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Abstract: Progressive global warming and decreasing freshwater resources are forcing to look for alternative solutions 

in plants cultivation. The use of saltwater and cultivation in saline areas becomes increasingly common. Wild 

strawberry is a rich source of antioxidant compounds beneficial for human health. The aim of the study was to 

investigate the effect of Tytanit® on the physiological activity of wild strawberry grown under different salinity levels 

(32.5, 50 and 100 mM L-1 NaCl). Assimilatory pigments content, free proline concentration, chlorophyll fluorescence 

and relative water content were measured at two phenological phases BBCH 15 and 60. Results analysis revealed that 

the applicability of Tytanit® to mitigate physiological stress in wild strawberry caused by salinity did not produce the 

desired effect. 
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INTRODUCTION 

 

In research on the influence of unfavorable 

environmental factors on physiological activity of 

plants, solutions are sought to optimize plants 

growth and development conditions. The most 

frequently applied solution is utilization of natural 

or mineral fertilizers, growth regulators or 

protective preparations. Tytanit® is a trade name 

for a liquid, mineral plant growth and yield 

stimulator the main component of which is 

titanium (Ti). The beneficial effect of Ti has been 

confirmed by a number of scientific reports 

revealing its influence on the increase in the 

activity of iron ions, vigour of pollen grains, rate of 

nutrient uptake, and the improvement of plant 

health status (Michalski, 2008; Borkowski et al., 

2017). Freshwater scarcity, environmental 

pollution and salinisation of soil and water are 

significant problems at global level. According to 

Jamil et al. (2011) and Shrivastava and Kumar 

(2015) high salinity afflicts about 20% of total 

crops and 33% of irrigated agricultural lands 

worldwide. Further predictions indicate that with 

the increase of salinized areas at 10% rate annually  
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over 50% of the arable land would be salinized by 

the year 2050.  

Salinity causes a decrease in cultivated area, yield 

and quality of crops (Yamaguchi et al., 2005; 

Shahbaz et al., 2013). More than half of the crop 

species is sensitive to even relatively low salinity. 

Excess salt in the root zone lowers the amount of 

water available to plants (Zhu, 2001). Plants 

exposed to prolonged salinity suffer from ionic 

stress which usually appears as premature ageing 

of leaves. This results in a reduction in the total 

photosynthetic area and thus plant productivity 

(Sultana et al., 1999; Muscolo et al., 2003). 

Wild strawberry (Fragaria vesca L.) belongs to the 

family Rosaceae. F. vesca is mostly known for its 

aromatic fruits, however, almost whole plant has 

medicinal or therapeutic properties. Leaves and 

stems contain important antioxidant agents such as 

silicium acids, quercetin and flavonoids. Fruits are 

rich in vitamins C, A, B, and mineral salts: iron, 

calcium, phosphorus and cobalt (Yurdugul, 2008). 

High antioxidant content makes the species 

beneficial for human health. Enriching daily diet in 

wild strawberry prevents premature ageing, 

supports the immune system, helps control: 

diabetes, high blood pressure, high cholesterol, and 

lowers the risk of cancer. Nevertheless, due to their 
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specific taste and intense aroma and high 

antioxidant content, wild strawberries are valued 

and sought by the fresh fruit markets, the 

processing industry, confectionery and cosmetics 

industries. That contributes to a high market value 

of Fragaria vesca, which may encourage farmers 

to increase the cultivation area of this species 

(Muñoz et al., 2011; Oancea, 2011; Dias et al., 

2016; Kruczek et al. 2020). 

The literature so far has focused mainly on the 

evaluation of the influence of Tytanit® on the 

yield and its quality in various plant species. There 

are few reports investigating the issue of its 

protective properties based on physiological 

mechanisms observed in plants. Most of this type 

of research is carried out on popular cultivated 

plants (3c). There are few reports concerning niche 

species, such as wild strawberry (Fragaria vesca 

L.), which becomes increasingly popular in Poland 

due to its taste and biological properties. 

The aim of the experiment was to investigate an 

influence and effectiveness of Tytanit® on the 

physiological activity of wild strawberry of Baron 

von Solemacher variety cultivated in saline 

conditions.

 
 

MATERIAL AND METHODS 

 

Plant material and experimental design 

The vase experiment was carried out in 2016-2017 

in the period from April to September in the 

vegetation hall of the West Pomeranian University 

of Technology in Szczecin. The experimental 

material was the wild strawberry Fragaria vesca L. 

var. Baron von Solemacher, grown in a medium 

with three levels of salinity in the presence or 

absence of Tytanit®.  

The wild strawberry variety tested is characterized 

by medium tolerance to salinity and high yield. 

The variety grows up to 20 cm high, has elongated 

red or cream-colored fruit, rich in vitamins B and 

mineral salts: iron, calcium, phosphorus, cobalt. 

Each year, wild strawberry seeds were sown into a 

ready-made garden substrate on the basis of peat 

and sand. The substrate had pH 6, salinity 32.5 

mM L-1 NaCl and starting dose of multi-compound 

fertilizer with the composition of NPK 14+16+18 

in the amount of 0.6 kg m-3. After 6 weeks, young 

seedlings were moved into vases with the volume 

of 1 dm3 and placed in a vegetation hall. Planted 

seedlings of wild strawberry were daily irrigated 

with distillate water up to minimal seepage of the 

substrate. The substrate moisture was maintained 

within the range of 2.2 - 1.7 pF.  
The vase experiment was established in the system 

of random blocks in three repetitions of 8 plants 

each. The first factor was the 3-degrees of 

substrate salinity: S1 - ready-made substrate 

salinity 32.5 mM L-1 NaCl; S2 - 50 mM L-1 NaCl; 

S3 - 100 mM L-1 NaCl, The second factor was the 

use of Tytanit® (T) - 8.5 g of titanium per liter of 

preparation - in one dose at all salinity levels: 

S1+T, S2+T, S3+T. The substrate was watered 

with a solution of 0.3% concentration (30 ml of 

stimulator in 100 L water) in three stages of plant 

development after seedlings rooting: 2-3 leaf 

developed, 5-8 leaf developed and at the beginning 

of flowering, according to the manufacturer’s 

recommendations. The control was performed on 

plants cultivated on a substrate with salinity of S1 

without treatment with Tytanit®. The 

measurements of selected parameters were 

performed in two phenological phases of BBCH 15 

(5th leaf developed) and BBCH 60 (first flowers 

open). The material for chemical analyses 

consisted of leaves taken from the plant rosette 

center. Moreover, after the experiment, the 

substrate analysis was performed to determine the 

changes in macroelements content and salinity. 
 

Assimilatory Pigments 

A fresh leaves of F. vesca were used to determine 

the content of assimilatory pigments: chlorophyll-a 

and chlorophyll-b by the Arnon's method (1956) as 

modified by Lichtenthaler and Wellburn (1983). 

The content of carotenoids was assayed according 

to the Hager and Mayer-Berthenrath’s (1966) 

method. The leaves were homogenised with 10 ml 

of 80% acetone and the optical density of the 

obtained supernatants was determine on a 

spectrophotometer at 440, 645, and 663 nm 

wavelengths.  

 

Chlorophyll fluorescence 

Fluorescence of chloropchyll-a was measured with 

the Hanstech Intrument Handy PEA fluorimeter on 

completely darkened leaves and after light 

exposure. Two parameters were selected to 

evaluate the reaction of plants to salinity and 

Tytanit®: Fv/Fm - maximum potential 

photochemical activity and Fv/Fo - maximum 

water fission efficiency on the donor side of PSII. 

  

Proline (Pro) determination 

The concentration of free proline in fresh wild 

strawberry leaves was determined using the 

ninhydrin reaction according to the method 

developed by Bates et al. (1973). 0.5 g of fresh 
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plant tissue was homogenized in the presence of 

3% salicylic acid aqueous solution (10 ml) and the 

homogenate was filtered through a tissue paper 

filter. 2 ml of acid ninhydrin and 2 ml of glacial 

acetic acid were added to the upper aqueous phase. 

Then the whole was mixed and placed in a closed 

tube in a greenhouse set at 90-100°C. After 1 hour, 

the tubes were transferred to an ice bath for 15 

minutes to cool. Then 4 ml of toluene was added to 

each tube and shaken for 30 min. The samples 

prepared in this way were left for phase separation. 

The upper phase (toluene) was collected to 

determine the absorbance of chromophore in the 

presence of a blank at a wavelength of λ = 520 nm 

(Auriga et al. 2018). 

 

Water balance 

The water balance in wild strawberry leaves was 

determined by calculating the following indicators: 

RWC – relative water content, and WSD – water 

saturation deficit (Yamasaki and Dillenbu 1999) 

according to the following equations: RWC = 

[(fresh weight– dry weight) / (turgid weight – dry 

weight)] x 100; WSD = [(turgid weight – dry 

weight) - (fresh weight – dry weight) / (turgid 

weight – dry weight)] x 100. The procedure was 

performed according to the method described by 

Wróbel et al. (2016). 

 

Statistics 

The results of the study were subjected to 

multifactor analysis of variance ANOVA. 

Homogeneous groups were determined using 

Tukey’s test at the significance level of α=0.05. 

The results being presented in all tables are the 

averaged results from gathered data.

 

 

RESULTS AND DISCUSSION 

 

The results on the susbstrate analysis are presented 

in Table 1. The results showed the effect of 

Tytanit® on the increase in the content of elements 

K, Ca, Mg, Na in the medium with the lowest 

salinity compared to the variant without using the 

preparation. In substrates with higher salinity in 

which Tytanit® was used, lower values were noted 

for all nutrients except nitrogen in the S3 + T 

variant. The content of this element was the 

highest among the tested variants (95 mg l-1).  

 

Chlorophylls and carotenoids 

The highest coefficient of an influence on 

chlorophyll-a and carotenoids content was noted 

for salinity, P=32.07% and P=30.70%, 

respectively. The interactions between salinity and 

date P=24.17% and P=29.27% and between 

Tytanit® use and salinity P=15.10% and 

P=16.08% were also significant (Tab. 2). The most 

significant influence on chlorophyll-b content was 

found for salinity P=27.34%, lower interaction 

between the use of Tytanit® and the term 

P=20.94% and the use of Tytanit® alone 

P=12.27%. Among the studied factors, the lowest 

influence on the content of assimilatory pigments 

was observed for the time of measurement. 

In the first period of measurement, regardless of 

the substrate salinity level, no significant effect of 

Tytanit® on the content of individual assimilatory 

pigments was observed. Although the differences 

were insignificant, more of them were found in 

S1+T objects (Tab. 3). In BBCH 60 was observed  

a 2-3-fold decrease in pigments content after an 

application of the preparation in the highest 

salinity conditions. In general, the higher the 

salinity, the larger the decrease in pigments 

content. However, Tytanit® significantly increased 

the concentration of chlorophyll-a and b and 

carotenoids in plants grown on substrate S1. Their 

content in the first and second period of 

measurement was as follows: chl a 1.921 and 2.185 

mg kg-1; chl b 0.700 and 0.783 mg kg-1; 

carotenoids 4.008 and 5.014 mg kg-1, respectively. 

 

     Table 1. Analysis of the substrate.  

Variant 
pH in 

H2O 

mg l-1 Salinity in  

g NaCl l-1 N-NO3 P K Ca Mg Na Cl 

S1 6.0 72 43 327 1923 200 259 170 1.91 

S2 6.1 50 47 352 2047 224 1802 2260 5.51 

S3 6.0 72 44 378 1898 200 2387 4450 10.86 

S1 + T 6.2 64 41 366 2118 244 308 189 1.90 

S2 +T 6.0 68 44 325 2038 222 1600 1940 5.97 

S3 +T 6.0 95 43 383 1918 211 2347 4070 10.23 

    S1 – substrate with slinity 32.5 mM L-1; S2 - 50 mM L-1; S3 – 100 mM L-1; T – 0.3% solution of Tytanit® 
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Table 2. ANOVA table for pigments content, proline content, Fv/Fm and Fv/Fo. 

 Chl-a Chl-b Carotenoids Pro Fv/Fm Fv/Fo 

Source of 

variance 

p P(%) p P(%) p P(%) p P(%) p P(%) p P(%) 

a 0,000 5.56 0.000 12.27 0.000 4.34 0.000 0.53 0.910 0.00 0.765 0.03 

b 0,000 32.07 0.000 27.40 0.000 30.70 0.000 56.84 0.000 25.09 0.000 26.54 

c 0,000 4.26 0.618 0.13 0.040 1.24 0.000 28.93 0.000 37.28 0.000 25.88 

a×b 0,000 15.10 0.007 6.26 0.000 16.08 0.000 1.78 0.084 0.19 0.247 0.48 

a×c 0,000 8.34 0.000 20.94 0.000 7.32 0.022 0.16 0.224 0.19 0.375 0.70 

b×c 0,000 24.17 0.001 10.02 0.000 29.27 0.000 11.08 0.000 32.04 0.000 17.11 

a×b×c 0,002 4.39 0.000 10.92 0.001 4.73 0.410 0.05 0.342 0.14 0.234 1.04 

Error  6.11  12.05  6.30  0.63  5.07  28.21 

Total  100.0  100.0  100.0  100.0  100.0  100.0 

a – Tytanit®; b – salinity; c – phenological phase; p – probability of error; P (%) – percentage of contribution 

 
Tab. 3. Effect of the performed treatments on pigments content (mg g−1 f.w.) and free proline content  (µmol g-1 f.w.) in 

the leaves of the tested wild strawberry. Means with same letter were not significantly different by Tukey’s comparison 

at p < 0.05 level.  

Salinity 
BBCH15 

average 
BBCH60 

average 
0 T 0 T 

Chlorophyll-a (mg g−1 f.w.) 

S1   1.651bcd 1.921 ab   1.786B 2.007ab 2.185a 2.096A 

S2 1.777bc 1.736bcd 1.756B 1.852abc 1.396d 1.624B 

S3  1.758bcd 1.663bcd 1.710B 1.535cd 0.497e 1.016C 

average   1.729A 1.773A  1.797A 1.359B  

Chlorophyll-b (mg g−1 f.w.) 

S1 0.605c 0.700abc 0.653B 0.836a 0.783ab 0.810A 

S2 0.666bc 0.695abc 0.681B 0.780ab 0.611c 0.695B 

S3 0.699abc 0.661bc 0.680B 0.748abc 0.326d 0.537C 

average 0.657B 0.685B  0.788A 0.573C  

Carotenoids (mg g−1 f.w.) 

S1 3.445cde 4.008bcd 3.727B 4.387ab 5.014a 4.700A 

S2 3.720bcde  3.777bcde 3.74B 4.219abc 3.078e 3.650B 

S3 3.836bcde 3.564bcde 3.700B 3.289de 1.111f 2.200C 

average 3.667A 3.783A  3.965A 3.068B  

Proline (µmol g-1 f.w.) 

S1 0.585f 0.283f 0.434D 1.048e 1.108e 1.078C 

S2 0.445f 0.527f 0.486D 1.415de 1.752cd  1.583B 

S3 2.100c 1.365de 1.733B 4.905a 4.229b 4.567A 

average 1.044B 0.725C  2.456A 2.363A  

S1 – substrate with slinity 32.5 mM L-1; S2 - 50 mM L-1; S3 – 100 mM L-1; 0 – lack of Tytanit®; T – 0.3% solution of 

Tytanit® 

 
The study showed a significant decrease in the 

mean content of assimilatory pigments caused by 

salinity of the substrate in later phenological 

phases (II term). This confirms the literature 

reports on the plant reactions to this factor (Sahat 

et al., 2010; Chutipaijit et al., 2011; Parihar et al., 

2015). Rahimi et al. (2011)  in the experiment with 

strawberry (Fragaria ananassa cv. Camarosa) 

showed a decrease in chlorophyll-a content 

depending on the degree of substrate salinity, by 

about 15% for 60 mM L-1 NaCl and 36% for 90 

mM L-1 NaCl compared to the control. In the case 

of chlorophyll-b it was about 26% and 41%, 

respectively. In our study, a decrease of about 8% 

and 24% for chlorophyll-a and about 7% and 

10.5% for chlorophyll-b was noted for salinity of 

50 and 100 mM L-1 NaCl. This may suggest better 

salinity resistance of wild strawberry compared to 

strawberry. Changes in the content of photo-

synthetic pigments are also dependent on the 

tolerance of the plants to salinity of the substrate, 

i.e., their genotype (Garcı, 2002; Noreen et al., 

2009). On the other hand, a positive effect of 

salinity on the content of assimilatory pigments 

was noted in studies on rice (Belkhodja et al., 

1999) and tomato  (Romero-Aranda et al., 2001). 
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Similar results were obtained in our experiment, 

but only in the first phenological phases (first term 

of measurement). An increase in the content of 

assimilatory pigments under the influence of 

salinity in the first period of ontogenesis was 

associated with a decrease in hydration of leaf 

assimilating tissue, and thus with a higher 

concentration of pigments per mass unit (Wróbel et 

al., 2016). 

In turn, the observed significant decrease in 

assimilatory pigments under the influence of 

salinity in later phenological phases (II term) might 

be associated with a decrease in metabolic activity 

of the organism. It could be result from strong 

dehydration of cells, and thus decreased synthesis 

of chlorophyll and carotenoids. Lowest pigments 

values recorded at BBCH 60 for plants S3+T may 

indicate an unfavorable effect of Tytanit® on 

plants cultivated under extreme conditions. The 

very low pigments content compare to other 

variants suggests a decrease in photosynthesis and 

may designate preparation’s enhancement of the 

toxic effect of salt on the plant.  

Significant positive effect of Tytanit® on 

physiological-biochemical activity of wild 

strawberry was observed only in unsalted 

substrate, regardless of the phenological phase. 

Positive effect of titanium dioxide on chlorophyll-

a,-b and carotenoids content was confirmed in 

many publications(Carvajal et al. 1998; Hrubý et 

al. 2002; Samadi, 2014; Samadi et al., 2015). 

According to Kuzel et al. 2003, titanium causes 

apparent deficiency of Fe and Mg, contributing to 

a greater absorption of Fe and other metals by 

roots. Iron, on the other hand, is crucial for 

chlorophyll formation and photosynthesis rate 

(Nadi et al., 2013). It also has an important effect 

on enzymatic systems and plant respiration (Mir et 

al., 2015). In turn, an increased carotenoid content 

may be the result of an increased synthesis of this 

pigment caused by suppression of reactive oxygen 

species by heavy metals (Samadi, 2014). 

 

Proline 

The research revealed a significant influence of all 

studied factors on proline content in wild 

strawberry leaves (Tab. 2). The salinity P=56.84%, 

and the term P=28.93% had the most significant 

effect, while the lowest was noted for Tytanit® 

P=0.53%.  

Plants cultivated under conditions of the highest 

salinity were characterized by a considerably high 

amount of proline regardless of the date of 

measurement (Tab.3). In general, older plants 

(BBCH 60) had significantly higher proline 

content compared to younger plants (BBCH 15).  

Tytanit® treatment significantly decreased proline 

accumulation only in plants in BBCH 15 – variants 

with T absence 1.044 and variants with T presence 

0.725 µmol g-1 f.w. – and had no significant effect 

on older plants. 

Proline is an enzyme which main function in the 

plant is to stabilize proteins and protect cell 

membranes. It also acts as an osmoprotector and is 

a reservoir of nutrients, mainly carbon and nitrogen 

(Islam et al., 2009; Zouari et al. 2016). It is 

considered to be one of the main salt stress 

biomarkers (Gomes et al., 2017). Its content in the 

plant depends on many biotic and abiotic factors 

(Karolewski 1996). 

Rahimi et al. (2011) recorded a fourfold increase in 

proline content in strawberry leaves in case of 

substrate salinity of 60 mM L-1 and a fivefold 

increase for salinity of 90 mM L-1. In our 

experiment the concentration of Pro slightly 

increased at salinity of 50 mM L-1, whereas at 

salinity of 100 mM L-1 the result was four times 

higher compared to the control. This may indicate 

a different level of both species reaction to salt 

stress. Plants treated with Tytanit® were 

characterized in both terms by a lower mean Pro 

content compared to untreated plants, which may 

indicate the anti-stress effect of this preparation. 

However, there are no reports on this subject in the 

literature. 

 

RWC and WSD 

Statistical analysis showed a significant influence 

of salinity and time of measurement on the 

decrease of relative water content in wild 

strawberry leaves. Salinity had a much greater 

effect than the term. In BBCH 15, plants were 

characterized by a smaller water deficit in leaves. 

On the other hand, Tytanit® differentiated the 

RWC and WSD indices in the studied phases, but 

in an insignificant way – Table 4. 

Significant decrease of relative water content in 

wild strawberry leaves in the second period of 

measurement at salinity S2 and S3 indicate a high 

accumulation of salts in the substrate. Soil salinity 

inhibits plant growth processes, reduces 

physiological activity and leads to physiological 

drought deteriorating the water balance of cells 

(Wróbel et al., 2016).  

Moaveni et al. (2011) observed a positive effect of 

titanium on the relative water content in plant 

tissue in studies with wheat grown under optimal 

conditions. The lack of significant influence of this 

element on the water balance of wild strawberries 

in this experiment may prove that the action of 

Tytanit® may depend on the type of stress factor. 
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This preparation may also have a different effect 

on individual plant species. 

 

Fluorimetric analysis  

In the experiment with the wild strawberry, the 

maximum potential photochemical yield of PSII 

(Fv/FM) depended mostly on the date of 

measurement P=37.28%, then on the interaction 

between salinity and date P=32.04% and on the 

salinity itself P=25.09% (Tab. 2). 

The mean value of Fv/FM was significantly lower 

in the second term of measurement regardless of 

the use of Tytanit® (Tab. 5). The highest salinity 

of the substrate caused a significant decrease in the 

value of this parameter in the second term of 

measurement, and the value of the maximum 

quantum yield of PSII was almost thirty times 

lower than the value measured in the first term.  

The salinity P=26.54%, followed by the 

measurement date P=25.88% and the interaction 

between these factors P=17.11% had the most 

significant effect on the maximum water fission 

efficiency on the donor side of PSII (Fv/Fo). The 

error value (P=28.21%), similarly as in the case of 

carbon dioxide assimilation, exceeded the share of 

the examined factors; Tytanit® application, term 

and salinity. This indicates a greater influence of 

factors not studied in the experiment on the value 

of Fv/Fo in wild strawberry. The mean value of 

this parameter was significantly lower in the 

second term of measurement regardless of the use 

of Tytanit® (Tab. 5). The highest salinity of the 

substrate caused a significant decrease in the 

parameter in BBCH 60, the mean value of Fv/Fo 

was almost two hundred times lower than the mean 

value of this parameter measured in BBCH 15.  

Chlorophyll fluorescence is used in eco-

physiological studies, monitoring of crops and 

ecosystems threatened by phytotoxic factors and in 

plant tolerance to various stress factors (Kalaji et 

al., 2010). Fluorescence is a highly sensitive 

photosynthetic plant retraction test that detects 

changes in the overall bioenergy status of a plant 

(Schweiger et al. 1996; Michałek et al., 2005). 
  

Table 4. Effect of the performed treatments on ralative water content and water saturation deficit in  wild strawberry 

leaves. Means with same letter were not significantly different by Tukey’s comparison at p < 0.05 level. 

Salinity 
BBCH15 

average 
BBCH60 

average 
0 T 0 T 

RWC (%) 

S1 79.04a 73.50a 76.27A 72.83a 68.75ab 70.79A 

S2 76.28a 73,61a 74.95A 44.66cd 54.81bc 49.74B 

S3 65.98ab 71.30ab 68.64A 37.67cd 31.21d 34.44C 

average 73.77A 72.80A  51.72B 51.59B  

WSD (%) 

S1 20.96 d 26.50d 23.73C 27.17d 31.25cd 29.21C 

S2 23.72d 26.39d 25.06C 55.34ab 45.19bc 50.27B 

S3 34.02cd 28.70cd 31.36C 62.33ab 68.79a 65.56A 

average 26.23B 27.20B  48.28A 48.41A  

S1 – substrate with slinity 32.5 mM L-1; S2 - 50 mM L-1; S3 – 100 mM L-1; 0 – lack of Tytanit®; T – 0.3% solution of 

Tytanit® 

 
Table. 5. Effect of the performed treatments on chlorophyll fluorescence parameters in the leaves of the tested wild 

strawberry. Means with same letter were not significantly different by Tukey’s comparison at p < 0.05 level. 

Salinity BBCH15 average BBCH60 average 

 0 T  0 T  

Fv/Fm 

S1 0.750a 0.721a 0.735A 0.691a 0.667a 0.679A 

S2 0.740a 0.723a 0.731A 0.643a 0.723a 0.683A 

S3 0.716a 0.699a 0.708A 0.006b 0.025b 0.014B 

average 0.735A 0.714A  0.436C 0.505B  

Fv/Fo 

S1 3.012a 2.785a 2.898A 2.500a 2.157a 2.328A 

S2 2.944a 2.645a 2.794A 1.985a 2.669a 2.327A 

S3 2.650a 2.562a 2.606A 0.006b 0.027b 0.015B 

average 2.868A 2.664A  1.453B 1.743B  

S1 – substrate with slinity 32.5 mM L-1; S2 - 50 mM L-1; S3 – 100 mM L-1; 0 – lack of Tytanit®; T – 0.3% solution of 

Tytanit® 
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According to Angelini et al. (2001), the maximum 

photochemical yield of PSII (Fv/FM) is a reliable 

indicator of the photochemical activity of 

photosynthetic apparatus. For the majority of 

plants at the stage of full development and under 

optimal conditions, the value of this parameter is 

about 0.83. In the case of our experiment with wild 

strawberry, the Fv/FM value for the control was 

slightly lower, about 0.74. In turn, the decrease in 

this parameter value indicates that the plant was 

exposed to stress factors that damaged PSII 

functions, reducing the efficiency of electron 

transport. A significant decrease in Fv/FM values 

was observed in our experiment with wild 

strawberries as a result of salt stress. 

Michałek and Sawicka (2005) in the experiment 

with different potato cultivars confirmed the 

dependence of Fv/FM parameter on the 

phenological phase of the plant and also on the 

cultivar. The authors obtained a higher Fv/FM 

value for the majority of the cultivars studied at 

full emergence than at full flowering. Similar 

results were obtained in our study with wild 

strawberry. Rahimi et al. (2011) recorded a 

significant decrease in Fv/FM value as a result of 

salt activity in strawberry physiology. The authors 

stated that the decreased quantum yield may result 

from the structural influence of salinity on PSII. 

Salinity affected reactive photo-system centers 

directly or through aging of the cells. Salt stress is 

conducive to leaf aging. NaCl induces a decrease 

in the concentration of protein and chlorophyll, 

which was noted already in 1987 by Kura-Hotta et 

al. A decrease in the value of maximum water 

fission efficiency on the donor side of PSII 

indicates the damage to the photosystem (Xiaoqing 

et al. 2004).  

In plants growing in salinity conditions, the value 

of Fv/Fo ratio decreases, which indicates a 

decrease in the efficiency of water fission reaction 

and weakening of photosynthetic electron transport 

(Pereira et al. 2000). The use of Tytanit® did not 

have a significant effect on both parameters of 

photochemical activity (Tab. 2). A lower Fv/Fo 

value recorded in plants treated with Tytanit® in 

the first term compared to the control may indicate 

a negative effect of the preparation on the 

photosynthetic system. Pereira et al. (2000) 

showed a decrease in net photosynthesis on citrus 

as a result of the action of aluminum, which 

damaged the photosynthetic apparatus. According 

to the authors, a decrease in Fv/Fo coefficient is an 

indicator of structural damage that occurs in 

tylakoids and affects the photosynthetic transport 

of electrons.  

Higher mean values of both Fm/Fv and Fv/Fo 

parameters in the second term of measurement in 

plants treated with Tytanit® may be a reflection of 

weak support of plant defense mechanisms.  

 

 

CONCLUSIONS 

 

The results of the experiment showed a varied 

effect of Tytanit® on the physiological and 

biochemical features of wild strawberry grown in 

salinity. 

In general, Tytanit®  treatment caused a significant 

decrease in assimilatory pigments content in older 

plants and did not affect plants in BBCH 15. On 

the other hand, preparation significantly decreased 

proline content in young plants but overall did not 

affect proline level in older plants. Moreover, 

Tytanit® had no significant effect on water balance 

improvement both, in the case of medium salinity 

and control variants. However, at highest salinity, 

it deteriorated the water management of plants, 

increasing the water deficit in the leaves. 

The measured parameters of chlorophyll-a 

fluorescence: Fv/FM and Fv/Fo proved to be 

adequate in diagnosing the occurrence of salt stress 

in wild strawberry. A significant decrease in these 

values has been demonstrated for saline soil.  

The applicability of Tytanit® to mitigate 

physiological stress in wild strawberry caused by 

salinity did not produce the desired effect. 
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