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RESPONSE OF Ornithogalum saundersiae BAK.
TO SALINITY STRESS

Piotr Salachna, Agnieszka Zawaiska, Cezary Podsiaato
West Pomeranian University of Technology in Szazeci

Abstract. Most of the studies on the effects of salinitgs$ are conducted on ornamental
bedding plants and perennials but little is knownflower bulbs response to this stress
factor. Ornithogalum saundersiais an attractive bulbous plant recommended fowgro
ing in pots, gardens and green areas. The studjucted in the years 2013-2014 investi-
gated the effects of NaCl on the growth, floweriplgptosynthetic activity, pigment con-
tent, and macro- and micronutrient content in #evés ofO. saundersiaeThe plants
were grown in pots in a plastic tunnel. NaCl wasliapponce a week for six weeks at
concentration of 100 mM or 200 mM. The salt treatiréid not cause chlorosis and did
not affect flowering rate and number of infloresoesn The plants exposed to salinity
stress had lower fresh weight of leaves, infloreees and bulbs and their flowering be-
gan later than in the control plants. Photosynthasd transpiration intensity decreased as
NaCl concentration increased. The content of chloyb@and carotenoids in NaCl treated
plants was significantly higher than in the conplaints. Salinity stress increased the leaf
content of nitrogen, potassium, sodium and chlogine reduced the concentration of cal-
cium, zinc and iron.

Key words: Giant Chincherinchee, NaCl, gas exchange, mineraknt, photosynthetic pig-
ments

INTRODUCTION

The issue of salinity stress in the cultivatioroafiamental plants is receiving global
attention [Niu and Cabrera 2010, Cassaniti et @32 When looking for species and
cultivars tolerant to salinity, an important criter is the effect of salt on the plant or-
namental value [Zollinger et al. 2007]. Excessivatent of N& and Cl causes growth
and flowering inhibition, leaf discoloration, ankdet leaf margins become brown and
dry, thus lowering the quality of the ornamentadns [Bernstein et al. 1972]. Apart
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from causing visual symptoms, salinity stress distuphotosynthesis [Wrochna et
al. 2010], water management [Acosta-Motos et all420enzyme activity [Zhang et
al. 2014], nutrient uptake [Valdez-Aguilar et ab(®, Salachna et al. 2015], and finally
can lead to organ and whole plant necrosis [Chates. 2009]. Plant sensitivity to
salinity is very diverse and it depends on plamaggpe, salt concentration, develop-
mental stage, or growth conditions, in particulasisture conditions [Cassaniti et al.
2013]. Studies on the effects of salinity on plgrawth and flowering are conducted
mainly in annual and bedding plants and perenfiiils et al. 2010, Villarino and Mat-
son 2011, Breet al. 2014], but still little is known of geopleytesponse to this factor,
in particular geophytes not overwintering in thewgrd beyond natural stands.

Only a few out of 120 species @fnithogalumL. genus (Asparagaceae) have been
extensively researched and introduced into cultwats ornamental plants [Duncan
2013]. A particularly noteworthy plant is Giant @bherinchee @rnithogalum saun-
dersiaeBak. syn.Galtonia saundersigefrom southeast Africa. Its ornamental feature
are white flowers with a characteristic ovary sanito a black olive gathered in large
inflorescences at the end of long leafless stenesHertogh and Le Nard 1993]. Itis
a valuable species, recommended for cultivatiogardens and green areas, as well as
cut and pot plant [Salachna and Zawadka 2013, Salachna 2014, Salachna and
Zawadzhska 2015]. The bulbs dd. saundersiaelo not overwinter in the field in the
Central European climate and they need to be dugnotine autumn and stored until
spring at 25°C. No literature data on the cultimatof this species in the presence of
salinity is available. This is why a study aimediratestigating the effects of sodium
chloride on the growth, flowering and bulb yield®f saundersiagvas undertakerhe
plants were also assessed for their gas exchangenegers, chlorophyll fluorescence
and leaf content of nutrients and minerals. Ourkivgy hypothesis in this study was
that salinity stress affect's growth, flowering,optsynthesis, and mineral uptake in
O. saundersiae.

MATERIALS AND METHODS

The study involvedOrnithogalum saundersiaBak. bulbs with a circumference of
14-16 cm, imported from the Netherlands by a holtical company Ogrodnictwo
Wisniewski Jacek Junior. The bulbs were treated form®® in a suspension of 0.7%
(w/v) Topsin M 500 SC (Nippon Soda, Tokyo, Japattiva ingredient; thiophanate-
methyl) and 1% (w/v) Kaptan 50 WP (Organika-Azote@tical Company, Jaworzno,
Poland, active ingredient: Captan). Single bulbsewgtanted on 1HMay 2013 and 10
May 2014 into black, PVC, 2.5 dmpots 15 cm in diameter. The substrate was a mix-
ture of peat (pH 6.5) and Yara Mila Complex fez#i (5 g-drii) (Yara International
ASA, Norway) containing 12% N, 11%®s, 18% KO, 2.7% MgO, 8% S, 0.015% B,
0.2% Fe, 0.02% Mn and 0.02% Zn. The pots were glaext to each other on 60 cm
high tables. The plants were grown under naturatggeriod in unheated plastic tunnel
belonging to the Department of Horticulture, Westreranian University of Technol-
ogy in Szczecin (53°28l, 14°32E). Air temperature was controlled with vents that
opened automatically when the temperature exce28é@. The plants were watered
twice a week using tap water in which mean ion eatration (mg-df) was as fol-

Acta Sci. Pol.



Response of Ornithogalum saundersiae Bak. to safitiess 125

lows: 1.53 N-NQ, 1.5 P, 6.2 K, 97.4 Ca, 16.6 Mg, 24.0 Na, 24.00d82 Cu, 0.42 Zn,
1.3 Fe, 194 HCQ and 0.65 mS- cihelectrical conductivity (EC).

Each year, watering with NaCl solution (100 mM 602nM NacCl dissolved in dis-
tillated water) was started 30 days after plantMgCl solution (100 mL per plant) was
applied once a week for six weeks. Control planésentreated with distillated water.
The dates of opening of the first flower in eachioirescence were recorded in order to
estimate the beginning of flowering from the timfeptanting the bulbs. At the begin-
ning of flowering, 10 plants were randomly selectesim each treatment and the fol-
lowing parameters were evaluated: length of thegyésh leaf, number of leaves per
plant, number of inflorescences, length of inflaersce stem, fresh weight (FW) of all
leaves on plant and inflorescence stems. Visualityuaspection was performed by
3 independent researches using 1-5 score scaleg Whmoints were given to the plants
with the highest ornamental value. Net photosynshiegensity (CQ assimilation rate)
and leaf transpiration rate were measured withaieft gas analyzer (TPS-2 Portable-
Photosynthesis System, USA) and chlorophyll a #soence was measured with
HandyPEA analyzer (Hansatech Instruments Ltd., &mi)l after dark-adapting the
leaves for 30 min using a leaf clip. The measuréamewvere conducted on well-
developed leaves from the central part of the plaBased on chlorophyd fluores-
cence measurements the maximum quantum efficiehphatosystem Il (Fv/Fm) was
calculated according to Lichtenthaler and RindgtB88]. Then, the leaves were sam-
pled for pigment content analysis. To determinedbetent of chlorophyll a and b and
carotenoids, leaf discs 7 mm in diameter were ctdlk from the centre of a leaf blade.
The pigments were extracted with N-N-dimethylfornidenfor 24 hours. Solution ab-
sorbance was determined with SPEKOL 11 spectropheter (Carl Zeiss Jena, Ger-
many). Absorbance was measured at 440 nm, 645ma6&3 nm. Chlorophyll content
was calculated using a method described by Arnoal.ef1956] with the following
formulae:

Chlorophyll a (mekg™ FW) : [12.7 (E663) — 2.69 (E645)V/W;

Chlorophyll b (mgkg* FW) : [22.9 (E645) — 4.68 (E663)V/W;

Carotenoid content was calculated according to Hagel Mayer-Berthenrath
[1966]:

Carotenoids (mgg*FW) : [4.16 (E440) — 0.89 (E663)V/W, where:

E — extinction at specific wavelength,

V — amount of used extraction solution,

W — sample weight in grams.

At the end of the cultivation period, off Blovember 2013 and $0November 2014,
the whole plants were removed from the pots andele@nd inflorescence stems were
cut off the parent bulbs. The parent bulbs werarae by removing roots and their
weight and circumference were determined. The kavere washed with water and
dried in a hot air oven at 80°C for 48 h. Dried gndund leaves were sent to an accred-
ited laboratory at the Chemical and Agriculturadt®in in Szczecin for determination of
macro- and micronutrient content according to séatidmethods [Ostrowska et al.
1991]. After plant dry matter mineralization thdldaving assess were performed: total
nitrogen by the Kjeldahl method; potassium and wodby flame photometry AFP-100;
phosphorus and boron by spectrophotometry UV-VISndBeys 6; magnesium,
calcium, copper, zinc, manganese and iron by atab&orption spectrophotometry
ASS 30; chlorine by the Mohr method.
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Each year a total of 120 bulbs were planted, 4@tplper each treatment. The re-
sults, presented as a mean from two years of tidy stvere statistically analyzed by
means of one-way analysis of variance in fully @nded design. The calculations
were performed using Statistica 10 software (StatBoeland).

RESULTS AND DISCUSSION

There is an ongoing search for salinity and droughistant ornamental plants that
can be grown in urbanized areas. Our study focosadrnithogalum saundersiaghat
produces very decorative and long lasting infloeeses [Salachna and Zawatdkia
2015]. Rosette forming leaves of the plant are cdo® over the entire vegetative
period and they do not dry out as the species @&qErs no visible dormancy period
[Kariuki and Kako 1999]. In this stud®. saundersiaavas exposed to salinity stress
triggered by watering the plants with NaCl soluti@ina concentration of 100 mM or
200 mM. No chlorosis, leaf drying or other damageairing plant quality were observed
during their growth and flowering. Bonitation scdqfie-5) of salt-treated plants was sig-
nificantly lower than of the control plants butghiifference was small (Table 1). No
chlorosis under salinity stress was also reportatarcissi treated with 50-300 mM NaCl
[Veatch-Blohm et al. 2014] and colored calla IN{eflatch-Blohm et al. 2012].

Table 1. Effect of salinity on growth, floweringdibulb yield ofOrnithogalum saundersiae

Treatment
Features control 100 mM NaCl 200 mM NaCl
Number of leaves per plant 7.33 +0°02 8.00 +0.00 8.33 +0.37
Leaf length (cm) 57.3 +1.82 62.3+1.18 58.3 +1.58
Weight of leaves per plant (g) 245 +1%.9 196 +6.92 143 £15.%
Days to flowering 104 +4.81 118 +5.06 134 +7.19
Flowering (%) 100 +0.00 100 +0.00 100 +0.00
Number of inflorescences 1.00 +0%00 1.00 +0.00 1.00 +0.00
Inflorescence lenght (cm) 137 +8%0 134 +11.% 86.0 +2.96
Inflorescence weight (g) 153 +16.5 118 +22.3 40.9 £13.8
Visual score (1-5) 5.00 +0.60 4.50 +0.28 4.25 +0.29
Bulb circumference (cm) 20.7 076 18.6 £0.90 17.0 +0.50
Bulb weight (g) 158 +14% 124 +11.% 92.0 +7.60

All data are means +SE (n = 10-40). Values in treesrow followed by the same lower-case letter oo n
differ significantly atP < 0.05 by Duncan’s multiple range test

The plants treated with 100 mM and 200 mM NacCl haate leaves than the con-
trol ones (tab. 1). Moreover, the plants watereth w00 mM NacCl had longer leaves
than the control plants and those treated with N&tGhe concentration of 200 mM,
by respectively 5.0 cm and 4.0 cm. Moderate salinids reported to stimulate plant
growth in lisianthus [Shillo et al. 2002] and sufler [Grieve and Poss 2010], but
high NaCl concentration was found to negativelyefffmorphological features [Kok-
sal et al. 2014].

O. saundersiagplants grown under salinity stress were charaadrizy significantly
reduced fresh weight of flowers and inflorescencesl this effect was more pro-
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nounced at higher NaCl concentration (tab. 1). 8 InM NaCl fresh weight of the
leaves and inflorescences was by 20 and 23% Idwerih control, and at 200 mM NacCl
it was reduced by 42 and 73%, respectively. Adveffect of salinity on leaf weight in

geophytes was also reported by Shillo et al. [20@%) wateredHippeastrum hybridum

andOrnithogalum arabicumwith salt water with EC ranging from 1.8 to 11.Snd".

In our study allO. saundersiag@lants flowered, both control and treated with NaC
(tab. 1). Shillo et al. [2002] claimed thidt hybridumandO. arabicumplants watered
with salt water did not flower but it might havedmedue to planting too small bulbs in
which flower buds had not been formed. In this gfu@. saundersiaebulbs with
a circumference of 14-16 cm were used to secumuption of inflorescences.

Salinity did not significantly affect the number ©f saundersiaénflorescences de-
rived from a single bulb (tab. 1). Similar resulisre described by Veatch-Blohm et al.
[2013], who showed no effect of salinity on the tn@mof flowers in three early narcissus
cultivars. The course d. saundersiadlowering depended on NaCl concentration (tab.
1). The plants treated with 100 mM or 200 mM of Nafarted to bloom 14 and 30 days
later than the control plants. Delayed floweringlemsalinity stress was also reported in
such geophytes dss hexagonalVan Zandt and Mopper 2002] ari@rocus sativud..
[Torbaghan et al. 2011] and in narcissus cultivBrgch Mastet and ‘Ice Follies’ [Ve-
atch-Blohm et al. 2014]. Contrary to that, the pre® of salt did not change the time of
Zantedeschia aethiopidiowering [Veatch-Blohm and Morningstar 2011].

O. saundersiagplants treated with higher NaCl concentration paedlishorter in-
florescence stems — by 48 cm shorter than thosgettewith 100 mM NaCl and by
51 cm shorter than the control plants (tab. 1)orgfrgrowth ofO. saundersiaés not
desired in pot cultivation, and therefore usingvgitoretardants is recommended [Sala-
chna and Zawadiska 2013]. Ornamental plants grown under salinitgss are usually
smaller and more compact, which may in fact imprtheir decorative value and thus
salt may be an alternative for growth retardanéd tiegatively affect the environment
[Carter and Grieve 2006].

In none experimental treatment the parent bullS.afaundersia@roduced daughter
bulbs. Salt stress negatively affected fresh weddhthe parent bulbs at the end of the
cultivation period (tab. 1). Fresh weight of thegrd bulbs in the plants treated with 100
mM and 200 mM NaCl was by 22 and 42% lower thanantrol. Moreover, circumfer-
ence of the parent bulbs in the plants watered @th mM NaCl was significantly
smaller than in the control plants and those wedtari¢h 100 mM NacCl (tab. 1). Our re-
sults seem to corroborate the observations ofdséilll. [2002], who noticed a reduction
in fresh weight oH. hybridumandO. arabicumbulbs watered during their growth period
with salt water. Lowered fresh weight of new corwes also reported in greenhouse-
grown gladiolus exposed to salt at a concentratfdi’0 mM [Haouala and Sahli 2011].

Figures 1 and 2 present the effects of NaCl ongsymithesis intensity and leaf tran-
spiration rate ir0. saundersiaeThe values of both parameters significantly desed
with increasing concentration of NaCl. In the ptamnteated with 100 mM NaCl net
photosynthesis intensity and transpiration rateew®y 37 and 28% lower and in the
plants treated with 200 mM NaCl by 66 and 72% lotteam in the control. Significant
reduction in carbon assimilation rate under saéisst was also reported in narcissi [Ve-
atch- Blohm et al. 2013]. In calla lily treated 25 mM or 50 mM NacCl, carbon as-
similation rate was in the beginning the same asomtrol plants but decreased signifi-
cantly along the cultivation time [Veatch-Blohmatt2012].
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In our study, the response ©f saundesridS Il to salinity was assessed based on
Fv/Fm ratio, i.e. maximum photochemical efficiency ofopbsystem II. F/Fm ratio
ranged from 0.81 to 0.84 and did not significardypend on salinity level. Similar
findings were published by Bandn et al. [2011] vilneestigated the effects of different
salt concentrations in the irrigation water on gashange and chlorophyll fluorescence
in Polygala myrtifolia These authors revealed no influence of salinitynmaximum
photochemical efficiency of photosystem I, quantyield of photosystem Il and non-
photochemical quenching, and showed significandgrdased net photosynthesis with
increasing water salinity.
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Fig. 1. Effects of salinity on net photosynthetater (A), transpiration rate (B) and/Fm —
maximum photochemical efficiency of photosystend) of Ornithogalum saundersiae
Data are means (n = 10) +SE (vertical bars). Ttenwos with the same lower-case letters
were not significantly different by Duncan’s mulggange test & < 0.05
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Fig. 2. Effects of salinity on chlorophyll a (A)hlorophyll b (B) and carotenoids (C) concentra-
tions in leaves oOrnithogalum saundersiadata are means (n = 6) +SE (vertical bars).
The columns with the same lower-case letters wetesignificantly different by Dun-
can’s multiple range test Bt< 0.05

0. saundersiaeultivated under salt stress was characterizedlteyed content of
chlorophyll a, chlorophyll b and carotenoids. At0O1MmM NaCl chlorophyll a and b
content in the leaves was respectively 380.4 ar@9lthgkg® FW and was signifi-
cantly higher than in the control plants (249.5 &d8 mgkg® FW, respectively). At
200 mM NaCl chlorophyll a and b content in the kawas respectively 408.4 and
170.0 mgkg™ FM and was also higher than that in the controhislaCarotenoids con-
tent in the leaves of the plants treated with 1060200 mM NaCl was 168.0 and
164.0 mgkg* FW, respectively, and was significantly higher tliamon-treated plants
(97.4 mgkg® FW). Salt concentration did not significantly affqghotosynthetic pig-
ment content. The research literature containsnsistent data on the effect of salinity
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on pigment content in the leaves. In broad beatdcewith moderate concentrations of
NaCl (40 and 80 mM), chlorophyll a and carotenocdashtent in the leaves increased
significantly, and higher salt concentration cauaegtduction in photosyntethjig-
ment level [Hamada and El-Enany 1994]. In wheatingrgTriticum aestivumL.)
salinity caused a significant increase in the apdwyll a and b contents during the
flag leaf growth [Aidesuquy 1992]. According to ghauthor the stimulative effect of
salinity on the pigment content of the wheat flagflmight be due to the fact that
salinity lead to an increase in a number of chltasis per a mesophyll cell. However,
both epidermal and mesophyll thickness and intarieel spaces decrease Bru-
guiera parviflora under salinity stress [Parida et al. 2004]. Ved&tdthm and
Morrningstar [2011] claimed that in calla lily tisalinity level (up to 6 dS- did
not affect chlorophyll and carotenoid contentssaft-treated hyacinth the leaf content
of chlorophyll a, chlorophyll b and carotenoids ssed along with rising NacCl
concentration (25—-600 mM) [Tirkoglu et al. 2011].

Table 2. Effect of salinity on nutrients conceritras in the leaves @rnithogalum saundersiae

. Treatment
Nutrients control 100 mM NaCl 200 mM NaCl
N (gkg DW*) 21.2 +1.08 23.1+0.9% 26.6 +2.53
P (gkg DW) 3.41 £0.20 3.10 +0.38 3.80 +0.20
K (g-kg DW) 30.7 +0.75 37.4+0.88 44.0 £0.70
Ca (gkg DW) 14.6 +0.60 9.80 +0.48 11.5+0.48
Mg (g-kg DW) 2.90 +0.30 3.00 £0.28 2.90 +0.26
Na (gkg DW) 2.50 +0.35 5.50 +0.76 7.90 +0.98
Cl (gkg DW) 7.50 £1.93 25.2 +9.58 41.9 #10.4
B (mgkg DW) 21.4 +0.95 19.5 +1.20 21.3+2.28
Cu (mgkg DW) 1.70+0.13 1.790.18 1.98 +0.09
Zn (mgkg DW) 31.4 +3.38 23.1+2.4% 242 +1.2%
Mn (mgkg DW) 15.6 +1.25 13.9+2.10 15.2 +1.97
Fe (mgkg DW) 58.8 +3.22 43.6 +5.28 42.4 +6.78

* — DW — dry weight. All data are means =SE (n =8alues in the same row followed by the same lewer
case letter do not differ significantly Bt< 0.05 by Duncan’s multiple range test

Chemical analyses indicated a stimulating effedia€l| addition on the content of
nitrogen, potassium, sodium and chlorine in thedeafO. saundersiaeand this effect
was more pronounced in the plants treated withr280 NaCl (tab. 2). Increased con-
tent of these ions may indicate their role in thecpss of adaptation to salt stress condi-
tions. Increased content of sodium and chlorinthéplants exposed to salt stress most
likely resulted from using NaCl solution. The mésiquently observed consequences
of salinity stress on plants is a reduction contémriutrient ions, particularly potassium
[Helal and Mengel 1979]. On the contrary, ¢éontent has been increased in ornamental
plants such a€hrysanthemurx morifolium ‘Yellow Blush’ [Lee and van lersel 2008],
Amaranthus paniculatusCooper Moutain’,Amaranthus caudatu$ony Tails’, Atri-
plex hortensisGreen Spire’ [Wrochna et al. 2006]. Brugnoli aBbrkman [1992]
suggest that Kmaintenance may be a common mechanism of proteatiainst salt
damage in glycophytes. The hight Bontent in leaves may act as the key monovalent
cationic osmoticum in the presence of external @att might be a regulatory mecha-
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nism to maintain osmotic balance under increasatigity condition [Grieve and Walk-
er 1983]. Our study also showed that, in compartsocontrol, the NaCl treated plants
had lower content of calcium, zinc and iron andilsincontent of phosphorus, magne-
sium, boron, copper and manganese (tab. 2). Ibées reported that excessive concen-
tration of ions, especially Naand Cl may limit the uptake of other ions
[Marschner 1995]. Differences in the uptake anduamdation of nutrients observed in
this study were also reported in other geophytesvgrunder salt stress conditions. In
Ranunculus asiaticusrellow ASD’ NaCl treatment resulted in increasedntent of
chlorine and sodium and lowered content of potassphosphorus, calcium, sulfur and
zinc in the shoots [Valdez-Aguilar et al. 2009]. Analysis of minerals in the leaves of
calla lily treated with 25 and 50 mM NaCl revealadreased concentration of magne-
sium, calcium and sodium [Veatch-Blohm et al. 2048 unchanged level of potas-
sium. In narcissi, the level of potassium was atmtependent of salinity. Hyacinths
treated with NaCl at the concentrations rangingnf@ to 600 mM were characterized
by higher content of sodium and calcium but thel®f potassium remained unaffected
[Koksal et al. 2014]. Turkoglu et al. [2011] inviggtted the growth of hyacinth exposed
to salt stress (0—400 mM NaCl) and found salinityetered reduction in the content of
potassium, magnesium and zinc and higher concemtraf iron and manganese in the
substrate. Better understanding of salinity effemisthe accumulation of minerals in
O. saundersiaeould be achieved by further analyses compariegctimtent of macro-
and micronutrients in the leaves, inflorescencenstand bulbs, as ion concentration is
different in different plant organs.

CONCLUSIONS

1. O. saundersiaglants, grown under salt stress triggered by wagewith solu-
tions containing 100 or 200 mM NacCl, retained tlmrimamental value, produced inflo-
rescences and bloomed, and their leaves were fobth.

2. Increasing concentration of NaCl was accompahied reduction in leaf, inflo-
rescence and bulb weight, delayed flowering anceted photosynthesis and transpira-
tion intensity.

3. The leaves of NaCl treated plants had higheterarof chlorophylls and carote-
noids and nitrogen, potassium, sodium and chloaned, lower content of calcium, zinc
and iron.
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REAKCJA Ornithogalum saundersiae BAK. NA STRES SOLNY

Streszczenie Wiekszai¢ bada nad wptywem warunkéw stresowych wynig@jch z za-
solenia prowadzi sina ozdobnych @inach rabatowych i bylinach, natomiast wichie-
wiele jest informacji dotyccych reakcji geofitbw na ten czynni@rnithogalum saun-
dersiaeto atrakcyjna rélina cebulowa polecana do uprawy w pojemnikach,gnodach

i na terenach zieleni. Przeprowadzone w latach 2B0B4 badania dotyczyly oceny
wptywu NaCl na wzrost, kwitnienie, funkcjonowanieaagtu fotosyntetycznego, zawar-
tos¢ barwnikdéw oraz makro- i mikrosktadnikow wédiachO. saundersiaeRasliny upra-
wiano w doniczkach w tunelu foliowym. Zasalanie waolzono raz w tygodniu, przez
okres 6 tygodni, stosag roztwér NaCl w szeniu 100 i 200 mM. Stwierdzonae trak-
towanie r@lin NaCl nie spowodowato chloroz, nie miato wptywa procent kwitacych
roslin oraz na liczh kwiatostandw. Pod wptywem stresu solnegéling miaty zmniej-
szony $wiezg mag lisci, kwiatostandw i cebul oraz rozpoczynatyzpi®j kwitnienie. In-
tensywnd¢ fotosyntezy i natzenie transpiracji zmniejszyloesivraz ze wzrostem gte-
nia NaCl. Zawart& chlorofilu i karotenoidéw w ficiach rglin traktowanych NaCl byta
istotnie wyzsza w poréwnaniu z bnami kontrolnymi. W wyniku zasolenia wzrosta za-
wartas¢ w lisciach azotu, potasu, sodu i chloru, natomiast spzalvarté¢ wapnia, cynku

i zelaza.

Stowa kluczowe:sniedek Saundersharwniki fotosyntetyczne, NaCl, sktadniki mineral-

ne, wymiana gazowa
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