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Influence of Succinate on Zinc Toxicity in Zea mays

8. DONCHEVA, Z. STOYNOVA, L. GRADINARSCI, and G. IGNATOV
Institute of Plant Physiology, Bulgarian Acsdemayof Sciences, Sofia, Bulgaria

INTRODUCTION

High cancentrations of heavy metals are
toxic in most plant species. The overall toxic
mctmntohuvymetakhthadepmuad

mwth processes
and to the decreasell Wutiient uptake and
traneport (Foy et al., 1978; Greger et ol,,
1991). There are many dats about the
mechenisme of trace metals tolerance in
plants (Steffens, 1990; Verkleij and Schaat,
1990). The postulated tolerance mechanisms
are: biochemical datox:h ﬁe:lﬁén after ﬂ:ul;rtoxic
metal pass through the plasma membrane,
compartmentalization of metals within the
oell by synthesis of metsl- binding proteins or

25¢

chelation by orgenic ligands, and limited
uptake of the toxic ion (Meharg, 1994).

It appears that mechanisms of trace
metals tolerance exist in plant no matter
whether they dre tolerant to the metal or not
(Steffens, 1980). Metal tolerance of plants is
specific for each metal. For axample, copper ia
partially bound to metallothioneins in the
cytoplasm or to similar low-molecular-weight
thiol containing proteins (Lolkema e al.,
1983). Zn ia accumulated in the vacuo!n
mediated by Zn malate shuttle (Mathys, 1050;
Verkleij and Shaat, 1980). Mathys (1980)
suggests that Zn might be chelated by malate
in the cytosol and transported to the vacucle
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where after dissociation from malate, forms a
stable complex with oxalate.

Since Mathys' model was published, many
researchers have demonstrated positive
- correlations between the organic acid content
of plant tissues and the tolerance to metals. In
Triticum aestivum the observed increase in
the organic acid content (aconitate,
a-ketoglutarate, and succinate) reflects
responses to Mn toxicity (Macfie et al., 1994).
The concentrations of citrate and malate
increased upon Al stress in Al-tolerant
cultivars of Sorghum bicolor (Cambraia et ai.,
1883) and Zea mays (Suhayda and Haug,

1988),

The aim of the present work was to
understand whether the exogenous high
concentrations of succinate could reduce the
toxicity effect of Zn in maize plants thus,
increasing the resistance to the metal.

with different zinc concentrations and after 18
day-Zn treatment (after appearance of
symptoms of zinc toxicity) the plants were
exposed to 1 uM Na- succinate by foliar
treatment. :

Plant growth parameters

After 18 day-treatment, plants were
harvested, divided into roots, stems and
leaves and their fresh weight was determined.
Thereafter, the roots, the stems, and the
Jeaves were oven-dried at 60°C to a constant
weight.

Atomzc absorption determinatwn of 2ine
confent

Dry plant material (1 g) from roots, stems
and leaves was separately ashed at 550°C,
The dried residue was brought to standard
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The heavy metals Cu and Zn are important microelements in biological systems,
and they take part in many physiological systems as cofactors or prosthetic groups
of many enzymes [12]. Increased concentrations of copper and zinc are toxic for all
living organisms [1'6]. As their sources generally salts of Hy80O4 and HCI and rarely
7Zn—EDTA are used because they are water soluble and easily penetrate into the sub-
soil water [7-8]. To maintain the soil nutrition content with easily available Cu and Zn
without environmental pollution, it is necessary to find out new chemical compounds
with lower solubility than sulphates and chlorides, but higher than that of respective
hydroxides. It is well known that the hydroxide-salts of Cu and Zn meet these re-
quirements and it could be suggested that these compounds are proper sources of the
microelements Cu and Zn.

In our previous investigations we found that newly synthesized mixed hydroxide
carbonates and hydroxide sulphates of Cu and Zn could be used for lettuce growth.
We also found out that in optimal concentration they stimulate the lettuce root system
growth which is essential to obtain seedlings of good quality 9,10],

The lettuce is a small grained plant with a very limited amount of nutrient ele-
ment stored in the seed. Data exist [!1] that small-seeds plants with initial period of
germination about 14 days are very sensitive to nutrient regimen and have increased
requirements to the concentration of nutrient elements in the zone around the roots.

ARRAMBARRI et al. [12] when growing lettuce as sand-culture also conclude that
correctly balanced concentrations of hydroxide-chlorides of Cu and Zn are proper for
normal growth and development of the plants.

The aim of the present study was to choose the most suitable combination of type
of hydroxide salts, concentration and proper carrier, and to investigate the influence
of mixture obtained on the germination of lettuce seeds.
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UPTAKE AND TRANSPORT OF ZINC IN ZINC-SENSITIVE
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Zinc is an essential micronutrient for all living organisms, but like other essential
nutrient ions [!] it can be toxic at high levels [19]. It has been well documented that
many species exhibit ability to resist Zn toxicity [48]. Considerable effort has been made
to understand the mechanisms involved in the ability of some plants to grow in the

resence of Zn levels that are toxic to most plants, the phenomenon known as tolerance
rlz]. There are some strategies that plant can use to deal with Zn toxicity: binding of
Zn to cell wall polymers, other forms of complexation in cell walls [?], complexation
with heavy metal-binding peptides, i.e. phytochelatins and vacuolar sequestration with
organic acids [!1]. ERNST [?] was the first to postulate vacuolar accumulation of Zn-
organic acid complexes as a mechanism for Zn tolerance in naturally tolerant ecotypes.
MATHYS [8] investigated this proposal further and developed an original model for its
operation in Silene cucubalus. He suggested that Zn might be chelated by malate in the
cytosol and served to deliver Zn to the vacuole where after dissociation from malate
it formed a stable complex with oxalate. Since Mathys’ model was published, many
researchers have demonstrated a positive correlation between the organic acid content
of plant tissues and tolerance to zinc [?]. WANG et al. [!!] suggested that vacuolar
sequestration of Zn by high levels of vacuolar citrate might be considered as a major
mechanism of Zn accumulation in plants exposed to high levels of the metal. On the
other hand, data are available showing that organic acids are not included in the Zn
specific tolerance mechanisms.

The ability to tolerate high Zn concentrations was related predominantly to high
malate concentrations. The possible implication of other organic acids in Zn tolerance
is less clear.

The present study was undertaken to examine the possible involvement of succinate
in Zn accumulation in pea plants exposed to high levels of zinc in order to establish a
potential role of succinate in detoxication of zinc in plants.

This work was supported by the National Science Fund of the Bulgarian Ministry of Education
and Science under Grant No B-617/96.
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CTPYKTYPHH H YITPACTPYKTYPHH HPOMEHH B UAPEBHYHH PACTEHHA,
TPETHPAHH C MEAHH HORH

Cn. lokuesa .

HeeTaryT no GHIHONOTHY HA pECTeHHET “Axan, M. [Tonos™, BAH, Codns

‘Teskute MCTARN NPHCLCTEAT 6uB BOHYKM SKOCHCTEMW. B epoaowpiiTa Ha pactaTeansTe
BHAOBC CA C& PASBMITA CTICLHPUUHI HIHCXBINKN KbM ONPERCATHA XHMUNME CAEHCHTH, BRMINOTHTEING
H WM TOREY MeTand, B metaboninds 48 BECIIHTE PACTEHHR ICHTPALNE POAS MIPANT JEEAA30TO,
MRHTAHA, MEOTS, UHHKA 4 MOIHGIEHA, XaKTO W HUKEnR npN GoSoxwre K wobanTe & cHMONOTHEHATS
cHeTema SoSORM-pHIOOHYM, 33 NOAAPAAHE HA ONTHMUIHHA PACTCN N PIGBHTHE HE PACTSHHATA C3
HeOBXONUMH ORPEACNENH KONHUCCTSS OT TOXKXH MeTaaN, OGpaTHO, KONLEHTPRIIN OT TC3H METAAN,
HEARKIUZBAUIN MHOMOKPATHG OUTHMAIHOTO HWBO wMay Toxcived ehexr (Foy eof o], 1978). . .

EXOTOXCHYHOCTTE K3 TOKKHTE METATH He Mows fa Gine onpencacsa upes ofwore
NONHYECTSO0 HA TCIH CICMCHTH B NOMPHTE, § CAMO UPSI KONHHMECTDOTO, KOETO € MOTWIHETO OT
wopennve. Ha To3r npouec oxassar maksnsc pH ma nonsaTa, PSAOKC MOTCHUMLIS Ha MeMBpannTe N
GHOROrMUHETE AXTHBHOCT HA KOPEHHTE M OPrammIMKTE, ofwrasaumn pusochepsra (Emat, 1998).
HsmurexsT OT TekKHTE MOTAIH OKASBE ROHEHHE BBPXY BCHYKH HHBA HE OPrAHRSAUMA Ra
PACTHTEIHHTE OPFEHAIMH.

BHAUMATE CAMUTOMH HE CTPEG OT TEAKH METANH B DACTCHRATA C& WIDES RA METAR-
BHAY LHPENHTE HIMCHCHHA HB CTPYXTYPHO H YATPOCTPYKTYPHO HHBO. TEIH MIMCHEHHA HE KACTHYHO,
TLXEHHO W OPIAHHIMOBO HHDO Ca PEIYAITET OT AKPLKTHOTO FIANMONCHCTEAE HB TOKCWYHNIA METR C3C
CTPYKTYPHHTE KOMMOHCHTN UA PAIHVANTC HABS H2 OPIaHMMMIA HE PACTHIANHATE OPTARNSMN Wi
BE HHAMPEKTEH PCSYATST OT UPOMCHHTE B Merabodwasa wd xaeTeire WM. Enexrponix
MHKPOCKONHA, XOMOMIHDAHS ¢ HHAAMTHYRM TOXHHKN IATO CHEpreTAMHOmMCTiepcHONed X.may
MKKPOGRAH3, MHKponmsepen sumins (LAMMA), eropmuna HoH-mac cnextpomerphe (SIMS),
CNEXTPOCKONNA 34 WICACABIHE eHeprerwukara jaryla ua enextpouwte (EELS, Lichteaberger and
Neuman, 1997) M UHTOXHMMHMHM NETOOH, € ICHCK METOA, KOHTO CTIOMEIN 33 HYYHABAHE M3
WLPBHYHHATE MEXBHH3IMH HA MCTRNHATE TOKCHUYHOUT ¥ TOREPERTHOCT HA MONCKYAHO HHBO,

PacTewsT Ha PACTCHHOTO WM HZ OTRVIHHTE MY OPraNy CA HECTO HIROMBAHW DAPAMCTPH 38
OUCHKD HA SPEKTA HA METANHATA TOKCMUAOCT. B HACTORIOTO MPOYBAHE © MXREONAH OPCKTA Ha
MCOHATA TOKCHIHOCT BBLRXY CTPYKTYPHOTO K (DYHNUMOMANHO CHCTORHNE HA XODEHORN MEPHCTCMHM
RNETKH OF LADCRHMINE DACTCHHA, TPCTHPEHE ¢ KOHUSHTPALMM OF Nelti AONM 3 JanwoHs oF
0.41umol/L no 78umol/L..

KopewyT ¢ OCHOBHHA OpraH, Kolto skymyanpa mckbu Roun (Jarvis, [980; Jensen and
Adalsiinsson, 1989, Doncheva ¢t al, 1996). CRrspRRHBETO Ha NEATE B KOPEHHTE © DK-BHOOKS OT
7032 # CTRGAGTA H AWCTATA H OF NOBMILARE C YBCNWTABING NI KOHUSHIPQUMATE HA WeITs #
apaHrennna pasraop (Doncheva et al, 1996). JampuManeTo KA MEATE B KOPSHHTS MOWE Md Co
NPHEME KITO BANWEH OFPAHEMEBAL (GAXTOP KA TPAWCNOPTE HA MEATE KWM HAJDEMHNTS YAOTH HA
pacreannra. KOpPEROBHAT PACTER € B TIPAKA SABHCHMOCT 0T KORUCHTPAUNATE HA TENKHTE METANK &
Xpanwreianns paxteop. OcHoRdNTE MODPONOrHYHR M CTPYKTYPHRH HIMEHEHHA HS KOpPOHHTE,
BPHYHREHH OT MEARITE TOKCHHYHOCT, MOFRT Aa ¢8 0GoGUIAT NoO CroHBMR HANMKD 1) noTucxane Ha
KOPSHOBETA SHOMTALUY, 1) YRPEMARHE H3 KOPDEUOBHA BPLX; J) HUMAAKERHE HE GpOn H) KOPEHORMTE
RNBCHAKH; 4) HAMATABIHE BA KOPEHORATR GHOMACE I 5) NOTHCKENE HE JOPMNDEHETO HA NATCPRIHHTE
RopeHy, C nOSMUMBANE HA MSANNTE KOHUSHTPUGY Ot 1.5 40 78 pumollL co HiMARSSS wmkasETE
CHCMOTO M CYKUTO Terso 1 XOpHHTC. [lpk TPOTHPRNG HS LAPELENSHITS PACTOMIVL C Haf-BHCONETA
HICREIBAHA MEJIHE KOHIISHTPALKA (78 tmol/L Cut), AWIKHHAETE HE ROPEHHTE HM ¢ Humamana ¢ 31%, 8
caexaTE M Cyxara Ha GHomaca ¢ 31 w 28%, CLOTRETHO B CPABHCHHE ¢ TEIH Ha KOHTDOIHATS PacTeHN.
Huxnbnpanero Ha KOPEHOBOTO yALAXABANE € TLPBHA BHOHM CPCKT OT MCTAAHATA TOKCHMHOCT.
KOpeHoBaTa CAOHMALNA MOXE 08 SLAC HAMANCHA YPEI HHXAOHDENE HE KACTEUHOTO ACACHE MIH MPE3
HANATABAHE HO KACTRYHOTO PAIITHPABAHE /eXpansion/ B JONATE H3 YOLANRAAHE, KNCTRIHOTO ZeachHe
HE KOPEHOBHTS BRAMKANHH MEPHCTEMHMH KIETKH £ Hall-4YBCTSHTRIHO KM TOKCHUHH XOHUCHTPIIHA K2
TEHIHTE METAAH H CC HINOIIRE KATO TECT 37 GUSHKS HA PHEICA HA OXORHETA CPEAR,
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INFLUENCE OF SUCCINATE ON ZINC
TOXICITY OF PEA PLANTS

Snejana Doncheva,™* Zlatimira Stoynova,! and
Vicleta Velikova®

"Department of Mineral Nutrition and
*Department of Photosynthesis, Institute of Plant
Physiology, Bulgarian Academy of Sciences,
1113 Sofia, Bulgaria

ABSTRACT

The response of pea plants (Pisum sativum, cv. Citrine) to
various zinc (Znr) concentrations (0.67 to 1000 M Zn} in the
presence and absence of succinate (200 pM Na-succinate) were
investigated. Treatment of pea plants alone with excess of Zn
reduced plant growth, chlorophyll content and induced altera-
tions in the structure of the chloroplast, resulting mainly in
decreased granal thylakoids, The photochemical activity of
photosystem I estimated by the raties Fy/Fy and F,/F, was
less affected by Zn treatment. The presence of succinate lead to
an increase in plant growth and chlorophyll content, improved
chloroplast structure of and recovered photosystem I activity in
Zn-treated plants. This stimulation was accompanied by an

*Caorresponding author. Fax: 359 2 739952; E-mail: donchev@bio25.bas. bg
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increased zinc root concentration and a decreased zinc shoot
concentration. The higher oot zinc concentration and decreased
zinc translocation from root to shoot by succinate treatment sug-
gest that succinate facilitates the formation of metal-succinate
complexes in the toots and may play a tole in zinc accumula-
tion. These results provide indirect evidence for a possible role
of succinate in Zn-resistance of plants.
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Influence of nitrogen deficiency on photosynthesis
and chloroplast ultrastructure of pepper plants

Snejana Doncheva, V. Vassileva, G. Ignatov, S, Pandev
Institute of Plan: Physiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

Ramdane Dris and Raina Niskanen
Depariment of Applied Biology, PO Box 27, FIN-00014 University of Helsinki, Finland,
e-mail: ramdane.dris@helsinki fi

Pepper plants (Capsicum annuum L. cv. Zlaten Medal) were grown on nutrient sofution without ni-
trogen, and photosynthetic response of plants was examined by determination of leaf CO, fixation
and chlorophyl! and carotenoid contents. The absence of nitrogen in the medium resulted in a de-
crease of the leaf area and of plant biomass accumulation, and in an increase of the root-shoot dry
weight ratio. The photosynthetic activity and chlorophyll and carotenoid contents decreased signifi-
cantly under nitrogen deprivation. Examination of nitrogen deficient leaves by transmission electron
microscopy showed dramatic changes in chloroplast ultrastructure. The propertion of starch granules
and plastoglobules in the stroma matrix was increased and interna] membrane system was greatly
reduced. It seems that nitrogen plays an important role in the formation of chloroplast structure and
hence to the photosynthetic intensity and productivity of pepper plants,

© Agricultural and Foed Science in Finland
Manuscript received August 2000
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The effect of zinc supply and succinate treatment
on plant growth and mineral uptake in pea plant

Zlatimira Stoyanova® and Snejana Doncheva

Department of Mineral Nutrition, Institute of Plant Physiology, Bulgarian Academy of Sciences; *Corresponding author:
zlaty(@router.bio25 bas bg
Received: 29/10/2001, Accepted: 05/07/2002

The influence of succinate treatment on Zn toxicity was investigated using plant growth and mineral uptake as stress
indicators. Pea plants (Pisum sativum L., cv. Citrine) were treated with various Zn concentrations (0.67 to 700 pM Zn)
in the presence and absence 0f 0.2 mM Na-succinate. Plants pre-treated with succinate and then exposed to Zn exhib-
ited higher dry root, stem and leaf weight than the plants treated with Zn alone. An increase in Zn supply resulted in a
decrease in the concentrations of Ca, Mg, P in theroots and an increase of Ca and N levels in the stems and leaves. The amount
of Zn in the roots, stems and leaves increased with greater Zn rates. The succinate treatment increased P in the roots but did not
affect the Ca, N and Mg contents in Zn-treated plants. Most of the Zn taken up was retained in the roots after succinate
treatment. The ameliorative effect of succinate on plant growth could be due to a lower Zn translocation in the leaves
and stems and increased Zn accumulation in the roots. Lower Zn translocation in aboveground parts seemed to result
from Zn complexing by organic anion in the roots. This probably caused less Zn transport to the stems and leaves and

suggested that succinate has potential for complexing with Zn and may play a role in tolerance to high Zn levels.

Braz. J. Plant Physiol, 14(2):111-116, 2002
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Microtubule organization but not @ Tub 7 and & Tuwb 3 expression are primary
targets of aluminum toxicity in maize root tips

'C. Poschenrieder, "’S. Doncheva, 'F. Sonbol, "M, Amends, *J. Rigau, "J Barcels
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Science, Sofia, Bulgaria’Instituto de Biologia Molecular de Barcelona, CSIC, Jordi Girona,
Barcelona

Infroduction

Alumimium-induced inhibtion of root elongation in sensifive plants can be observed
upon approximately 30 minutes of exposure (Liugany et al, 1995: Barcelé and
Poschenrieder, 2002). Root fips are considered the most Al sensitive plant part
(Ryan et al. ,1993; Sivaguru et al. 1998). In Al sensitive maize root cell elongation,
but also root tip cell division, are inhibited after short-term exposure (o Al (Gunsé et
al, 1997; Poschenrieder et al., unpublished), The primary mechanisms of these
inhibitory effects are still unclear, Changes in growth rates induced by
environmental factors are reflected by the structure of the cytoskeleton.
Reorientation of microtubuli from a transversal to longitudinally orientated position
has frequently been observed under growth inhibiting conditions. Studies on oat
coleoptiles have found a parallelism between a tubulin mRNA levels and growth
inhibition induced by continuous light treatment {(Moser et al., 2000). Tuba3 but not
Tubw! are activated during mycorrhizal infection of maize roots and Tuba Iis
involved in nuclear divisions (Bonfante et al,, 1996: Montoliu et al., 1990). The
reorganization of microtubules also seems to be involved in early toxicity responses
lo Al (Blancaflor et al., 1998; Sivaguru et al., 1999), However, up -to-date no time-
dependent investigation on the expression of a-tubulin genes n relation to Al-
induced root growth inhibition has been performed. This study investigated the short-
term (5 minutes to 3 h) effects of Al (50 pM total concentration; 17 uM Al.
activity) on the organization of microtubules in the transition and elongation zones
of root tips of two maize varieties different in Al sensitivity. The influence of the
three-hour Al treatment on the expression of the genes codifying for a-tubulin
synthesis in root tips of maize (Tuboi! and Tubu3) was investigated using RT-PCR.
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Abstract

The influence of silicon (Si) pretreatment on the total ascorbate content (ASC)
and histological localization of ASC in leaves of two Zea mays L. varieties differing in
Mn-resistance was investigated. After 5 day treatment with 200 pM Mn, Mn-tolerant
plants exhibited a greater capacity to maintain ASC content than sensitive ones. Both
Mun-tolerant and Mn-sensitive plants pretreated with 1 mM Si and then exposed to
Mn exhibited higher ASC content than the plants which were not pretreated with Si.
The received results for histochemical ASC localization indicate that Mn treatment
induced an increase in the number of detectable silver granules in the Mn-tolerant
plants. Si-pretreated leaf cells contained more detectable granules than Mn-treated
alone. However, the silver granules were regularly distributed in the mesophyll cells
of both tolerant and sensitive plants.

Ascorbate redox status was expressed as the ratio AA/ASC. In Mn-sensitive
maize plants, AA/ASC ratio was approximately 0.25 for control leaf tissue and de-
creased in Mn-treated plants. The Mn-tolerant exhibited greater ratio (0.40) than
the sensitive ones. Si pretreatment improved Mn tolerance without an increase in the
AA/ASC ratio suggesting that Si cannot increase the tolerance to Mn by increasing
the leaf ascorbate redox status.
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Effects of Succinate on Manganese Toxicity
in Pea Plants

Snejana Doncheva,' Katya Georgieva,' Valya Vassileva,'
Zlatimira Stoyanova,! Nanko Popov,? and George Ignatoy'

Mnstitute of Plant Physwdogy, Bulgarian Acsdemy of Sciences, Sofin, Bulgania
! Agriculoral University, Flovdiv, Bulgaria

ABSTEACT

Pea i Pisum satvam o, Cilrine) plans were goown in nuirient solution containing vandeus
manganess (Mn) concentrations in the presence or absence of succinate 10 evaluate te
potential role of succinate tn the plant iolerance to Mn excess. Supplying pea plants with
excess Mn led to a reduction in the relative growth rate (RGR ), chlorophyll @ and b con-
tent, photosynthetic O evelution activity, and photosy stem [T{PSIT) activity, s measured
im the Tight-acdapeedd state (@PSID in comparison to the control, The primary photochen-
wal efficiency of PSIL, estimated by the F T, mtto, was less affected by increasing
Mi concentration. Chloroplasts from Mno-treated leaves exhibited significant changes
in their olirastruciure, depending on the strength of Mn woxicity. The concentration of
A im roxcds, stemm, and lesves ipereased with the increase of Mnin the mutrent solubion.
Addition of ssccinate before and afler M treatment did not redoce the inhibitory effect
of Bn on the plant growih, chlorophyll Auorescence parameters, photosy eihetic Oy cvo-
Jution activiey, and chloroplast structure of the pea plants, It was found that supply of
ERORCNOUS succinate at a high Mo concentration (over 1500 ;M) in the nutrent solution
led to an increase of Mn uplake in the roots sccompanicd by a decrense in @ Mn translo-
cation to the leaves and stems compared to Mn-treated pea-plams. However, differences
in the toxicity effect of Mn in both Mn and MnfSuccinate-treated pea plants were ot
detected. Thus, such changes in Mn distnbution within the Mn/succinaie-trested plant
did mot confer tolerance of Mn eéxcess Lo pea planis, These results sugpes! 1hat succinane
probably has an affinity for Mn and may function as a “termingl accepior” of large
ammnts af M, decreasing Mn transport o the stem and leaves, bt doss wo contribute
1y Mn toberance.

Reccived 19 December 2002, sccepted 4 August 2004,

Addrese correspondence to Spejuna Doncheva, [nstiate of Plant Physiodogy,
Bulgarian Academy of Sciences, Acad. G. Bonchev 5tr., BL 21, Sofin 1113, Bulparia.
E-mail; donchevad obeor bio2 | bas ha.
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Root cell patterning: a primary target for aluminium toxicity
in maize

Snezhanka Doncheva®, Montserral Amends, Charlotte Poschenrleder and Juan Barceld”
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Abstract

The short-term influence (5=180 min) of 50 pM Al on
cell division was investigated in root tips of two Jea
mays L. varieties differing in Al-resistance. The incor-
poration of bromodeoxyuridine into S-phase nuckei was
visualtred by immunofluorescence staining using con-
focal laser fluorescence microscopy. in Aksensitive
plants 5 min Al exposure was enough o inhibit call
division in the proximal meristem (250-800 pm from
the tip). Atter 10 or 30 min with Al only, a few S-phase
niuclei ware found in the cortical nitals. By contrast
cell division was stimulated in the distal elongation
zone (2.5-3.1 mm). After 180 min the protrusion of an
incipient Bteral root was observed in ths zone These
observations suggest a fast change in cell patteming
rather than a general cariotoxic effect after exposure o
Alfor a short time. Mo such changes were found in Ak
resigtant maize. This is the first report showing such
fast Aldinduced alterations in the number and the
position of dividing cells in rool ips. The observation
that similar changes were induced by a local supply of
naphthylphthalamic acid to the distal transiion zone
suggests that inhibition of auxin tmansport plays a role
in the Al-induced alteration of root cell patterning.

* Pragant addrees: Papov Inefiute of Pland PlyeSiology, Bulgadian Acadeny of Scances. Acad_ G Bonchaw Stesel, B 21, 1113 Soha, Bulgaika
T Ta wham comespandanca shauld ba addrecsed . Faoc +34 90581 2000 E-mai- an bassi @usbes
Abbwiniatone: Badl, bomdeoxyuiding; DEZ, delisl alongation som; DTZ, doisl kandion sone NPA, naphdphhdaiamic acd .

&2 The Authar [2005]. Pubished by Owxdord Universty Press fon befadl of fie Soceaty for Expedmental Bobgy]. Al nghits resenved .
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Physiological Response of Pea Plants to Different Substrate Moisture Levels in a Ground
Experiment in SVET-2 Space Greenhouse

Miana Mieva®, Rumyana Dikova’, Tania Ivanova®. Enejana Daoncheva’,
Plamen Eostov’, Sverlana

!Space Research Iustitite, Bulgarian Acadsmy of Sciences
*Institute of Plant Phyziology. Bulgarian Academy of Sciences

Abstract

Maintenance of adegquate moisture in the plant growth medium (ubstrate) fo awswre appropriate amounis of waler, nulrienis
and oxygen fo the roots i shll a problem in microgravige. The aim of thiz srudy was fo examine the effect of different subzorare
moisture levels an plamt growth and photosynthesis in pea plants (Pisum sativum L. cv. Ran-1). Pea plants wera grown in the
laboratory prototype of the SVEI-2 Space Greemhouse (5G) dwing May - Jume 2003 m 1-1.5 mm parificle sized substrate
Balkanine, at 18-20°C temperaturs, 400 pmolm™ 5™ photogmthetic photon flace, 0.2 m/s wind speed and 35 % initial substrate
moisture. O the 16" day of plant development the substrate moisire was increased to 60 % for 24 hours. The plant growth
expressed by shaot height and dry weight was not changed with the ncrease of substrate moisture. The photasnthetic rate
was reduced and in contrast the dark respiration rate was increassed. The comtent of chlorepipll a. b and caretencids at 00 %z
substrate moisture ware similar fo that ar 35 %s. The obtaimed results showed that pea plantz grovwn in SVEI-2 5G at the above
substrate moisture levels were with reduced photogmihesis and with mo changes in the growth parameters.
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Exogenous succinate increases resistance of maize plants to copper stress
Doncheva™, Zlatimira Stoyanoval, Kalya Georgleva', Dimitrina Medeval, Rumyana Dikova®, Grigor Zehlrov!,

Snejana
and Ana Nikolova'

1 Institute of Plani Physiclogy. Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Accepied January 25, 2006

Summary

The effect of copper (Cu) excess (1.5, 4.7, 31, 78, 158 pM)
and exogenousiy suppliad succinate on plant growth, chioro-
phyll contant, chilorophyll flucrescence, and lscanzym profiles
of some antioxidant enzymes in maize plants was studsed.
Excessive Cu supply led to a reductlan In tha ralative growth
rate (AGA), tolerance index (T1), chlorophyill a and

b contents, and Ihe quantum yield of PSI| electron transport
in the light-adapted stale (#PSIl). Copper eatment induced
several changes in the anionic and cationic peroxidases
{PODs), as well as superoxide dismutase {SOD) iscenzyme
profiles. Afer 8 d of 78 pM-Cu treatment, two new anionic

* Comespondence;. Assoc. Prof. S, Doncheva;
a-miall: dencheva @obzorbio? ! basbg

e PUNEY 5
.7 inferscience

& 2008 WILEY-VCH Verag GmbH & Cn. KGaA, Wainhalm

PNSS POS/G0F

and two new cationic peroxidase iscenzymes in the roots
were registared. Copper applied at m above
31 pM resulied In higher levels of dis-
mulase (Mn-S0D) in the roots and Cu, Zn-superosdde dismiu-

1ase (Cu,Zn-S500) in he leaves. However, the addition of Na-
succinate (200 pM) to the root medium prior 1o Cu treatment
increasead the capacity of the plants to partially overcoma Cu
touicity.

1436-8730/06/0204-247
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EXPERIMENT INVESTIGATING THE INFLUENCE OF
OXYGEN DEFICIENCY ON PLANTS GROWN
IN MICROGRAVITY
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Abstract

Plant growih expernmenis in the Bulgaman developed SVET Space Greenhouse onboard the MIR
Orbital Stafion proved that precise monitoring and conirol of the substrafe moisture levels is nol enough fo
provide adequate moisiure for plant roots because the waler distribution in microgravily differs sigmificantly
from the one on Earth. Microgravity changes the behavior of fluids and gases, disfurbs the waler-air balance
in the subsirafe medivm and causes difficulties in providing even substrate moisture in the whole volume. As
a consequence excessive imigation may occur and fhe high water conlent may cause oxygen deficiency in
the plant root area. Some ground-basad biotechnology experiments were carried out to improve the scientific
knowledge of water distribution in the roof subsfrate media and ifs impact on plants. A space experiment with
Arabidopsis thaliana plants grown in the 1S5 Ewropean Modular Cullivation System, with the objective fo
investigate plant response to oxygen deficiency occuming in microgravily in the process of subsfrafe
moisture condrol, is planned. Plant growth and development, the ulfrastructure of cell organelles in plant roois
and leaves, the activity of specific marker enzymes and cytosalic Ca"" concentration in plants grown wider
both microgravity and synchronous ground - based 1-g conditions will be invesfigated.
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GROUND BASED VERIFICATION TESTS AND EQUIPMENT
FOR SELECTION OF ROOT-ZONE MEDIA FOR HIGHER
PLANT CULTIVATION IN SPACE
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ABSTRACT

The study proposed gives an approach for early evaluation of the subsirate properties. This includes a
course of measurements for preliminary evaluation of a part of substrate physical, hydro-dynamical, and
agro-chemical characteristics. In case some parameter exceeds the bounds of admissibility the substrate is
not subjected to accurate study in specialized laboratories. Three kinds of subsirates of different trade-
marks and similar particle size range (1-2 mm) were tested in a laboratory. A number of measurements
were carried out using standard methods to make analysis of some agro-physical properties. Seed
germination and plant growth-testing apparatus was developed to evaluate subsirate agro-properties at
different constant maoisture, light intensity and temperature levels. Photosynthetic and transpiration rates as
well as stomatal conductivity of the grown experimental samples were measured by the infrared gas-
analyzer LICOR 6400. The expenmental results are reported.



SENS"2006

Second Scientific Conference with International Participation

SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
14 — 16 June 2006, Vama, Bulgaria

MODEL OF WATER AND NUTRIENTS SUPPLY TO PLANTS
IN A SPACE GREENHOUSE
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Abstract

Particutate media are currently used as artificial soils (subsirates) in the roof growth modules of space
greenhouses. The waler necessary for plant vegetalion is suppled info the subsirate and, fowing through |,
reaches the roofs. One of the methods of supplying nuinents fo plants is their being stored in advance in the
pores of the parficles. Wefting the substrate, the waler peneifrates the particle pores and fhe mineral
nufrients dissolve. Diffusing inside the pores, the nuirienis reach the solufion ouwiside the parficles and
become accessible fo the plamt rools.

In the proposed model consisting of two sub-models, the rool modwle is considered as a system of
lumped paramefers. The first sub-model is based on the material balance of the waler in the subsirafe and
takes into account the effects of irnigalion, ftranspirafion and evaporafion. The dependence of the walter
losses at transpirafion and evaporation on the “meteorological” conditions in the space greenhouse and on
the grown plants parameters is desciibed by a system of algebraic equations. The second sub-model, based
an the first one, describes, in terms of the concentration of the respective nutrient component, ils extraction
from the subsirafe grains and consumplion by the plant roots.

The model gives a possibility fo simuwlate varous condifions of irrigation and nutrtion during the plant
vegetation.



Impact of Different Substrate Moisture Levels on
Lettuce Plants during Ground Based Experiment in
SVET-2 Space Greenhouse

Tiana Tieva', Fumyana Dikova®, Snejana Doncheva®, Tania Franowa,
Plamen Eostov', Svetlana Sapunova’
!Space Research Institute, Bulzaian Acadenty of Seences,
6 Moscovzka S, Sofia 1000, Bulgana
'nstitute of Plant Physiclogy, Bulgaran Acadeny of Sciences,
Acad Bonchev 5t BL21, Sofia 1113, Bulgana

Abstract - Plant experiments earried out in space has
proved that mderograsity alters conditions im the plant
growth facilities especially im the root modules and thus
affects plant gromth and development. Microgravity
changes behavior of fluids and gases in the porous media
used a3 plamt growth substrates which cauze: problems
with the control of water supply systemns and thiz often
leads to excess water imput {overmoistening) and oxygen
deficiency.

The pattern of flmd and gaz distmbution in subsirate
wedium in microsravity could not be repeated on Earth
hut some processzes could be tmitated. Dvermoistening of
the substrate medium and the subsequent oxygen
deficiency could be replaced with the waterlogzing on
Earth,

CGround experiment wasz carried out in the laboratory
protobype of SVET-I Space Greenhouse (SVET-2 5G) to
study the effect of different root-zone modzfure conditions
and waterlogzing om  growth, photosmthesiz and
chlorophyll content of lettuce plants (Lacfuca sativa L. ov.
Lolo Rosza).

The increase in height and bismmass was suppressed while
leaf diy matter increased during the waterlogging
treatment suggesting asmimilates accumulation in the leaves
and slow trapslocation to the roots.

Waterlogzing caused a rapid declne in  met
phiotosynthetic rate (Po). The reduction of Pu could not be
aftributed ounly to diffosion bmitation resulting from
stomatal clomare but alse to metabolic inhibition due to
accumulation of assimilates in the leaves.

The chlorophyll comtent decreazed during the
waterlogzing and slowly recovered after termination of the
waterlogging treatment.

Lettuce plants showed decline inm Po and overall growth
during waterlogzing and demonstrated fast recovery after
waterlogging removal. The resultz suggested that lettuce
plants were waterlogging-rezsiztant to a certain degree but
vield was greath affected.
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Senescence progression in a single darkened cotyledon
depends on the light status of the other cotyledon in
Cucurbita pepo (zucchini) seedlings: potential involvement
of cytokinins and cytokinin oxidase/dehydrogenase activity

Kalina Ananieva®, Evguéni D. Ananiev™*, Snejana Doncheva?, Katya Georgieva?, Nikolina Tzvetkova®,
Miroslav Kaminek®, Viclav Motyka®, Petre Dobrev®, Silvia Gajdofova™" and Jiri Malbeck®
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Cormis pordente Darkness mediates difierent senescenceelated responses depending on the
L A Oy DY, tergeting of dark treatment fwhale plants or individual leves and on the ongans
el sl e by that percerve the signal (leaves or cobyledons). As no data are available on the
) &l role of dafkness o pomoke senescence when lied to individual
ﬁ:;md FEPE L E::;m'iethm we hawe imEigaf;in how darkness affeds theq;}n:grmim of sene-
sence in either 2 smglke or both individually darkened cotyledons of young

ek 10, 1111413993054, 2008 01161 = 10-day-old Cucrbits pepo (zucchini} seedlings. Strong acceleration of senes-

cence was chserved when both cotyledons were dadened as judped by the
damage in their anaiomical stucure, deterioation of chlomoplas ultastructure
in parzliel with decreased phosynthetic ate and photochemical quantum
efiicency of PSE. In addition, the endogenos levds of opokinins £0Ks) and LAA
were strongly reduced. In a single individually dadeened cotyledon, the stucture
and function of the phoosynthetic apparatus as well asthecontents of endogenous
CKsand IAAwere much lessaffected by dadmes, thussugpesting inhibitoryeffect
of the illuminated cofledon on the senescence of the darkened one. Apparently,
the effect of dadmess I accelerate’delay senescence in a single darkened
cotyledon depends on the light siatus of the other cotyledon from the pair. The
close positive comelation between CK content and the activity of CK oxidaser
defydmpgenase CKX; BC 1.4 318759912 sugpesied that CKX was esentially
imvohved in the medhanisms of downregulation of endopenous CK levels, Our
results indicaied that (K X-regulated (X sgnaling could be a possible regulatory
mechanism conrolling senestence in individually darkened cotyledons.

Abbreviations — CK, oytokining ci5-Z, cFzaing os-IR, oF-zeatn rboside CFX, oyfobmin oeidassddehpdrogenase; DHE,
diydrozeating PW, fresh weight; P, N‘E-{I—isq:lemerqﬂa:brim; PR, Hi-dé—'s:ipeﬂenrﬂaimhe Qribosyde; 7, trans-zeating 2R,
trans-zeatin 9-riboside; 200G, trans-zeatin O-glucoside; FROG, ransreatin Sriboside O-glucosde; ZRMP, frans-zeatin 9-riboside-
&*-monophosphate; {abbreviations for oytokinine according to Kaminek et 3 2000).
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EFFECT OF OXYGEN DEFICIENCY ON GROWTH COMPONENTS OF LETTUCE DURING
GROUND BASED EXPERIMENT IN SVET-2 SPACE GREENHOUSE

lliana lieva', Rumyana Dihmraa, Tania Ivanova', Snejana Doncheva®

"Space Recearch Insfitute, Bulgarian Academy of Sciences
& Moskowvzka Sir, P.O. Box 7359, Softa 1000, Buigana
}m&dﬁaﬁﬁhﬂﬁm Bulgarian Academy of Sciences,
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BNMMAHWE HA HEQOCTHIA HA KNCNOPO[ BLPXY PACTEXA HA CANATEHW
PACTEHWA MNMPWU HASEMEH EKCNEPUMEHT B KOCMWUYECKA OPAHKEPWA CBET-2

Wnussa Mneesa’, Pymana Qukoea®, Tana Meanosa’, Crewana Jowvesa

"Hiemumym 23 sooureecky vacredasHuR, Bhneapoks skadouus HE HayRUmEe
. Mocwoscra 6, MK 7358, Codgwrr {1004, Bunespus
WMWMHHEM Ernncapors akadesin HS HIyRLImEe
. Awxad. . Bonves, Bnow 21, Cogwrr 1113, Beneapus
e-mail: iana_lleva@space baz bg

Hnroqoaw oysn: Kocsardecss opsHwepuR GBET-Z2, npegananHAssHe HE cyfompameama cpeds, canameHu
PACMEHUR, DICERHY NOXZIIMENU, SOomocUHmEesS

Pezrome: Canamenu pacmenur (Lacfuca safiva L. var Lolo Rosa) Gaxa omenedany & nabopamoprur ofipazen Ha
Kocumuyecks oparwepur GEET-Z ewpay cybompam Gansarud mpy koamponupyesy yonosus. Ha 27-0ed om mAxHomo
pazeumus pacmeruAams Gaa nodnomeny Ha 10-04HeeHo MpecanarHAsaHe Ha cybompameams cpeds, nocnedeaHe om T0-
drvegeH seicmaHcsumensH nepusd. Upes npecenawHAssHemMe Ha cybompama SR ceadedery ponosuR, © ROUMD ce
URALMILES  CIELEMIUSNHOMO MPSRECeaHe HS SR3OVEOHOCHLME Nopy € cpfcmpamyama opeds & MURDOSPIeUMSUTR,
SLIHUKESWYD acnedomeaus Ha MpoamereHama ghrsurs Ha dempedunme U npotimesime Moy pMpSEneqHUemo HS eNasHommma &
cHECIMpamMyEama cpeda & pocsmsechy ponosurA. (Mo spese Ha MPecENanHINTEMHUA Il Se3CMSHISEmenHUR nepusdu SAxa
saemy Apodu 33 onpedenaHe H3 PSCMERHUME NEPAMEMPY HI DISCMEHUAMS, CLOLOESHUSIE H3 omopodgbun U
UHMEHSUSHOCTIMS HS homocuMme3ama.

Mo speids H3 NPECANaERHASIHEMO HIDSCMEIHEMD HI DSCMSHUAMS HI SUCOHUNRS U HSMDYTESHSMO HS cooda
Sucwmaca GRxa sHayumense woudupary. Mpez ge2cMaHOSUIMENHUA NEpuod DSCMEHUAMS Pesrmmlinsg SUCOHUHAMS cU U
HAMEYNaHEMS CUOMSCE § COSSHSHUS CBC CBLINME, UIMEDEHU Mped mepucds HI NpSCOSNaeHAssHE, HD & KDaA HI
SLICMAHOSUMENHLA MEpUGd HEMPNSHama om max Suomacs Sele ¢ 4 MuMU No-MaEnks oM Ma3U H3 HEMpeDaawHEHIITE
pacmeduA. Mumerauwesocmms HS OMOCUHMEIEMS ¢2 NoOHWHY © 75% Npu NpsoanasHSHUETES DSCMSHUR & COIEHEHUE ©
HEMPECENAXHEHUTE, § ChRORIESHUSIO HI Xopoun 8 micmams Ha pacmeHuURms Hedans ¢ 29% & xoda Ha
npeaanaAHASaHemE. B NpOUSes Ha SLIcMaH0aAsaHE Me 3w Nox3aament SRS Hauanenl ceomesmss ¢ 30% u 75% .

MonyweHume oM HSC PS3TIMESMU NoNS3ENS, Y42 MpeosnasHAssHemo 330588 passumuemo H3 CRTSMEeHWmEe
PACMEHUANS U OR33S3 anuAHue gepry Joduss UM, YomaHOoSSHUME oM Hae UesereHuA obawe oo obpamuiay o cned
NESHPIMASaHE HS NPSOSNSEHASSHSMO,  DICMEHUAMS  SbICMEHOSUNS  (QOMOCUHMSMUNHSME  CU  SKITISHOCT,

BUCCUHMEISNE HS XNOPoGhUn U DSCMEeRs G



Avin Biolvygrica Hungurica 59 (4), pp. 479487 (2008)
DN - 1 15 560A Biol 59 200845

THE EFFECT OF SILICON
ON THE 5YMPTOMS OF MANGANESE TOXICITY
IN MAIZE PLANTS
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The effect of axpenously spplied sibeon (51) on plant growth, lipd peoskdation, (ol phenelic com-
pounals and nosprodem thiels wes studbied m iwe mEiee vareties (Lea mays Lovars, Kneg 605, 434 &
fering  Sensitivily i excess mangEness (M n). Based on e densty of brown spaols per lealares and nel-
alive shoot welght { RSW) wed & define Mo olemnos vaz Kngia 434 wias found 1o be more Ma-kler-
anit than Knefa 605 The lipld peocidation level and tow] phenclic compounds wene enhanced with
incresimy Mn concentration in the nutrent solubion, b addidon, the Mn-sensdtive var Kneja 605 with
mmrkedly expreised Ard viible Ma oty symplomns had higher leveb of botal phenelec acides thanvar.
Kngja 434 thus supporting the hypothesis that & gmulsting effect of Mn on phenol cmitent refllecked
rather & stress response b Mn exces tlan & okrance mechaniim, [n contrad, non-prodenn SH ombent
in resiindl ey & higher extend in the Mn-tolerimi var, Kneja 4340 The increstad amount of non-prodein SH
compoumnids was sceompranied by 2 much stronger oxidstive stness i the Mirsensitive plang when com-
pared with the Mn-krleranit vanety, thus suggesting thal non-poiein 5H compounds may play & role m
Mn ez in matee. The aldition of siloon {51) reduced the demity of brown speils per leal &res as
well & lipdd peroad dation kevel sl mproved planl growth in Ma-tnested plants.
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Silicon amelioration of manganese toxicity in Mn-sensitive and Mn-tolerant
maize varieties
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ARTICLE INFO ABSTRACT

Article history: Differences in tolerance to Mn excess and amelioration by Si were evaluated in two maize varieties. Dry
Rﬂft‘{“t‘d 23 June 2008 weight, callose accumulation, chloroplast ultrastructure, and photosynthesis parameters were used as
Received in revised form 7 November 2008 stress indicators. Variety Kneja 605 was much more Mn-sensitive than variety Kneja 434. In Kneja 605

A A T excess Mn caused severe chloroplast damage and enhanced carotenoid production, symptoms similar to

those triggered by photoinhibiton. In Mn-tolerant Kneja 434, in contrast, a Mn-induced decrease of the
Eﬂ:’;"f;’ —— carotenoid concentrations, and only slight alterations in the chloroplasts were observed. These effects
Manga’:‘e-':e Sl were similar to light Fe-deficiency symptoms. The threshold tissue concentration for Mn-induced callose
Manganese toxicity accumulation was much lower in Kneja 605 than in Kneja 434. Therefore tolerance to excess Mn in Kneja
silicon 434 was not due to more efficient exclusion but to more efficient detoxification and compartmentation
Zea mays of Mn. The constitutively thicker epidermal layers in Kneja 434 and the observation that Si-induced
amelioration of Mn toxicity in Kneja 605 substantially increased the thickness of the epidermal layers
suggest that Mn storage in non-photosynthetic tissue could be a Mn tolerance mechanism in maize.

© 2008 Elsevier B.V. All rights reserved.

* Corresponding author. Tel.: #34 935811267.
E-mail address: juan.barcelo@uab.es (]. Barceld).

0098-8472($ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.envexpbot.2008.11.006
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Root Behavior in Response to Aluminum

Toxicity 2
Charlotte Poschenrieder, Monise Amenas, Isabel Corrales, 3
Snezhana Doncheva, and Juan Bareela 4

Abstract Foolz have an extraordinary capacity for adaptive growith which allowz 5
them o avord toxic soil patches or lavers and grow mito fertile sites. The response &
of mots o aluminum toxicity, a widespread problem in acid soils)is an excellem 7
model system for investigating the mechamsms that govern this root behavior. 8
In this review, afier a shont introduction to oot growth movement in response o 9
chemacal factors in the sml, we explore the basic mechanisms of Al-induced imnbition. 10
of mot growth. The sctinomyosin network and'endocytic vesicle trafficking are 11
highlightcd as common targets for Al toxicity in cell types with quite difforent 12
ongins: oo Gp transition zone cells, np-growng cells ke root hairs or pollen 13
tubes, and astrocytes of the animal or homan b In the roots of sensitive plants, the 14
perceplion of toxic Al leads to a change in root tip cell patterning. The disturbance 15
of polar auxin transport by Al scems io be a magor factor in these developmental 16
changes. In contrast, Al activates organic acid cfflux and the binding of Al ina 17
nomoxic form in Al-resistant genotypes. 1%
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Summary. A living collection of Lencojum aestivum L. (Amaryllidaceae) was established at
the Institute of Botany, Sofia, in 2001. In vifro cultures onginating from a single mother bulb
have been maintained since 2003 on MS-based agar-solidified medivm supplemented with 30
L? sucrose. 2 mg L BAP and 0.15 mg L' NAA under equal temperature and light conditions
in plastic containers. Part of the regenerated plantlets were successfully adapted ex vitro and
planted in open-air trenches in 2007. Uniform shoot clumps were selected and grown for seven
weeks during the vegetation peirod in spring 2009 on solid and in a liquid mediom with the same
compostion. Main physiological characteristics of the field cultivated plants and plantlets from
long-term in vitro cultures were compared. Leaves were taken from field grown and field adapted
plants, and in vitro obtained plantlets on solid and in liquid media, all genetically identical. The
photosyathetic rate of field grown plants was twice higher than that of in vitro plantlets. Moreover,
the results for the plants adapted to open-air conditions were similar to those mifially planted on
the field, whereas the photosynthesis and the biomass accumulation were more expressed by the
in vitro plantlets cultored in a liguid medivm compared to those grown on agar-solidified one.
The liquid shoot-clump culture of L. gesfivim was determined as a suitable system for in vitro
alkaloid production.

*Corresponding anthor: maris@bio bas bg
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Characterization of the tolerance to excess manganese in four
maize varieties

Zlatimira STD?AHﬂvﬂ'ﬁEhmlmE POSCHENRIEDER®, Nikolina TZVETKOVA®

and Snejana DONCHEVA
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Abstract

Manganese |Mn} is an emential micromerent n all oogamans, bat may heoome towc when present i exoess,
Fouur mane | fea mays L) vanetes, Kneja @015, Knea 4, Knga 509 and Knga 537, were stuched with respect
tar thest respamses to eoces Mn in hypdroponic solsson. In the vaneties Kneja 605, Knga S04 and Kneja 537,
increzsing Mn conentrations in the nurent solosom pegatively 2 fecrad biome s aonmmletion, phodsynthetc
rate, ransprzton, siomat | condictance and chloroplby l matet. In addimon, these vansties showed increzsed
electralyie leak age and hpid pernodaton |ma londe daypde [MIDA] comfent). horeased Mn kst concentrations,
higher comtents of chlmsphyll @ and chiorophdl B, Bgha photoemmthetic rate and transpiration, lower conen-
trations of MDA and imgnificant changes in the eletrlye kakage in the laves were found m var, Knega 434
comparal with the other maize varetie stuled. Thes vanety sppeared to possess 2 stronger ahility to cope wath
Mn phytotococity, suggestmg high prtential for Madetraification and ver. Kneja 434 conlbd be 2 gosod candulate
Fuxr improving maize productivity on acid soib ender sostropical cnditions

Keywonls:  eleatrohte leakage pid perxidation, mare pmdocnon, manganes toderance, manganese toonicity.
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Early responses of roots to Aluminium: alteration of
vesicle transport as a target

Poschenneder Charlotie!, Amends Mon tse!, Corrafes lsabel?, Bes Peter?,
Doncheva Snezhanha?, Baluska Frantisek®, Baceld Juan?
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(2} dvshiuste of Botany, Slovak Academy of Sciencos, (ubraveko postg 4, 5 84523,
trating, S

(3 Depl Miroral Mutition & Water Meations, Insk Mant Fhysanogy, &mm?
OF Scignce, . Bonctew St G121, 1113 Safa, Sudgaria

(i st &r Fedidare ond MolektEen Botanik, Univ. Boon, Hischaloe | 53215

Introduction

Aluminum toxcity is among the most important abotic constraimis
for plant growth on scid mineral soils (Kochran et al., HHM4: Ma, 2007
Poschenneder et al., 2008). Aluminium nat only causes a fast inhbition of oot
cell division and elongabon, bt alters the entire root architectyre. The bt
stunted oot system of piants affected by Al taxioty has poor CADRACITY 10 SUD
ply the shoot with waler and nutdients. As a consequence multiphe secondary
SIMESSEs DOCLY,

Recogrition of the primary targets of Al louicity 15 essental for vraer-
standing, the mechamisms of Al induced alterations of oot Aroseth. Moresower,
the early root responses 10 Al represent a valuable model sysiem for studhyng
the basic events that control root growth and developrment. Here we presernt
2 summary of our recent resesrch activities in this field making specl rafor
ence to the role of Al-induced alleration of vesicle transport in the Al imacity
syndrome.
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Local induction of senescence by darkness in Cucurbila pepo
(zucchini) cotyledons or the primary leaf induces opposite effects

in the adjacent illuminated organ
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Lead toxicity in sunflower plants as affected by EDTA

Snezhana Doncheva, Michael Moustakas, Kalina Ananieva, Martina Chavdarova,
Emiliya Gesheva, Rumyana Vassilevska
Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences. Acad. G.
Bonchev str.. bl. 21, 1113 Sofia. Bulgaria
Department of Botany. Aristotel University of Thessaloniki. 54124 Thessaloniki.

Greece

Abstract

Objective The present work was aimed to study lead (Pb) biosorption by sunflower
plants cultivated in liquid media and the role of exogenously applied EDTA in
ameliorating Pb toxicity.

Methods The effects of Pb (ionic) and the EDTA-Pb complex on plant growth of
cultivated sunflower H. annuus cv. 1114 and the interspesific line H. annuus x H.
argophylius grown in Hoagland solution were investigated. Phytotoxicity was assessed
using several well-established stress markers: plant growth, leaf anatomy, electrolyte
leakage. total antioxidant activity and free radical scavenging capacity.

Results Pb treatment induced a decrease in the relative growth rate (RGR). disturbance
of plasma membrane integrity and changes in the morphological characteristics of the
leaf tissues. the number of frichomes and stomatal aperture index. In addition. the
antioxidant capacity was also atfected. The addition of EDTA together with Pb into the
culture solution induced amelioration of Pb toxicity effects on all parameters tested in
both the cultivated sunflower H. annuus cv. 1114 and the interspesific line. Our results
showed that in the presence of EDTA the content of Pb in the roots. stems and leaves
was reduced compared with Pb treatment alone suggesting that the uptake of Pb was
limited. However. EDTA enhanced the translocation of Pb from roots to stems and
leaves as evidenced by the increased translocation factor (TF). The interspecific line
demonstrated higher tolerance to excessive Pb levels when compared with the cultivated
sunflower. This was due mainly to an increased photosynthetically active area,
maintenance of plasma membrane integrity. permanently high total antioxidant activity

and free radical scavenging capacity as well as total flavonoids content.

Conclusions The comparative analysis of the response to Pb application showed that the
deleterious effects were more pronounced in the cultivated sunflower H. annuus cv.
1114. The toxic effects of Pb on RGR. leaf morphometric parameters. electrolyte
leakage. SOD izoenzyme spectra. total antioxidant activity and free radical scavenging
capacity were alleviated in the presence of EDTA in both H. annuus cv. 1114 and the
interspesific line. The interspesific line demonstrated higher tolerance to excessive Pb
levels as well as higher capacity for Pb accumulation in the roots which makes it a

good candidate for phytoremediation in contaminated soils.
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24 Abstract

26  The variabilities in some morphological and physiological characteristics of sun- and shade-
27  adapted Haberlea rhodopensis plants were compared. Changes in the photosynthetic activity,
28  electrolyte leakage from leaf tissues, malondialdehyde content and leaf anatomy were studied
29 at different degrees of desiccation as well as after rehydration of plants. The malondialdehyde
30 (MDA) content in well-watered sun Haberlea plants was higher compared to shade plants
31  suggesting higher lipid peroxidation. which is commonly regarded as an indicator of oxidative
32 stress, but desiccation of plants at high light did not cause additional oxidative damage as
33 judged by the unaffected MDA content. The electrolyte leakage from dried leaves (8% RWC)
34 from both shade and sun plants increased 4-fold indicating similar membrane damage.
35 However, the recovery after rehydration showed that this damage was reversible. Well-
36  watered sun plants had higher photosvnthetic activity probably due to the higher thickness of
37  the mesophvll laver. On the other hand, desiccation at high light reduced strongly CO:
38  assimilation which was in accordance with the stronger reduction of stomatal conductance.
39 Stomata were visible only on the abaxial side of sun leaves having also higher abundance of
40  non-glandular trichomes. Increased trichomes density and epicuticular waxes and filaments
41  upon desiccation could help plants to increase reflection, reduce net radiation income, slow

42 down the rate of water loss and survive adverse conditions.



Effect of light on the photosynthetic activity during desiccation of the resurrection plant
Haberlea rhiodopensis

Katva Georgieva . Snejana Doncheva, Gergana Mihailova, Snejana Petkova
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‘Corresponding author. Tel. No. +35920792611: Fax No. +35028730952; E-mail: katya@bio21 bas bg

Abstract: The effect of light during desiccation of the resurrection plant Haberlea rhodopensis on the photosynthetic
activity and some morphological parameters was evaluated using plants growing at low or high irradiance in natural
habitat. Chlorophyll content was not only lower in sun plants compared to shade plants, but it declined to a higher
extent when desiccation was carmied out at high light irradiance. Regardless of lower chlorophyll content in sun plants
their photosynthetic activity (Py) was about 30% lugher compared to shade plants. However, duning dehydration Py
declined more rapidly in sun plants. The mean leaf thickness of fully hydrated leaves from sun plants was larger when
compared with shade plants. which was due to higher thickness of the mesophyll. Following rehydration plants rapidly
recovered and Py; was higher by about 70% i sun than in shade plants. The results showed that the sun-exposed
Haberlea plants exhibited good adaptation to desiccation under high irradiance.



BIOLOGIA PLANTARUM 55 (3): 581-385, 2011

BEIEF COMMUNICATION

Fatty acid content during reconstitution of the photosynthetic apparatus
in the air-dried leaves of Xerophyfa scabrida after rehydration
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Abstract

Desiccation of Xerophyta scabrida cansed considerable damage of chloroplast ultrastacture together with a complete
loss of chlerophyll Upon rebydration, the relative water content of the pale-green leaves almost reached that of the
dark-green ones, however, the Chl content and photosynthetic activity remained lower. The process of reconstitution of
the photosynthetic apparatus in the re-greening leaves was accompanied by changes in fatty acid (FA) content. The
amownt of the FA methyl esters was more than 2-fold higher in the green leaves as compared to the dry omes and
slightly increased after rehydration in the pale-green leaves. Among the three main fatty acids in the leaves, oleic,
palmitic and linoleic acid, the latter mcreased more than 3-fold durnng rehydration. This acid 1s concentrated mainly in
the glycolipids and thiz was an indirect indication for the restoration of the photosynthefic apparatus. Our results
showed that rehydration of X scalvida led to a decrease of the saturated FA in parallel with an increase of the
unsaturated FA, thus indicating increased membrane permeability. The observed changes m the lipid content can be
considered as a characteristic feature of X scabrida and most probably of other poikilochlorophyllous species.

Received 24 November 2009, accepred 15 May 2010.

Abbreviations: Chl - chlorophyll: FA - fatty acads; FAME - fatty acids methyl esters; FID - flame vomrzation detector; Fy, - mitial yield
of chlorophyll fluorescence m the dark adapted leaves; F, - maxinmmy chlorophyll fluorescence of dark adapted leaves;
F,.' - maxpwum fluorescence m hght-adapted leaves; F; - steady state fluorescence of light-adapted leaves; F, - vanable flucrescence
of dark adapted leaves; F/Fy - maximum photochemmical quantum efficiency of PS5 2; F,/Fy, - excitation caphure efficiency of P5S 2;
1-F,F, - proporbon of the emerpy dizsipated a: heat m the PS5 2 antenna; FR - faroed; HDT - homoiochlorophyllous;
PDT - poikilochlorophyllows; PPFD - photosvnthetic photon flux density; PS5 1 - photosystem 1; PS5 2 - photosystem 2; Py, - reaction
center of PS 1; Py - reachon center of PS5 2; RWC - relafive water content; Bfd - chlorophyll fluctescence decrease 1atio;
Ppgz - quantum yield of Photosystem 2 phofochemisty in the light-adapted state.
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