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DUINOJOTVYECKAA POJb HEROTOPBIX MIIHEFPAJBHDBIX
SJIEMEHTOB B OBPA3OBAHMY KIYBEHBROB I DPUKCALIVINU
ATMOC®DEPHOT'O A30TA ¥ BOBOBBIX PACTEHUN

JL CTAHYEBA, k. c.-x. n.*; M. TEHEBA, M. XPUCTO3KOBA,
I. IIBETKOBA, T. 3EXMPOB, I TEOPTVEB
(MHCTUTYT (PUBMOJOTUM PACTeHMHA «Axan M. Ilonoe»,
Bosrapckas Axangemmsa Hayk)

VceseoBano pamsiHMe qeduuura 1 NoBLIIEeHHOro copepsxanmna doccopa (P), Gopa
(B) u moaudnena (Mo) na odpasosanue KJy0eHLKOB M aKTHBHOCTh (hUKCAIMM 230TA Y
ropoxa 1 coM. Y CTAHOBJIEHA HENOCPeJCTBeHHAA CBABL MEKIY cogep:kanmem docdopa

F .x..'r.'..‘.‘.‘i,..:."m...‘.‘«.ﬂ_. O AL T -]

1 HOpa B MITATEABHOI cpejie it KOJIUYIECTEOM crnermnyecknx GIaBOHOUIOE B KOpHE-
BBIN DRCYIATAX, MIPARIIHMX PpoIk MELYKRTOPOB 114 00pa3oBaHUA KAYOEHBKOB ¥ 0000-
BHIX. UTPMUATEAbHOE BANAHNE OTTYTCTBINA amonMGAeHa B nUTATeNbHNIT cpede Ha oGpa-
30BaHHe RIYDEHBKOB, AKTUBHOCTDL azoTdUKCAIMM 1 COIepKapue AMMHOKHKCIOT B pac-
THTeNLHBIX TRAHAX MOKHO M30€:KaTh NPU BBEJeHNN MUTATETbHBIX 2JIEMEHTORB 4Yepes

JIMICTH A

Cumbuoruyeckas asoTdurcanua
BRJIOYAET KOMIIJIEKC B3aMMOLENCTBMN
OCOOBBIX DacTeHMIl ¢ NOMBEHHBIMI Dar-
TEepUAMM O Pa3aAMIHBIX POAOE! Azorhi-
zobium, Bradyrhizobium, M esorhizibium,
Sinorhizobium u Rhizobium. B pe3yab-
Tare CUMBMOTMYECKHX B3aNMOXENACTBMIHA
00pa3yeTcA HOBbIA Opra’ — KJIYOEHbBKIL
Dransl 00pasoBaHus KJIyOeHbKOB OYeHb
4YBCTBUTEbHbI K YPOBHIO MIHEDAJIBHBIX
ageMexToB (1] KaK B VCIOBHAX HEIOCTAT-
ka [17], Tak n ux usdsiTka (13}

[iccre asera (Docdpop ABJAAETCA OX-
HMM M3 OCHOBHbIX OMOTeHHbIX 3JIeMEHTOR,
PerysMpyIOLUmMX POCT ¥ PasBuTHe pacTe-
Huit. Pocdpop orasbiBaeT BIVAHME Ha M-
sl SNl il HESFE,
CTUMYJMPYET POCT PACTEHMA-XO3ANHA, a
TaKyKe 00pa30BaHye HOPMAJIbHO (PyHKIIM-
OHUPYIOIIMX KJ1yOeHbKoB (8] docdopHbIi
nedouInT OKa3biBaeT BMAHME HA MTPOLEec-
cbl MHMULMPOBAHNA, [TOCKOJIbKY 3alep-
sxMBaeT BbileseHye crenndiueckux diaa-
BOHOMIOB B KOPHEBLIX SKCydaTax, urpa-
FOILMX POJIb MHILYKTOPOB NPy 0OpasoBaHmut
KJ1yOeHbKOB, a TAKIKE NIPUKPeIlIenye ar-

Ta waw

Tepuit K KOpHeBbIM BojockaMm [12] Bop B
CTPYKTYPE KJIeTOYHOV CTEHKU (7], denon-
nponasoyuHom Tytu [15] n buToropmo-
HapHoM Oaqance [10] urpaer CcyleCTBeH-
HYIO POJib B CMMOMOTUYECKMX OTHOLUEHM -
AX MeKIy as0TOUKCUMPYHUmMMM DaKTe-
pUAMM U pacTeHyeM-xo3anHoM. Moymbnes
ABJIAETCS Ba’KHBIM KOMIIOHEHTOM KOMAK-
TOPOB (DEPMEHTOB, KaTaIM3NPyIOLMX BoC-
craHoBJeEMe MM ukcaumio asora [14].
IIpu BHECEHM) BOCCTAHOBJIEHHOTO MM
OPraHMYecxoro asoTa HOTPedHOCTs B MO-
JmbpeHe yMesblIaeTCA My ycye3aeT B0B-
ce. OnmHuM 3 cnocoboB, MO3BONAKLINM
ME6ersyTh NMOAABIAIMIMA addeKrT Heop-
raHM4YecKoro asoTa Ha obpasoBarye Ky-
Aeunxnw (3] srRmAeTes nogava MUHEDAJIb-
HBIX 3JIEMEHTOS depes JMCThA JlncroBas
NOJAKOPMKA CTUMYJIMpPYyeT BbljeJieHNe ca-
XapoB B KOPHEBBIX 3KCY/aTaX, 4TO, B CBOIO
oyepe/lb, TONOXKNTEJILHO BJIMAET Ha pas-
suTne Knybexskos (9] B HacTosuiee ppe-
MA NPOBENeHO HeJOCTAaTOYHO MCCJIeNoBa-
it samanuA P, B u Mo Ha obpasosanne
KIyGeHbKOB 1 (DUKCALIMIO ATMOCREPHCIC
asora y 6000BbIX.

* Kadenpa cucucsorum pacteswi PTAY = MCXA umenn KA. Tummpasesa.
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Root Ecology and its Practical Application, 3. ISRR Svmp. Wien,
Univ. Bodenkultur, 1991, L. Kutschera, £. Hiibl, E. Lichtenegger,

H. Persson. M. Sobotik feds.) — 1992 — Verein fiir Wurzelforschung,
A-9020 Klagenfurt.

EFFECT OF DIFFERENT LEVELS OF NITROGEN NUTRITION ON GROWTH,
NODULATION AND NITROGEN FIXATION OF ACACIA PLANTS (Robinia
pseudoacacia L.) INTERCROPPED WITH POPLAR PLANTS
(Populus euroamericana L,)

G.I. Georgiev, K. Kalmuckov, E. Alexandrova, L. Tyankova
Ts. Tsanov

SUMMARY: The higher nitrogen mineral concentration (80 and 120 mgN/kg soil)
exerts a stronger positive effect on the nodulation but decreases nitrogen
fixation of acacia plants during the later stages of growth. Poplar plants
successfully compete for the soil N with acacia plants on the low and middle

ranges of concentration which contributes for the elevation of acacia nitrog
fixation rate.

1 INTRODUCTION: Acacia plants can fix atmospheric N, after the successful
inoculation with respective Rhizobium Ssp. strains which allow them to play
a significant role in maintaining the forest soils fertility and tree
productivity (Atkins 1986). There is a very scare information about there
ability to fix atmospheric N, under unfavourable environmental conditions
of growth such as high soil fiitrogen concentration and concurrent effect
for soil N uptake with other fast growing tree species like poplar plants.

2 MATERIAL AND METHODS: The experiments were carried out as pot soil culture
with one year old acacia (var. Svishtov) and poplar (var. T-I214) saplings.
The plants were grown from root (acacia) and stem (poplar) cuttings. The
pots contained 10 kg abs. dry low leached carbonate chernozem (pH=7,8;
C0,=0,89%; N=3,14%; P.,0.=0.56%; K20=2,35%). N nutritions were at natural
level of N (31,4 mg/kg); fertilizéd variants (80 mgN/kg & 120 mgN/kg). Soil
moisture was at 60% FSWC. Inoculation of plants was done by adding soils

Table 1. N,-fixing activity Of acacia nodules during growth period

Stage of Soil nitrogen level
growth 31,4 ogN/kg 80 mgh/kg 120 mgN/kg
ARA Ureides Dwt ARA Ureides Dwt ARA Ureideg Dwt
per plant per plant per plant
Acacia as monoculture
1 €,87a 0,0007a 0,02r 2,26 0,0006a 0,01% 0,75¢ Q,005¢ 0,01b
11 99,19 0,0040a 0,127b29,40a 0,0067b 0,218 1,52b 0,035a 0,55b
I11 75,34 0,1430a 0,800 14,308 0,128a 1,01a 3,42a 0,135a 0,57b
Acacia intercropped with popler
I 9,33% 0,0070bv 0,090a 9,19¢ 0,004 0,05 12,51a 0,003a 0,009b
94 19,52a 0,0033b 0,030a 0,81a 0,0009b 0,24a 0,62a 00,0009 0,0%a
III 6,308 0,074a 0,572 0,62b 0,037v 0,8t1a 0,35a 0,013a 0,12a

Significant difference at level of 1% (a) and 5% (b) and non-significant
{c) 7 Student t~test/.
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EFFECT OF TOXIC Cu CONCENTRATION ON THE GROWTH, SYMBIOTIC N2-

FIXATION AND ION EXCHANGE ACTIVITIES OF WILD STRAIN AND PLASMID-

CURED DERIVATIVES OF Rhizobium sp. EFFECTIVELY NODULATING BLACK
LOCUST /Robinia pseudoacacia L./

Georgy Georgiev!, Galina Radeva2, Blagoy Atanasov3

1Acad.M.Popov Institute of Plant Physiology, ? Institute of Molecular Biology,
3 Steffan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, 1113
Sofia, Bulgaria

Introduction The plasmid DNA found in the fast- growing rhizobial strains are
responsible for determination of some physiological activities of cells like symbiotic
N, fixation, stress tolerance reaction to different environmental disorders, cell
membrane permeability determinants[6,8). N fixing properties of the Rhizobium-
legume symbiotic relationships are very sensitive to the changes in the abiotic
environment, but little information is available about the involvement of rhizobial
plasmids in determination of the stress tolerance reaction of both, free-living and
nodulating organisms(1,2].

The aim of this work was to study the plasmid profile of the indigenous isolate
Rhizobium sp. DC-2, effectively nodulating Robinia pseudoacacia L. plants and to
elucidate the role of these plasmids in the determination of the growth, ion
exchange and symbiotic N, fixation of wild and plasmid-cured strains of Rhizobium
sp DC-2 grown in the present of toxic Cu concentrations in the medium.

Material and methods Plant saplings of Robinia pseudoacacia L. clone Svishtov
were grown from the root cuttings in the pots containing 15 kg of mixture Nluvisol -
sand - perlite = 1:1:1/ in the green house conditions [3]. The saplings were
inoculated with bacterial suspension of Rhizobium sp DC-2 containing 108 cells per
ml. The pots were supplied with the 200 ppm Cu during the stage of emergence. The
plasmid contents of the wild type and cured derivatives of Rhizobium sp. isolate DC-
2 were determined by a modified Erckhart method [5]. The plasmid curing and
isolation of derivatives was performed by the method of Zurkowski and Lorkiewicz
(1978). Mineral contents of plasmid-cured and wild strain of Cu stressed 48 h YEM
broth culture of Rhizobium sp. DC-2 and the nodules of 90 days old plants were
analysed by the atomic absorption spectrometry method [3]. The rate of acetylene
reduction /ARA/ and ureide content of nodules were determined [3].

Results and Discussion. The wild strain Rhizobium sp DC-2 contained very large
plasmid ( > 1700 kb), as well two additional plasmids in size about 450 and 160 kb,
respectively as shown in Fig1 (Fig.1, lanes 2,3 and 4). The derivatives of the



Hscnedeanun evpxy noncxume Kyamypu, 2006, Tom 111 - 4
Field Crops Studies, 2006, Vol. 1] - 4

~HACJIEAABAHE NPU3HAKA CbAbPXAHUE HA BOJIA B TUCTATA
HA PACTEHWUATA NPU XUBPUOW 3UMEH NMBOBAPEH EHEMMK

Aapuxa Bunuesa', [iparomup Bunues', lNeopru MNeoprues?
1-MHcTUTYT no seMenenve, Kapuobar
2-VHCTTyT no domanonorus Ha pacteHunaTa, Codus

Peatome

Buvnuesa []., flp. Bundes, ITeopaues, 2006. Hacnedseare npusHaka cbbpxaHue Ha
goda e nucmama Ha pacmerusima npu xubpudu 3uMeH nusoeapeH e4emux.
B nepvona 2000-2003 roarHa-Ha cyxoycToiumMBemM xubpuau 3uMeH NUMBOBApeH eueMmnK
"€ onpefieneHO CLABLPXKAHMETO HA BOAA B NWCTATA, KOBTO € eA4HA OT OCHOBHWTE
aKTEPUCTUKK NPY ONpeaensHe BOAHWA PeXUM Ha evemrka. Ypes cxoTHowewueTo d/a
pefieneH TUna Ha HacrneaaBaHe Ha NpusHaka 8 xubpnaHu kombuHauuu. Mpocnenexa
HyCTaHOBEHA € CTeneHTa Ha M3MEHYMBOCT Ha NOKa3aTensa CbAbpXaHue Ha Boaa B nucrata
B8 33BUCUMOCT OT reHOTvNa Ha poauTenure.

Knroyosu aymu: Evemuk — CyxoycToiumBoCT - ChabpXaHWe Ha Boda B nucrara -
Hacnepasane

Abstract

Valcheva D., Dr. Vuichev, G. Iv. Georgiev, 2006. Inheritance of water content in leaves
in winter malting barley hybrids.

Water content in leaves of winter malting barley hybrids was determined; this is one of
the basic characteristics in determining of barley water regime. By the ratio d/a, the type of
inheritance in hybrid combination was specified. The rate of variability of water content in
leaves according to the genotypes of the parental forms wa established.

Key words: Barley - Water content - Drought resistance - Inheritance

yBoa

B peaynrar Ha ofesBofHnABaHETO Ha TbKaHUTE Npe3 BpeMe Ha Cyla HacTwbnBar
ObnBoku NpomMeHyW 8 a3oTHUA MeTabonusbm Ha pacteHnaTa (Hanson et al., 1979; Morgan,
1984, Sing et al, 1981). YcraHoBeHo e, Ye Npu 3acyliaBaHe B @4EMWHEHOTO PacTeHue
Hamansiea Konu4ecTeoTo Ha obLWMs a30T, a HApacTBa HUBOTO Ha NPONAaMKUHa, KOMTO BUsie
OTPMLATENHO BBbPXY CbCTaBa 1 NOBEAEHUETO Ha 3BLPHOTO Npy npepaboTkara My B Many u
nueo (Bvnues, 1994, 1996, 1995, 1996, 2000). 3a xapakTepucTMKa Ha BOOHUNA PEXUM Ha
pacTeHnaTa oOKMKHOBEHO Ce M3NON3BaT CriefHUTe NoKasaTenu — 0BOAHEHOCT Ha NvcTara,
OTHOCUTENHA TYPrecLeHTHOCT, "hpakumoHeH” CbCTas Ha BOAATa, BOAEH AeUUMT U APYrW
(Crankosa u ap., 2002; Ynoserko, 1970).

CoaovpxaHWero Ha Boda B IMCTaTa € BaKeH nokasaTen 3a CbCTOSHUETO Ha BOAHWSA
PeXuM W Ha opraHuTe ¥ UenuTe pacTeHWs, KOWTO NO3BOMSBA Aa Ce Xapakrepuaupa
BNUAHKETO Ha 3acyllaBaHeTo BbpXY BOOHUA pexuM u obmaHaTa Ha sewjecTeara. Hakou
u3cnenoBaTeny Npeanarar To3u NoKa3arTes KaTo e[JuH OT KPUTEPUKTE 3a CYXOYCTORYMBOCTTA
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Hscaedeanus ¢upXY HOJACKUMC Kyunypi, 2004, Ton 1 -2
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HACJIEIABAHE U UIMEHUHMBOCT
HA [MPU3HAKA E EKTPOOCMO3A HA EJI EKTPOJHUTH
[1PU CYXOYCTONYNBU ®OPMU NMUBOBAPELH FUEMHK

Jiparomup Buases', Japuna Buauesa', I'copru Neopruen?
T HCTITYT 1O 3eMeIeTNe - Kapriodat
TPCTITYT [0 (PIBHONOTHS 11 PACTCHIT - Cogurst

Peslome

Boaues, .. . Bvauesa, I T'eopeucs, 2004, Hacaeossane W usMenqusocin id
HPH')'HUKH CRIO0CAO 3 N (’.'I(’K”I'}'Jﬂ_'ﬂHHH npu l‘.'_'.'.\'!J_\'('-"Jh‘)f{‘{”ﬂ” f{h‘J.b‘.'lH!' nuGoGapent CYHCMUK.

Co3maaeliin ca cyxoycToiiunsH XHOPIAN THBOBAPCH CHCMITK. Qupesenena ¢
creneliTa Ha CK300CMO3a 11 eNeKTPOTITIE OT KITSTRITTE 11 UICTAT, KOoATo ¢ e/ o1
OCHOBHITTE OKABUTEIIL, XAPARTEPISHPAILLBOUTI peKIA 1 et ChOTHOWICHIETO
dfu nokasBa, ue npeodiiiabi AT BHO-/ TOMITTIATITIT LI 1 SLaCHe BIBAEE 1L
npisnaka. Yeranosena € OTPHUATCI TPAICTPECHBIT HSALCTIMITBOCT 1B CHUTCMUTL,
JULJERALLEL CC BEPOATIIO B 55 HIMOICHCTBIETO 11t TOMUTRUITIUE FEIT 3L IR B0 T
CE300CMOE T2 eHEKTPOIITTI 0T POUITENACKITTE KOMILOHCH L

Konouosln JIyMin EueMiik. CyxoyeToiiBocT. ER300CMOL 110 CAICKTPOIIITL
Hacneassane, Tpanerpecis

Abstract

Fulehev, D., D. Valcheva, G. Georgiev, 2004, Inheritance and variabiliry of ourlet
of electrolyvies in drought resistant malting barley hvbrids.

Drought resistance malting barley hybrids were developed. The type of inherit-
ance outlet of electrolytes of malting barley F - F| hybrids is determined by specilic
interaction of genotypes of the parcntal forms. The Jow level of the hybrids indicator is
the cause for the negative transgression selective value of the hybrid population.

Key words : Barley. Drought resistance. Outiet of electrolytes . Inheritance, Trans-
gression

YBO/!

CTeneliTa 1 eK300CMO3a 1t CACKTPOIINTIL OT KNCTKIITC Ha JNICTaTa ¢ ¢int o7
OCHOBINTE MOKA3UTEMI, XaPAKTEPIT3HPALL BOAMIS PEATIM Hid EUEMIIKIL I IO HETo c¢
ChiI 30 CYXOYCTOIMIBOCTTA 111 CHEMITRA JAtsmon. 1973; Koxywro. 1988, Briuen.
1994, Braves i ap.. 2003/, [lpisiarbr e c OATIMEPEL XUPARTEP TEL ACTCPMITTALITA
[IOPA;UT KOCTO CE3UTPYANABA HETOBIBIT FCHETINCT AFEUTITS 1L HPHUITHE 3L DOV HBate
{1 UPOTHBOPEHITBIL AATITH [Y poduoBseKad 1RO 1971: Kapassies 1t Ko, 1081:
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Joxnragu Ha Bbriarapckara akaJeMHs HA HAyKHTe
Comptes rendus de I’Académie bulgare des Sciences

Tome 49, N° 11-12, 1996

BIOLOGIE
Microbiologie

EXOCELLULAR POLYSACCHARIDES OF RHIZOBIUM SPP.
STRAINS AS A FACTOR IN ION INTERACTIONS
AND CELL GROWTH UNDER Cu** STRESS

G. Iv. Georgiev, B. K. Atanasov

(Submitted by Corresponding Member K. Markov on June 14, 1996)

Up to now, information on the mechanisms of heavy metal resistance of Rhizobium cells is
hardly available [¥], due to the fact that since recently, the main object of such experiments were
yeast cells [>'°]. There is not sufficient information about the toxic effect of copper ions on strain
spectrum, vitality and symbiotic efficiency - factors strongly influencing nodule formation and
symbiotic nitrogen fixation of Rhizobium population in soil ['°]. Unlike higher organisms, bacte-
rial cells neutralise the toxic effect of heavy metal ions by more intensive and effective mecha-
nisms of ion and metabolite exchange with the medium [*°]. A well known fact is, that bacterial
capsule and its polysaccharides play the main role in symbiotic and parasitic interactions be-
tween micro- and macroorganisms [*]. At the same time they are very important for the relations
of microbial cells with the surrounding medium as well [’]. Therefore, when investigating Rhizo-
bium cell resistance to toxic levels of heavy metal ions, the ion exchange between cells and
surrounding must be of major interest [>1].

Following the above mentioned arguments, experiments for investigating the growth, Cu
accumulation in bacterial cells and the role of exocellular polysaccharides (ECPS) of cell slime
of cultivated Rhizobium spp. cells were carried out. The effect of toxic concentrations of Cu ions
in the culture medium on K*, Na*, Ca** and Mg* ion accumulations on the cells of three Rhizo-
bium species and in their polysaccharides was studied as well.

Material and methods. S train s. The following bacterial strains were used in our exper-
iments : Rhizobium leguminosarum biovar phaseoli 127K 105 (Lipha Tech, USA), Rhizobium
leguminosarum biovar viciae 128C 5b (Lipha Tech, USA) and Rhizobium sp. (Robinia) - isolat-
ed from effective root nodules of black locust plants (Robinia pseudoacacia L.) (Vardim popula-
tion N6, Svishtov region).

M e di a. The basic medium used in our cultivation experiments was yeast extract-manitol
medium (YEM) [*?], containing in g/l: K,HPO, - 0.5, MgSO,.7H,0 - 0.2, NaCL - 0.1, yeast
extract (Fluka) — 1, manitol — 10 ["#]. The same mcdmm was solidified with Bacto agar to 1.5%
for strain maintenance. Sterilization was achieved at 120°C for 20 min. For copper resistance
experiments aliquots of sterile CuS0,. SH,0 solution were added to YEM medium to final concen-
tration as follows: 2.5 ppm (0.05 mmol), 12.5 ppm (50 pmol); 25 ppm (100 pmol); 62.5 ppm
(250 pmol) and 125 ppm (500 pmol).

Cultivation. Cells of studied strains were cultivated in 500 ml Erlenmeyer flasks with
100 ml of appropriate medium, inoculated with 50 pl of cell suspension (about 10® cells/ml) on a
gyrotary shaker (200 rpm) at 28°C until late exponential phase (72 hours) [**]. The biomass was

6 81
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EFFECT OF BORON DEFICIENCY ON THE CONTENTS OF
LIGNIN, SOLUBLE PHENOLS, SUGARS AND WATER RELATED
TO NODULATION AND N; FIXATION OF SOYBEAN PLANTS

G. T. Zehirov, G. I. Georgiev

(Submitted by Corresponding Member E. Karanov on January 28, 2000) et
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Boron (B) is an essential micronutrient for plant growth and regulation of phenol-
propanoid pathway (PPP), but its relation to No fixation activity of leguminous plants
has not been elucidated thoroughly. Boron, acting in plants as boric anion, forms
stable mono- or diesters with cis diols, like sugar alcohols, uronic acids, mannuronic
acids, polyphenols, etc. These complexes of B usually influence the synthesis and sta-
bilize certain cell wall constituents, including plasma membrane [!]. It explains why
most of B is usually firmly attached to cell wall. LEE and ARONOFF' [?] proposed a
hypothesis for the participation of B in phenolic metabolism. It is based on the sugges-
tion that B forms stable 6-phospho-gluconate-borate complexes and thus restricts the
hexosomonophosphate flux in pentosophosphate pathway and inhibits the synthesis of
phenols [3]. Another important PPP plant product is lignin - the second most abundant
aromatic polymer in plants and constituent of secondary cell wall and vascular tissues
[4]. Except mechanical strength, it provides certain barrier against invading harmful
microorganisms and probably facilitates the partnership relations between symbiotic
bacteria Rhizobium and host legume plant. Little is known about the role of lignin
in the processes of attachment and development of symbiotic structures like nodules.
On the other hand, certain flavonoids produced b PPP are known as signal molecules
involved in Rhizobium-host legume recognition [5]. The structure of lignin is defined of
polymeric material arising after polymerization of monoli nols - metabolic precursors
derived from PPP [4]. These precursors form (-0-4-alkylaryl ether bonds, the most com-
mon linkage lignin subunits (40 to 60%), but the proportion of subunits and character
of linkage can considerably differ depending on species, tissues or stage of develop-
ment. Thus, the changes in cell wall lignin quantity and structure could influence the
regulation of ion and water uptake by plant cells which would reflect on plant growth
rate. :

The aim was to study the effects of B deficiency on the quantity and structure
of lignin, total soluble phenols and reducing sugars in nodulated soybean plants, and
the relationships of these changes with the plant fresh and dry matter accumulation,
nodulation rate and No-fixation, water and potassium contents. ‘.

Material and methods. Germinating seeds of soybean plant cv. Beesson were in-
oculated with bacterial suspension of 108 cell/ml of Bradyrhizobium japonicum strain
639 cultured on liquid YEM medium [6]. Four-day old seedlings were transferred to
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CONDUCTOMETRIC STUDY OF ION LEAKAGE
FROM PLANT TISSUES

K. V. Kocheva, G. I. Georgiev

(Submitted by Academician E. Karanov on April 20, 2005)

Abstract

The exchange of ions between plant tissues and the external solution in vitro
exhibits prominent biphasic kinetics. This is generally ascribed to the different con-
tribution of the two compartments, apoplast and symplast, involved in the process.
In this regard a semi-empirical diffusion model of the electrolyte leakage is proposed
in the paper. Based on the balance of fluxes through the plasmalemma and the cell
wall a function describing the ion concentration in the outer solution is derived. The
behaviour of the function’s parameters obtained by fitting with experimental data
correlates adequately with water deficit conditions of the samples. Thus these pa-
rameters may be used to characterize the physiological status of the investigated
plants.

Key words: diffusion, ions efflux, conductometry, water deficit, plant stress

Introduction. Efflux of substances from plant tissues soaked in a solution is
widely used as a measure of the membrane permeability in investigations of various
stress conditions, factors of growth and development, genotype specificity, etc. In many
cases it is determined by analysis of the conductivity of the solution in which the tissues
are incubated. Thus, distilled water with samples in it gradually increases its conduc-
tivity owing to the leakage of ions from the internal cellular space under disturbed
membrane permeability.

The conductometric assessment of the ionic content of liquid media offers some
clear advantages, such as non-expensive and easy maintainable apparatus, possibilities
for routine analysis in outdoor conditions, etc. Furthermore, as most of the electro-
chemical methods, this technique is accurate and sensitive enough and allows high
reproducibility of the results. The use of conductometry for these purposes has not lost
its actuality despite the time elapsed from the first reported works [1]. This is revealed
by the literature in which a permanent tendency toward improvement of the method
is observed [2:3].
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Abstract

The effect of root exudates (RE) released from soybean plants grown on the
Boron (—B) deficient and Boron (+B) sufficient media on the attachment ability of
pretreated with RE bacterial cells of Bradyrhizobium japonicum 639 prior to infection
was studied. The pretreatment of bacteria with RE from — B deficient plants inhibited
the attachment ability of cells to roots. But RE — B plants influenced positively the
content of firmly attached cells. This fraction of cells correlated positively with the
quantity of formed thereafter nodules. The results were discussed in view of explaining
the role of altered pectin and hemicellulose contents under B-deficiency and connected

“r  with them changes of the bound to the cell wall Ca and Mg ions on the first steps of
symbiotic relationships.

Key words: attachment, boron deficiency, Bradyrhizobium japonicum 639, root
exudates, soybean (Glycine maz L. Merr. cv. Beeson)

The development of nitrogen-fixing nodules of leguminous plants as a result of
specific rhizobium infection is a complex multistaged process. One of the earliest steps
in nodule formation is the binding of rhizobial cells to root hairs []. The molecular
basis for cell-to-cell recognition mechanisms has been a matter of interest. There have
been several models explaining the attachment of symbiotic bacteria to its host plant.
Some of the experiments provided evidence that rhizobia attach nonspecifically to their
host plants but other researchers considered this step specific [19]. The involvement of
specific molecules, ions or other substances all of which are known to be in the root
exudate (RE) was evidenced [8]. WiSNIEWSKI and DELMOTE [19] reported the effect of
root exudates influencing the competency for nodulation of the respective Rhizobium
strain. The mechanism of binding has also been considered to involve some purely
physicochemical interactions between the cell walls which were found to be very sen-
sitive to the changes of environmental conditions [1.9]. As the mineral nutrition is a
significant factor of the environment its influence on cell permeability and cell wall
properties can be suggested. All these plant functions can alter the root exudate prop-
erties (1> 10]. The content of root exudates depends strongly on the nutrient availability
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Drought affects many physiological and biochemical processes and thus can reduce plant
growith ['%'?]. These effects can be magnified by the absence of soil nutrients as well. It can hap-
per: when the plants grow in soils suffering not only moisture shortage but the nutrients deficits
as well ['*'"]. Such processes can be stopped by planting on these soils the appropriate perennial
vegetation which can efficiently grow and use the soil fertility [']. Black locust is a tree legume
which can fix atmospheric nitrogen symbiotically with the appropriate Phizobium sp. in its root
nodules [*]. It was found, for fixing successfully N, black locust plants need except the appropri-
ate Rhizobium sp. in soil some other growth factors like sufficient supply of phosphorus (P) [''].
Drought reduces photosynthesis and effects negatively the processes of assimilate partitioning
[®). It can decrease the bacterial vitality and population in soil as well, thus reflecting negatively
nodule formation and functioning ['?]. Mineral nutrition is a powerful tool for improving plant
growth under drought stress conditions ['°]. However, the effects of fertiliser supply, especially P,
on symbiotic relationships between Rhizobium sp. and black locust under water stress conditions
are poorly understood.

So, the aim of this study was to investigate the relations between plant photosynthesis, wa-
ter state and nitrogen fixation of nodulated black locust subjected to drought during the intensive
growth period.

Material and methods. One root cutting of Robinia pseudoacacia L. (Vardim population
N6, Svishtov) was planted per pot, everyone of which contained mixture of 5.5 kg dry alluvial
meadow soil and 5.5 kg washed dry sand ['#]. The plants were grown in naturally lit and heated
greenhouse (day/night t°C — 20/32°). The analysis of soil shows 27.7 mg N, 18 mg P and 150 mg
K per mg absolutely dry soil. Sand contained 7.4 mg N and 2.4 mg P per kg dry sand ['?). The
soil-sand mixture was supplied with the appropriate salts (NH,NO,, K,SO, and CaHPO,) to ob-
tain the nutrients concentrations as follows: 1. Non-fertilized (control) — NP K, —40 mg leifkg, 18
mg P/kg and 150 mg K/kg soil; 2. Fertilized — N P,K, —40 mg N/kg, 56 mg P/mg and 150 kg K/
kg soil mixture ['*]. After emergency the saplings were inoculated with the appropriate Rhizobi-
um sp. bacterial suspension (10* cells/ml) obtained after laboratory cultivation on YEM broth
['*]: Soil moisture in the pots was kept at the level of 70% of full soil moisture capacity (FSMC)
up to the 75 days after planting (DAP). Part of the pots were transferred to the moisture level of

This work was supported financially by grant K-312/1993 from NFR of the MEST of Bulgaria.
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Boron (B) deficiency causes many physiological and biochemical disorders usually
connected with changes in the structure and function of cell wall and membranes of
crop plants [3111]. The absence of B in the medium effects regulation of structure and
function of primary and secondary cell wall which leads to significant alterations in
transport of nutrients and metabolites between the cell cytozol and vascular system of
root. Studying these changes is especially important for elucidating the reasons influ-
encing the efficiency of Ny fixing relations of Rhizobium-Legume symbiosis. B deficiency
induces changes in root and nodule formation of Bradyrhizobium japonicum — soybean
symbiosis [11]. 30-days-old B-deficient soybean plant inoculated with Bradyrhizobium
japonicum strain 639 has formed smaller but increased number of nodules which, how-
ever, have showed significantly lowered nitrogenous activity 11]t_. These changes have
been studied in view to elucidate the effects of B on cell wall formation and related
effects on the uptake of nutrients, water and assimilates during the period of nodule for-
mation and functioning. The role of this trace element in the regulation of cell integrity
of roots and nodules and its effects on the assimilate partitioning between apoplastic
and symplastic spaces of cells has not been studied thoroughly [GJ. The aim of this
study was to describe the effects of B deficiency on cell permeability and connected
with that changes in the soluble sugars, amino acid and amide and ureide partitioning
between root and nodules apoplast and symplast of N2 fixing soybean plants.

Material and methods. Germinating seeds of soybean cv. Beesson were inocu-
lated with bacterial suspension of 108 cells/ml of Bradyrhizobium japonicum strain 639
cultured on liquid YEM medium [!1]. Plants were grown in greenhouse as liquid culture
in pots containing 1.2 L of nutrient solution with required macro- and microelements in
which inorganic nitrogen (N) was omitted ['!]. Boron was supplied as H3BO3 to control
plants as 44 pg B/L. In the experimental variants no boron (B) was added in culture
medium. All other conditions of growth were as described previously [11]. 35-days-old
plants were harvested and analysed for soluble sugars by phenol-sulphuric method [2],
free amino acids and amides were determined with ninhydrine reagent [19], ureides [%]
and free soluble phenols were analysed colorimetrically [7]. Apoplastic concentrations
of studied metabolites were analysed after infiltration studies of samples with 50%
methanol. Recovering of the received rinses was as water solutions which were used for
analysis of free space or “apoplastic” exudates [8]. The total extracts of nodules and
roots were obtained from the rinsed samples which were ground and reextracted with
80% ethanol, evaporated under vacuum and solved additionally in water [38]. The re-
ceived solutions were called total nodule and root “symplast” extracts [8]. The release
of electrolytes from tissue samples were performed as described [!]. The relative leakage
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Many physiological and biochemical disturbances in micro- and macroflora were found in
the soils harbouring excess of heavy metals [*’]. Cleaning up and restoring the fertility of such
poluted soils is an expensive and time consuming operation. Introduction of resistant vegetation
which can grow successfully and thus can improve soil fertility is one of the promising and rela-
tively inexpensive ways[']. Symbiotic N, fixing perennual plants are the organisms which are
capable of using efficiently soil fertility of such disturbed soils suffering very often from nitro-
gen deficiency['']. Black locust plants can fix successfully athmospheric nitrogen when grown in
soils w;}th low fertility ['*'']. Data about stress tolerance of symbiotically grown trees are very
scarce[ .

The aim of this study was to elucidate the effect of soil Cu excess on copper accumulation
in nodulated black locust plants and in the cells of the related symbiotic bacteria Rhizobium sp.
Some special features of N, fixing relationships between black locust and Rhizobium sp. were
studied as well.

Material and methods. Plant saplings of black locust (Robinia pseudoacacia L.) were
grown in pots in green house conditions. Pots contained 5.5 kg absolutely dry alluvial medow soil
and 5.5 kg washed dry sand ['?].To a part of the pots were added different quantities of Cu ions as
CuS0,.5H,0 (2.5, 50, 200, 400 ppm Cu). One root cutting (clone 6, Svishtov) was planted per pot
and was innoculated with laboratory cultivated bacterial suspension (10%cells/ml) of symbiotic
isolate of Rhizobium sp. ['?]. The growth of free-living Rhizobium sp. cells under excess of cop-
per in the medium YEM (2.5, 12.5, 25, 62.5, 125 ppm Cu) was studied [*]. During the late expo-
nential phase (48 hrs) of cultivation, cells and exopolysaccharide slim (ECPS) were harvested as
described previously and Cu contents were analyzed by atomic absorption spectrometry [“'°]. 90
days after the planting (DAP) the plants were harvested, dried, milled and analyzed for total N by
the Kehldal method [*]. Acetylene reduction assay as a measure of nitrogenase (EC.1.17.99.2)
activity of detached nodules was performed [*]. Ureides content (allantoic acid and allantoin) was
analyzed after extraction with 80% ethanol, collorimetrically with phenylhydrazine ['?]. Leaf ni-
trate reductase (EC.1.7.13.1) activity was assayed by “in vivo” method [°]. Leaf photosynthetic
rate was measured with the leaf chamber and IR gas-analyser “Infralit-4” (Germany) connected
differentially [*]. The data were processed statistically[*].

The data obtained are owning to the financial support of NRF of MEST of Bulgaria, grant 312/1993.
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Abstract

The effect of preincubation with root exudates released from boron deficient
soybean roots on the growth, chemotaxis and nodulation activities of Bradyrhizobium
Japonicum 639 cells was investigated. The results show that the absence of boron in
the nutritional medium of plants caused some changes in the content of released by the
root exudates substances. The in vitro treatment of bacterial cells with root exudates
from boron deficient plants before inoculation of plants leads to some positive changes
in the growth and motility of cells which resulted in the formation of increased number
of nodules after 2 week of growth. The observed changes in the symbiotic properties
of Bradyrhizobium cells was discussed in view of connecting the effects of boron in
the phenol-propanoid metabolism and cell permeability regulations.

v Key words: boron deficiency, Bradyrhizobium japonicum growth and motility,
root exudates

Introduction. Symbiotic interactions between rhizobia, and legume host plants
result in the formation of nodular structure on the root, in which bacteria fix atmo-
spheric nitrogen in exchange for organic carbon. The formation of legume nodules is
divided into several steps which are highly sensitive to conditions of the environment
[*]. Especially sensitive are the steps of preinfection and infection of the host root by
rhizobial cells. These steps involve several bacterial functions which are closely related
to the processes of partner recognition. The most important is the chemotaxis activity
to gradients of some chemicals in the root rhizosphera [?]. Some of these compounds
which act as attractants for Rhizobium are produced by the host root and are com-
mon metabolites typical of root exudates such as amino acids, organic acids or sugars,
but some of them are not typical like the flavonoids. The intensive study carried out
recently on the nature and function of flavonoids has shown that some of them act in
the bacterial cells as inductors of specific genes recognized as nod genes [3]. A special
group of nod gene cluster called nod D ABC is responsible for induction of cortical
cell division and root hair curling in the host as response to the flavonoid action and
is believed that it has primary effect on the signal exchange between symbionts. The
chemotaxis activity to host root exudates is related to the growth of rhizobia as well
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Abstract

The physiological status of two barley (Hordeum vulgare L.) cultivars subjected
to polyethylene glycol-induced dehydration is evaluated in the work. Relative water
content and the levels of free proline, total amino acids and reducing sugars are
compared as indicative characteristics in these conditions. The results suggest that the
exposure to 48 h of 25% polyethylene glycol 8000 (—1,2 MPa) cannot be referred to as
severe osmotic stress. Moreover, under subsequent rehydration the chosen parameters
are restored almost to their initial values. All this is in accordance with the concepts
regarding water deficit up to 30% as a mild stress.

Key words: barley, osmotic stress, polyethylene glycol 8000, proline, relative
water content

Introduction. Osmotic adjustment is a distinguished mechanism for avoiding
w” dehydration in many plant species experiencing water insufficiency. It represents net
increase in intracellular solutes at lower water potential in order to sustain cell turgor.
This is especially important for crop species where to maintain productivity while
growing in adverse conditions is a major goal E . A well-established way of tolerating
abiotic stress is the accumulation of ‘compatible’ solutes. Some of them like sugars,
polyamines, proline, polyols and quaternary ammonium compounds are known to be
effective as osmoprotectants [2]. Free proline accumulation is one of the most immediate
responses to water deficit in a wide range of organisms. In some plant tissues its levels
increase as much as 100-fold [3]. This does not sound strange taking into account the
excluﬁi]ve role of stress-induced proline in plant adaptation to the changing surround-
ings [4].
{n the present work we study the effect of short-term water stress and the con-
tribution of sugars, amino acids and particularly proline to osmotic adjustment in the
leaves of young barley plants. The use of osmotically active substances like polyethylene
glycols (PEGs) for investigation of plant water relations allows the osmotic potential
of the medium to be controlled [°]. PEG 8000 is non-toxic for plants and it is generally
accepted that polymers with this size usually do not penetrate into the cells.
Materials and methods. Two barley (Hordeum wvulgare L.) cultivars, Odesskii
and Houters, were used in the experiments, differing in their sensitivity to dehydration
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Summary

The effect of polyethylene glycol-induced osmotic stress on
the activity of nitrate reductase, glutamine synthetase, and
glycolate oxidase in leaves of young barley plants grown
under two nutrient-supply regimes was studied. The activity
of nitrate reductase gradually decreased after polyethylene
glycol (PEG) application, while glutamine synthetase and gly-
colate oxidase were increased. It is speculated that the
enhanced glutamine synthetase and glycolate oxidase activ-
ities are due to increased flux of metabolites through the
photorespiratory cycle. Prominent increase in concentrations

1 Introduction

Water and nitrogen (N) availability are among the major fac-
tors limiting plant growth and development. Drought may
restrain nitrate acquisition by roots as well as restrict the abil-
ity of plants to reduce and assimilate nitrogen (Frechilla et al.,
2000). Nitrate reductase (NR) is the first and rate-limiting
enzyme in the nitrate-assimilation pathway (Lillo et al., 1996).
Its activity was shown to decline in water-stressed leaves in a
wide range of plant species (Bandurska, 1993; Flores et al.,
2000; Correia et al., 2005). The regulation of this particular
enzyme is related to several internal and external factors
(Vincentz et al., 1993; Lillo et al., 1996). Nitrate is the primary
signal inducing the transcription of NR genes. At post-transla-
tional level, NR activity is enhanced by sugars and repressed
by glutamine and closely related end-products of N assimila-
tion (Liet al., 1995; Yanevaet al., 2000; Lillo et al., 2004).

Glutamine synthetase (GS) is an important enzyme in higher
plants involved in the re-assimilation of ammonium (NH})
from photorespiration. Glutamine synthetase activity is indir-
ectly related to osmotic adjustment since the synthesis of pro-
line depends on glutamine (Brugiere et al., 1999; Medici et
al., 2003/4). Glycolate oxidase (GO) is a key enzyme in the
glycolate pathway of photorespiration that is enhanced in
conditions of water deficiency, and this process represents
an intersection of N and carbon (C) turnover (Haupt-Herting
and Fock, 2002).

Physiological and biochemical strategies of plants to tolerate
dehydration are objectives of interest in recent studies (Bajji
et al., 2000; Ghisi et al., 2002). The appropriate provision
with carbohydrates and amino acids in the required amounts
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of free proline, reducing sugars, and free amino acids was
observed. The possible contribution of these cellular solutes
to the process of osmotic adjustment and the role of mineral
supply is discussed. It is suggested that low N supply in com-
bination with stress conditions switched the preferred osmo-
lyte type from amino acids (N-containing) to sugars (C-con-
taining).

Key words: glycolate oxidase / nitrate assimilation / osmolites /
proline /water deficit

must be achieved by efficient communication, regulation, and
coordination of N and C metabolism (Foyeret al., 1998). The
foliar concentrations of major cellular osmolytes such as free
amino acids and sugars have been measured in plants grown
under different N supply in order to gain insight into their
possible action as signaling compounds (Man et al., 1999;
Correia et al., 2005). In the present study, water deficit was
imposed to plants grown under two mineral-supply levels to
evaluate whether the relationships between N nutrition and
the quantities of C- and N-containing compatible solutes
were merely correlative or could be varied by causes other
than dehydration. The aim was to determine the effects of
mineral nutrition on the response of young barley plants to
moderate water stress caused by PEG 8000. Polyethylene
glycols (PEGs) are a family of neutral, osmotically active
polymers often used in plant physiology to induce water defi-
cit by lowering the osmotic potential of the nutrient solution
and thus limit water availability for the plant (Steuter et al.,
1981). The use of these osmotica gives very precise and
reproducible results, which is more difficult to accomplish
using soil cultures. The degree of stress was assessed by
monitoring some aspects of the process of N assimilation,
accumulation of solutes, and the development of water
deficit.

2 Materials and methods
2.1 Plant material and imposition of stress

Barley (Hordeum vulgare, L.) plants from cultivar Odesskii,
known for its adaptation to water-stress conditions in the field,
were used. After surface sterilization, seeds were germinated
for 48 h on wet filter paper in Petri dishes in a thermostat at
25°C in the dark. The seedlings were transferred to either
25% (reduced) or 100% (full strength) Knop nutrient solution
for the experiments, the respective N levels being 2 and 8 mM
N. Macronutrient composition at full strength was: 3.0 mM
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