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The growth, nodulation and dinitrogen fixation related to the changes of phosphate 
fractions of nodules and leaves of phosphorus starved soybean /Glycine max L. 
Merr./ plants 

G.E.Tsvetkova, G.I.Georgiev 

ABSTRACT 

The effect of low level (0.1 M P) phosphorus (P) nutrition on the plant growth, 
nodulation and acetylene reduction rate and P status of plant tissues of inoculated with 
Br. japonicum 639 soybean plants were studied. Phosphorus depletion treatment 
decreased the plant fresh and dry mass, nodule weight, number and nitrogenase activity. 
The amounts of all major phosphate fractions extracted from the stressed nodules and 
leaves were changed. In contrast of decreased phosphates of leaves, these of nodules 
were found to increase following phosphorus starvation. The received results were 
discussed in view to explain the effects of P starvation on the inhibition of nodule 
development and N2 fixation by interfering the supply of host shoot with P and water 
resulting from phosphate metabolism disturbance. 
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Changes in the �-glucosidase activity relate  
to the phenolic content in apoplast of boron deficient soybean roots  
during the infection with Bradyrhizobium japonicum 

Gr.T.Zehirov, G.Iv.Georgiev 

ABSTRACT 

The activity of �-glucosidase and the content of soluble phenols in germinating boron 
(B) deficient soybean plants were studied. The results show that �-glucosidase activity 
was low during the initial stage of seeds germination and no effect of B withdrawal was 
observed. Further, some increase of enzyme activity of B deficient root cytozol was 
found between the day 3 and 5 of seedling growth. At the same time, apoplastic enzyme 
activity was also measured. It was higher than cytozol act glucosidase activity and 
glycosylation of phenolics exuded by roots under B deficiency. 
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STRUCTURE -ACTIVITY RELATIONSHIP OF PLANT FLAVONOIDS 
QUERCETIN, NARINGENIN AND APIGENIN ASSOCIATED WITH THE 
NODULATION GENE INDUCING ACTIVITIES IN RHIZOBIUM 
LEGUMINOSARUM BV VICIAE CELLS 

G.Tsvetkova, G.Georgiev 

ABSTRACT 

The time course and concentration dependences between structure and activity of three 
different flavonoid molecules – apigenin, naringenin and quercetin have been studied in 
regard to their role as nod ABC genes transcription activators in laboratory growing cells 
of the strain D923 of Rhizobium leguminosarum bv vicae . Transcriptional activity of 
these compounds was measured as �-galactosidase assay of the fused to nod C reporter 
gene from E.coli of the large plasmid pIJ1477 carried by the strain. Apigenin and 
naringenin were found to be most effective nod gene inducers within the concentration 
range from 0.5 to 40� M as early as 16 to 24 h of incubation after adding flavonoids, 
while quercetin showed low or even negative effect on this enzyme activity. Comparing 
the molecular structure it is speculated that the availability of extra hydroxyl groups in 
the ring A and B or double bond in ring C can be the probable reason for deviated 
properties of the studied compounds. 

Comptes rendus de l’Acade'mie bulgare des Sciences, 2004, Vol 57, No7, pp.77-80 

 

RELATIONSHIP BETWEEN WATER DEFICIT AND FREE PROLINE 
ACCUMULATION IN TWO BARLEY CULTIVARS UNDER OSMOTIC STRESS 
AS AFFECTED BY MINERAL NUTRITION 

K.V.Kocheva, G.I.Georgiev 

ABSTRACT 

Accumulation of free proline in two osmotically stressed barley cultivars grown 
hydroponically on different nutrient levels was assessed in relation to water deficit. Water 
deficit of leaves after 25% polyethylene glycol treatment of the root system was 
employed as a measure of plant water status. Total soluble protein content in the leaf 
tissue was assayed. A prominent correlation between the increase of water deficit and 
proline accumulation was established. 

 
Comptes rendus de l’Acade'mie bulgare des Sciences, 2003, Vol 57, No7, pp.81-84 

 2



EFFECTS OF MINERAL NUTRIENT CONCENTRATION ON THE BIOMASS 
ACCUMULATION AND NITRATE ASSIMILATION RATE OF MILK THISTLE 
(SYLIBUM MARIANUM L) 

I.Stancheva, M.Geneva, G.Georgiev 

ABSTRACT 

Milk thistle plants ( Sylibum marianum L., Asteraceae family), an important medicinal 
plant, source of sylimarin, a pharmaceutical product of great importance, have been 
studied. The aim of this experiment was to determine the nitrogen use efficiency of 
young plants (21 days old), grown in solution culture and controlled environment. The 
conditions of growth were: phytotron chamber with a 12 h photoperiod, day/night 
temperature 25/20oC and photon flux density equal to 95 µmol m-1 s-1. The nutrient 
solutions supplied represented 0.125; 0.25; 0.5; 1 and 1.5 strength of the Hellriegel’s 
solution [1] containing trace elements according to Hoagland-Arnon recipe [2]. Strong 
positive correlation was established between accumulated fresh and dry biomass and 
nitrate reductase (NR) activity of leaves when the solution strength was up to ½ of its 
maximal value. The following increase of nutrient solution concentration up to 1 and 1.5 
strength inhibited the plant growth and leaf nitrate NR activity. However, the NR 
inhibition did not correlate with the higher nitrate supply in the solution. The leaf nitrates 
increased proportionally to the rate of nitrate supply to the solution which was in contrast 
to inhibited NR of leaves in these treatments. Chlorophyll “ a” and “ b” of leaves 
accumulates increasingly in concentration-dependent manner in all studied treatments. 
The inhibition of NR can be regarded as result of metabolic deregulation of nitrate 
assimilation pathways of young seedlings by the higher solute concentration. The optimal 
nutrient concentration that correlates with the maximum nutrient use efficiency of S. 
marianum at this stage of growth was 0.5 strength of the full solution concentration. 
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Physiological responses of two wheat cultivars to soil drought  
 
R. Chipilski1, K.V. Kocheva2, V.R. Nenova2, G.I. Georgiev2*

 

1 Institute of Plant Genetic Resources, Agricultural Academy, Sadovo   
2 Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Sofia  

 

ABSTRACT 

Young wheat plants of cultivars Katya and Prelom, differing in their reaction to drought 
in the field, were grown on soil in pots and their water status was assessed, as well as the 
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intensity of gas exchange, chlorophyll fluorescence and the accumulation of compatible 
solutes and hydrogen peroxide after 7 days of desiccation. It was established that cv. 
Katya displayed markedly better tolerance to soil drying in comparison with cv. Prelom. 
This was partly due to the more effective control of water balance, activity of the 
photosynthetic apparatus and metabolic activity of leaves under stress. Consequently 
lower amounts of hydrogen peroxide were accumulated and a lower Injury index was 
determined. 
 
 

 

Plant Breeding doi:10.1111/j.1439-0523.2011.01918.x 
_ 2011 Blackwell Verlag GmbH 
 
Molecular cytogenetic identification of a wheat-Aegilops geniculata Roth spontaneous 
chromosome substitution and its effects on the growth and physiological responses of 
seedlings to osmotic stress 
Svetlana LANDJEVA 1 , Konstantina KOCHEVA 1 , Tania KARCEVA 1 , Ade´l SEPSI 
2 , Istva´n MOLNA ґ R 
2 ,Annama´ ria SCHNEIDER 2 , Ganka GANEVA 1 , Georgi GEORGIEV 1 and Ma´ rta 
MOLNAґ R-LA ґ NG 
2 
1Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, 1113 Sofia, 
Bulgaria, E-mail: s_landjeva@mail.bg; 2Agricultural Research Institute, Hungarian 
Academy of Sciences, H-2462 Martonvaґ saґ r, PO Box 19, Hungary With 6 figures and 
1 table 
Received July 20, 2011/Accepted September 23, 2011 
Communicated by R. A. McIntosh 
Abstract  
The karyotypic constitution of a wheat-Aegilops geniculata 2Mg(2A) disomic 
substitution line, isolated from backcross progenies of a wheat-Ae. geniculata 
amphiploid, was determined using multicolour fluorescence in situ hybridization and 
genomic in situ hybridization. The ability of the 2Mg chromosome to compensate for 
wheat chromosome 2A was studied in relation to phenotypic traits and the 
growth and physiological responses of seedlings to  olyethylene glycol (PEG)-induced 
osmotic stress. Plants of the substitution line had altered spike and seed morphologies, 
increased tillering, moderately reduced productivity and maintained better seedling 
growth in stress  

 

 
BIOLOGIA PLANTARUM 48 (1): 157-159, 2004 
Growth and endogenous cytokinins of juniper shoots 
as affected by high metal concentrations 
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L.Y. ATANASOVA1, M.G. PISSARSKA, G.S. POPOV and G.I. GEORGIEV 
Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, 
Acad. G. Bonchev Str., bld. 21, Sofia BG-1113, Bulgaria 
Abstract 
The growth and the content of endogenous cytokinins (CKs) of current-year-old shoots 
from juniper plants (Juniperus communis L.) growing over and off ore site were 
compared. The juniper shoots from ore site (M plants) had higher metal content and 
exhibited delayed growth. Less bases and nucleosides of Z- and iP- type CK and more iP-
conjugates were present in the M shoots. These changes were probably due to inhibited 
CK export from the roots and/or altered CK metabolism forming less biologically active 
CKs. 
Additional key words: immunoaffinity chromatography, indirect competitive ELISA, N6-
( 

 

Plant Soil and Environment  

The effect of inoculation of pea plants with mycorrhizal fungi and Rhizobium on 
nitrogen and phosphorus assimilation 

M. Geneva1, G. Zehirov1, E. Djonova2, N. Kaloyanova2, G. Georgiev1, I. 
Stancheva1

1Department of Plant Mineral Nutrition and Water Relations, Acad. M. Popov Institute 
of Plant Physiology, Bulgarian Academy of Sciences, Sofia, Bulgaria 

2Department of Soil Microbiology, N. Poushkarov Institute of Soil Science, Sofia, 
Bulgaria 

ABSTRACT 

Thestudyevaluatedtheresponseofpea(Pisum sativum cv. Avola) to arbuscular mycorrhizal 
fungi (AM) species Glomus mosseae and Glomus intraradices and Rhizobium 
leguminosarum bv. viceae, strain D 293, regarding the growth, photosynthesis, 
nodulation and nitrogen ix at  ionactivity. Pea plants were grown in aglass house until the 
flowering stage (35days), in 4kg plastic pots using leached cinnamon ic forest soil 
(Chromic Luvisols–FAO)atP levels 13.2 (P1) and 39.8 (P2) mg P/kg soil. The obtained 
results demonstrated that the dual inoculation of pea plants significantly increased the 
plant biomass, photosynthetic rate, nodulation, andnitrogen fixation activity in 
comparison with single inoculation with Rhizobium leguminosarum bv. viceae strain D 
293. On the other hand, coinoculation significantly increased the total phosphorus content 
in plant tissue, acid phosphates eactivity and percentage of root colonization. The 
effectiveness of coinoculation with Rhizobium leguminosarum and Glomus mosseae was 
higher at the low phosphorus level while the coinoculation with Glomus intraradices 
appeared to be the most effective at higher phosphorus level. 
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Symbiosis, 15 (1993) 239-255 
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Effects of Salinity on N2 Fixation, Nitrogen 
Metabolism and Export and Diffusive Conductance 
of Cowpea Root Nodules 
G.I. GEORGIEV1 and C.A. ATKINS2* 
'Institute of Plant Physiology, Bulgarian Academy of Sciences, 61. 21 
Sofia 11 13, Bulgaria 
2Department of Botany and Co-operative Research Centre for Legumes in 
Mediterranean Agriculture, University of Western Australia, Nedlands WA 6009, 
Australia 
Tel. (619) 380 2214, Fax (619) 380 1001 
Received January 31, 1993; Accepted June 24, 1993 
Abstract 
N2 fixation and nodule functioning were assessed following application of 40 or 80 mol 
m-3 NaCl to root systems of an established cowpea symbiosis (21- 22 day, Vigna 
unguiculata L. Walp cv. Vita 3: Bradgrhizobium strain CB 756). Liquid culture 
techniques were used which precluded the initiation and development of new nodules and 
prevented direct exposure of the surface of nodules to salt during the period of study. 
Both levels of NaCl inhibited photosynthetic C02 fixation (75 and 88%), decreased 
stomatal conductance, increased substomatal C02 level and decreased the total water 
potential of leaves. Despite these severely negative effects of NaCl on photosynthetic 
parameters of the plant, the respiration of nodulated roots increased for up to 12 d 
following NaCl tre atment and, although nitrogenase activity was depressed by NaC1, 
substantial rates of acetylene reduction, 15N2 fixation and N export from nodules were 
maintained. Data are interpreted to indicate that the continued high "sink strength" of the 
root system in attracting substrates to maintain an enhanced level of respiration also 
serves to maintain a supply of oxidizable substrates to the nodules. NaCl treatment 
caused significant changes in the relative concentrations of nitrogenous solutes of xylem; 
ureides were reduced and asparagine was increased. * The author to whom 
correspondence should be sen 

 

ACTA PHYSIOLOGIAE PLANTARUM 
Vol. 28. No. 2. 2006: 000-000 
Relationships between cell membrane stability, exudate con tent and infectivity of 
Bradyrhizobium japonicum strain 639 to boron starved soybean plants 
Grigor Zehirov, Georgi Georgiev* 
Acad. M. Popov In sti tute of Plant Phys i ol ogy, Bul gar ian Acad emy of Sci ences, So 
fia 1113, Bul garia 
* e-mail: gig@obzor.bio21.bas.bg 
Key words: attachment ability, boron starvation, 
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Bradyrhizobium, chemotaxis, N2-fixation, root 
exudates, soybean 
Abstract 
The in flu ence of boron starvation on the root exudates con tent in soy bean seed lings 
(Glycine max. L. Merr.) and the effect of exudates pre treat ment on the pre-in fec tion 
pro cesses in sym biotic sys tem Br. japonicum strain 636 and soy bean were 
investigated. Root cell mem brane sta bil ity of bo ron starved soy bean plants (-B) de 
creased com pared to the con trol. The con cen tra tions of all analyzed metabolites 
(reducing sugars, free amino ac ids, or ganic ac ids, sol u ble phe nols and to tal 
flavonoids) from root exudates of –B plants were lower than the con trol con cen -tra 
tions. Anal y sis of polyphenols af ter HPLC chro ma tog ra phy of root exudates showed 
sig nif i cant dif fer ence of peak numbers be tween chromatograms of exudates ob tained 
from boron starved and from con trol plants. Bac te rial cul ture treat ment with root 
exudates from –B plants showed de creased growth, chemotaxis and at tach ment abil ity 
to ward the host root com pared to the con trol exudate treatments. These changes were 
ac com pa nied by de creased nodulation and acet y lene re duc tion ac tiv ity of bo ron 
starved soybean plants. 
 
Journal of Plant Nutrition, 33:818–830, 2010 
Copyright C_ Taylor & Francis Group, LLC 
ISSN: 0190-4167 print / 1532-4087 online 
DOI: 10.1080/01904161003654063 
INFLUENCE OF FOLIAR FERTILIZATION AND GROWTH REGULATOR ON 
MILK THISTLE SEED YIELD AND QUALITY 
Ira Stancheva,1 Georgi Georgiev,1 Maria Geneva,1 Albena Ivanova,1 Martin 
Dolezal,2 and Lenka Tumova2 
1Academy M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, Sofia, 
Bulgaria 2Faculty of Pharmacy in Hradec Kralove, Charles University in Prague, 
Hradec Kralove, 
Czech Republic 
 
The effects of foliar fertilization and a growth regulator 5-tert-butyl-N-m-tolylpyrazine-2-
carboxamide (MD148/II) on the growth, seed yield, and silymarin content of milk thistle 
(Silybum 
marianum Gaertn.) plants were evaluated. The study was conducted over two years at an 
experimental field on a slightly acid-leached cinnamonic meadow soil. The MD148/II 
was applied inthe beginning of milk thistle flowering stage. Foliar fertilizer was applied 
at different plant developmental stages with different proportions of nitrogen (N), 
phosphorus (P), and potassium (K). 
Treatments with foliar fertilizer and MD148/II resulted in improvement of plant biomass, 
number of plant lateral shoots, flowering rate, and seed yield and the content of some 
active substances in milk thistle seeds. A reduction of high molecular fatty acids was 
observed. The increase of seed yield was a result of the flower head setting enhancement. 
Therefore the combined treatment of foliar fertilizer and MD148/II was efficient in 
elicitation milk thistle production under field conditions. 
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Communications in Soil Science and Plant Analysis, 41:244–249, 2010 Copyright # 
Taylor & Francis Group, LLC 
ISSN: 0010-3624 print / 1532-2416 online 
DOI: 10.1080/00103620903460765 
Essential Oil Variation of Salvia officinalis Leaves 
during Vegetation after Treatment with Foliar 
Fertilizer and Thidiazuron 
Ira Stancheva,1 Maria Geneva,1 Georgi 
Georgiev,1 Milka Todorova,2 And Lyuba 
Evstatieva3 
1Academecian M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, 
Sofia, Bulgaria 2Institute of Organic Chemistry with Centre of Phytochemistry, 
Bulgarian 
Academy of Sciences, Sofia, Bulgaria 3Institute of Botany, Bulgarian Academy of 
Sciences, Sofia, Bulgaria 
 
The essential oil yield and chemical composition of Salvia officinalis L. (Dalmatica 
origin) have been analyzed. Leaf samples for essential oil analysis were harvested at 
different developmental stages after treatment with foliar fertilizerAgroleafH and foliar 
fertilizer + thidiazuron. In total, 10 constituents were identified and quantified. The main 
compounds in the essential oil that increased during the vegetative to the fruiting-set 
stage are a-thujon and camphor, whereas borneol, viridoflorol, and manool decreased. 
The effect of thidiazuron applied together with foliar fertilizer was established mainly at 
the flowering stage, increased essential oil yield by 16% over the control, and positively 
affected the percentage of b-caryiophylene, a-humulene, viridoflorol, and manool. 
Application of foliar fertilizer resulted in a greater increase of essential oil yield at the 
flowering stage in the combined foliar and thidiazuron application over the control. Both 
treatments decreased camphor at flowering and fruiting stages. Keywords Chemical 
composition, essential oil, Salvia officinalis 
 
 

 

Communications in Soil Science and Plant Analysis, 39: 17–24, 2008 Copyright # 
Taylor & Francis Group, LLC 
ISSN 0010-3624 print/1532-2416 online 
DOI: 10.1080/00103620701758873 
 
Effect of Soil Fertilizer, Foliar Fertilizer, 
and Growth Regulator Application on Milk 
Thistle Development, Seed Yield, and Silymarin Content 
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Maria Geneva, Grigor Zehirov, Ira Stancheva, Lubomir Iliev, 
and Georgi Georgiev Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy 
of Sci 
Abstract: An important consideration for milk thistle (Silybum marianum L.) cultivation 
is regulating development to lengthen the reproductive stage and increase seed yield with 
high silymarin content. The treatment of milk thistle with foliar fertilizers and growth 
regulators—thidiazuron (Droppw), 2,3,5-triiodobenzoic acid (Tibaw), mepiquat chloride 
(Pixw), and prohexadione-Ca (Regalisw)—resulted in an increase in the proportion of 
mature flower heads. Highest seed yield was observed in plants treated with Pixw and 
mineral soil fertilization, whereas in plants treated with foliar fertilizers, highest yields 
were observed with Pixw and Regalisw. The highest content of silymarin was found in 
plants treated with Droppw and foliar fertilizer. Generally, treatment of milk thistle with 
plant-growth regulators in combination with soil or foliar mineral fertilizers increased the 
total amount of silymarin by increasing seed yield per hectare. 
Keywords: Droppw, Pixw, Regalisw, Silybum marianum 
 

 

 

Journal of Plant Nutrition, 30: 2129–2140, 2007 
Copyright ©Taylor & Francis Group, LLC 
ISSN: 0190-4167 print / 1532-4087 online 
DOI: 10.1080/01904160701700616 
Changes in Phosphate Fractions Extracted From 
Different Organs of Phosphorus Starved Nitrogen 
Fixing Pea Plants  
Gergina Emilova Tsvetkova and Georgi Ivanov Georgiev 
Department of Mineral Nutrition and Water Relations, Acad. M. Popov Institute of Plant 
Physiology, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., 
ABSTRACT 
The present work investigates the impact of phosphorus (P) starvation on plant growth, 
symbiotic nitrogen fixation, and internal P status (determined as extracted P fractions) of 
leaves, roots, and nodules of 27-days–old pea (Pisum sativum L) plants inoculated with 
Rhizobium leguminosarum bv viciae strain D293. The procedure of separation of organic 
and inorganic P compounds in 10% perchloric acid (HCLO4) and the absorption of 
nucleotides in active charcoal gave several fractions, containing different phosphorus 
compounds, which were extracted and determined as inorganic phosphate after 
combustion. These are acid soluble and insoluble P, sugar P, nucleotide P, and inorganic 
P. The P starvation of plants inhibited significantly plant dry mass accumulation, 
nodulation rate and specific nitrogenase activity of nodules. These results were 
accompanied with lower quantities of total P per plant, acid soluble and acid non-soluble 
P fractions in 
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all plant organs. The inhibited accumulation of P in the acid soluble P fraction was 
associated with decrease of sugar, nucleotide and inorganic P in all plant organs. The 
most negatively affected were all P fractions extracted from nodules and leaves. The low 
content of inorganic P in the stressed plant tissues was regarded as primary reason for 
induced alterations in the content of analyzed P fractions.  
Keywords: nodulation, nitrogen fixation, phosphorus fractions, pea 
Received 31 March 2006; accepted 12 December 2006. 
Address correspondence to Georgi Ivanov Georgiev, Department of Mineral Nutrition 
and Water Relations, Acad. M. Popov Institute of Plant Physiology, Bulgarian 
Academy of Sciences, Acad. G. Bonchev Str., Block 21, Sofia 1113, Bulgaria. E-mail: 
gig@obzor.bio21.bas.bg 
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Copyright C_ Taylor & Francis Group, LLC 
ISSN: 0190-4167 print / 1532-4087 online 
DOI: 10.1080/01904167.2011.610654 
CHANGES IN PHOSPHATE FRACTIONS, GROWTH RATE, NODULATION 
AND NITROGEN2 FIXATION OF 
PHOSPHORUS-STARVED SOYBEAN PLANTS 
 
Georgi I. Georgiev and Gergina E. Tsvetkova 
Department of Mineral Nutrition and Water Relations, Institute of Plant 
Physiology,Bulgarian Academy of Sciences, Sofia, Bulgaria 
_ The objective of this study was to elucidate the effects of phosphorus (P) starvation on 
the internalP status expressed as P fractions (acid soluble P, sugarP, inorganic P, 
nucleotide P, and 
insolubleP) in different plant organs (leaves, roots and nodules), at different plant growth 
rates and dinitrogen(N2) fixation rate of soybean plants. The symptoms of P starvation 
differed during 
early 10 days and late 28 days of starvation. There were close relationships between 
nodulation and N2 fixation rate, and parameters of growth rate and internal P status. 
Although growth rate and N2 fixation of P starved plants were reduced their nodules 
showed ability to accumulate more soluble P in comparison with the leaves. The 
decreased sugar-P and inorganic P accounted for accumulation of more soluble sugars 
and starch in the stressed leaves. In contrast, stressed nodules accumulated 
higher quantities of sugar P, inorganic P, and nucleotide P and had reduced quantities of 
starch and sucrose. The increased accumulation of phosphorylated sugars in the nodules 
was regarded a s a manifestation of the mechanism of stress tolerance of soybean nodules 
to P limited nutrition. Keywords: growth rate, nodulation, nitrogen fixation, phosphate 
fractions, phosphorus 
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Cereal Research Communications 37(2), pp. 199–208 (2009)DOI: 
10.1556/CRC.37.2009.2.6 
Physiological Response of Wheat Seedlings to Mild and Severe 
Osmotic Stress 
K.V. KOCHEVA 1*, T. KARTSEVA 2, S. LANDJEVA 
2 and G.I. GEORGIEV 
1Institute of Plant Physiology, Bulgarian Academy of Sciences ‘Acad. G. Bonchev’ str., 
bl. 21, Sofia 1113, 
Bulgaria 
2 Institute of Genetics, Bulgarian Academy of Sciences, Tzarigradsko shosse, 13 km, 
Sofia 1113, Bulgaria 
(Received 3 July 2008; accepted 8 December 2008) 
In the present study the physiological status of two wheat (Triticum aestivum L.) cultivars 
subjected to polyethylene glycol-induced dehydration is evaluated. Wheat seedlings were 
exposed to either 8-d-long mild (15% PEG) or 24-h-long severe (30% PEG) osmotic 
stress by immersing their roots in PEG-supplemented Knop  nu 
trient solution. Relative water content in the leaves and the levels of free proline, 
malondialdehyde, and hydrogen peroxide were chosen as indicative parameters 
corresponding to the degree of stress of the treated plants. Electrolyte leakage from leaf 
tissues of control and stressed plants was compared in terms of the common parameter 
Injury index used for characterizing cell membrane  stability. In addition, a model test 
system was established for preliminary stress evaluation based on the kinetics of ion 
leakage. Short term exposure to higher concentration of PEG was  considered to be more 
harmful than prolonged mild stress as judged by RWC, proline and hydrogen peroxide 
accumulation, and injury index. The two cultivars demonstrated more obvious 
issimilarities under conditions of prolonged mild stress than under severe stress. 
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Acta Biologica Hungarica 58 (1), pp. 87–92 (2007) 
DOI: 10.1556/ABiol.58.2007.1.8 
0236-5383/$ 20.00 © 2007 Akadémiai Kiadó, Budapest 
RESPONSE OF INOCULATED FOLIAR 
FED PEA PLANTS (PISUM SATIVUM L.) 
TO REDUCED MO SUPPLY 
MARIETA HRISTOZKOVA, MARIA GENEVA, 
IRA STANCHEVA* and G. GEORGIEV 
Department of Mineral Nutrition and Water Relations, Acad. M. Popov Institute of Plant 
Physiology 
Bulgarian Academy of Science 
Acad. G. Bonchev str., block 21, 1113 Sofia, Bulgaria 
(Received: June 22, 2006; accepted: July 14, 2006) 
The application of nutrients to the roots and leaves of inoculated pea plants grown under 
conditions of reduced Mo supply was studied. Pea plants (Pisum sativum L.) were grown 
on liquid nutrient solution excluding Mo from the media until the 35th day under 
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glasshouse conditions. Plants were inoculated with the bacterial suspension of Rhizobium 
leguminosarum bvBv. Vicae, strain D293 at approximately 108 cells per cm3. The foliar 
fertilizer Agroleaf® was applied at 0.3% concentration. Changes in the root nodulation 
and the activities of the enzymes connected with nitrogen assimilation pathway (nitrate 
reductase – NR-NADH: EC 1.6.6.1; glutamine synthetase – GS: EC 6.3.1.2; glutamate 
synthase – NADHGOGAT: EC 1.4.1.14 and nitrogenase – NG: EC 1.7.99.2) were 
observed. It was established that the 
foliar application of nutrients reduced the inhibitory effect on the root nodulation and 
nitrogen assimilatory enzyme activities due to the Mo shortage. 
Keywords: Pea – foliar fertilizer – nitrogen assimilation – molybdenum 
 
 
 
BIOLOGIA PLANTARUM 49 (1): 145-148, 2005 
BRIEF COMMUNICATION 
Influence of short-term osmotic stress on the photosynthetic 
activity of barley seedlings 
K.V. KOCHEVA*1, M.C. BUSHEVA**, G.I. GEORGIEV*, P.H. LAMBREV** and 
V.N. GOLTSEV*** 
Institute of Plant Physiology* and Institute of Biophysics**, Bulgarian Academy of 
Sciences, 
Acad. G. Bonchev Street, Bl. 21, BG-1113 Sofia, Bulgaria 
Biological Faculty, University of Sofia, 8 D. Tsankov Blvd., BG-1164 Sofia, Bulgaria*** 
Abstract 
Oxygen evolution and chlorophyll a fluorescence transients of two barley (Hordeum 
vulgare L) cultivars subjected to polyethylene glycol induced osmotic stress was 
examined. The relative water content of the plants was used as a measure of their water 
status. The results suggested that although dehydration was considerable, photosystem 2 
was weakly affected by the osmotic treatment. 
Additional key words: chlorophyll fluorescence, Hordeum vulgare, oxygen evolution, 
polyethylene glycol 8000, relative water 
 
 
 
Physiologia Plantarum 125: 1–9. 2005 
 
 
TECHNICAL FOCUS 
A diffusion approach to the electrolyte leakage 
from plant tissues 
Konstantina V. Kochevaa,*, Georgi IV. Georgieva and Valery K. Kochevb aInstitute of 
Plant Physiology ‘Acad. M. Popov’ Bulgarian Academy of Sciences, Acad. G. Bonchev 
Str., bl. 21, Sofia 1113, Bulgaria bDepartment of Atomic Physics, Sofia University ‘Kl. 
Ohridsky’, 5 J.D. Bourchier, Sofia 1164, Bulgaria 
Correspondence*Corresponding author, 
e-mail: konstvk@abv.bg 
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Received 24 February 2005; Revised 12 April 
2005 
doi: 10.1111/j.1399-3054.2005.00533.x 
The exchange of ions between plant tissues and the external solution in vitro exhibits 
prominent biphasic kinetics. This is generally ascribed to the different contribution of the 
two compartments – apoplast and symplast – involved in the process. In this regard, an 
electro-diffusion model of the leakage is proposed in the paper. On the basis of the 
balance of fluxes through the plasmalemma and the cell wall, a system of differential 
equations describing the ion concentration in the outer solution is found. For a wide range 
of the system’s coefficients, its behaviour is well approximated by a previously obtained 
analytical function. The values of the function’s parameters, derived from the fit with 
experimental data, correlate adequately with the water deficit conditions of the samples. 
Hence, these parameters may be used to characterize the physiological status of the 
investigated plants. 
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Evaluation of chlorophyll fluorescence and membrane injury in the 
leaves of barley cultivars under osmotic stress 
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Street, Bl. 21, 1113 Sofia, Bulgaria 
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Bl. 21, 1113 Sofia, Bulgaria 
c Department of Biophysics and Radiobiology, Biological Faculty, University of Sofia, 8 
Dr. Tsankov Boulevard., 1164 Sofia, Bulgaria 
dDepartment of Physics and Biophysics, Faculty of Medicine, Trakia University, 11 
Armeiska, Stara Zagora 6003, Bulgaria 
Received 23 June 2003; received in revised form 19 September 2003; accepted 30 
September 2003 
Abstract 
Two physiological tests for screening drought tolerance of barley (Hordeum vulgare, L.) 
plants are compared in this work. Water deficit is induced by treating the plants’ roots 
with polyethylene glycol (PEG 8000). The relative water content (RWC) of the plants is 
used as a measure of the water status. Conductometrically determined electrolyte leakage 
from the leaf tissue demonstrates the membrane injury caused by dehydration. It is shown 
that the injury index increases with the decrease of the RWC of the leaves. The Fv/Fm 
ratio is employed to assess changes in the primary photochemical reactions of the 
photosynthetic apparatus after dehydration. The results suggest that PSII is weakly 
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affected by the imposed osmotic stress. The fluorescence behaviour of the xamined 
cultivars is related to their RWC. D 2004 Elsevier B.V. All rights reserved. 
Keywords: Chlorophyll fluorescence; PSII; Electrolyte leakage; Barley; PEG 8000 
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Nitrogen Assimilatory Enzymes and Amino Acid 
Content in Inoculated Foliar Fertilized Pea Plants 
Grown at Reduced Molybdenum Concentration 
Marieta Hristozkova, Maria Geneva, Ira Stancheva, 
and Georgy Georgiev 
Acad. M. Popov, Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad. 
G. Bonchev, block 21, Sofia, 1113, Bulgaria 
ABSTRACT 
A possibility to improve nitrogen assimilation in nitrogen fixing Molybdenum (Mo) 
deficient pea plants was shown. The influence of foliar supplied nutrients in addition to 
root nutrition resulted in reducing the unfavorable effects of inorganic nitrogen on 
nodule function and Mo deficiency on the nitrogen assimilatory enzymes. Inoculated pea 
plants were grown on liquid nutrient solution both with and without Mo. The following 
variants were tested: Mo supplied plants with root nutrition (F1 + Mo); Mo 
supplied plants with root and foliar nutrition (F2 + Mo); Mo deficient plants with root 
nutrition (F1 − Mo); and Mo deficient plants with root and foliar nutrition (F2 − Mo). 
Foliar application of nutrients had a positive effect on the glutamine synthetase and 
glutamate synthase enzyme activities in the roots and nodules of Mo deficient plants.  
was found that the foliar fertilization reduced the inhibitory effect of Mo shortage on the 
aspartate/asparagine content in the pea shoots.  
 
BIOTECHNOL. & BIOTECHNOL. EQ. 24/2010/SE SECOND BALKAN 
CONFERENCE ON BIOLOGY SPECIAL EDITION/ON-LINE 21-23 MAY 2010, 
PLOVDIV 
 
RATE AND FORMS OF MINERAL NUTRITION CAN INFLUENCE DRY 
MATTER ACCUMULATION AND SAPONIN CONTENT OF PUNCTURE VINE 
(TRIBULUS TERRESTRIS L.)  
G.I.Georgiev1, A.Ivanova2, P.Mechkarova2, A.Ivanova1, L.Popova1  
1Institute of Plant Physiology, BAS, Sofia, Bulgaria  
2Institute of Organic Chemistry with Centre of Phytochemistry, BAS, Sofia, Bulgaria  
Correspondence to: Georgi I. Georgiev  
E-mail: gig@bio21.bas.bg  
ABSTRACT  

 15



Effect of mineral nutrition (soil or foliar supply of nutrients) on the growth, dry matter 
and saponin content of the shoot biomass of Bulgarian variety puncture vine (Tribulus 
terrestris L.) grown on soil as pot experiment in green house were studied. Soil 
fertilization rate of 100mgN/kg or 90P/kg of dry soil, oppositely to the results obtained 
from the foliar fed plants (0.3 % solution of liquid fertilizer AgroleafR (Scotts Co, 
USA)with formulation N12P52K5, increased shoot total N and P without significant 
change of dry matter. Changes of total reducing sugars, amino acids, phenolics and 
flavonoids and activity of leaf photosynthetic apparatus (chlorophyll (Chl) a, b and 
carotenoids content and parameters of chlorophyll a prompt fluorescence) were found to 
relate to the variation of individual saponin content analysed by HPLC technique. Soil 
fertilized plants in contrast to the foliar fed plants showed more protodioscin, 
prototribestan and dioscin than control but contained less of flavonoid glycoside rutin.  
Keywords: puncturevine (Tribulus terrestris L.), mineral nutrition, saponins, growth  
Abbreviations used: NPK- nitrogen, phosphorus, potassium, HPLC- high performance 
liquid chromatography  
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Regulation of Milk Thistle (Silybum marianum L.) Growth, Seed Yield and 
Silymarin Content with Fertilization and Thidiazuron Application 
Ira Stancheva1* • Abd el Ghany Youssef2 • Maria Geneva1 • Lubomir Iliev1 • 
Georgi Georgiev1 
1 Department of Mineral Nutrition and Water Relations of Plants, Institute of Plant 
Physiology, Bulgarian Academy of Sciences, Acad. G. Bonchev str., bl. 21, 
Sofia 1113, Bulgaria 
2 Department of Cultivation and Production of Medicinal and Aromatic Plants, National 
Research Centre, Cairo Dokki, Egypt 
Corresponding author: * ira_stancheva@abv.bg 
ABSTRACT 
This study looks into the effect of foliar or soil fertilization and growth regulator 
thidiazuron (TDZ) treatment on the vegetative and reproductive growth, some 
physiological parameters, seed yield and silymarin content of field grown milk thistle 
(Silybum marianum L.) plants. Foliar fertilizer Agroleaf® of different NPK proportions 
was applied at different plant developmental stages. Combined application of the 
fertilizers with TDZ affected the growth, accumulation of nutrients (N, P, K), nitrate 
reductase activity, reducing sugars and free amino acids content positively. These 
changes were associated with altered flowering rate, enhanced seed ripening and 
increased yield. Treatment of milk thistle plants with TDZ in combination with foliar 
fertilizer increased seed yield due to an increase in the number of lateral stems, the 
number of flower heads and the seed fresh weight per flower head. Silymarin 
accumulation in the seeds was also positively influenced by the combined application of 
foliar fertilizer and TDZ. 

 16



_____________________________________________________________ 
 
 
 
BULG. J. PLANT PHYSIOL., 1996, 22(3–4 ), 40–55 
ASSIMILATES AND NUTRIENTS PARTITIONING 
AND EFFICIENCY OF NITROGEN FIXATION 
OF BLACK LOCUST (ROBINIA PSEUDOACACIA L.) 
GROWN ON THE EXCESS OF Cu IN SOIL 
Georgi Georgiev*1, Blagoy Atanasov2, Kantcho Kalmuckov3, 
Ekaterina Alexandrova3, Alexandra Uzunova4 
1Acad. M. Popov Institute of Plant Physiology, Acad. G. Bonchev Str., Bl.21, Sofia 
1113, Bulgaria 
2Institute of Microbiology, Acad. G. Bonchev Str., Bl. 26, Sofia 1113, Bulgaria 
3Experimental Station for Fast Growing Tree Species, 14 Nove Str., Svishtov, Bulgaria 
4Department of Plant Physiology, Faculty of Biology, St Kl.Ohridsky University, 8 
Dragan Tshankov Bld, Sofia 1421, Bulgaria 
Received December 16, 1996 
Summary. The effect was studied of Cu excess (200 and 400 ppm Cu) in 
soil on the growth, Cu accumulation, nitrogen fixation, nutrients and assimilates 
partitioning of nodulated black locust plants (Robinia pseudoacacia L.). 
The protective role of extracellular polysaccharide slime (EPS) produced by 
respective Rhizobium sp. (Robinia) strain was also studied in conditions of 
laboratory cultivation. The main quantity of accumulated Cu ions in the symbiotic 
plants was found in the roots <1mm and nodules. This led to strong 
imbalance of nitrogen exchange between the stressed roots and nodules. The 
higher entrance of Cu ions in the roots<1mm converted them in strong sink 
for C and N assimilates. This was connected with the change of patterns of 
total amino acids composition of roots and nodules. The cells structure of 
nodules was effected by Cu stress as well. All these alterations could result 
in the change of oxygen diffusion control of the stressed nodules and would 
have as consequence the decrease of efficiency of black locust nitrogen fixation. 
Key words: amino acids, black locust (Robinia pseudoacacia L.), cell ul 
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EFFECT OF NARINGEIN AND QUERCETIN ON 
ACTIVITY OF NODABC GENES OF STRAIN D293 AND 
FOLLOWING NODULATION AND NITROGEN FIXATION 
RESPONSE OF INOCULATED PEA PLANTS 
(PISUM SATIVUM L.) 
G. Tsvetkova, T. Teofilova, G. I. Georgiev* 
Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences, Acad. 
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G. Bonchev Street, Bldg. 21, 1113 Sofia, Bulgaria 
Summary. Concentration and time course dependence of two structurally 
related plant flavonoids naringenin and quercetin on the nodABC gene transcriptional 
activity (as reporter gene nodC-lacZ activity) in Rh. 
leguminiosarum bv. vicae strain D923 and respective growth, nodulation 
and nitrogen fixing responses of plant host (garden pea) to inoculation with 
pre-induced strains were studied. Naringenin was more effective as a common 
nod genes inducer with maximum activity obtained at 0.5μМ, while 
quercetin showed lower activity at a concentration of 15μМ. According to 
the results quercetin was the better common nod genes-suppressor of Rh. 
leguminosarum bv viciae D293 growth. Incubation of germinating pea seeds 
with flavonoids–preactivated inocula (applied in effective concentrations), 
resulted in changed nodulation and nitrogen fixing patterns of plants after 
35 days of growth. No direct relationship between common nod gene transcriptional 
activity of activated rhizobial inocula, following nodulation and 
nitrogen fixing response of plants was observed. 
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EFFECT OF PHOSPHORUS NUTRITION ON THE 
NODULATION, NITROGEN FIXATION AND NUTRIENT - 
USE EFFICIENCY OF BRADYRHIZOBIUM JAPONICUM – 
SOYBEAN (GLYCINE MAX L. MERR.) SYMBIOSIS 
G. E. Tsvetkova*, G. I. Georgiev 
Acad. M. Popov Institute of Plant Physiology, Sofia 1113, Bulgaria 
Summary. Characterization of nodule growth and functioning, phosphorus 
status of plant tissues and host- plant growth of nodulated soybean (Glycine 
max L. Merr.) plants grown under different phosphorus conditions was studied 
in order to evaluate the role of phosphorus in symbiotic nitrogen fixation. 
Phosphorus deficiency treatment decreased the whole plant fresh and dry 
mass, nodule weight, number and functioning. Under conditions of phosphorus 
oversupply the decrease in plant growth, nodulation and acetylene 
reduction was stronger. Phosphorus deficiency significantly affected all phosphorus 
metabolites. Contents of different phosphorus fractions were decreased 
under the conditions of phosphorus deficiency. 
Key words: nitrogen fixation, phosphorus partitioning, soybean 
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EFFECT OF TRANSIENT SHORT-TERM BORON 
DEPRIVATION ON THE GROWTH, NODULATION 
AND N2-FIXATION OF SOYBEAN PLANTS 
Grigor T. Zehirov*, George I. Georgiev 
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Acad. M. Popov Institute of Plant Physiology, Acad. G.Bonchev str. Bl.21 Bulg. Acad. 
of Sci. , Sofia 1113, Bulgaria 
Received March 21, 2001 
Summary. Exposure to transient 10-days boron (B) deficiency stress created 
during different periods of growth cycle of nodulated soybean plants grown 
in a liquid culture was found to inhibit the nodule number and to increase 
the nodule dry weight. Nodule fresh weight was decreased in the stressed 
plants especially in the older ones. The loss of tissue water in the B-deficient 
nodules was accompanied by some increase of soluble sugar content and 
a decrease of nitrogen fixation. Acetylene reduction rate of stressed nodules 
was lower than in controls. The mechanism of action of the short term Bdeficiency 
stress on the nodule growth and functions was explained by the 
participation of boron ions in development of the root and nodule cell walls 
and cell membrane permeability. 
Key words: Boron deficiency, soybean Glycine max L. Merr, nitrogen fixation, 
nodulation rate, acetylene reduction rate. 
Abbreviations: DAP – days after planting; FW/DW – fresh and dry weight 
of plants; AR – acetylene reduction, RGR – relative growth rate – mg DW/g 
DW/day; B – boron ion; PPP – phenyl-propanoid pathway; YEM – yeast extract 
– mannitol medium for laboratory cultivation of Rhizobium spp. 
Introduction 
Boron is an essential mineral element for vascular plants (Marschner, 1987). The function 
of boron is primarily extracellular and related to cell lignification and membrane 
* Corresponding author, e-mail: unioncon@sps.bg 
BULG. J. PLANT PHYSIOL., 2001, 27(1–2), 3–14 
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