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Co balt ef fects on root nodulation, nu tri ents con tent and yield of faba bean (Vicia faba L.)

N. Gad*, M. Abdelhamid**, M.A.E. Moez*
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**Bot any De part ment, Natioanl Re search Cen tre, Dokki, Cairo, Egypt

In tro duc tion: It has been known that co balt is an es sen tial el e ment for hu mans, an i mals and mi cro or gan isms. The 
essentiality of Co in plants has not been rec og nized, al though it is needed by rhizobia in root nod ules of le gu mi -
nous plants. The mech a nisms by which Co af fects plants are not yet clearly known, al though it is known, that Co
in hib its many phys i o log i cal pro cesses, such as pho to syn the sis, seed ger mi na tion, plant growth and yield (Walsh
1995, Liu et al. 2000). The pres ent in ves ti ga tion was to study the in flu ence of rates from Co on nodulation, nu tri -
ents con tent and yield of faba bean (Vicia faba L.) cv. Giza 461.

Ma te ri als and Meth ods: In a pre lim i nary ex per i ment we stud ied dif fer ent rates of Co ad di tion to faba bean
plants. We found that over 20 PPM co balt in hib ited growth of faba bean. Based on our pre lim i nary ex per i ment we 
used 5 rates of Co. The rates of Co ad di tion were 0, 5, 10, 15 and 20 PPM at 14-days old at nurs ery.  The seeds of
faba bean cv. Giza 461 were sown in nurs ery.  One week later faba bean plants were trans planted to the field in
two suc ces sive sea sons 2004/05 and 2005/06. The plants of faba bean were grown in sandy loam soil at Nubarai
Ex per i men tal farm, Na tional Re search Cen tre, Egypt. At flow er ing, one sam ple was col lected for mor pho log i cal,
phys i o log i cal and bio chem i cal in ves ti ga tion. The to tal N con cen tra tion in plants was es ti mated by macro Kjeldahl 
method.

Re sults: Co ad di tion in creased plant height, stem di am e ter, branch num ber, leaf num ber/plant and leaf area/plant
and the in crease was in par al lel with in creas ing Co rates. Co in creased sig nif i cantly (p < 0.05) root nod ule num ber 
and nod ule dry weight/plant. Root, shoot and to tal bio mass and their TN (%), and TN (mg/plant) of sam ple at
flow er ing stage were sig nif i cantly in creased with in creas ing Co rates. Co ad di tion re sulted in in creas ing nu tri ents
con tent (P & K( %), and Co, Fe, Mn, Zn and Cu (PPM) ) of roots and shoots of plants at flow er ing, Co ad di tion
in creased sig nif i cantly (p < 0.05) to tal bio mass, seed yield and seed con tent of nu tri ent ( P,K, Fe, Mn, Zn,  & Cu)
at har vest. In ad di tion, con tent of seeds from TSS %, to tal crude pro tein% at har vest was sig nif i cantly (p < 0.05)
in creased due to ap pli ca tion of co balt.
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In flu ence of nickel stress on am mo nium as sim i lat ing en zymes in wheat seed lings
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In tro duc tion: Nickel, al though con sid ered to be an es sen tial micronutrient, at ex cess con cen tra tions be comes
toxic for most plant spe cies. Mech a nisms on Ni phytotoxicity are not fully un der stood; how ever they seem to re -
sult mostly from the al ter na tions of the pri mary plant me tab o lism in duced by this heavy metal. The pur pose of the 
pres ent work was to study the in flu ence of Ni on ni tro gen me tab o lism in wheat shoots, par tic u larly on the ac tiv i -
ties of en zymes par tic i pat ing in am mo nium as sim i la tion.

Meth ods: Wheat plants (Triticum aestivum L.) cv. Zyta were grown hy dro poni cally in the nu tri ent so lu tion con -
tain ing 0 (con trol), 50 and 100 �M Ni. Af ter 1, 4 and 7 days the shoots were har vested and growth pa ram e ters, Ni
con tent, ac tiv i ties of glutamine synthetase (GS) and glu ta mate dehydrogenase (GDH) were es ti mated. The ac tiv ity 
of GS was de ter mined by a biosynthetic as say based on glutamylhydroxamate syn the sis. The ac tiv ity of GDH was 
mea sured with NADH (NADH-GDH aminating ac tiv ity) and NAD (NAD-GDH deaminating ac tiv ity).

Re sults: Treat ment of wheat seed lings with Ni caused a sig nif i cant de crease in length and fresh weight of shoots.
The ac tiv ity of GS did not change in re sponse to Ni ap pli ca tion. How ever, both aminating and deaminating GDH
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ac tiv i ties were sig nif i cantly in flu enced by Ni stress. The ac tiv ity of NADH-GDH showed an in crease at the end of 
ex per i ment and 7 days af ter Ni treat ment it was 68 % and 76 % higher than in the con trol, at 50 and 100 �M Ni,
re spec tively. On the con trary, NAD-GDH ac tiv ity af ter 1 and 4 days of ex po sure to the higher con cen tra tion of Ni 
was re duced by 24 % and 37 %, re spec tively. On the 7th day the ac tiv ity of this en zyme was en hanced by 68 %
and 76 % over the con trol level, at 50 and 100 �M Ni, re spec tively.

Con clu sions: Ex po sure of wheat seed lings to Ni con sid er ably al ters the pro cesses me di ated by GDH. It can be
sug gested that in crease in the aminating GDH ac tiv ity may sup port the biosynthesis rate of glu ta mate re quired for
pro duc tion of glutathione which has been shown to play an im por tant role in tol er ance of plants to Ni. In ad di tion, 
it may par tic i pate in de tox i fi ca tion of am mo nium, which has been found to ac cu mu late in plant tis sues un der
stress con di tions.

Ac knowl edge ments: This work was partly sup ported by Uni ver sity of £ódŸ Grant No 506/819. 

The mor pho log i cal, bio phys i cal and bio chem i cal changes in the sa lin ity-stressed to mato plant roots
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In tro duc tion: Sa lin ity causes dis tur bances in the wa ter bal ance, pho to syn the sis and plant growth (Romero-Aran -
da et al. 2001). Plant salt tol er ance might be the re sult of the in crease in wa ter use ef fi ciency achieved by the de -
vel op ment of mor pho log i cal, an a tom i cal and phys i o log i cal mod i fi ca tions (Delphine et al. 1998, Romero-Aran da
et al. 2001) in clud ing the L-proline ac cu mu la tion (de Lacerda et al. 2005).

Meth ods: 5-week-old to mato (Lycopersicon esculentum cv. Perkoz) roots were har vested 1, 3 hours and 1-14
days af ter the ap pli ca tion of 50 or 150 mM NaCl. The fresh (FW), dry weight (DW) and wa ter con tent (WC) were 
es ti mated ac cord ing to the meth ods de scribed by Munne-Bosch and Alegre (2002). The L-proline con cen tra tion
was as sayed ac cord ing to the method of Bates et al. (1973). 

Re sults:. Only the se vere salt stress low ered FW and DW dur ing the whole ex per i ment. 150 mM NaCl-treat ment
re duced the in ten sity of lat eral root growth and caused root brown ing since 2nd day of the ex per i ment. Dur ing the
fol low ing days those roots de gen er ated. At the be gin ning and end (7-14 days) of the ex per i ment both so lu tions of
NaCl di min ished WC, how ever on 2nd and 5th day only the higher NaCl-treat ment slightly de creased it. The sa -
lin ity in duced grad ual in crease in L-proline con tent, es pe cially in the se vere-stressed roots. 

Con clu sions: The ob tained data sug gest that even mild sa lin ity causes changes in the wa ter bal ance, but only se -
vere stress im pairs root growth. Higher L-proline con tent dur ing salt stress, not di rectly ac com pa ny ing lower root
hydration, sug gests oth ers roles of this com pound in to mato roots than osmoprotection. 
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ABA level in Arabidopsis thaliana L. plants as af fected by heavy met als 
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In tro duc tion: Heavy met als (HMs), if in higher con cen tra tions, are a source of abiotic stress for plants and can
cre ate a se ri ous threat to hu man health. Abscisic acid (ABA) plays an im por tant role in plant re sponses to var i ous
en vi ron men tal stresses, es pe cially to those lead ing to tis sue de hy dra tion. In this work we aimed to check whether
level of ABA in Arabidopsis thaliana L. plants changes also due to ex po sure to HMs.

Ma te ri als and meth ods: Plant of Arabidopsis thaliana L., Co lum bia 4  were grown in con tin u ously aer ated hy -
dro pon ics cul ture with Hoagland’s nu tri ent so lu tions, re newed weekly. Five-week-old plants were ex posed dur ing 
14 days to HMs added at nu tri ent re newal. The plants were treated with Pb2+ (0, 120, 240, 360, 480 μM), Cu2+
(0, 50, 100 μM) and Cd2+ (0, 25, 50 μM). At har vest plants were di vided into ro sette and roots, sub-sam ples for
ABA de ter mi na tion were col lected and kept in -80 °C till  anal y sis and ac cu mu lated bio mass was re corded. Af ter
freeze-dry ing, plant ma te rial was ground in ball mill and cold dis tilled wa ter was added. The sam ples were heated
for three min utes in boil ing wa ter and then shaken over night at 4 °C. On the fol low ing day the ex tracts were cen -
tri fuged for 20 min utes in cool cen tri fuge at 18 000 g. ABA de ter mi na tion was done in the supernatant by an in di -
rect ELISA us ing the an ti bod ies MAC 252.  

Re sults: Arabidopsis plants were neg a tively af fected by all three used in this study HMs ex cept of Pb+2  in lower
con cen tra tion (120 μM), at which stimulatory ef fect on plant vig our – phe nom e non known as hormesis was ob -
served. At higher con cen tra tions ef fect of lead was also harm ful though to less de gree that treated with cad mium
and cop per. Plants treated with lead at toxic con cen tra tions and with Cd2+ and Cu2+  were de layed in de vel op -
ment, had smaller ro settes and ac cu mu lated less bio mass. Cad mium and cop per treated plants ex hib ited
cholorosis, ne crotic spots and le sions fol lowed by leaves de cay. 
ABA con cen tra tion in roots, shortly af ter ex po sure to HMs in creased in plants treated with Cu2+ and Cd2+ at  25
μM, while in plants treated with Pb+2 it was lower than in con trol. Af ter 14d of plants ex po sure to HMs ABA
con cen tra tion in roots, was lower ex cept Cd2+ at 25 μM. ABA con cen tra tion in leaves of plants treated, with all
HMs, within 3h of ex po sure de creased but in lon ger ex po sure (14d) it was higher than in con trol plants. 

Ac knowl edge ments: The study was fi nan cially sup ported by grant
KBN 117/E-385/SPUB/COST/P-06/DZ122/2000.

Early-sea son de fo li a tion of Sorbus aucuparia and Acer platanoides in duce re sis tance
to spi der mite (Tetranychus sp.)

M.J. Giertych, P. Karolewski, J. Oleksyn
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In tro duc tion: Sim u lated de fo li a tion is of ten used in stud ies of in duced de fense re ac tions of plants to graz ing.
How ever, very lit tle is known about the  role of var i ous ex ter nal fac tors that may de ter mine the na ture of in duc -
ible de fenses. Here we tested whether light lev els un der which plants grow could af fect the nat u ral in va sion of
Tetranychus sp. a polyphagous, pa ren chyma cell feed ing spi der mite with a broad range of host plants. De pend ing 
on their de gree of shade tol er ance, plants may ex press dif fer ent mor pho log i cal, phys i o log i cal and de fense traits
un der low light con di tions. There fore we used two host spe cies that dif fer widely in shade tol er ance for this study: 
shade-adapted Acer platanoides and sun-adapted Sorbus aucuparia. The pur pose of this study was to ex plore the
pat tern of spi der mite in va sion and to test whether light con di tions and the host spe cies dif fer ences in nu tri tive
con stit u ents, sec ond ary me tab o lites and leaf struc ture play a role in in va sion suc cess.

Meth ods: One-year-old Nor way ma ple (Acer platanoides L.) and Eu ro pean moun tain ash (Sorbus aucuparia L.)
seed lings were grown in pots with mixed for est soil and peat. At the be gin ning of grow ing sea son (April 2006)
seed lings were ran domly di vided into two groups. The first group was placed into two shade houses cov ered with
poly propy lene shade cloth that pro duced a treat ment with 5 % light trans mit tance. The sec ond group of seed lings
was placed in two blocks with full sun light. The de fo li a tion was made by man ual re moval of 0 (con trol), 25, 50,
75 and 100 % of leaves. 
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Re sults: Spi der mite (Tetranychus sp.) in va sion took place in mid-July and was ob served only on seed lings grow -
ing in the shade. Mites were reared on leaves of al most all seed lings, but in ten sity of feed ing was re lated to the
level of ear lier de fo li a tion. Con trol and lightly de fo li ated seed lings were most af fected by spi der mites. Mite feed -
ing be hav iour was di rectly linked to changes in con cen tra tion of leaf nu tri ents and sec ond ary me tab o lites. Car bon
con tent was cor re lated with the per cent of dam aged seed lings in both spe cies, R2= 0.80; p<0.05 for ma ple and
R2= 0.86; p<0.05 for ash. The con cen tra tion of phe no lic com pounds var ied with the level of de fo li a tion; the high -
est con cen tra tions were ob served in leaves from seed lings with 50 % and 75 % prior de fo li a tion.  

Con clu sion: Spi der mites pre fer the leaves of plants grown in a shade en vi ron ment with low con tent of phe no lic
com pounds and high con tent of car bon. Both plant spe cies were able to sur vive early sea son leaf dam age in flicted 
by spi der mite (Tetranychus sp.). In duc ible sec ond ary me tab o lites (sol u ble phenolics) were among fac tors con trib -
ut ing to low spi der mite suc cess in plants re cov er ing from spring me chan i cal de fo li a tion.

Ac knowl edge ments: This study was sup ported by Min is try of Sci ences and Higher Ed u ca tion, Po land (grant no.
2PO4F 06427)

Ef fects of the ATH-rich ex tract on lead ab sorp tion and lo cal iza tion in Allium cepa L. roots
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In tro duc tion: Our ear lier stud ies re vealed the role of the ATH-rich ex tract from red cab bage leaves in the pro tec -
tion of the meristematic cells of on ion roots against mitodepressive and turbogenic ef fects of Cd, Cr and Pb
(Gliñska et al. 2007). It would be in ter est ing to ex am ine to what ex tent that ef fect was caused by changes in the
metal ab sorp tion.

Ma te ri als and meth ods: The two-day old ad ven ti tious roots of Allium cepa L. (cv. Polanowska) were treated
with the aque ous so lu tion of Pb(N03)2 at the con cen tra tion of 100 �M with or without pre lim i nary in cu ba tion in
the ex tract from Bras sica oleracea L. var. capitata rubra leaves (250 �M, 3 h) or with the mix ture of these so lu -
tions for 2 hours. The roots kept in dis tilled wa ter were the con trol. Lead lo cal isa tion in whole roots and in
meristematic cells was de ter mined as de scribed ear lier (Gliñska and Gabara 2002).

Re sults: The ATH-rich ex tract from red cab bage leaves added to the lead so lu tion sup pressed metal ac cu mu la tion 
in on ion roots as was shown by the rhodizonian method. More over, lead ab sorp tion was slightly low ered af ter
root preincubation in the ATH-rich ex tract as com pare to the not pre-treated ones.
Ultrastructural stud ies re vealed that root preincubation in the ATH-rich ex tract di min ished the num ber of
meristematic cells with lead de pos its in vac u oles, cy to plasm, mi to chon dria, plas tids, Golgi ap pa ra tus and nu cleus.
More over, the num ber of lead de pos its in those cell com part ments was lower. On the other hand, al though the
lead de pos its were less nu mer ous in cell walls, the num ber of cells with the lead de pos its in cell wall has not de -
creased. Con trary, in ER the lead de pos its were vis i ble only in the cells of not pre-treated roots.

Con clu sions: The ATH-rich ex tract lim ited lead ab sorp tion by roots prob a bly due to metal chelatation in the in -
cu ba tion me dium. How ever, also in roots preincubated in that ex tract the num ber of lead de pos its de creased
mainly in a cell symplast.
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Changes in the prop er ties of mem branes and lipoxygenase ac tiv ity in the roots of Pisum sativum L.
in re sponse to the ac tion of hydroxycinnamic ac ids

J. Gmerek, B. Politycka
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In tro duc tion: Hydroxycinnamic ac ids are allelopathic com pounds evok ing biochemico-phys i o log i cal changes.
Their ac tion mech a nism has not been fully ex plained so far. The work ob jec tive was to in ves ti gate whether in pea
roots there oc cur any changes in the prop er ties of mem branes and lipoxygenase in duc tion un der the in flu ence of
ferulic and p-coumaric ac ids.

Meth ods: The ob jects of stud ies were 7-day old ‘Bohun’ pea seed lings sub ject to allelochemical stress by treat ing 
their roots with hydroxycinnamic ac ids (ferulic and p-coumaric ones). The con trol con sisted of roots not treated
with the ac ids. Ex per i ment was car ried out in dy namic de sign. In the pe riod of 4 hours af ter stress in tro duc tion, in
the roots of seed lings, the de gree of cell mem branes in jury was ex am ined bas ing on the leak age of elec tro lytes (in
acid con cen tra tion range from 0.1 to 1.0 mM) and the peroxidation of lipids (at 1.0 mM acid con cen tra tion). Fur -
ther more, dur ing the first 90 min utes af ter stress in tro duc tion, in roots, the ac tiv ity of lipoxygenase was de ter -
mined in cytosolic and mem brane-bound frac tion (at 1.0 mM acid con cen tra tion).

Re sults: In the roots of seed lings sub ject to stress, an in crease of cell mem brane per me abil ity was found pro por -
tion ally to the con cen tra tion of the ap plied hydroxycinnamic ac ids. This ef fect in creased with the lapse of time.
Un der the in flu ence of ferulic and p-coumaric ac ids, it was also found that in pea roots, there in creased the de gree
of lipids peroxidation and the lipoxygenase ac tiv ity of cytosolic and mem brane-bound frac tions.

Con clu sions: Ob tained re sults in di cate that un der the ef fect of hydroxycinnamic ac ids in pea roots, there co mes to 
lipids peroxidation caus ing in ef fect changes in mem branes per me abil ity which par tially can also be the re sult of
in creased ac tiv ity of lipoxygenase which has been found in this work. 

Chlo ro phyll flu o res cence re sponse of corn seed lings to lead stress

A. Gogoláková, E. Šestková, P. Štrba, B. Békésiová

De part ment of Bot any and Ge net ics, Fac ulty of Nat u ral Sci ence, The Constantine Phi los o pher Uni ver sity,
Nábrežie mládeže 91, 949 01 Nitra, Slovakia

In tro duc tion: All en vi ron men tal fac tors, such as ex ces sive irradiance, wa ter or heavy metal stress ei ther di rectly
or in di rectly af fect the photosynthetic func tion of leaves, the pig ment com po si tion and the ul tra-struc ture of the
photosynthetic ap pa ra tus. Early stress de tec tion in plants, be fore vi sual dam age symp toms are no tice able, is re -
quired in or der to re ac ti vate the plant’s vi tal ity by suit able coun ter mea sures. To day the non-de struc tive flu o res -
cence meth ods are the most prom is ing tech niques for early stress de tec tion in plants (Lichtenthaler et al. 2005).

Meth ods: Corn (Zea mays L. cv. Theresa H) seeds were ger mi nated for 7 days at Petri dishes con tain ing dif fer ent
con cen tra tions of Pb2+ (50, 300, 500, 1000 and 1500 mg Pb/l so lu tion). Lead was pro vided as lead ni trate
Pb(NO3)2. Petri dishes were placed in the growth cham ber and kept un der con stant con di tions (20 °C, 60-70 %
hu mid ity, PPFD 800 μmol m-2 s-1 dur ing 12/12 h. day/night pe riod). Chlo ro phyll flu o res cence mea sure ments
were real ised by GFPCam ki netic flu o res cence cam era (PSI, Czech re pub lic) ac cord ing to Trtílek (1997). We de -
ter mined min i mal flu o res cence (F0), max i mal flu o res cence (Fm) and max i mum quan tum yield ef fi ciency (Fv/Fm) 
by flu o res cence method. Re sults were ana lysed by ANOVA sta tis ti cal method (SigmaStat programme).

Re sults: Sta tis ti cal an a lyze con firmed sig nif i cant in flu ence of lead on min i mal flu o res cence (F0) of corn seed lings 
be tween F0 of con trol plants and all lead treat ments. Treated plants had higher F0 val ues than con trol plants. Al -
though with out in sig nif i cant dif fer ences be tween Fm of con trol and treated plants (with ex cep tion of 1500 mg Pb
treat ment with sig nif i cant dif fer ence) lead ap pli ca tion in duced Fm in creas ing. The max i mum quan tum yield ef fi -
ciency (Fv/Fm) de creased with in creas ing lead con cen tra tion, sig nif i cant dif fer ences be tween Fv/Fm of con trol
and treated plants were con firmed by sta tis ti cal ana lyse. Av er age val ues of Fv/Fm lead treated plants were lower
from 15.6 % to 20.4 % with in creas ing lead con cen tra tion com par ing with FV/Fm of con trol plants.

Con clu sions: We dealt with lead in flu ence on se lected chlo ro phyll flu o res cence pa ram e ters of corn seed lings by
flu o res cence spectrophotometry method. Lead had sig nif i cant in flu ence on min i mal, max i mal flu o res cence and

S61

Acta Physiol Plant (2007) 29 (Suppl 1):S57–S80 POSTERS



also on max i mum quan tum yield ef fi ciency. We ob served also im pact of lead on de crease of pho to chem i cal ef fec -
tive ness of photosystem PSII.
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Possibile fac tors  of in creased re sis tance of triticale (xTriticosecale Wittm.) to pink snow mould
(Microdochium nivale) in fec tion
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Ac cord ing to the reg u lar re ports from Eu rope, Microdochium nivale is the most wide spread snow mould fun gus.
It is the most vir u lent at 0-2 °C, due to its cold-ac tive en zymes. Among other, it at tacks win ter triticale, new ce real 
with grow ing eco nomic im por tance there fore, qual ity and quan tity of its yield is reg u larly un der the threat of M.
nivale in fec tion. The re sis tance of the best triticale cultivars is far from be ing sat is fac tory. No mo lec u lar anal y ses
of triticale re sponse to M. nivale have been done so far and un der stand ing of the in fec tion pro cess in all ce re als is
poor. Thus, there is a need to per form stud ies pro vid ing better in sight into host-patho gen in ter ac tions in or der to
elab o rate ef fi cient breed ing strat e gies to wards re sis tance against pink snow mold. Seven win ter triticale cultivars
were sub jected to an ar ti fi cial in fec tion with M. nivale my ce lium in „cold cham ber method”. Af ter ini tial screen -
ing, two re sis tant and two sus cep ti ble cultivars were se lected for fur ther stud ies. Cold-hard en ing, ef fi ciency of
photosystems I and II, and ac tiv ity of antioxidative en zymes was stud ied in plants as pos si ble fac tors in flu enc ing
plant re sis tance to fun gus at tack.

Tox ic ity of mix ture her bi cides MCPA and chloridazone in Lemna test

J. Grêbosz, Z. Tukaj

De part ment of Plant Phys i ol ogy, Uni ver sity of Gdañsk, Pi³sudskiego 46, 81-378 Gdynia, Po land

In tro duc tion: MCPA (auxin-like growth in hib i tor) and chloridazon (photosystem II in hib i tor) are ex ten sively
used in Eu ro pean ag ri cul ture. These sub stances may en ter fresh wa ter eco sys tems by leach ing or run off and may
cause po ten tial risk for aquatic biota. How ever, the data on the tox ic ity MCPA and chloridazon on wa ter plants
are scare and no in ves ti ga tions of their mix tures. Since aquatic or gan isms are usu ally ex posed to many sub stances
at the same time, the as sess ment of their pos si ble in ter ac tions (an tag o nism, syn er gism) are nec es sary. Lemna mi -
nor (L.) is reg u larly used for ecotoxicological tests. It’s free float ing or gan ism, typ i cal of fresh sur face wa ters
around the globe. The pur pose of this study was to de ter mine the tox ic ity of MCPA and chloridazon alone, and in
com bi na tion, on the growth of Lemna mi nor St..

Meth ods: The ex per i ments were per formed ac cord ing to In ter na tional Stan dard (ISO 200079:2005(E)). Tox ic ity
as sess ment was based on in hi bi tion of growth, fresh weight and dry weight af ter 7 days. In the first step EC10 (in -
hi bi tion growth by 10 %) and EC50 (in hi bi tion growth by 50 %) val ues for MCPA and chloridazon were eval u -
ated sep a rately. Then the in flu ence of bi nary mix tures (EC10 and EC50) on L. mi nor was char ac ter ized. Sta tis ti cal
cal cu la tion were based on the vari a tion anal y sis (ANOVA) and Abott’s for mula (Teisseire et al. 1999).
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Re sults: Val ues of EC10 and EC50 were 0.8 and 5.4 mg/dm3 for MCPA and 0.7 and 10.4 mg/dm3 for
chloridazon, re spec tively. When chloridazon was ap plied at EC50 value, an tag o nis tic in ter ac tion be tween MCPA
and chloridazon was ob served, ir re spec tive of MCPA con cen tra tion. How ever, an tag o nism, syn er gism and as well 
as ad di tion re vealed all other bi nary mix tures of tested sub stances.

Con clu sions: The com par i son of EC50 val ues in di cates that chloridazon was less toxic to duck weed than MCPA.
Both her bi cides showed in ter ac tion. Chloridazon re duced in hib i tory ef fect of MCPA on growth of Lemna mi nor.

Ref er ences

ISO 200079:2005(E): Wa ter qual ity – De ter mi na tion of the toxic ef fect of wa ter con stit u ents and waste wa ter on
duck weed (Lemna mi nor) – Duck weed growth in hi bi tion test.
Teisseire H., Couderchet M., Vernet G., (1996). Phytotoxicity of diuron alone and in com bi na tion with cop per
or folpet on duck weed (Lemna mi nor). En vi ron. Pollut. 106: 39-45.

Ac knowl edg ments: This work was sup ported by the pro ject No. BW/1420-5-0113-7, Uni ver sity of Gdañsk.

Ef fect of com bined drought and heat stress on heat shock pro teins in wheat va ri et ies

*B. Grigorova, *I. Vasseva, *K. Demirevska, **U. Feller

*In sti tute of Plant Phys i ol ogy, Bul gar ian Acad emy of Sci ences, So fia 1113, Bul garia
**In sti tute of Plant Sci ences, Uni ver sity of Bern, CH-3013, Swit zer land 

In tro duc tion: The re sponse of crop plants ex posed on drought or heat shock is re lated to de crease in the syn the sis 
of nor mal pro teins, ac com pa nied by in creased trans la tion of heat shock pro teins (HSPs). Though drought and heat 
stress have been stud ied in di vid u ally, lit tle is know about their com bined ef fect on plants.

Meth ods: The wheat (Triticum aestivum L.) va ri et ies (Katya- tol er ant, Sadovo or Mladka-sus cep ti ble) were pot -
ted in soil. Eight-day-old plants were ex posed to with draw ing wa ter for seven days. Heat shock was re al ized in
growth cham ber at 40 °C for 6h. A com bi na tion of drought and heat shock was per formed by sub ject ing
drought-stressed plants to heat shock treat ment. Ex pres sion of HSPs in the first leaf of wheat va ri et ies was an a -
lyzed by SDS elec tro pho re sis and immunoblotting. Polyclonal an ti bod ies against HSP20, HSP60, HSP110 and
mononclonal an ti bod ies against HSP70 were used to dis tin guish the men tioned HSPs.

Re sults: The leaf rel a tive wa ter con tent (RWC), which in di cated the level of plant de hy dra tion de creased sig nif i -
cantly (34 %) un der drought stressed con di tions The elec tro lyte leak age of ions (EL), rep re sent ing the level of the
cell mem brane sta bil ity in creased mark edly (68 %), es pe cially un der com bi na tion of drought and heat. Max i mum
EL was ob served in drought sus cep ti ble va ri et ies Sadovo and Mladka. Drought and heat shock com bi na tion in the 
wheat plants re sulted in the in duc tion of spe cific HSPs. 

Con clu sions: Our re sults dem on strate that the re sponse of the wheat plants to a com bi na tion of drought and heat
stress is dif fer ent from the re sponse of plants to each of these stresses ap plied sep a rately. In duc tion of syn er getic
ef fect on HSP ex pres sion in case of com bi na tion be tween drought and heat was dis cussed in the case of two con -
trast ing wheat va ri et ies.

Ac knowl edge ments: This study was sup ported by grants from the Min is try of Ed u ca tion and Sci ence of the Re -
pub lic of Bul garia (pro jects CC 1503), and from Swiss Na tional Sci ence Foun da tion, SCOPES (pro ject DILPA).
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The ef fect of low or high soil wa ter con tent on the root sys tem ar chi tec ture of triticale and maize seed ling

M.T. Grzesiak*, A. Skoczowski*, A. Rzepka** S. Grzesiak*,

In sti tute of Plant Phys i ol ogy. PAS, Niezapominajek str. 21, PL 30-239 Cra cow, Po land.*
Dept. of Plant Phys i ol ogy, Ped a gog i cal Acad emy,  2 Podbrzezie str., PL 30 054, Cra cow, Po land**

In tro duc tion: Stud ies on the qual i ta tive and quan ti ta tive changes of the plant root sys tem fea tures of plants ex -
posed to dif fer ent mois ture con di tions are in fre quent. Ce real plants de velop two types of the root sys tem: the scat -
tered and the con cen trated, and two types of 1st or der lat eral roots. The aim of this ex per i ment was to study the ef -
fect of low (drought) and high (waterlogging) soil wa ter con tent on the num ber, length and dry mat ter of the par -
tic u lar com po nents of the root sys tem.

Meth ods: Plants were grown in root-boxes and the pin board set was used. Treat ments: C - (con trol) -  soil wa ter
con tent was 65 % FWC by 28 days, D - (drought) - soil mois ture was main tained at 35 % FWC from 7 to 28 day
af ter sow ing and W - (waterlogging)  soil flood ing was es tab lished by paddy con di tion of soil from 7 to 28 day af -
ter sow ing

Re sults: Drought caused higher de crease in num ber and length of each com po nent in de vel oped root sys tem and
en tire root dry mass in com par i son to waterlogging. Com par ing to the con trol, in case of waterlogging, the in -
crease in num ber and length lat eral and sem i nal-ad ven ti tious roots was ob served. The drought con di tion as well as 
waterlogging slightly in flu enced the ra tio of dry weight of above-ground part to root dry mat ter (S/R), es pe cially
for drought re sis tant ge no types no sig nif i cant dif fer ences com par ing to con trol were ob served. Harm ful ef fects of
drought and  waterlogging on the root dry mat ter, S/R ra tio and num ber and length of sem i nal, sem i nal ad ven ti -
tious, lat eral and nodal roots was higher for ge no types in cluded to group of drought sen si tive com par ing to the re -
sis tant to drought. Re sults con firmed that drought sen si tive ge no types of triticale and maize were also more sen si -
tive to the soil flood ing. The ob served mod i fi ca tion of the in ter nal root mor phol ogy caused by wa ter def i cit in
plant tis sues may partly in flu ence on wa ter trans port within roots. The drought re sis tant maize and triticale ge no -
types de vel oped more ex ten sive root sys tem and stress-in duced changes in root mor phol ogy were less pro nounced 
than in drought-sen si tive ge no types. Re sults con firmed that drought-sus cep ti ble ge no types were also more sen si -
tive to tem po rary soil flood ing. Tol er ance to un fa vor able soil con di tions was, pre sum ably, be stowed by a more ef -
fi cient wa ter use and a lower shoot-to-root ra tio in the re sis tant ge no types. The dif fer ent re sponses of triticale and
maize ge no types to soil dry ing or waterlogging may be due to a more eco nom i cal wa ter bal ance and better re la -
tions be tween the shoot and root di men sions in the drought-re sis tant ge no types. The re sults sug gest that the mor -
pho log i cal traits of the plant root sys tem may be use ful se lec tion cri te ria in the breed ing. (The im pact of drought
or waterlogging on mor pho log i cal fea tures of de vel oped root sys tem is shown in ta ble and pho to graphs).

Con clu sions: Among all plant or gans root is the or gan that is di rectly in flu enced by dif fer ent wa ter con di tions in
soil. Nodal and lat er als were most sen si tive to stresses than the sem i nal and sem i nal ad ven ti tious roots. The
drought sen si tive ge no types were more sen si tive to the soil flood ing. Pre cise com pre hen sion of var i ous as pects of
plant growth un der stress con di tions should en cour age the im prove ment of the tech nol ogy for crop pro duc tion
man age ment un der ad verse field con di tions and con trib ute to the prog ress of breed ing pro gram aim ing to im prove 
the stress tol er ance of ce re als crop

Ef fect of dif fer ent soil com pac tion on growth and root ar chi tec ture in maize and triticale seed lings

M.T. Grzesiak*,  T. Hura*, A. Rzepka**, S, Grzesiak*

*The In sti tute of Plant Phys i ol ogy, PAS, Niezapominajek 21, PL 30-239, Cra cow, Po land
**Dept. of Plant Phys i ol ogy, Ped a gog i cal Acad emy, 2 Podbrzezie str., PL 30 054, Cra cow, Po land

In tro duc tion: Plant roots are strongly mod i fied by the soil-en vi ron men tal phys i cal fac tors. A root ex tend ing
through soil may force aside over com ing the me chan i cal im ped ance, or may be di verted to move around the par ti -
cles, if the im ped ance is too great and if the space al lows it (Yamauchi 1993, Iijima et al. 1994, Masle 2002).   
Soil me chan i cal im ped ance is caused by var i ous fac tors such as the use of heavy ma chin ery com bined with more
in ten sive till ing and also by nat u ral pro cesses; un timely cul ti va tion with poor tim ing of field op er a tion has led to
re duced soil ag gre gate sta bil ity.

Meth ods: Plants were grown in root boxes, which en abled non-de struc tive iso la tion of all com part ments of the
root sys tem and the pin board set was used. The ef fect of dif fer ent soil com pac tion level (1.30, 1.47 and 1.58
g/cm3) on a triticale and maize seed lings shoot and root dry mat ter, leaf num ber and area, num ber and length of
par tic u lar com po nents of the root sys tem, leaf wa ter potential (�), maximum quan tum yield of PS II (Fv/Fm) and
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gas ex change (Pn, E, gs, Ci ) pa ram e ters was ex am ined. 

Re sults: Af ter 5 weeks of growth in con di tions of higher soil com pac tion in com par i son to the con trol treat ment,
de crease in leaf num ber, leaf area, dry mat ter of shoot and roots, and in crease in shoot to root (S/R) dry mat ter ra -
tio were ob served. For both ex am ined spe cies high level of soil com pac tion strongly af fected the length of sem i -
nal and sem i nal ad ven ti tious roots and also num ber and length of lat eral roots de vel oped on the sem i nal root. Sim -
i larly as in case of growth char ac ters in triticale, com par ing to maize, slightly weaker im pact of soil im ped ance on 
num ber and length of par tic u lar com po nents of de vel oped root sys tem was ob served. The changes in num ber and
length of par tic u lar com po nents of the root sys tem un der high soil im ped ance were ac com pa nied by changes in
leaf wa ter po ten tial (�), max i mum quan tum yield of PS II (Fv/Fm) and as well as by gas ex change pa ram e ters
(Pn, E, gs, Ci). Sim i larly as in case of shoot and root growth char ac ters for these pa ram e ters, more ad verse was
im pact of the high soil com pac tion for maize than triticale. In high soil com pac tion the val ues of �, Fv/Fm, and
Pn, E and gs were lower com par ing to the con trol. Dis tinct dif fer ences in re sponse to soil com pac tion stress be -
tween triticale and maize were ob served in in ter nal con cen tra tion of CO2 (Ci) i.e. in crease for triticale and de -
crease for maize un der high soil im ped ance in com par i son to the con trol. 

Con clu sions: Better un der stand ing of plant growth un der high soil com pac tion stress should en cour age the im -
prove ment of the tech nol ogy for crop pro duc tion man age ment un der ad verse field con di tions and con trib ute to the 
prog ress of breed ing pro gram aim ing to im prove the stress tol er ance of crop plants.

Ac knowl edge ments: The au thor ex presses grat i tude to “SAMPLO” hold ing, Trnava (Slovakia) and Breed ing Sta -
tion - Choryn (Po land) for the grain of maize sin gle-cross hy brids and triticale breed ing strains they sup plied free
of charge and used in ex per i ment. 

Ap pli ca tion of sew age sludge to im prove of soil qual ity by make use of model plant en ergy

M. Grzesik1, Z. Romanowska-Duda2, M.E. Andrzejczak2, P. WoŸnicki2, D. Warzecha1

1 De part ment of Or na men tal Nurs ery and Seed Sci ence, Re search In sti tute of Pomology and Flori cul ture,
   Pomologiczna 18, 96-100 Skierniewice, Po land,
2 De part ment of Ecophysiology and Plant Growth De vel op ment, Uni ver sity of Lodz, Banacha 12/16,
   90-237 Lodz, Po land

In tro duc tion: Stock yards of sew age are one of the civ i li za tion prob lems, which re sult from pu ri fy ing pro cesses
of in dus trial and san i tary sew age. Now sew age can be used as an  eco log i cal fer til izer for en ergy plant cul ti va tion
and as  biofuel in heat ing pro duc tion. It can be also  used to im prove waste lands. This re search shows the in flu -
ence of sew age on changes of ground qual ity on the ba sis of  growth and de vel op ment of plant.

Meth ods: Dif fer ent con cen tra tion of sta bi lized sew age added to two types of soil and two kind of plants: Salix
vinimalis and Sida hermaphrodita were used. Seeds of Sida hermaphrodita  and seed lings of Salix vinimalis  were 
used in each vari ants. Sida hermaphrodita and Salix vinimalis were cul ti vated for 14 and 5 weeks, re spec tively.
Than Salix vinimalis was sub jected drought stress and the in flu ence of sew age on wet ness of ground was tested.
En zy matic ac tiv i ties of RN-ase and de hyd ro gen is es as well as chlo ro phyll (a+ b) con tent were mea sured in the tis -
sues of Sida hermaphrodita leaves. The con trol was ground with out sew age.

Re sults: Changes in the in ten sity of growth, which were in duced by dif fer ent con cen tra tions of sew age were ob -
served. Both stim u la tion and in hi bi tion were notes. In the case of Salix vinimalis wet ness was di rectly pro por -
tional to the sew age con cen tra tion.

Con clu sions: The re sults show that ap pro pri ately se lected con cen tra tions of sew age ben e fi cially in flu ence growth 
of plants by in creas ing the con tent of soil nu tri ents. The use of sew age may con trib ute to in creas ing plant yield on 
poor soils. Sew age may im prove ground wet ness, so it can be used on dry soils (for ex am ple: lower con tent of
ground wa ter). This sew age may cause the re duc tion of de graded and waste ar eas. Re cy cling and elim i na tion of
slag heaps may in crease the sce nic and touristic ad van tages.

Ref er ences

1. Lewandowski, W.N. 2006. Proekologiczne odnawialne Ÿród³a energii, Wydawnictwo naukowo-techniczne.
2. Oleszczuk, P. 2006. Per sis tence of polycyclic ar o matic hy dro car bons (PAHs) in sew age sludge-amended soil
Chemosphere 65:9.
3. Orecchini, F. 2006. The era of en ergy vec tors. Inter. J. of hy dro. en ergy 31:14.
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M. Grzesik1, Z. Romanowska-Duda2, M.E. Andrzejczak2, P. WoŸnicki2, D. Warzecha1
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   Pomologiczna 18, 96-100 Skierniewice, Po land,
2 De part ment of Ecophysiology and Plant Growth De vel op ment, Uni ver sity of Lodz, Banacha 12/16,
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In tro duc tion: Stock yards of sew age are one of the civ i li za tion prob lems, which re sult from pu ri fy ing pro cesses
of in dus trial and san i tary sew age. Now sew age can be used as an  eco log i cal fer til izer for en ergy plant cul ti va tion
and as  biofuel in heat ing pro duc tion. It can be also  used to im prove waste lands. This re search shows the in flu -
ence of sew age on changes of ground qual ity on the ba sis of  growth and de vel op ment of plant.

Meth ods: Dif fer ent con cen tra tion of sta bi lized sew age added to two types of soil and two kind of plants: Salix
vinimalis and Sida hermaphrodita were used. Seeds of Sida hermaphrodita  and seed lings of Salix vinimalis  were 
used in each vari ants. Sida hermaphrodita and Salix vinimalis were cul ti vated for 14 and 5 weeks, re spec tively.
Than Salix vinimalis was sub jected drought stress and the in flu ence of sew age on wet ness of ground was tested.
En zy matic ac tiv i ties of RN-ase and de hyd ro gen is es as well as chlo ro phyll (a+ b) con tent were mea sured in the tis -
sues of Sida hermaphrodita leaves. The con trol was ground with out sew age.

Re sults: Changes in the in ten sity of growth, which were in duced by dif fer ent con cen tra tions of sew age were ob -
served. Both stim u la tion and in hi bi tion were notes. In the case of Salix vinimalis wet ness was di rectly pro por -
tional to the sew age con cen tra tion.

Con clu sions: The re sults show that ap pro pri ately se lected con cen tra tions of sew age ben e fi cially in flu ence growth 
of plants by in creas ing the con tent of soil nu tri ents. The use of sew age may con trib ute to in creas ing plant yield on 
poor soils. Sew age may im prove ground wet ness, so it can be used on dry soils (for ex am ple: lower con tent of
ground wa ter). This sew age may cause the re duc tion of de graded and waste ar eas. Re cy cling and elim i na tion of
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Ap pli ca tion of Cyanobacteria in or na men tal plants cul ti va tion on the ba sis
of China as ter (Callistephus chinensis)

M. Grzesik 1,Z. Romanowska-Duda 2, P. WoŸnicki2, M.E. Andrzejczak2, D. Warzecha1

1 De part ment of Or na men tal Nurs ery and Seed Sci ence, Re search In sti tute of Pomology and Flori cul ture,
   Pomologiczna 18, 96-100 Skierniewice, Po land,
2 De part ment of Ecophysiology and Plant Growth De vel op ment, Uni ver sity of Lodz, Banacha 12/16,
   90-237 Lodz, Po land

In tro duc tion: Or na men tal plants are mainly an nual and bi en nial plants. In ven tion of a sim ple and not ex pen sive
method of fer til iz ing their ground seems to be ben e fi cial. Sup ply ing them with ni tro gen as the build ing el e ment,
con di tion ing plant growth and de vel op ment is of par tic u lar im por tance. Of no tion might be the ap pli ca tion of var -
i ous Cyanobacteria spe cies with the abil ity to bind mo lec u lar ni tro gen.

Meth ods: The se lected seeds of China as ter (Callistephus chinensis), com mon an nual plant, were used in the
stud ies. The seeds were sowed on fil ter pa per rings placed on Petri dishes and in the metal moulds filled with stan -
dard gar den soil. All seeds were treated with sus pen sions con tain ing one of the fol low ing al gae: Anabaena sp
(Treboñ), Anabaena variabilis, Oscillatoria, Microcystis aeruginosa (Treboñ). Ad di tion ally,  the mix ture of all
spec i fied Cyanobacteria spe cies was ap plied as the MIX vari ant. The seeds cul ti vated with out the al gal sus pen -
sions, sup plied only with wa ter were the con trol. Ob ser va tions were car ried out within the pe riod of four days, ev -
ery 24 hours. The seed ger mi na tion dy nam ics was mea sured ev ery day and fresh plant mat ter was taken in or der
to eval u ate pu ta tive en zy matic ac tiv ity al ter ations as well as the chlo ro phyll (a+b) con tent. Three key en zymes
were used as mark ers: ribonuclease, al ka line phosphatase, and acid phosphatase. In the ex per i ment with soil the
lengths of seed lings were mea sured dur ing 10 fol low ing days.

Re sults: Our ex per i ment shows pos i tive ef fect of Cyanobacteria cell sus pen sion on China as ter (Callistephus
chinensis) seed ger mi na tion and seed ling growth, com par ing to the con trol. In the tis sue of seed lings treated with
Cyanobacteria, in creased ribonuclease, al ka line phospahatse, and acid phosphatase en zy matic ac tiv i ties as well as 
al ter ations in photosynthetic pig ment (chlo ro phyll a+b) con tent were shown.

Con clu sions: Ap pli ca tion of Anabaena sp (Treboñ), Anabaena variabilis, Oscillatoria, Microcystis aeruginosa
(Treboñ) in the form of aque ous cell sus pen sion to soil sig nif i cantly in crease of seed ger mi na tion dy nam ics and
seed ling growth in higher plants. This con trib uted to pro duc tion, in ten si fi ca tion and to re duc tion of the costs. It
also pro vided pos si bil ity of us ing the un wel come, sea sonal cyanobacterial bloom ing as an eco log i cal fer til izer.

Ref er ences
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Adap tive changes of the con tent of phytohormones Persicaria amphibia (L.) Delarbre
in dif fer ent con di tions of growth

I.D. Humenyuk, L.I. Musatenko

Kholodny In sti tute of Bot any NAS of Ukraine,Tereshchenkivska Str. 2, Kyiv, 01601, Ukraine

In tro duc tion: The re ac tion of plants on the changes of the en vi ron men tal fac tors me di ated by phytohormones
(Yurekli et al. 2004). Now a days the hor monal con trol of growth and de vel op ment of plants that are able to grow
un der nat u ral ad verse con di tions for some time re mains al most un ex plored (Vedenicheva et al. 2004). That is why 
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the aim of our re searches was the study of the quan ti ta tive changes of phytohormones in Persicaria amphibia (L.) 
Delarbre – plant spe cies that are char ac ter ized by high de gree of ad ap ta tion to the wa ter-level fluc tu a tion. 

Meth ods: Sep a ra tion and anal y sis of phytohormones (ABA, GA and eth yl ene) were made ac cord ing to the meth -
ods (Me thod i cal rec om men da tions to the def i ni tion of the phytohormones, 1988).

Re sults: The re searches show that in the be gin ning of the veg e ta tion in the young or gans of wa ter forms of P.
amphibia free ABA pre vailed, com par ing to the ground forms, while at the cir cum stances of the mod er ate wa ter
de fi ciency in all in ves ti gated or gans – con ju gated. In in flo res cence wa ter de fi ciency re sults in ris ing ABA in
internodes and flow ers, and de clin ing ac tiv ity in ex cre tion of the eth yl ene in in ves ti gated or gans. The GA ac tiv ity
in the be gin ning of the veg e ta tion was lesser in or gans of the ground forms than in wa ter forms, while in the in flo -
res cence vice-versa.

Con clu sions: The above men tioned re sults of the re searches al low to as sume the par tic i pa tion of ABA, eth yl ene
and GA in adap tive re ac tions of P. amphibia. 

Ref er ences 

Yurekli F., Porgali Z.B., Turkan I. Vari a tions in abscisic acid, indole-3-ace tic acid, gibberellic and zeatin con -
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Vol.46. – P.201-212.
Vedenicheva N.P., Vasyuk V.A., Generalova V.M., Mutasenko L.I. The Hor monal com plex of Sium
latifolium L. in dif fer ent eco log i cal growth cir cum stances // Ukrai nian Bot any Jour nal. – 2004. – Vol. 61, N3. –
P.94-99.
Me thod i cal rec om men da tions to the def i ni tion of the phytohormones. – K., 1988. – 78 p.

Changes in to tal phe no lics, ferulic and cinnamic acids con tent and PAL ac tiv ity in seed lings
of win ter oil seed rape in oc u lated with Phoma lin gam picnospores

*K. Hura, **T. Hura

* De part ment of Plant Phys i ol ogy, Fac ulty of Ag ri cul ture and Eco nom ics, Ag ri cul tural Uni ver sity in Krakow,
  Po land
** In sti tute of Plant Phys i ol ogy, Pol ish Acad emy of Sci ences, Kraków, Po land

In tro duc tion: Stem can ker is a dam ag ing dis ease of oil seed rape world wide and it is also one of the most im por -
tant dis eases of this crop in Po land. The dis ease is caused by two patho gens: Leptosphaeria maculans (Desm.)
Ces. Et de Not (veg e ta tive form Phoma lin gam) and L. biglobosa nov. Shoe maker and Brun, which are re garded
as ag gres sive and nonaggressive. The aim of the pres ent work was to study whether some phenylpropanoid com -
pounds are in volved in plant re sponses to pathogenesis

Ma te ri als and meth ods: The ex per i ment was per formed on seed lings of win ter oil seed rape cultivar Lisek. Plants 
were grown at 16 °C for 10 days in 12h-photoperiod. Next plants were ar ti fi cially in oc u lated with picnospores
Phoma lin gam. The phe no lic con tent (Sin gle ton and Rossi 1965), phenylalanine am mo nia-lyase ac tiv ity (PAL)
(Peltonen and Karjalainen 1995), the level ferulic acid and cinnamic acid in seed lings was an a lyzed 24, 48 and 72
hours af ter in oc u la tion.

Re sults: No sta tis ti cally sig nif i cant dif fer ences were found in the to tal pool of phe no lic com pounds dur ing sub se -
quent hours of pathogenesis. The level of phenolics was lower than those ob served in con trol plants. In oc u la tion
with picnospores Phoma lin gam in duced in crease in the ac tiv ity of PAL, the key en zyme in the syn the sis of
phenylopropanoids, how ever sta tis ti cally sig nif i cant dif fer ences be tween in fected and con trol plants were noted
48 and 72 hours af ter in oc u la tion. The mea sure ment ex hib ited higher con tent of cinnamic than ferulic acid in
shoots. The gen eral in crease in ferulic acid con tent dur ing pathogenesis was ob served, how ever dif fer ences were
sta tis ti cally sig nif i cant only 48h af ter in oc u la tion. Com pared to the con trol cinnamic acid con tent in creased ini -
tially (24h) and then de creased (48 and 72h) to the level mea sured in con trol plants.
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Peltonen S. and Karjalainen R., 1995. J. Phytopath. 143, 239-245.
Sin gle ton V.S. and Rossi J. A. Jr., 1965. Amer. J. Enol. Viticult. 16, 144-157.

S67

Acta Physiol Plant (2007) 29 (Suppl 1):S57–S80 POSTERS



The 24-epibrassinolide in soy bean cul ti va tion

A. Janeczko*, J. Biesaga-Koœcielniak*, J. Swaczynová**, M. Dziurka*, A. Adamska***, M. Filek*,
G. Szarek- £ukaszewska****, Z. Janeczko*****, R. Simerský**

* Pol ish Acad emy of Sci ences, In sti tute of Plant Phys i ol ogy, Niezapominajek 21, 30-239 Kraków,
   Po land
** Lab o ra tory of Growth Reg u la tors, Fac ulty of Sci ence, Palacký Uni ver sity Olomouc and In sti tute
     of Ex per i men tal Bot any Acad emy of Sci ences of the Czech Re pub lic, Šlechtitelù 11,
     783 71 Olomouc, Czech Re pub lic,
*** De part ment of Plant Phys i ol ogy, Ag ri cul tural Uni ver sity, Al. Mickiewicza 21,
       31-120 Kraków, Po land,
**** Pol ish Acad emy of Sci ences, In sti tute of Bot any, Lubicz 46, 31-512 Kraków, Po land
***** De part ment of Pharmacognosy, Col lege of Med i cine, Jagiellonian Uni ver sity, Medyczna 9,
           30-688 Kraków, Po land

In tro duc tion: Soy bean is an im por tant global crop grown for oil and pro tein, how ever is not com monly cul ti -
vated in Po land, be cause badly tol er ates cold and drought stress. BR27 is one of brassinosteroids – reg u la tors
which can pro tect plants against stress ors (Krishna 2003). The in flu ence of 24-epibrassinolide (BR27) on qual ity
and quan tity of soy bean yield in field con di tion was stud ied.  

Ma te rial and meth ods: Soy bean was cul tured in the field (sea son 2006, con sid ered as a drought). BR27 was ap -
plied by soak ing of seeds, spray ing and drench ing plants. Yield of seeds and chem i cal meal com po si tion (fatty ac -
ids, ster ols, sol u ble pro teins, macroelements, phytoestrogens, brassinosteroids) were es ti mated. Ad di tion ally lab o -
ra tory tests of ac tiv ity of BR27 in soy bean plants grow ing in con di tions of os motic stress (caused by PEG) have
been made. 

Re sults: In crease in yield ing of soy bean was found in plants sprayed with BR27 and in plants of which the seeds
were soaked in BR27 so lu tion be fore sow ing (27 % and 43 % re spec tively). The chem i cal com po si tion of seeds,
con tent of BR27 af ter ap pli ca tion as well as some phys i o log i cal bases of BR27 ac tiv ity es pe cially in drought con -
di tion will be dis cussed. 

Dis cus sion: Brassinosteroids as “antistress protectants” may be used in ag ri cul ture to min i mize stress ef fect es pe -
cially in sus cep ti ble va ri et ies as soy bean. In con di tions of drought pre vents of yield de crease. 

Con clu sions: The 24-epibrassinolide mod i fies the yield and seed com po si tion of soy bean. 

Ref er ences

Krishna, P.: Brassinosteroid-me di ated stress re sponses. - J. Plant Growth Regul. 22: 289-297, 2003.

Ac knowl edge ments: This study was fi nanced by Pol ish Gov ern ment, Re search Pro ject 2P06A01928. 

Quan tity and qual ity of grain yield of wheat cul ti vated in sea son 2006 – im pact of 24-epibrassinolide

A. Janeczko*, J. Biesaga–Koœcielniak*, J. Swaczynová**, M. Dziurka*, M. Filek*,
G. Szarek- £ukaszewska****, A. Adamska***, O. Novák**

* Pol ish Acad emy of Sci ences, In sti tute of Plant Phys i ol ogy, Niezapominajek 21, 30-239 Krakow, Po land
** Lab o ra tory of Growth Reg u la tors, Fac ulty of Sci ence, Palacký Uni ver sity Olomouc and In sti tute
     of Ex per i men tal Bot any Acad emy of Sci ences of the Czech Re pub lic, Šlechtitelù 11, 783 71 Olomouc,
     Czech Re pub lic,
*** De part ment of Plant Phys i ol ogy, Ag ri cul tural Uni ver sity, Al. Mickiewicza 21, 31-120 Krakow, Po land
**** Pol ish Acad emy of Sci ences, In sti tute of Bot any, Lubicz 46, 31-512 Krakow, Po land

In tro duc tion: Brassinosteroids are steroidal reg u la tors which stim u late plant yield ing and pro tect plants against
stress ors. The aim of work is study the mod i fi ca tion of quan tity and qual ity of grain of wheat af ter ap pli ca tion of
24-epibrassinolide (BR27) in field con di tion.  
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Ma te rial and meth ods: Spring wheat was cul tured in the field in veg e ta tion sea son 2006. BR27 was ap plied by
soak ing of seeds, spray ing and drench ing plants. Anal y ses of brassinosteroids in plants af ter ap pli ca tion of BR27
were done us ing HPLC/MS (Swaczynová et al. 2007). Grain yield per plant and meal qual ity (starch, fatty ac ids,
sol u ble pro teins and makroelements) were es ti mated.  

Re sults: BR27 stim u lated yield ing in cultivar with lower po ten tial of crop pro duc tion mainly by in creas ing per -
cent of till ers with ears per plant and num ber of grains per plant. The chem i cal com po si tion of grains, res i dues of
BR27 af ter ap pli ca tion as well as some phys i o log i cal bases of BR27 ac tiv ity es pe cially in drought con di tion will
be dis cussed. 

Disscusion: Veg e ta tion sea son 2006 in Po land has been con sid ered as a nat u ral drought.  The pres ent stud ies may 
help to an swer the ques tion about antistress pro tec tion of 24-epibrassinolide in nat u ral drought con di tion. 

Con clu sions: The 24-epibrassinolide stim u lates the yield of wheat and mod i fies com po nent of grains. 

Ref er ences

Swaczynová J, Novák O, Hauserová E, Funksová K, Šíša M, Strnad M (2007) New tech niques for es ti ma tion
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The ef fect of low tem per a ture  on the plasma mem brane oxidoreductase ac tiv ity in cu cum ber seed lings

M. Janicka-Russak

De part ment of Plant Phys i ol ogy, In sti tute of Plant Bi ol ogy, Uni ver sity of Wroc³aw, Kanonia 6/8,
50-328 Wroc³aw, Po land

In tro duc tion: Low tem per a ture is one of the most im por tant en vi ron men tal fac tors lim it ing the growth of the
plants. To re spond to cold stress, plants must per ceive low tem per a ture sig nals and trans duce them into bio chem i -
cal re sponses. The pri mary site of low tem per a ture in jury is plasma mem brane and cell mem branes are di rectly in -
volved in cold ac cli ma tion.. Our ear lier in ves ti ga tions sug gested the cru cial role of plasma  mem brane
H+-ATPase for plant sur vival of the cold stress. The ac tiv ity of this pro ton pump di rectly de pends on the ac tiv ity
of oxidoreductase, ananother im por tant plasma mem brane as so ci ated en zyme . This en zyme  gen er ate the
transplasma mem brane elec tron trans port and ac ti vates the plasma mem brane H+-ATPase. In the pres ent study we 
have ex am ined the ef fect of low tem per a ture on the plasma mem brane oxidoreductase ac tiv ity in cu cum ber seed -
lings.

Ma te rial and Meth ods:  Cu cum ber seed lings were grown for two days at con trol con di tions (25 °C dur ing the
day and 22 °C dur ing the night). Af ter that part of plant plants were trans ferred  to the 10 °C for 3 or 6 days.  Ad di -
tional set of plants were af ter 3 days of growth at 10 °C were placed  in con trol con di tions for an other 3 days (ac -
cli mated plants). Roots of plants were used to iso la tion of  highly pu ri fied, in side out ori ented plasma mem brane
ves i cles by phase par ti tion ing in an aque ous poly mer two-phase sys tem ac cord ing to K³obus, 1995. The ac tiv ity
of plasma mem brane oxidoreductase was as sayed ac cord ing to K³obus, 1995. Re duc tion of ferri cyanide by
NADH in plasma mem brane ves i cles was mea sured spec tro pho to met ri cally  as a change of absorbance at 420
(A420). De ter mi na tion of H2O2 was made by flu o res cence quench ing of the pyranine as de scribed by de Donato
and Chiavazza 1994.

Re sults: Oxidoreductase ac tiv ity de ter mined in  plasma mem branes iso lated from cu cum ber roots grow ing 3 or 6
days at 10 °C was the same as in the con trol, whereas ac tiv ity of en zyme found in mem branes ob tained from ac cli -
mated plants was higher about 40% than in con trol. The ac cu mu la tion of H2O2 closely fol lowed the plasma mem -
brane oxidoreductase ac tiv ity and the high est quench ing of pyranine was ob served in ac cli mated plants . 

Con clu sions: Plants have the abil ity to ac cli mate to a va ri ety of en vi ron men tal stresses.  Our re sults showed that
mod i fi ca tion of plasma mem brane oxidoreductase ac tiv ity was only in ac cli mated plants. These changes may bre
re lated to in crease tol er ance of plants to cold stress. How ever the mean ing of oxidoreductase in acclimationplants
to low tem per a ture is still un der in ves ti ga tion.
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Phys i o log i cal re ac tions of to mato plants to dif fer ent wa ter ing strat e gies

F. Janowiak1, B. Wojciechowska1, K. Hura2, F. Liu3, Ch. R. Jensen3

1In sti tute of Plant Phys i ol ogy Pol ish Acad emy of Sci ences, Niezapominajek 21, 30-239 Kraków, Po land
2De part ment of Plant Phys i ol ogy, Ag ri cul tural Uni ver sity, Podluzna 3, 30-239 Kraków, Po land
3Fac ulty of Life Sci ences, Co pen ha gen Uni ver sity, Højbakkegård Alle 13, 2630 Taastrup, Den mark
Cor re spond ing au thor: fjanowiak@ya hoo.com

In tro duc tion: The pot ex per i ment on fresh to mato plants (cv. Cedrico) with dif fer ent wa ter ing strat e gies was per -
formed in a glass house to de ter mine the re ac tion of to mato plants to var i ous def i cit ir ri ga tion types.

Meth ods: Af ter re plant ing to spe cial split root pots, plants grew in a mix ture of sand and soil sub strate in a glass -
house at 26/20 °C day / night. From flow er ing seven PRD (par tial root-zone dry ing, 50 %) and DI (def i cit ir ri ga -
tion, 50 %) cy cles as well as a treat ment with full ir ri ga tion (FI, 100 %) were per formed. In FI the whole root sys -
tem was ir ri gated daily close to pot ca pac ity based on daily vol u met ric soil wa ter con tent (VWC). For PRD and
DI only 50 % of the FI wa ter was ap plied. The re duced wa ter amount was ap plied to the whole root sys tem in DI
and to one half of the root in PRD, and ir ri ga tion was shifted when VWC of the dry side had de creased to ca. 5 %
(ev ery six days). Dur ing the treat ment, soil wa ter con tent (TDR sys tem), chlo ro phyll flu o res cence, stomatal con -
duc tance, leaf let elon ga tion and di am e ter of cho sen fruits were mea sured. Af ter 3 and 7 PRD cy cles, leaf and stem 
bio mass, num ber and fresh weight (FW) of fruits, num ber of ma ture fruits and dry weight (DW) of roots were
mea sured.

Re sults and con clu sions: Three and seven PRD cy cles re duced the DW of the up per part of plants in com par i son
to FI but the re duc tion was more pro nounced in DI than in PRD. Sim i larly, FW and num ber of fruits were re -
duced. The re duced num ber of ma ture fruits af ter 7 PRD cy cles in com par i son to FI and DI showed a clear ‘green
stay’ ef fect of PRD plants. The ef fect is prob a bly con nected with the higher ni tro gen up take and con tent in plants. 
DW of roots was sig nif i cantly higher in PRD than in FI plants af ter seven dry ing cy cles. DI re duced root DW in
com par i son to FI. Ir ri ga tion wa ter use ef fi ciency in the pro duc tion of DW of the up per part was high est in PRD. It 
was sig nif i cantly higher not only com pared to FI but also to DI plants. The rea son for this was prob a bly the par tial 
closed stomata in PRD plants dur ing dry ing cy cles. The stomatal clo sure was more pro nounced in PRD than in
DI. The par tial closed stomata did not, how ever, limit the photosynthetic ef fi ciency in PRD plants as mea sured by 
chlo ro phyll flu o res cence pa ram e ter ef fec tive quan tum yield of PSII. In DI plants a de crease in pho to chem i cal flu -
o res cence quench ing was ob served sug gest ing a bio chem i cal (non-stomatal) lim i ta tions for photosynthetic ef fi -
ciency.

Ac knowl edge ments: This study was funded by the EU pro ject SAFIR, Con tract No 023168 (Food)

Mod i fi ca tion of vacuolar pyrophosphatase (V-PPase) ac tiv ity in cu cum ber roots stressed with heavy met als

K. Kaba³a, A. Papierniak

De part ment of Plant Phys i ol ogy, Plant Bi ol ogy In sti tute, Wroc³aw Uni ver sity, Kanonia 6/8
50-328 Wroc³aw, Po land

In tro duc tion: The vacuolar se ques tra tion of heavy met als is one of the de tox i fi ca tion mech a nisms de vel oped by
plants. Ac cu mu la tion of met als could be me di ated by sec ond ary ac tive trans port ers en er gized by vacuolar pro ton
pumps: V-ATPase and V-PPase. It was shown that ac tiv i ties and/or gene ex pres sion of both en zymes have been
in duced in re sponse to en vi ron men tal stresses. Chill ing, an oxia and phos phate star va tion mark edly in creased the
pro tein amount and spe cific ac tiv ity of V-PPase. Thus, it has been pos tu lated that vacuolar pyrophosphatase is an
im por tant el e ment of the plant sur vival strat e gies un der stress con di tions es pe cially when cel lu lar ATP lev els are
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re duced. In this study we dem on strate the ef fect of heavy met als (Cd and Cu) on the func tion of PPase at the
tonoplast iso lated from cu cum ber roots.          

Ma te ri als and meth ods: Six-day-old cu cum ber seed lings were treated with 100 �M CdCl2 or CuCl2 for 2, 12
and 24 hours. Af ter two hours of metal ex po sure part of plants was trans ferred into fresh ni trate-con tain ing me -
dium for sub se quent 16 hours. Tonoplast-en riched frac tion was pre pared from cu cum ber roots as de scribed by
Kaba³a and K³obus (2001). Hydrolytic ac tiv ity of V-PPase was as sayed ac cord ing to mod i fied method of
Maeshima and Yoshida (1989). To tal RNA was iso lated from roots and ex pres sion of pyrophosphatase gene
(CsVP) was mea sured with semi-quan ti ta tive RT-PCR.

Re sults: V-PPase ac tiv ity was sig nif i cantly stim u lated in tonoplast ves i cles iso lated from roots treated with cop -
per. This ac ti va tion was time-de pend ent. Slight in crease in the en zyme ac tiv ity has been ob served af ter 2 and 12 h 
ex po si tion of plants to cad mium. But treat ment of seed lings with Cd for 24 h de creased it. When 100 �M Cd or
Cu was in cluded into the in cu ba tion me dium  the in hi bi tion of PPi hy dro ly sis has been ob served. To ex plain if
heavy met als could mod u late the ex pres sion of gene en cod ing pro ton pump the level of spe cific tran script for
vacuolar PPase (CsVP) was de ter mined. The con sti tu tively ex pressed gene en cod ing elon ga tion fac tor EF1 was
used as an in ner stan dard.  It was shown that mRNA level for tonoplast en zyme in roots treated with 100 �M Cu
was sim i lar as in con trol roots. 

Con clu sions: Cop per ions, con trary to cad mium, mark edly stim u lated V-PPase ac tiv ity af ter  treat ment of plants
with metal. This ac ti va tion was not a re sult of di rect Cu ef fect on the en zyme pro tein nor changes in the ex pres -
sion of gene en cod ing V-PPase.
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Chem i cal leaf com po si tion af fects in sect graz ing on shrubs grow ing un der dif fer ent light con di tions

P. Karolewski, M. ¯muda, M.J. Giertych, J. Oleksyn

Pol ish Acad emy of Sci ences, In sti tute of Den drol ogy, Parkowa 5, 62-035 Kórnik

In tro duc tion: Based on long-term ob ser va tions un der nat u ral con di tions, we found sig nif i cant dif fer en ti a tion in
sus cep ti bil ity to in sect at tack among six understory shrub spe cies. The aim of our study was to de ter mine the re la -
tion ship be tween leaf chem is try and vul ner a bil ity to graz ing in sects. 

Meth ods: At monthly in ter vals we as sessed the av er age per cent age of herbivorized leaves in understory shrubs
grow ing in full sun and shade con di tions. The to tal con tent of sol u ble phe nols (TPh), con densed tan nins, lignin,
ni tro gen and nonstructural car bo hy drates (TNC) was mea sured for leaves un af fected by in sect herbivory. 

Re sults: We found that leaves of black el der (Sambucus nigra L.) and bloodtwig dog wood (Cornus sanguinea L.) 
were least af fected by in sects, and that leaves of glossy buckthorn (Frangula alnus Mill.) were only slightly dam -
aged. Ha zel  (Corylus avellana L.) and black cherry (Pru nus serotina Ehrb.) ex hib ited in ter me di ate vul ner a bil ity
to leaf graz ing in sects and Eu ro pean bird cherry (Pru nus padus L.) was the most af fected among those spe cies
stud ied. There were no sig nif i cant cor re la tions be tween leaf per fo ra tion by in sects and con cen tra tion of ni tro gen
and me tab o lites an a lyzed in in tact leaves of the spe cies stud ied. Our re sult has showed that TPh and con densed
tan nins played a sig nif i cant role in the de fense of P. padus, P. serotina and C. avellana leaves. Leaves of C.
sanguinea ex hib ited rel a tively high con cen tra tions of TPh, whereas leaves of S. nigra, which showed a sim i lar
level of vul ner a bil ity to in sects, were low in TPh and tan nins. In all spe cies, leaves of plants grow ing in high light
con di tions showed higher con cen tra tions of de fense me tab o lites. In all spe cies of shrubs ex cept of C. avellana,
leaves grow ing in full sun light were less sus cep ti ble to in sect graz ing than those from shade con di tions. Within
each spe cies (ex cept C. avellana) sig nif i cantly lower leaf herbivory of plants from well-lit con di tions may be ex -
plained by low con cen tra tions of ni tro gen and higher of de fense me tab o lites (TPh and tan nins). Sim i lar pat terns
among  light con di tions, leaf herbivory and con cen tra tions of N and de fense me tab o lites were also ob served
within the crowns of in di vid ual shrubs in the study. None of the me tab o lites stud ied or ni tro gen con cen tra tions ex -
plained the higher vul ner a bil ity to in sect graz ing of leaves grown in high light as com pared to shade leaves of C.
avellana. 

S71

Acta Physiol Plant (2007) 29 (Suppl 1):S57–S80 POSTERS



Con clu sions: We found that interspecific dif fer ences in leaf herbivory among the six spe cies of shrubs stud ied
were not sys tem at i cally re lated to con cen tra tions of de fense me tab o lites (TPh and tan nins). Con trary to ex pec ta -
tion, con cen tra tions of these me tab o lites were higher in leaves of spe cies vul ner a ble to in sect graz ing and lower in 
those spe cies re sis tant to graz ing. For five out of six spe cies leaves de vel oped in high light con di tions were less
sus cep ti ble to in sect graz ing.

Ac knowl edge ments: This work was sup ported by the Min is try of Sci ence and Higher Ed u ca tion, Po land (Grant
no. N309 002 31/0246).

Car bo hy drates con tent in Cle ma tis shoots cul tured in vi tro de pend ing on tem per a ture and su crose/ni tro gen
level in the me dium

L. Kawa-Miszczak, E. Wêgrzynowicz-Lesiak, E. Gabryszewska, M. Saniewski

Re search In sti tute of Pomology and Flori cul ture, Skierniewice

In tro duc tion: In plants, it is know that sugar and ni tro gen are crit i cal nu tri ents. Nu mer ous stud ies have found a
neg a tive re la tion ship be tween ni trate fer til iza tion and starch level. It was stated that starch syn the sis is reg u lated
by ni trate (Scheible at al., 1997). Our pre vi ous re sults showed that su crose and ni tro gen com pounds con cen tra tion 
in the me dium strongly in flu enced the growth and de vel op ment of Cle ma tis pitcheri in vi tro. The ef fect was also
tem per a ture de pend ent. The aim of the pres ent work was to de ter mine the car bo hy drates con tent in plantlets from
such ex per i ments.

Meth ods: Shoot tips with 2-3 nodes de rived from in vi tro grown plants were used as explants. They were placed
on MS me dia with m-Topolin 0.2 mg�l-1, su crose 10 or 30 g�l-1, and two lev els of KNO3 and NH4NO3 (nor mal
strength – x 1; half strength – x 1/2). In each treat ment 
6 jars x 7 explants were used. Af ter 8 weeks of growth at the tem per a ture of 15 °C, 20 °C or 25 °C plantlets were
col lected, lyophilized, weighed and grounded. Con tents of glu cose, fruc tose, su crose and starch were de ter mined
with the use of en zy matic meth ods.

Re sults and Con clu sions: Starch, glu cose and fruc tose were pres ent in shoots. Re gard less of the treat ment no su -
crose was found in plantlets. In shoots grow ing at 15 °C on me dium with 10 g�l-1 of su crose the starch con tent was
low, while glu cose and fruc tose level was higher. With the in crease of tem per a ture (20 °C, 25 °C) shoots ac cu mu -
lated more starch. The high est level of starch oc curred when shoots were cul tured at 20 °C on me dium with high
su crose (30 g�l-1) and low ni tro gen (1/2 strength). Gen er ally, the higher con cen tra tion of su crose in me dium the
higher con tent of car bo hy drates in plantlets. Lower ni tro gen com pounds level in the me dium (½ strength) led to in -
crease of glu cose and starch con tent in shoots, and had a re sid ual ef fect on the level of fruc tose.

Ref er ences

ScheibleW.R., Gonzáles-Fontes A., Lauerer M., Müller-Röber B., Caboche M., Stitt M. 1997. The Plant Cell
9: 783-798.

The re search was sup ported by Min is try of Sci ence and In for ma tion So ci ety Tech nol o gies (Po land), 
Grant No 2 P06R 034 29

Ef fect of tem per a ture and su crose/ni tro gen level in the me dium on chlo ro phyll and anthocyanin con tents
in Cle ma tis cul tured in vi tro

L. Kawa-Miszczak, E. Wêgrzynowicz-Lesiak, E. Gabryszewska, M. Saniewski

Re search In sti tute of Pomology and Flori cul ture, Skierniewice

In tro duc tion: In plants prop a ga tion with tis sue cul ture the ef fi ciency of micropropagation but also the qual ity of
microcuttings are im por tant. The aim of the pres ent work was to de ter mine the chlo ro phyll and anthocyanin lev els 
in Cle ma tis pitcheri. It is a part of the study con cern ing the ef fect of tem per a ture and su crose/ni tro gen level in the
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me dium on C. pitcheri growth and de vel op ment in vi tro.

Meth ods: The api cal shoot explants (2-3 nodes) were placed on MS me dia with m-Topolin 0.2 mg�l-1, su crose 10
or 30 g�l-1, and two lev els of KNO3 and NH4NO3 (nor mal strength – x 1; half strength – x 1/2). In each treat ment
6 jars x 7 explants were used. Af ter 8 weeks of growth at the tem per a ture of 15 °C, 20 °C or 25 °C plantlets from 1 
jar were taken for chlo ro phyll anal y sis in fresh ma te rial. The chlo ro phyll con tent in the ac e tone ex tracts was de ter -
mined us ing the Bruinsma (1963) method. Plantlets from 5 jars were col lected and lyophilized. Then, sam ples
were mac er ated and anthocyanins were ex tracted at 2 °C in 1 % HCl in meth a nol for 24 h. The con tent of
anthocyanin was de ter mined spec tro pho to met ri cally at 530 nm. 

Re sults: Plantlets grown at 20 °C con tained the high est and at 15 °C the low est con tent of chlo ro phyll. The su -
crose con cen tra tion in me dium had no ef fect or only a lit tle ef fect. Lower ni tro gen com pounds level in the me -
dium (1/2 strength) stim u lated ac cu mu la tion of chlo ro phyll in shoots as com pared to a nor mal strength, with the
high est dif fer ences at 15 °C. On the other hand, shoots grown at 15 °C pro duced more anthocyanins. How ever, in
the case of me dium with low su crose (10 g�l-1) the ef fect of tem per a ture on anthocyanins con tent was lim ited. In
the case of me dium with 30 g�l-1 of su crose a de crease of anthocyanins ac cu mu la tion oc curred as the tem per a ture
in creased. 

Ref er ences

Bruinsma, J. 1963. The quan ti ta tive anal y sis of chlo ro phyll a and b in plant ex tracts. Phytochem. Phytobiol.
(Chlor. Metabol. Symp.) 2: 241-249.

This work was sup ported by Min is try of Sci ence and In for ma tion So ci ety Tech nol o gies (Po land), Grant No 2
P06R 034 29

Stomatal char ac ter is tics, leaf gas ex change and growth of straw berry plants as af fected
by var i ous grow ing con di tions

K. Klamkowski, W. Treder, A. Marasek, B. Borkowska

Instytut Sadownictwa i Kwiaciarstwa, ul. Pomologiczna 18, 96-100 Skierniewice, Po land

In tro duc tion: Nu mer ous stud ies have shown that stomatal size and den sity can be mod i fied by en vi ron men tal
fac tors such as light, hu mid ity, CO2 and drought. How ever, there are con tra dic tory re sults in the lit er a ture re gard -
ing the ef fect of en vi ron men tal fac tors on stomatal de vel op ment (Bañon et al. 2004). The cur rent study was un -
der taken to in ves ti gate the ef fects of ir ri ga tion re gime, light and hu mid ity lev els on stomatal char ac ter is tics, leaf
gas ex change and growth of straw berry cultivar ‘Salut’ grown un der green house con di tions.

Meth ods: Four groups of strawberry plants were grown in sep a rate com part ments of the green house with mod i -
fied grow ing con di tions: (i) lim ited in ten sity of so lar ra di a tion (approx. 50 % of light com pared to con trol), (ii)
high rel a tive air hu mid ity (approx. 90 %), (iii) de fi ciency of wa ter in grow ing me dium (wa ter doses were re duced
by approx. 50 % com pared to con trol), (iv) typ i cal green house con di tions, op ti mal ir ri ga tion (con trol). Af ter har -
vest, all the plants were trans ferred to uni form (con trol) con di tions to char ac ter ize stomata, col lect mor pho log i cal
pa ram e ters and to mea sure leaf gas ex change.

Re sults: Dif fer en ti a tion of grow ing con di tions af fected sig nif i cantly mor pho log i cal re sponse of straw berry plants. 
Bio mass and leaf area were the low est in the plants grown un der con di tions of wa ter de fi ciency. No dif fer ences in 
the length of root sys tem were ob served be tween con trol and wa ter stressed plants. The wa ter short age re sulted in
a de crease of den sity and re duc tion of di men sions of stomata on plant leaves. On the other hand, higher num ber of 
big ger stomata was found on leaves of plants grown un der high hu mid ity. It is pos si ble that the vari a tions in
stomatal den sity and size found in the plants grown un der dif fer ent con di tions may ac count for dif fer ent rates of
gas ex change ob served in these plants.

Ref er ences

Bañon S., Fernandez J. A., Franco J. A., Torrecillas A., Alarcón. J. J., Sánchez-Blanco M. J. (2004). Ef fects
of wa ter stress and night tem per a ture pre con di tion ing on wa ter re la tions and mor pho log i cal and an a tom i cal
changes of Lo tus creticus plants. Sci. Hort. 101: 333-342.
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Re sponse of two win ter wheat cultivars to ni tro gen de fi ciency

A. Kocoñ

De part ment of Plant Nu tri tion and Fer til iza tion, In sti tute of Soil Sci ence and Plant Cul ti va tion - Na tional
Re search In sti tute, Czartoryskich 8, 24-100 Pu³awy, Po land

In tro duc tion:  The ef fect of ni tro gen de fi ciency on the pa ram e ters of gas ex change at leaves and yield ing of two
win ter wheat cultivars were in ves ti gated.

Ma te ri als and meth ods: The ex per i ment was con ducted in the years 2003-2004, in green house, in Mitscherlich
pots, con tain ing 7 kg of  soil. Ex am ined two win ter wheat cultivars (Begra and Juma) showed dif fer ent re sponses
to ni tro gen ad di tion. The fol low ing doses of N el e ment were ap plied per pot: 1200 and 2400 mg N (as NH4NO3).
The other min eral nu tri ent com po nents were given in amounts ap pro pri ate to as sure the nor mal growth of win ter
wheat plants. Ten plants were grown in each pot. At suc ces sive stages of plant de vel op ment (in 3 stages), the net
pho to syn the sis rate, tran spi ra tion rate and stomatal con duc tance were mea sured on flag leaves of win ter wheat us -
ing gas ex change sys tem Li- 6400 (Li-COR). Plants were har vested at fully ripe ness.

Re sults: N de fi ciency in the soil de creased the gas ex change and yield ing at two in ves ti gated win ter wheat
cultivars. In de pend ently of N doses Juma va ri ety was char ac ter ized by higher photosynthetic ac tiv ity at leaves and 
higher bio mass and seed yield than Begra va ri ety.

Ref er ences

Jones H.G.1998. Jour nal Ex per i men tal Bot any, 49: 387-398.
£oboda T. 2000. Photosynthetica, 38(3): 429-432.

Ex treme con di tions for pro ceed ing pho to syn the sis in stem of her ba ceous plants

Kocurek M., Pilarski J.

The Franciszek Górski In sti tute of Plant Phys i ol ogy Pol ish Acad emy of Sci ences Ul. Niezapominajek 21,
30-239 Krakow, Po land

In tro duc tion: Leaves pro ceed ing ac tive and ef fi ciently gas ex change with at mo sphere by a stomata ap pa ra tus. In
or der of stomata ab sence the stem sur face of lig ni fied plants is very lit tle per vi ous (Pilarski 1994). In con se quence 
the high level of intercellular CO2 and low level of O2 can oc cur. In this ex tremely con di tions ef fi cient
photosynthetic ap pa ra tus is ob served (Pfanz et al. 2002). Cor tex of her ba ceous plants ab sorb more ir ra di a tion than 
bark of lig ni fied plants. So, if dif fu sive re sis tance of epi der mis her ba ceous plants are this same as re sis tance of
cork lig ni fied ones prob a bil ity of stress in crease. 

Ma te rial and Meth ods: The dif fu sive re sis tance of leaves and stems for wa ter va por was mea sured on plants
grow ing in field con di tions, by means of a Delta porometer MK-3. The ef fi ciency of pho to syn the sis ap pa ra tus
was mea sured by Hansathech fluorometer Handy Pea. 

Re sults: On the ex per i ments oc curred the ab sence of the stomata ap pa ra tus in stems of both spe cies. In ef fect of
lack stomata gas ex change of steam was poor. Some lenticels witch oc cur on the sur face of Jap a nese knotweed
did not change this gas eous impermeabilities. The dif fer ent sit u a tion oc curred in topinambur which stems are
equipped in lot of tri chomes. In this case, ex change of steam was lit tle higher. Even though tests done by
fluorometer pa ram e ters de scribed good state of photosynthetic ap pa ra tus. Es pe cially max i mal ef fi ciency of PS II
(Fv/Fm) was close to stan dard level (0.815 – 0.837). 

Ref er ences

Pilarski J. 1994. Dif fu sion of car bon di ox ide through the cork and stomata in li lac. Acta Physiol. Plant. 16:
137-140.
Pfanz H, Aschan G, Langenfeld-Heyser R, Wittman C, Loose M. 2002. Ecol ogy and ecophysiology of tree
stems corticular and wood pho to syn the sis. Naturwissenchaften 89: 147-162.
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Lipids com po si tion of plasma mem branes from root of corn seed lings un der salt stress
and syn thetic com pounds treat ment

O.O. Konturska, T. A. Palladina

M.G. Kholodny In sti tute of Bot any Na tional Acad emy of Sci ence of Ukraine, 2 Tereschenkivska str.,
Kyiv 01601, Ukraine

In tro duc tion: The salt stress is com plex and in volves changes in ion and os motic ho meo sta sis and also ox i da tive
stress. It is now gen er ally ac cepted that the first de te ri o rat ing change dur ing stress in jur ing is an al ter ation in the
lipids com po si tion of plasma mem brane. The per vi ous in ves ti ga tion showed that syn thetic com pounds (Methyure
and Ivin) treat ment de creased lipid peroxidation in ten sity in corn seed lings ex posed at NaCl pres ence. The aim of
our study is in ves ti ga tion ef fect of Methyure and Ivin treat ment on lipids com po si tion of plasma mem brane from
root of corn seed lings and lipoxygenase ac tiv ity un der salt stress.

Meth ods: Seeds of corn were treated 10-7 M Methyure and Ivin. 7-old-days seed lings were ex posed at 0,1M
NaCl pres ence. The phospholipid frac tion from plasma mem brane was quan ti fied for in di vid ual spe cies us ing
TLC with glass plates. Fatty ac ids of to tal mem brane lipid ex tract were an a lyzed as fatty acid methyl es ters on
GC. Lipoxygenase ac tiv ity was as sayed spec tro pho to met ri cally at 234 nm with linolic acid as sub strate. 

Re sults: The salt ex po si tion de creased the level of ma jor phospholipids phosphatidylcholine and
phosphatidylethanolamine and in creased the level of phos pha tid ic acid and lysophosphatidylcholine. The
Methyure treat ment with salt ex po si tion in creased the level of phosphatidylcholine and de creased the level of
phosphatidylethanolamine, phos pha tid ic acid and lysophosphatidylcholine. The Ivin treat ment had con trast ef fect. 
NaCl in duced a de crease in the plasma mem brane un sat u rated fatty ac ids (16:1, 18:1, 22:1) and in creased sat u -
rated fatty ac ids (16:0, 18:0) re sult ing in a lower un sat u rated/ sat u rated ra tio. The syn thetic com pounds treat ment
caused a in creased in the plasma mem brane un sat u rated fatty ac ids that re sult ing in al ter ation un sat u rated/ sat u -
rated ra tio. The NaCl ex po si tion de creased the level of lipoxygenase ac tiv ity rel a tive con trol plants, but syn thetic
com pounds treat ment in creased lipoxygenase ac tiv ity in corn seed lings ex posed at NaCl pres ence. 

Con clu sions: Re sults in di cate that NaCl ex po si tion and syn thetic com pounds treat ment change lipids com po si tion 
of plasma mem brane and lipoxygenase ac tiv ity. The syn thetic com pounds treat ment likely in crease salt tol er ance
of plants.

ADH ex pres sion in ae rial-aquatic plants in re sponse to dif fer ent wa ter en vi ron ment

E. Kordyum, L. Kozeko, Yu. Ovcharenko

In sti tute of Bot any of NAS of Ukraine, Tereshchenkivska str. 2, Kyiv, 01004, Ukraine

In tro duc tion: Ae rial-aquatic on its ecol ogy, Sium latifolium L. (Apiaceae) and Alisma plantago-aquatica L.
(Alismataceae) are highly plas tic spe cies. They can grow both un der flood ing and mod er ate wa ter def i cit, form ing 
mor pho log i cally dif fer ent ecotypes. Their phenotypic struc tural traits are aerenchyma in ae rial-aquatic plants and
its ab sence in ter res trial ones. Ad ap ta tion in ontogenesis (op er a tive ad ap ta tion) of these plants, first of all, to the
con trast wa ter sup ply ing is re al ized by dif fer en tial gene ex pres sion. Ac tiv ity of al co hol dehydrogenase (ADH)
plays a crit i cal role in the me tab o lism of plants un der hypoxia in creas ing en er getic sta tus of the cells. This study
was aimed to char ac ter ize lo cal iza tion of ADH ac tiv ity and its isozyme spec trum in roots of the ae rial-aquatic and
ter res trial plants.

Meth ods: Roots of two nat u ral S. latifolium and A. plantago-aquatica ecotypes were used to com pare the ex pres -
sion and lo cal iza tion of ADH ac tiv ity. Cytochemical ADH stain ing in roots as well as na tive 6% PAG fol low ing
by stain ing for ADH ac tiv ity in gels were car ried out.

Re sults: Cytochemical lo cal iza tion re vealed that the ADH ac tiv ity was as so ci ated with the root tip in ae -
rial-aquatic plants. The ADH spec trum con sisted of 2 isozymes in the A. plantago-aquatica roots and 4 isozymes
in the S. latifolium ones. At the same time ADH ac tiv ity was not ob served in the roots of ter res trial plants. How -
ever, the weak ADH ac tiv ity ap peared in the roots of ter res trial plants af ter tem po rary flood ing.

Con clu sions: The es tab lished changes in ADH gene ex pres sion in dif fer ent wa ter en vi ron ment cor re late with the
root an a tom i cal struc ture and dem on strate its sig nif i cant role in plant phenotypic plas tic ity.
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Arabidopsis halleri (L.) from met al lif er ous and non-met al lif er ous soils in south ern Po land – 
heavy metal ac cu mu la tion

A. Kostecka1&2, G. Szarek-£ukaszewska1, P. Saumitou-Laprade2, P. Kapusta1

1 In sti tute of Bot any, PASci, Po land,
2 Lab o ra tory of Ge net ics and Evo lu tion of Plant Pop u la tions, UMR-CNRS8016, Uni ver sity of Lille, France

In tro duc tion: Some plant spe cies can grow on soils with high level of heavy met als. They have de vel oped tol er -
ance strat e gies against met als. Arabidopsis halleri (L.) O’Kane & Al-Shehbaz is a hyperaccumulator of Zn, and it
is able to ac cu mu late huge amount of metal in its above –ground parts with out any sign of tox ic ity (Bert et al.
2000, Bert et al. 2002). A. halleri be long ing to Brassicaceae is pe ren nial, sto lo nif er ous spe cies fre quent in Eu rope. 
As pseudometallophyte, it can oc cur on con tam i nated and nor mal soils. In Po land, spe cies oc curs in moun tains
and in the Silesia - Kraków Up land. The aim of study was to com pare abil ity to ac cu mu late heavy met als (Zn, Cd, 
Pb) by sev eral Arabidopsis halleri pop u la tions from met al lif er ous (M) and non-met al lif er ous (NM) soils in south -
ern Po land. 

Meth ods: In July 2005, 9 pop u la tions of A. halleri on the Silesia – Kraków Up land (5 on con tam i nated soils, 4 on 
clean soils) were sam pled. In five sam ples of each pop u la tion con cen tra tions of Zn, Pb, Cd in leaves and roots,
and pH, macronutrients and Zn, Pb, Cd in soils were de ter mined. 

Re sults: Zinc con tent in leaves of all stud ied A. halleri pop u la tions and Cd in M pop u la tions ex ceeded thresh old
of hyperaccumulation for these met als (1 % of Zn, 0.01 % of Cd). Level of Pb in leaves were lower than roots. All 
pop u la tions ac cu mu lated sim i lar amounts of Zn (Kruskal-Wallis H test, p>0.05) al though they grow on soils with
dif fer ent Zn con tent (Kruskal –Wallis H test, p<0.05). Con tent of Zn in leaves did not cor re late with to tal and
extractable metal con tent in soils (Spearmen test, p>0.05). Con cen tra tions of Cd in plants de pended on  Cd con -
cen tra tion in soils (Spearman test, p<0.05).

Con clu sions: Pre sented re sults are sim i lar to re sults from other stud ies (Bert et al. 2000, Bert et al. 2002) and
con firm that hyperaccumulation of Zn is a con sti tu tive trait in A. halleri. Very in ter est ingly the ac cu mu la tion of
Cd ap peared to be a char ac ter is tic of M pop u la tions which sug gest that Cd ac cu mu la tion could be non con sti tu tive 
in A. halleri and spe cific from Cd con tain ing sites. 

Ref er ences 

Bert V., MacNair M.R,., De Laguerie P., Saumitou-Laprade P., Pe tit D. 2000. Zinc tol er ance and ac cu mu la -
tion in metallicolous and nonmetallicolous pop u la tions of Arabidopsis halleri (Brassicacea). New Phytologist
146: 225-233.
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nonmetallicolous pop u la tions ac cu mu late zinc and cad mium more ef fec tively than those from metallicolous pop u -
la tions? New Phytologist 155: 47-57

Ac knowl edge ments: The re search was sup ported by a Po lo nium ex change pro gram (ref 09185VA be tween the
PAN Krakow and the UMR8016). Alicja Kostecka re ceived a “Bourse d’excellence Eif fel” from the French Egide 
pro gram and a Bourse Pres i dent PASci Po land.

Growth re ac tion of maize col eop tile seg ments mod i fied by lead and fusicoccin 

R. Kurtyka, R. Mizerski, E. Ma³kowski, W. Karcz

Uni ver sity of Silesia, Fac ulty of Bi ol ogy and En vi ron men tal Pro tec tion, De part ment of Plant Phys i ol ogy,
28 Jagielloñska Street, 40-032 Katowice, Po land, 

In tro duc tion: Lead can in flu ence var i ous phys i o log i cal pro cesses in plants in clud ing root and shoot elon ga tion,
cell di vi sion and seed ling de vel op ment. Plant growth and de vel op ment are tightly reg u lated by plant growth reg u -
la tors (auxin - IAA) and other growth sub stances e.g. fusicoccin – FC. In agree ment with the “acid growth the ory” 
the fun gal phytotoxin fusicoccin in duces plant cell elon ga tion via ac ti va tion of plasma mem brane H+-ATPase.
The goal of the pres ent study was to in ves ti gate in ter re la tions be tween the ac tion of FC and lead on elon ga tion
growth and pro ton ex tru sion in maize col eop tile seg ments. 
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Meth ods: The stud ies were per formed on the 10-mm long maize col eop tile seg ments ob tained from 96-h-old eti o -
lated seed lings grown in dark, at 27±1 °C. In tact col eop tile seg ments with the first leaves re moved were ex cised 3
mm be low the tip and in cu bated in so lu tion (con trol) of the fol low ing com po si tion: 1.0 mM KCl, 0.1 mM NaCl,
0.1 mM CaCl2. Fusicoccin (FC) at a fi nal con cen tra tion 1 �M was in tro duced into the in cu ba tion me dium at 120
min. PbCl2 (0.1 mM) was added to the in cu ba tion me dium be fore (0, 60 min), si mul ta neously (120 min) or af ter
ap pli ca tion (240 min) of FC. Growth ex per i ments were car ried out in an ap pa ra tus, which al lowed si mul ta neous
mea sure ments of elon ga tion growth and pH of the in cu ba tion me dium

Re sults: It was found that FC-in duced growth of maize col eop tile seg ments was en hanced ca. 2.8-fold as com -
pared to en dog e nous growth (growth with out FC). Pb caused dif fer ent ef fect de pend ing on the time of lead ad di -
tion. Lead ap plied to the in cu ba tion me dium at 0 time re duced FC-in duced growth by 30 %, whereas Pb added to
the in cu ba tion me dium at 60, 120, 240 min not sig nif i cantly af fected FC-in duced growth. Acid i fi ca tion of the in -
cu ba tion me dium ob served in the pres ence of FC was not changed by lead. 

The ac cu mu la tion of raffinose in veg e ta tive tis sues of le gume seed lings in re sponse to cold
and des ic ca tion stress

L.B. Lahuta, J. Goszczyñska, R.J. Górecki

De part ment of Plant Phys i ol ogy and Bio tech nol ogy, Uni ver sity of Warmia and Mazury,
ul. M. Oczapowskiego 1A, 10-718 Olsztyn, Po land

In tro duc tion: The par tic i pa tion of raffinose in de hy dra tion tol er ance of plant tis sues ex posed to os motic stresses,
caused by des ic ca tion, drought or cold was well stud ied in de vel op ing seeds, es pe cially in the case of le gumes,
nat u rally ac cu mu lat ing a large amounts of raffinose fam ily oli go sac cha rides. How ever, there is only scare in for -
ma tion on the par tic i pa tion of raffinose in re sponse of veg e ta tive tis sues to de hy dra tion stress con di tions. 

Meth ods: In the pre lim i nary stud ies 7-days old seed lings of pea, vetch, soy bean, chick pea and len til were fast
des ic cated (at 25 °C and 25 % RH) for screen ing of their abil ity to for ma tion of raffinose in re sponse to stress.
Then seed lings of pea and vetch (ac cu mu lat ing the high est amounts of raffinose) were ex posed for cy clic de hy -
dra tion/rehydration or cold/warm treat ment. Sol u ble sug ars were es ti mated by high res o lu tion gas chro ma tog ra -
phy (HRGC).

Re sults: The com mon re sponse of seed lings of all in ves ti gated spe cies to des ic ca tion stress was the ac cu mu la tion
of su crose and raffinose. Galactinol and raffinose ap peared at 4-8 hour of de hy dra tion and co in cided with de tect -
able ac tiv ity of galactinol synthase and raffinose synthase (both ac tiv i ties were not de tect able in con trol seed -
lings). Ac cu mu la tion of raffinose rap idly in creased from 12 to 48 h of des ic ca tion, mainly in epicotyl tis sues.
How ever, the rehydration of seed lings for 1-3 days caused com pletely dis ap pear ance of raffinose. The next two
rep e ti tion of seed lings de hy dra tion/rehydration cy cle tem po rary in duced ac cu mu la tion of raffinose, but to lower
level than in the first de hy dra tion). Sim i lar re sults were ob tained dur ing seed lings ex po si tion to cy clic treat ment
by 4 °C and 20 °C.

Con clu sions: Re sults in di cate that be side su crose, raffinose par tic i pates in le gume seed lings re sponse to de hy dra -
tion or cold stress. The sim i lar ity in the in duc tion of raffinose ac cu mu la tion by both stresses and dis ap pear ance of
raffinose ac cord ing to re moval of stress con di tions also sug gest the pos si ble ex is tence of com mon fac tor(-s?) trig -
ger ing biosynthesis of raffinose in veg e ta tive tis sues. 

Ac knowl edge ments: This work was sup ported by grant No N303 125 32/4015 ob tained from Min is try of Sci en -
tific Re search and In for ma tion Tech nol ogy of Po land.
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Ef fect of indole-3-ace tic acid (IBA) on re dox ac tiv ity and pro ton ex tru sion in maize col eop tile seg ments

H. Lekacz, W. Karcz, Z. Burdach

De part ment of Plant Phys i ol ogy, Uni ver sity of Silesia, 40-032 Katowice, Jagielloñska 28

In tro duc tion: Auxins are de fined as or ganic sub stances that pro mote cell elon ga tion growth when ap plied in low
con cen tra tions to the ad e quate plant tis sue. Nat u ral auxins IAA, IBA and 4-CL-IAA are found in plants as the free 
ac ids and in con ju gated form. Indole -3-bu tyric acid has been iden ti fied as a nat u ral prod uct in many plant spe cies 
from maize (Zea mays) and pea (Pisum sativum) to Arabidopsis. IBA was de fin i tively shown to oc cur nat u rally in 
plants in 1989 (Lud wig-Müller 2000).

Meth ods: Indole-3-bu tyric acid was tested at dif fer ent con cen tra tions (10-6 - 10-4M) and times for their ca pac ity
to change the re dox ac tiv ity and me dium pH of maize col eop tile seg ments. The ex per i ments were car ried out with 
10 mm long col eop tile seg ments cut from four-day-old eti o lated maize seed lings. Be fore ex per i ments the col eop -
tiles were abraded in an aque ous sus pen sion of 1200 mesh SiC power. Re dox ac tiv ity and pH changes in in cu ba -
tion me dium were mea sured si mul ta neously ac cord ing to the method de scribed by Carrasco-Luna et al. (1995)

Re sults: Re sults in di cate that both the re dox ac tiv ity and pH changes in col eop tile seg ments de pend ent on con -
cen tra tions of IBA and the time af ter its  ad di tion to the in cu ba tion me dium.The max i mal val ues of re dox ac tiv ity
and pH changes of the in cu ba tion me dium (ex pressed as Ä pH) were ob served at 10-5M of IBA. Both the pro ton
ex tru sion and the re dox ac tiv ity were strongly en hanced in abraded col eop tile seg ments.

Ref er ences

Carrasco-Luna, J., Calatayud, A., González-Darós, F. and del Valle-Tascón, S. 1995. Hexacyanoferrate (III)
stim u la tion of elon ga tion in col eop tile seg ments from Zea mays L.  roots. Protoplasma. 184: 63-71
Lud wig-Müller J. 2000. Indole-3-bu tyric acid in plant growth and de vel op ment. Plant Growth Regul. 32:
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Ef fects of el e vated tem per a ture and CO2 on Lepidium sativum L. un der ozone pol lu tion

In tro duc tion: Global in crease of CO2 level and warm ing can have both pos i tive and in di rect neg a tive ef fects on
plants (Qaderi et al. 2006). More over, plants grow in multifactorial en vi ron ment where tro po spheric (ground
level) ozone is one of phytotoxic air pol lut ants. The aim of the pres ent work was to in ves ti gate the in flu ence of
higher tem per a ture and in creased CO2 level (700 ppm), as com po nents of global warm ing, on plants cul ti vated
un der mon i tored con di tions of el e vated air pol lu tion with ozone.

Ma te ri als and meth ods: Gar den cress (Lepidium sativum L.) seed lings ger mi nated 7 days were cul ti vated for 7
days in phytotron cham bers dur ing a 12 h photoperiod at 21/14 °C and 25/16 °C day/night temperature with CO2
am bi ent (350 ppm) or el e vated (700 ppm) lev els with out or with 40 and 80 ppb ozone. Biometrical and mor pho -
log i cal anal y ses were per formed. 

Re sults: In crease of tem per a ture from 21/14 °C to 25/16 °C and con cen tra tion of CO2 from 350 to 700 ppm in hib -
ited elon ga tion of cress seed lings. How ever, higher tem per a ture pro moted gen e sis of leaves by 6.5 %, caused fo -
liage in jures and de creased dry bio mass by 22.8 % at am bi ent CO2 level. El e va tion of CO2 level did not sig nif i -
cantly change these pa ram e ters. The ap plied O3 in creased the num ber of leaves in pres ent-day tem per a ture with
350 ppm CO2, nev er the less 49.2 % and 65.3 % of leaves were in jured un der 40 and 80 ppb O3, re spec tively. The
ef fect of in creased tem per a ture and el e vated CO2 sig nif i cantly di min ished the ex tent of O3-in duced in ju ries (by
60.1 % and 78.3 % un der 40 and 80 ppb O3, re spec tively) and in creased pa ram e ters of leaves.

Con clu sions: In crease of tem per a ture to 25/16 °C and el e va tion of CO2 con cen tra tion to 700 ppm sup pressed the
growth of cress seed lings and di min ished the ex tent of neg a tive ef fect of O3 on leaf mor phol ogy and bio mass.
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Ref er ences 

Qaderi M.M., Kurepin L.V., Reid D.M. 2006. Growth and phys i o log i cal re sponses of ca no la (Bras sica napus)
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Ac knowl edge ments: The work was sup ported by the Lith u a nian State Sci ence and Stud ies Foun da tion. 

Iso ther mal Cal o rim e try as a tool for es ti mat ing re sis tance maize ge no types to cold tem per a tures

I. £¹cka, M. Troæ, A. Skoczowski*

* The Franciszek Górski In sti tute of Plant Phys i ol ogy, Pol ish Acad emy of Sci ence, 30-239 Cra cow, Po land

In tro duc tion: The aim of the pres ents study was to es tab lish whether iso ther mal cal o rim e try can be used as a
method of as sess ment of the early im pact of ther mal shock of maize. To this pur pose, two ge no types of maize
(cold-re sis tant and cold-sen si tive) were used to ex am ine the low tem per a ture re sponse. 

Meth ods: Cold-sen si tiv ity of maize was checked as fol lows: seeds ger mi nated in the 26 °C were then put into the
cal o rim e ter for 24 hours of three tem per a tures: 10 °C, 17 °C and 25 °C. Dur ing this time heat pro duc tion by seeds
was mea sured con tin u ously. 

Re sults: At 10 °C, a sud den de crease in ger mi na tion was ob served and ac com pa nied with low heat pro duc tion. At 
17 °C the ger mi na tion pro cess did n’t in flu ence. Fi nally at 25 °C the rate of ger mi na tion and heat pro duc tion was
the big gest as com pare to lower tem per a tures. Sig nif i cant dif fer ences in heat pro duc tion were found for the both
ge no types only at 17 °C. It’s pos si ble, that 10 °C was too low and 25 °C was too high for the dif fer en ti a tion of
plant re sponse to tem per a ture. Thus 17 °C can be used as a test ing tem per a ture.

Con clu sions: Iso ther mal cal o rim e try is use ful to in ves ti gate to low tem per a ture shocked of maize ge no types, but
test ing tem per a ture must be ear lier es tab lished

Wa ter re la tions, gas ex change, nodulation, ni tro gen fix a tion and growth of faba bean (Vicia faba L.)
in re la tion to the dry ing of sur face roots

A. MagdiA.B; K.H.M. SiddiqueC, T. NeilB; P. JairoD, E. VeneklaasE ,A. CraigE

A Na tional Re search Cen tre, Bot any De part ment, Al-Behooth Street, Dokki, Cairo, Egypt, Fax: 00202 3370931,
B Cen tre for Le gumes in Med i ter ra nean Ag ri cul ture (CLIMA), The Uni ver sity of West ern Aus tra lia,
   35 Stirling High way, Craw ley, Aus tra lia
C In sti tute of Ag ri cul ture, The Uni ver sity of West ern Aus tra lia, Craw ley, West ern Aus tra lia 6009, Aus tra lia
D CSIRO, Plant Indutry, Pri vate Bag No. 5 Wem bley, WA 6913, Aus tra lia
E School of Plant Bi ol ogy, The Uni ver sity of West ern Aus tra lia, Craw ley, West ern Aus tra lia 6009, Aus tra lia

In tro duc tion: Drought stress near the soil sur face is com mon in the field, whereas wa ter avail abil ity deeper in the 
soil pro file may be ad e quate for plant up take; this is par tic u larly true in Med i ter ra nean-type en vi ron ment. Soil
dry ing in the up per pro file may have a pro found im pact on plant growth and seed yield (Mwabanwebge et al.
1998). Stud ies in the field and glass house sug gested that stomata close and pho to syn the sis, tran spi ra tion and leaf
growth all de crease when only a por tion of the root sys tem is in dry ing soil (Turner and Henson 1989). In the
pres ent study the seg mented soil col umn sys tem sep a rated into dis tinct lay ers was uti lized to test the hy poth e sis
that stomatal con duc tance and leaf gas ex change were/were not re duced in pro por tion to the frac tion of roots in
dry soil.

Ma te ri als and meth ods: The seg mented soil col umn sys tem in which the root sys tem di vided into two lay ers,
each 24 cm in di am e ter and 33 cm high used. The ex per i ment was con ducted, in a glass house at the Uni ver sity of
West ern Aus tra lia, from June to Au gust 2006. Faba bean (Vicia faba L. var. mi nor) breed ing line SP98002 was
sub jected to 2 wa ter ing re gimes. The wa ter ing re gimes were: (i) well-wa tered, and (ii) wa ter with held at flow er -
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ing, from 61 to 81 days af ter sow ing (DAS). The treat ments im posed as, (i) all two lay ers ad e quately wa tered
(con trol), and (ii) the up per layer un-wa tered with the re main ing layer kept ad e quately wa tered (droughted). The
treat ments have been ap plied at flow er ing (i.e. where 50 % of the plants had one open flower), ex actly at 61 days
af ter sow ing. Mea sure ments were done at 1, 4, 7, 11, 14, 17 & 21 days af ter dry ing (DAD).

Re sults: With hold ing wa ter re sulted in sig nif i cant in crease in LWP in all days of mea sure ments com pared to con -
trol ex cept of mea sure ment at 1 DAD. Os motic po ten tial (OP) did not dif fer sig nif i cantly be tween treat ments.
Dry ing sur face roots sig nif i cantly re sulted in re duc tion in net photosynthetic rate and stomatal con duc tance in all
mea sure ments ex cept of mea sure ments at 7 DAD. Plant height, branch num ber/plant, leaf num ber/plant, green
area and shoot bio mass at 61 and 81 DAS, re spec tively were not sig nif i cantly af fected by dry ing sur face roots.
Dry ing sur face roots re sulted in sig nif i cant re duc tion in nod ule num ber/plant and nod ule bio mass (mg/plant) on
top layer and to tal pot. N2 fix a tion (%) was sig nif i cantly re duced in droughted plants and the re duc tion was rep re -
sent ing 20.1% com pared to well-wa tered plants.   

Ref er ences

Mwabanwebge H., Loss S.P., Siddique KM., Cocks P.S. 1998. Growth, seed yield and wa ter use of faba bean
in a short sea son Med i ter ra nean-type en vi ron ment. Aus. J. Agric. Res. 38:171-180.
Turner NC and Henson IE. 1989. Compartaive wa ter re la tions and gas ex change of wheat and lu pins in the
field. In: Kreeb KH, Rich ter H, Hinckley TM, eds. Struc tural and func tional re sponses to en vi ron men tal stresses:
wa ter short age. The Hague: SPB, Ac a demic pub lish ing, 293-304.

Eval u a tion of the in flu ence of soil drought on yel low lu pine us ing some phys i o log i cal mark ers

*I. Marciñska, *K. Tobola, *I. Czyczy³o-Mysza, *E. Skrzypek, *E. Markowska, *P. Waligórski,
**R. B¹czek-Kwinta, ***A. Piotrowicz-Cieœlak, ***D. Michalczyk

*The F.Górski In sti tute of Plant Phys i ol ogy, Pol ish Acad emy of Sci ences, 30-239 Kraków, Niezapominajek 21,
  Po land,
** Ag ri cul tural Uni ver sity,  Plant Phys i ol ogy De part ment, 30-239 Kraków, Pod³uzna 3, Po land,
*** Warmia Mazury Uni ver sity, De part ment of Bi ol ogy, 10-718 Olsztyn, Oczapowskiego 1a

In tro duc tion: Lu pine is con sid ered as an al ter na tive crop to soy bean, which pos sess al ler genic prop er ties. Many
soy bean cultivars are trans gen ic and their in tro duc tion into cul ti va tion is con tro ver sial and so cially not ac cepted.
In re cent years in Eu rope and over the world, drought is one of the most se ri ous prob lem for breed ers and ag ri cul -
ture. Many phys i o log i cal, bio chem i cal and genetical stud ies are con tin ued to ward the in crease in the re sis tance to
this kind of streess. 

Meth ods: Phys i o log i cal tests for yel low lu pine (Lupinus luteus L.) grown un der 30 % soil drought were per -
formed. Chlo ro phyll a (Chl) flu o res cence, superoxide rad i cal gen er a tion and free polyamines (putrescine – Put,
spermidine – Spd and spermine – Spm) con tents were mea sured in the youn gest ex panded leaves, af ter 15, 30 and 
45 days of drought treat ment, which was ini ti ated at the anthesis. Chl mea sure ments were per formed by FMS2
fluorimeter (Hansatech In stru ments, King’s Lynn, UK). In ten sity of O2 gen er a tion in situ was de ter mined by the
re duc tion of nitroblue tetrazolium (NBT) to monoformazane ac cord ing to Doke and Ohashi method (1988).
Polyamines were quan ti fied by HPLC (Agilent Tech nol o gies 1100) equipped with mass spec tro scope with
API-ESI.

Re sults and con clu sion: The high est de crease in pho to chem i cal quench ing (qP) and elec tron trans port rate (ETR) 
of PSII was ob served. Wa ter defficit prob a bly caused the dam age of photosynthetic ap pa ra tus lead ing to
photoinhibition (Baker and Rosenqvist 2004). Sim i larly, superoxide rad i cal gen er a tion was en hanced when the
stress was pro longed. Drought treat ment in duced also an in crease of Put and de crease of Spd and Spm level in
leaves. These changes are co in ci dent with mea sur able signs of stress, such as wilt ing and the de crease in the val -
ues of var i ous chlo ro phyll flu o res cence pa ram e ters. Phys i o log i cal test used in our ex per i ment seem to be use ful in 
eval u a tion of the im pact of drought and for the com par i son with fu ture stud ies us ing mo lec u lar mark ers. 

Ref er ences
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