
new interspecific and intergeneric hybrids for transferring
desirable traits from wild relatives to cultivated sunflower
lines, developing germplasm pools having wild Helianthus
genes in domestic background, and evaluating sunflower
evolution and interspecific/intergeneric  relationships.
Verbesina encelioides [(Cav.) Bentham & Hooker fil.
ex Gray] or golden crown beard was chosen due to
its drought tolerance, early flowering and resistance to

@ Springer

high temperature. It is an annual species, propagating
by seeds, which are produced in abundance. Its seeds
exhibit remarkable endurance to climatic extremes
and survive under extremely high temperatures
(38-46°C) and soil drought during which they lie dormant
in soil desiccated to below 5% moisture content [12].
V. encelioides is differentiated from the cultivated sunflower
by the opposite leaves on the lower part of the plant, as
well as smaller flower heads [13]. Besides its ornamental
value, some studies pointed out the medicinal and
economical importance of various fractions of Verbesina
encelioides, which demonstrate considerable antibacterial,
antifungal, antiviral, antitumor, hypoglycemic and anti-
implantation activities [14]. Intensive pharmacognostic
and pharmacological investigations are in a progress
to ascertain therapeutic properties and medicinal use of
V. encelioides roots for diabetes [15].

In the course of our study on wide hybridization
Helianthus x Verbesina, we obtained a suite of diverse
recombinants which reveal intermediate morphology and
phenotype [9], or even novel features such as tubular ray
flowers [16]. Indeed, intergeneric hybridization involving
Verbesina ssp. is a genuine source of new sunflower hybrid

* E-mail: ru_vas_bg@.yahoo.com
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A comparative study on plant morphology, gas exchange parameters, and antioxidant
response of Ocimum basilicum L. and Origanum vulgare L.
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Abstract: The effects of Cd, Pb, and Zn uptake on plant morphology, photosynthetic parameters, antioxidant potential, and essential oil
yield and quality in Ocimum basilicum L. and Origanum vulgare L. plants were evaluated. The plants were grown as a pot experiment
in soil heavily polluted with Cd and Pb and on unpolluted soil. Both plants accumulated Cd, mainly in the roots, while Pb occurred
in the oregano shoots only. The leaf blade thickness of both plants increased when grown in polluted soil. Basil plants responded to
the action of heavy metals with increases in gas exchange stomatal conductivity, and transpiration, but water-use efficiency declined.
Gas exchange and transpiration were reduced in treated oregano plants, but stomatal conductivity and water-use efficiency increased
significantly. In basil, the increased levels of low molecular weight antioxidants such as phenols and flavonoids were observed, while in
oregano, ascorbate, glutathione, and phenols were enhanced. Enzymatic antioxidant defense was observed in both plants when grown
in contaminated soil, mainly with glutathione peroxidase, quaiacol peroxidase, glutathione S-transferase, and glutathione reductase.

Accumulated levels of Cd, Pb, and Zn in plant organs resulted in a reduction in essential oil yield in basil only.

Key words: Ocimum basilicum L., Origanum vulgare L., heavy metals, gas exchange parameters antioxidants, essential oils

1. Introduction

Heavy metal contaminated soils due to industrial activities
are a major environmental problem that can reduce both
the productivity of plants and the safety of plant products.
Phytoremediation is a promising method in which plants
are used for removal of heavy metals from soil (Salt et al.,
1995). The success of phytoremediation depends on plant
growth rates and obtaining high metal concentrations
in plant shoots. Some plant species accumulate large
amounts of heavy metals in their shoots, and show great
potential for cleaning metal contaminated soils (Baker and
Brooks, 1989; Xiong, 1997). Some aromatic plants possess
significant phytoextraction potential, and metal content in
essential oils prepared from them is negligible. That is why
they could be grown as alternatives to edible crops in heavy
metal polluted agricultural soils (Zheljazkov et al., 2006).

* Correspondence: boykova2@yahoo.com

Environmental ~stresses, including heavy metal
pollution, increase reactive oxygen species (ROS)
production and oxidative stress in plants (Mittler, 2002;
Sharma et al, 2010). Plants develop various cellular
enzymatic and nonenzymatic antioxidative mechanisms
for detoxification of elevated ROS levels (Prochazkova
and Wilhelmovd, 2010). Some plants increase antioxidant
activity through the generation of antioxidants. In these
plants, the stimulated generation of antioxidants signals
exposure to suboptimal conditions. Aromatic plants
are especially rich in phenolic antioxidant compounds;
their antioxidant activity is due to redox properties and
chemical structure, which can play an important role in
neutralizing ROS such as free radicals, singlet and triplet
oxygen, and peroxides (Zheng and Wang, 2001). Because
of the carcinogenic potential of synthetic antioxidants,
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Utilization of related wild species (Echinacea purpurea) for genetic enhancement of
cultivated sunflower (Helianthus annuus L.)
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Abstract: Helianthus annuus is one of the most important oil species, with a comparatively narrow genetic base. The development
of new sunflower cultivars is the focus of many research and breeding programs. Intergeneric hybridization between H. annuus and
Echinacea purpurea, a valuable medicinal plant, has not yet been utilized in cultivar development. This paper describes 2 advanced
hybrid lines produced from an intergeneric cross between the cultivated sunflower inbred line 6650 and an accession of E. purpurea.
The hybrid plants have successfully been grown in the field. The hybrids, showing expression of traits from both parental species, were
intermediate between both parents for plant height, leaf shape, leaf color, floral characteristics, tocopherol content, and fatty acid profile.
It could be postulated that the hybridization Helianthus x Echinacea offers opportunities for combining desirable traits that increase the

variability of cultivated sunflower.

Key words: Antioxidant content, cultivated sunflower, Echinacea purpurea, fatty acid, Helianthus annuus, wide hybridization

1. Introduction

Wide hybridization, including both interspecific and
intergeneric hybridization, is one of the most important
strategies for creating variations in plant species since it
has the potential to combine useful traits, i.e. favorable
morphology, disease resistance, and some environmental
tolerances of both parents that could not be achieved by
crossing within a single species. Sunflower (Helianthus
annuus L.) cultivars lack acceptable levels of genetic
variation since hybrid breeding utilizes a comparatively
narrow genetic base. Wild Helianthus species are a potential
source of genes for resistance or tolerance to insects,
disease, and pests; for early maturation and resistance in
unfavorable environmental factors (soil salinity, acidity,
and drought); and as sources of cytoplasmic male sterility
and fertility restoration (Faure et al. 2002; Seiler and Gulya
2004). Successful interspecific transfer of traits from wild
species to cultivated sunflower was a reason for attempts
of wider crosses, including those between members of
related genera.

Advances in intergeneric crosses in tomato (Rick et al.
1986), species of wild grasses from the genera Aegilops,
Agropyron, and Secale (Fedak 1984); wheat; rapeseed
(Brassica napus); and tobacco (Nicotiana tabacum) have
been well documented (Goodman et al. 1987). There

* Correspondence: bkraptchev@yahoo.com

is evidence that intentional crosses between species in
different genera have the potential for crop improvement
and to increase the genetic variability of crop species,
including for H. annuus in particular. It is plausible that
gene transfer between members of different genera may
complement the more classical hybrids that provide gene
flow across interspecific crosses. Additionally, they have
proved to be very useful for elucidating the evolutionary
relationships between H. annuus and related wild species
of Asteraceae.

The present work is a part of a sunflower research
program with the objective of producing and evaluating
new interspecific or intergeneric hybrids that provide
novel combination of traits useful for plant breeding.
In particular, the program combines interest from both
plant breeding and academic research in the use of wide
hybridization for transferring desirable traits from wild
relatives to cultivated sunflower, developing germplasm
pools having wild Helianthus genes in a domestic
background, and for characterizing phylogenetic affinity.
Hybrids between cultivated H. annuus and species of
different genera of the family Asteraceae such as Tithonia
rotundifolia and Verbesina encelioides, identified as having
intermediate characteristics, have been reported in our
previous studies (Christov and Vassilevska-Ivanova 1999;

15
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