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Determination of The Reaction of Violet Plant (Saintpaulia ionantha L.) to Salinity* 

Menekşe Bitkisinin (Saintpaulia ionantha L.) Tuza Reaksiyonunun Belirlenmesi 

 

Ali Rıza DEMİRKIRAN1*, Gülcan DEMİR POLAT2 

Abstract 

Salinity causes significant crop loss every year. Excessive salinity has different effects on plant nutrition and 

metabolism. In this experiment, violet plants (Saintpaulia ionantha L.) were used and the experiment was set up 

in 1.5 kg pots. Plants were grown under laboratory conditions. Water containing different salt concentrations 

prepared from sodium chloride (S1=control=0 dS m-1, S2=2 dS m-1, S3= 4 dS m-1, S4=6 dS m-1, S5=8 dS m-1 and 

S6=10 dS m-1) were used. After 2 months, in order to investigate the plant development, leaf area, root fresh-dry 

weights and leaf fresh-dry weights were measured. In addition, P, K, Ca, Na, Fe, Cu, Zn and Mn contents in the 

roots and leaves of violet plants were also determined. Considering the obtained data, salt doses did not have a 

significant effect on leaf area, leaf fresh-dry weights and P, K and Ca values in roots. It was determined that fresh-

dry weights of Saintpaulia ionantha L. plant roots and Na, Fe, Cu, Zn and Mn contents in roots changed 

significantly (P<0.01) with salt applications. It was found that salt applications decreased root fresh-dry weights. 

Na contents in plant roots were highest in 4 and 10 dS m-1 salt applications. Mn, Zn and Fe contents in roots 

increased up to 8 dS m-1 application, and Cu contents up to 10 dS m-1 application. When the nutrient elements in 

the leaves were examined, it was determined that Ca and Na contents increased significantly (P<0.01) and K 

contents increased but were not significant. It was found that micro elements (Mn, Zn, Cu and Fe) in plant leaves 

increased significantly (P<0.01) with salt applications. The microelements increases were determined up to 10 dS 

m-1 application in Zn, up to 8 dS m-1 application in Mn and Fe, and up to 4 dS m-1 application in Cu contents. 

According to the results obtained, it was determined that the violet plant is tolerant to salt applications up to a 

certain level. 
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Öz  

Tuzluluk her yıl önemli miktarda ürün kaybına neden olmaktadır. Aşırı tuzluluğun bitkinin beslenmesi ve 

metabolizması üzerinde farklı etkileri vardır. Bu denemede menekşe bitkileri (Saintpaulia ionantha L.) kullanılmış 

olup, deneme 1,5 kg’lık saksılarda kurulmuştur. Bitkiler laboratuvar şartlarında yetiştirilmiştir. Sodyum klorürden 

hazırlanan farklı tuz konsantrasyonlarını içeren su (S1=kontrol=0 dS m-1), S2=2 dS m-1, S3= 4 dS m-1, S4=6 dS 

m-1, S5=8 dS m-1 ve S6=10 dS m-1) kullanılmış olup, 2 ay sonra bitkinin gelişimini incelemek amacıyla, yaprak 

alanı, kök taze-kuru ağırlıkları ile yaprak taze-kuru ağırlıkları ölçülmüştür. Ayrıca, menekşe bitkisinin köklerinde 

ve yapraklarındaki P, K, Ca, Na, Fe, Cu, Zn ve Mn içerikleri de belirlenmiştir. Elde edilen veriler dikkate 

alındığında, yaprak alanı, yaprak taze-kuru ağırlıkları ile kökteki P, K ve Ca değerleri üzerine tuz dozları önemli 

bir etkide bulunmamıştır. Menekşe köklerinin taze-kuru ağırlıkları ile köklerdeki Na, Fe, Cu, Zn ve Mn 

içeriklerinin tuz uygulamalarıyla önemli düzeyde (P<0.01) değiştiği belirlenmiştir. Tuz uygulamanın kök taze-

kuru ağırlıklarını düşürdüğü tespit dilmiştir. Tuzun 4 dS m-1 ve 10 dS m-1 uygulamalarında bitki köklerindeki Na 

içerikleri en yüksek çıkmıştır. Köklerdeki Mn, Zn ve Fe içerikleri 8 dS m-1 uygulamasına kadar, Cu içerikleri ise 

10 dS.m-1 uygulamasına kadar artmıştır. Yapraktaki besin elementleri incelendiğinde, Ca ve Na içeriklerinin 

önemli düzeyde (P<0.01) arttığı, K içeriklerinin de arttığı, fakat bu artışın önemli olmadığı belirlenmiştir. Tuz 

uygulamalarıyla bitki yapraklarındaki mikro elementlerin (Mn, Zn, Cu ve Fe) önemli düzeyde (P<0.01) arttığı 

tespit edilmiştir. Mikro elementlerdeki bu artışların, çinkoda 10 dS m-1 uygulamasına kadar, mangan ve demirde 

8 dS m-1 uygulamasına kadar, bakırda 4 dS m-1 uygulamasına kadar olduğu tespit edilmiştir. Elde edilen sonuçlara 

göre, menekşe bitkisinin belirli bir düzeye kadar tuz uygulamalarına toleransı olduğu belirlenmiştir.    

Anahtar Kelimeler: Menekşe bitkisi (Saintpaulia ionantha L.), Tuzluluk, Makro ve mikro elementler 
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1. Introduction 

Nearly half of the lands in the world where irrigated agriculture is carried out and 20% of the agricultural lands 

in production are faced with salinity (Zhu, 2001). It is known that the salinity problem negatively affects 

agricultural soils and makes it difficult to obtain sufficient plant products (Demirkıran and Sohrabi, 2024). The 

anions that most cause salinity problems are; Cl- and SO4, cations; Na+, Ca++ and Mg++ (Bischoff and Werner, 

1999). Salt stress causes the plant's water use efficiency to decrease, salt ions to increase and stem elongation to 

decrease (Mandhania et al., 2006). Salt accumulation in the soil negatively affects plant growth and yield (Blum, 

1986). Salt stress affects plants in various ways, including ion toxicity and nutritional disorders (Dhakar et al., 

2017). High salt concentrations also cause a decrease in the length, mass and function of roots (Shannon and Grieve 

1999; Boydak et al., 2025). In leaves, it causes cell elongation and division to decrease, resulting in a decrease in 

leaf area (Alarcon et al., 1993). However, the most delicate and crucial stages of most plants' establishment in 

saline settings are during their seedling establishment (Altuner et al., 2022).  

Although the reactions of plants to salt in their nutrient intake are different, these reactions can generally be 

summarized as follows; i) selective accumulation or removal of ions, ii) control of the uptake of ions from the 

roots or transport to the leaves, and iii) accumulation of ions in the cells or some parts of the plant (Parida and Das, 

2005). Salt-tolerant genotypes generally can restrict Na transport to above-ground growth zones (shoots). Some 

tolerant genotypes can tolerate high Na concentrations in their tissues. This depends on the ion uptake of plants, 

the species genotype, the salinity level and the chemical composition of the soil solution (Niu and Rodriguez, 

2008). 

In general, decreases are observed in many physiological characteristics of ornamental plants exposed to salt 

stress. Among these, decreases in the fresh weight of the plant (Acosta-Motos et al., 2017; Salachna and Piechocki, 

2016), decreases in the dry weight of the plant (Cirillo et al., 2016; Sabra et al., 2012; Beyaz and Kazankaya, 2024), 

in plant height (Álvarez and Sánchez-Blanco, 2014; Acosta-Motos et al., 2017), in root length (; Acosta-Motos et 

al., 2017) and in leaf area (Cirillo et al., 2016; Acosta-Motos et al., 2017; Álvarez and Sánchez-Blanco, 2014;) 

have been stated by many researchers. It was emphasized that this decrease was more evident, especially in the 

above-ground parts (Dodd, 2005; Acosta-Motos et al., 2017).  

In this study, the responses of the African violet (Saintpaulia ionantha L. Wendl.), whose response to salt has 

not yet been fully understood in the literature (Anonymous, 2024), to salt stress were investigated by watering it 

with different doses of salt water.  

2. Materials and Methods 

African violet (Saintpalia ionantha L.), the plant used in the experiment, grows as an annual herbaceous and 

ornamental plant. It has been used for breeding purposes in gardening for more than a hundred years. According to the 

results of the studies, hybrids of this plant species are found in most parts of the world and are used as well-known 

ornamental plant (Kolehmainen, 2008). The plants were grown in standard pots of 10-12 cm and were purchased 

commercially from a company and used. The soil type used in the pot is forest soil, which is intensively found in 

Bingöl, Turkey. The soil was passed through a 2 mm sieve, dried in air, and put into 1.5 kg soil and used. The examined 

properties of the soil are texture (Bouyoucos, 1951), organic matter (Nelson and Sommers, 1982), lime (Richards, 

1954), pH (in saturation), EC (U.S. Salinity Laboratory, 1954), available phosphorus (Olsen et al., 1954) and 

exchangeable potassium (Pratt, 1965). As a result of the soil analysis, texture is sandy and clayey, the contents of lime 

(1.4%) and organic matter (1.3%) are low, there is no salinity problem (0.1 dS m-1), the soil reaction is slightly acidic 

(6.3), the exchangeable K content is high (308 ppm) and available P content was determined to be at high (28 ppm) 

level (FAO, 1990). 

Pure water was used as control in the research. As salty water for irrigation, water containing different salinity 

conditions prepared from sodium chloride (S1 = control = 0 dS m-1, S2 = 2.0 dS m-1, S3 = 4.0 dS m-1, S4 = 6.0 dS m-1, 

S5=8.0 dS m-1 and S6=10.0 dS m-1) were used. The experiment was planned according to the randomized plot design 

with 4 replications. Plants were grown under laboratory conditions at the Bingol University Agricultural Faculty Soil 

Science and Plant Nutrition, Bingol, Türkiye.   

The subjects investigated in the experiment were; in order to examine the development of the plant as a result of 
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salt applications, plant fresh weights, plant dry weights and P, K, Ca, Na, Fe, Cu, Zn, and Mn analyzes were made after 

2 months in the roots and leaves. The weights of the plant were measured with a precision scale. After wet weights, in 

order to calculate the root and stem weights of the plants, the plants were kept in the oven to dry for 24 hours. Leaf 

area index was measured with a crawler leaf area measuring device. For the determination of elements in plants, the 

samples were burned by the wet burning method (with nitric-perchloric acid), then the Ca, Fe, Cu, Mn, and Zn contents 

were analyzed on the atomic absorption spectrometer, and the Na and K concentrations were determined on the flame 

photometer. The P contents were recorded on the spectrophotometer (Kacar, 1972). The data were statistically 

evaluated with the help of SPSS program. 

3. Results and Discussion 

3.1. Effects of salt on some physical properties of the plant (leaf area, root fresh weight, leaf fresh weight, root 

dry weight and leaf dry weight) 

Some changes in the leaf area, root fresh-dry weights and leaf wet-dry values of the S. ionantha as a result of the 

applied salt water solution are given in Table 1. Leaf area changes were not found to be statistically significant. It was 

observed that the highest value was at 2 dS m-1 application and the lowest value was at 6 dS m-1 application. Similar 

results were found in some previous studies. Salt applications reduced the leaf area in Cotoneaster lacteus, increased 

it to a certain level in Eugenia myrtifolia, then decreased it (Cassaniti et al., 2012) and firstly decreased it and then 

slightly increased it in Callistemon citrinus and Viburnum titus plants (Toscano et al., 2021).  

There are studies showing that salt concentrations reduce leaf area in various ornamental plants (Cirillo et al., 2016, 

Acosta-Motos et al., 2017; Atal et al., 2022). Applied salt is effective in some ornamental plants such as Salvia 

splendens (Karimian et al., 2019), Gerbera jamesonii (Farooq et al., 2024), Scabiosa columbaria, Lobelia cardinalis, 

Amelanchier canadensis, Cuphea hyssopifolia, Dikliptera suberecta, Pavonia lasiopetala, Caryopteris x clandonensis, 

Anisacanthus quadrifidus (Wu et al., 2016), Cyclamen hederifolium (Akçal and Kaynaş, 2021) and Calendula 

officinalis (Bayat et al., 2012). The decrease in leaf growth due to the decrease in water in the leaves is one of the first 

reactions of plants to reduce salt stress (Blum, 1986), in addition, it has been stated that there are decreases in the length 

and weight of plant roots (Wild, 1988) and decreases in leaf area due to the decrease in the proliferation and growth of 

leaf cells (Atal et al., 2022). 

Table 1. Average leaf area, root fresh-dry weights, and leaf fresh-dry weights of plant obtained as a 

result of salt applications 

Salt application 

(dS m-1) 

Leaf area 

(cm g-1) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

Leaf fresh 

weight (g) 

Leaf dry 

weight (g) 

0 15.71 8.79a 1.75a 51.97 2.61 

2 20.08 5.32bc 1.03bcd 46.54 2.19 

4 15.58 4.60bc 0.81cd 58.77 2.43 

6 14.08 6.06b 1.30b 47.28 2.17 

8 17.52 3.81c 0.65d 40.11 2.33 

10 16.05 5.14bc 1.09bc 52.24 2.51 

LSD0.05 n.s. -1.9610** -0.4435** n.s. n.s. 

*n.s.: Not significant, **Within a column, mean values followed by the same letter were not statistically different at the 1% level (n=4). 

The change in root fresh and dry weight values of S. ionantha was found to be statistically significant. Classification 

was made accordingly, the highest wet and dry weight values were observed in the 0 dS m-1 (control) salt application, 

and the lowest values were observed in the 8 dS m-1 application. It was determined that fresh and dry root weights 

decreased as salt applications increased (Table 1). It has been stated in previous studies that such a situation was 

generally observed. It has been reported that salt causes a decrease in the root mass and function of plants (Shannon 

and Grieve, 1999). Salt applications on Chrysanthemum paludosum (Yasemin et al., 2017), Petunia hybrida, Gazania 

splendes, Tagates erecta (Türkoğulları et al., 2013), Plectranthus scutellarioides (Hawrylak-Nowak et al., 2019) 

caused a decrease in root fresh weight. Similarly, salt is found in Argyranthemum coronopifolium (De Herralde et al., 

1998), C. officinalis (Bayat et al., 2012), Aloe vera, Kalanchoe blossfeldiana and G. splendens (García-Caparrós et al., 

2016; 2017) was found to cause a decrease in root dry weight. It has also been emphasized that salt applications reduce 

the dry weight of C. lacteus, Cestrum aurantiacum, E. myrtifolia, Pyracantha, Teucrium fruticans (Cassaniti et al., 
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2009b) and S. splendens plants (Soundararajan et al., 2013), Ipomoea purpurea, I. tricolor (Mircea et al., 2023), 

Helianthus annuus (Ahsan et al., 2022), It has also been determined that salt reduces the fresh and dry weight of roots 

in some ornamental plants, e.g. Limonium gmelinii (halophyte) (Honfi et al., 2023), Sesleria caerulea, Sorghastrum 

nutans and Koeleria glauca (Henschke, 2017). In addition, it has been reported that salt first reduces and then increases 

the root dry weight of Brassica oleracea, but overdose reduces it again (Karagoz and Dursun, 2021). On the other hand, 

salt applied to Chrysanthemum morifolium varieties increased the root fresh-dry weights (Rahi and Singh, 2011).  

As a result of the salt applications, it did not cause significant changes in the leaf fresh weight values of the S. 

ionantha. The highest wet weight was observed in the 4 dS m-1 application, and the lowest weight was observed in the 

8 dS m-1 application. It was determined that with the increase in salt application, there was a slight decrease in leaf 

fresh weight and then an increase again (Table 1). Similarly, seawater was applied to V. titus, the biomass weight first 

decreased and then increased again (Toscano et al., 2021). Salt application on T. erecta firstly increased and then 

decreased the fresh bioma (Sayyed et al., 2014). It was found that salt stress negatively affected by reducing fresh leaf 

weight in I. tricolor (Mircea et al., 2023) with Ornithogalum saundersiae (Salachna et al., 2016) and by reducing leaf 

weight in rose rootstocks (Cabrera et al., 2009).  

One of the physiological characteristics to salt is the decrease in plant fresh weight (Álvarez and Sánchez-Blanco, 

2014; Salachna and Piechocki, 2016; Acosta-Motos et al., 2017). Salt was applied to halophytic L. gmelinii and fresh 

weights decreased (Honfi et al., 2023). Salt applications on ornamental plants, e.g., sunflower (Ahsan et al., 2022), P. 

hybrida, G. Splendes, T. erecta (Turkogullari et al., 2013), Hibiscus rosa-sinensis, Mandevilla splendens (Yu et al., 

2021), P. scutellarioides (Hawrylak-Nowak et al., 2019), S. caerulea, S. nutans, K. glauca (Henschke, 2017), C. 

officinalis (Kozminska et al., 2017) and S. splendens (Soundararajan et al., 2013) significantly reduced the above-

ground fresh weight. However, when salt water was applied to C. morifolium varieties, the fresh stem weights of the 

varieties increased (Rahi and Singh, 2011).  

As seen in Table 1, it was stated that salt applications did not significantly affect the leaf dry weight of S. ionantha, 

and the lowest weight was seen in the 6 dS m-1 application compared to the control. It was emphasized that salt 

applications reduced the dry weight of plants (Acosta-Motos et al., 2016; 2017; Cirillo et al., 2016) and halophytic L. 

gmelinii (Honfi et al., 2023). 

The applications of salt were been effective in C. lacteus and E. myrtifolia (Cassaniti et al., 2009a, 2009b), I. 

purpurea and I. tricolor (Mircea et al., 2023), A. coronopifolium (De Herralde et al., 1998). ), ornamental sunflower 

(Ahsan et al., 2022), S. columbaria, L. cardinalis, A. canadensis, C. hyssopifolia, D. suberecta, P. lasiopetala, 

Caryopteris x clandonensis, A. quadrifidus and Cestrum parqui (Wu et al., 2016), C. officinalis (Bayat et al., 2012), S. 

caerulea, S. nutans, K. glauca (Henschke, 2017) and S. splendens (Soundararajan et al., 2013) was reported to reduce 

the dry weight of the above-ground parts. It was determined that salt applications similarly caused a decrease in dry 

weights on some ornamental plants, e.g., A. vera, K. blossfeldiana, G. splendens (García-Caparrós et al., 2016; 2017), 

C. lacteus, C. aurantiacum, E. myrtifolia and Pyracantha (Cassaniti et al., 2009a, 2009b). However, in C. morifolium 

varieties, salt increased the stem dry weight (Rahi and Singh, 2011). 

3.2. Effects of salt on some macronutrient element contents (P, K, Ca and Na) in plant roots 

The changes in the values of some macro elements (P, K, Ca and Na) in the root of S. ionantha with salt 

application are given in Table 2. The effects of salt applications on phosphorus, potassium and calcium contents 

were not statistically significant, but they significantly affected sodium content of root of S. ionantha. 

Phosphorus values in the root of S. ionantha with salt application were found to be between 0.013% and 0.014%. 

From previous studies, it was reported that P content decreased as a result of salt applications for example, in 

Antirrhinum majus (Carter and Grieve, 2008), in Chamaerops humilis and Washingtonia robusta (Simón et al., 

2010), in Diantus caryophyllus (Navarro et al., 2012), in Cordyline fruticosa (Plaza et al., 2012a; 2012b), in Nepeta 

x faassenii and Phlox subulata (Eom et al., 2007) and C. morifolium (Rahi and Singh, 2011). In addition, it was 

stated that salt applications increased the P content in Alchemilla mollis, but did not cause any change in Sedum 

acre, Solidago cutleri and Thymus praecox (Eom et al., 2007). It can be said that these different results are due to 

plant type and application differences. 
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Table 2. Average of phosphorus, potassium, calcium, and sodium in the root obtained as a result of salt 

applications 

Salt application 

(dS m-1) 

Phosphorus 

(%) 

Potassium 

(%) 

Calcium 

(mg kg-1) 

Sodium  

(mg kg-1) 

0 0.013 1.93 11.60 430.0b 

2 0.014 1.25 11.68 360.0b 

4 0.014 2.24 11.71 635.0a 

6 0.013 1.75 11.50 437.5b 

8 0.014 1.78 11.92 450.0b 

10 0.014 1.72 11.79 680.0a 

LSD0.05 n.s. n.s. n.s. -176.60** 

n.s.: Not significant, **Within a column, mean values followed by the same letter were not statistically different 
at the 1% level (n=4). 

It was observed that salt applications did not significantly affect the potassium values in the roots of S. ionantha, 

the highest value was at 4 dS m-1 and the lowest was at 2 dS m-1 application. There are previous studies that salt 

applications reduced K content, e.g., in A. majus (Carter and Grieve, 2008), Arbutus unedo (Navarro et al., 2008), 

C. humilis and W. robusta (Simón et al., 2010), Cichorium spinosum (Ntatsi et al., 2017), D. caryophyllus (Navarro 

et al., 2012), Escallonia exoniensis, Raphiolepis indica and Buxus microphylla (Valdez-Aguilar et al., 2011), 

Matthiola incana (Grieve et al., 2006), C. fruticosa (Plaza et al., 2012a; 2012b), Osteospermum hybrida (Valdés 

et al., 2015), Rosa hybrida (Niu et al., 2013), Tagetes erecta (Koksal et al., 2014; 2016), T. praecox (Eom et al., 

2007), Gaura lindheimeri and Westringia fruticosa (Ferrante et al., 2011), Quercus robur and Tilia cordata 

(Marosz and Nowak, 2008). In addition, it has been stated that salt applications do not cause changes in K content 

of plants such as Nepeta x faassenii, P. subulata, S. cutleri (Eom et al., 2007), H. rosa sinensis, Juniperus chilensis 

(Valdez-Aguilar et al., 2011), C. citrinus, Jasminum sambac (Ferrante et al., 2011), Chaenomeles speciosa, 

Hydrangea macrophylla, Parthenocissus quinquefolia (Liu et al., 2017), Acer negundo and A. platanoides (Marosz 

and Nowak, 2008). Despite this, salt applications were reported to increase K content in plants, such as in A. mollis, 

S. acre (Eom et al., 2007), C. morifolium (Rahi and Singh, 2011), Acacia cultriformis, Carissa edulis (Ferrente et 

al., 2011), C. speciosa, Diervilla rivularis varieties, Forsythia x intermedia and Hibiscus syriacus (Liu et al., 2017). 

It can be said that the different results caused from varietie of plants and diversity of applications. 

With salt applications, the calcium values in the roots of S. ionantha were highest at 8 dS m-1 application and 

lowest at 6 dS m-1 application. It has been observed that salt applications do not significantly affect calcium values. 

Similarly, in Nepeta x faassenii, S. acre, S. cutleri and T. praecox (Eom et al., 2007), A. cultriformis, C. citrinus 

and C. edulis microphylla (Ferrante et al., 2011) and A. negundo (Marosz and Nowak, 2008) found that calcium 

content did not change significantly with salt applications. On the other hand, root Ca contents decreased with salt 

applications to ornamental sunflower (Ahsan et al., 2022), G. lindheimeri and W. fruticosa (Ferrante et al., 2011), 

A. unedo (Navarro et al., 2008), W. robusta (Simón et al., 2010), D. caryophyllus (Navarro et al., 2012), M. incana 

(Grieve et al., 2006), R. hybrida (Niu et al., 2013), G. lindheimeri and W. fruticosa (Ferrante et al., 2011) and A. 

platanoides (Marosz and Nowak, 2008). In contrast, calcium contents increased in some plants for example, in J. 

sambac (Ferrante et al., 2011), in C. morifolium cultivars (Rahi and Singh, 2011), in T. erecta (Koksal et al., 2014; 

2016), in A. mollis and P. subulata (Eom et al., 2007), in C. speciosa, C. speciosa, D. rivularis varieties, Forsythia 

x intermedia, H. syriacus, H. macrophylla varieties and P. quinquefolia (Liu et al., 2017) and Q. robur (Marosz 

and Nowak, 2008) with salt treatments. 

With salt application, significant changes were found in the sodium values in the root of S. ionantha. As the 

salt content increased, the amount of sodium in the root also increased and the highest value was observed at 10 

dS m-1 and the lowest at 2 dS m-1. A similar situation has been observed in previous studies. Salt applications were 

increased Na concentrations in the plant root, e.g., in different rose rootstocks (Cabrera et al., 2009), ornamental 

sunflower (H. annuus) (Ahsan et al., 2022), A. mollis, Nepeta x faassenii, S. acre, P. subulata, S. cutleri and T. 

praecox (Eom et al., 2007), C. morifolium varieties (Rahi and Singh, 2011), Narcissus sp., Amaryllidaceae 

(Veatch-Blohm et al., 2014), S. caerulea, S. nutans and K. glauca (Henschke, 2017) and A. vera, K. Blossfeldiana 

and G. splendens (García-Caparrós et al., 2016; 2017). 
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In this study, excess sodium ion in the medium did not cause a significant change in calcium and potassium ions in 

the roots of S. ionantha. Lewitt (1980) stated that in some salt-resistant or tolerant plants, potassium and calcium are 

taken up more as the sodium in the environment increases, and the ratios of potassium and calcium increase along with 

sodium. In the light of this information, it can be stated that S. ionantha has low salt tolerance and poor tolerance to a 

salty environment. 

3.3. Effects of salt on some micronutrient contents (Mn, Zn, Cu and Fe) in plant roots 

The changes in the contents of some microelements (Mn, Zn, Cu and Fe) in the root of S. ionantha due to salt 

applications were found to be statistically significant (Table 3). The application with the highest manganese content 

was 8 dS m-1 and the lowest application was 10 dS m-1. Accordingly, the Mn content first decreased, then increased, 

and then decreased again. Similarly, it was reported that salt applications increased the Mn content in the root in A. 

mollis (Eom et al., 2007). 

Table 3. Average Mn, Zn, Cu, and Fe in the plant root of S. ionantha L. 

Salt application 

(dS m-1) 

Manganese 

(mg kg-1) 

Zinc  

(mg kg-1) 

Copper 

(mg kg-1) 

Iron  

(mg kg-1) 

0 82.55abc 61.00b 142.75b 3.43b 

2 68.60bc 77.30a 142.90b 3.38b 

4 72.05bc 55.45bc 153.20a 3.75b 

6 100.00ab 55.35bc 152.00ab 4.70b 

8 108.75a 66.45ab 154.45a 6.19a 

10 53.85c 39.80c 157.75a 3.34b 

LSD0.05 -33.100** -17.416** -9.154** -1.428** 

**Within a column, mean values followed by the same letter were not statistically different at the 1% level (n=4). 

Zinc and iron rates in the root of S. ionantha with salt application first increased and then decreased, and the lowest 

values were observed at 10 dS m-1. It was determined that the applications with the highest copper content in the root 

were 4, 8, and 10 dS m-1, and the lowest applications were 0 dS m-1 and 2 dS m-1. It was observed that as salt applications 

increased, Mn, Zn, and Fe contents in the root increased up to 8 dS.m-1 application, while Cu content increased up to 

10 dS.m-1 application. Previous studies have also emphasized that excessive salt reduces the Zn and Fe content in corn 

and beans (Malkoç and Aydın, 2003), and the Fe content in O. saundersiae (Salachna et al., 2016). 

3.4. Effects of salt on some macronutrient contents (P, Ca, K and Na) in the leaves of S. ionantha L. 

With the salt applications, changes in the calcium and sodium contents of some macro element contents in the 

leaves of S. ionantha were statistically found to be significant, and an increase in the Ca, K and Na contents, except 

P, was observed in the Table 4. 

Table 4. Average P, Ca, K, and Na in the plant leaves of S. ionantha L. 

Salt application 

(dS m-1) 

Phosphorus 

(%) 

Calcium 

(mg kg-1) 

Potassium

(mg kg-1) 

Sodium  

(mg kg-1) 

0 0.010 11.72d 10.90 3.79c 

2 0.011 13.12cd 10.67 4.13c 

4 0.010 14.79bc 10.75 11.34b 

6 0.010 17.01ab 11.13 12.84b 

8 0.010 18.31a 12.12 16.01a 

10 0.010 16.41ab 12.44 17.48a 

LSD0.05 n.s. -2.2343** n.s. -2.592** 

n.s.: Not significant, **Within a column, mean values followed by the same letter were not statistically different at 
the 1% level (n=4). 

Similarly, salt applications were reported that Potentilla fruticosa “Longacre” (Marosz, 2004), S. acre, S. 

cutleri and T. praecox (Eom et al., 2007), A. negundo, A. platanoides, Q. robur and T. cordata (Marosz and Nowak, 

2008) of the P contents in leaves were determined to not change. In contrast, salt applications to plants, e.g., S. 

caerulea, K. glauca (Henschke, 2017), A. majus (Carter and Grieve, 2008), C. humilis, W. robusta (Simón et al., 
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2010), D. caryophyllus (Navarro et al., 2012), C. fruticosa (Plaza et al., 2012a; 2012b), Nepeta x faassenii, P. 

subulata (Eom et al., 2007) and C. morifolium (Rahi and Singh, 2011), was determined that reduced leaf P content. 

However, it has also been reported that leaf P content of Cotoneaster, Spiraea (Marosz, 2004) and A. mollis (Eom 

et al., 2007) increased with salt applications.  

It was observed that the highest calcium rate in the leaves of S. ionantha was 8 dS m-1, and the lowest 

application was 2 dS m-1. It has also been stated in previous studies that an increase in Ca content of leaves was 

detected with salt applications to different plants, e.g. S. caerulea, S. nutans, K. glauca (Henschke, 2017), Spiraea, 

Cotoneaster horizontalis (Marosz, 2004), Rose chinensis (Li et al., 2016), Plectranthus ciliatus (Salachna et al., 

2016), T. erecta (Koksal et al., 2014; 2016), A. mollis, S. acre (Eom et al., 2007), C. morifolium (Rahi and Singh, 

2011), C. speciosa varieties, D. rivularis varieties, Forsythia x intermedia, H. syriacus, H. macrophylla varieties, 

P. quinquefolia (Liu et al., 2017) and Q. robur (Marosz and Nowak, 2008).    

Despite this, it has been emphasized that salt reduces the amount of leaf calcium (Salachna et al., 2016; Navarro 

et al., 2008; 2012; Simón et al., 2010; Grieve et al., 2006; Niu et al., 2013; Ferrante et al., 2011; Nowak, 2008; 

Marosz, 2004), and sometimes it has been reported that it does not cause any change significantly (Eom et al., 

2007; Ferrante et al., 2011; Marosz and Nowak, 2008).    

There was no significant increase in the potassium values in the leaves as a result of the salt applied to S. 

ionantha. In parallel with our study, it was found that the salt applications did not significantly change the K 

content in plant leaves, e.g., I. purpurea (Mircea et al., 2023), P. fruticosa, C. horizontalis (Marosz, 2004) and C. 

officinalis (Kozminska et al., 2017). Differently from these results, in other plants, e.g., I. tricolor (Mircea et al., 

2023), Rose chinensis (Li et al., 2016), A. cultriformis, C. edulis microphylla (Ferrante et al. 2011), O. saundersiae 

(Salachna et al., 2016), S. acre and A. mollis (Eom et al., 2007), and C. morifolium varieties (Rahi and Singh, 

2011), it was reported that leaf K content increased. In the different studies have stated that salt reduces the K 

content in the leaf (Hu and Schmidhalter, 1997; Biçer, 2016; Karakas et al., 2021; Hooks and Niu, 2019; Salachna 

et al., 2016; El-Serafy et al., 2021; Ahsan et al., 2022; Ferrante et al., 2011; Marosz, 2004; Eom et al., 2007; 

Henschke, 2017).  

With the application of salt, there was a significant increase in the amount of sodium in the leaves of S. ionantha, 

the highest rate was observed at 10 dS m-1 and the lowest value was observed at 0 dS m-1. Similar results were 

encountered in studies conducted on different plants (Mircea et al., 2023; Salachna et al., 2016; Li et al., 2016; El-

Serafy et al., 2021; Cabrera et al., 2009; Ahsan et al., 2022; Ferrante et al., 2011; Honfi et al., 2023; Marosz, 2004; 

Eom et al., 2007; Rahi and Singh, 2011; Henschke, 2017; Kozminska et al., 2017).   

This situation, which occurs with the increase in sodium, which is a nutrient element for the S. ionantha plant, 

has a positive reflection on other nutritional elements, especially potassium and calcium, and the intake of 

potassium and calcium along with sodium has increased up to a certain level. These results are consistent with 

previous studies reporting that sufficient amounts of sodium or salt supplied or present in the environment increase 

potassium and calcium uptake in some plants (Eom et al., 2007; Rahi and Singh, 2011; Liu et al., 2017). 

3.5. Effects of salt on some micronutrient contents (Mn, Zn, Cu, and Fe) in the leaves of S. ionantha L. 

The Mn, Zn, Cu and Fe elements examined in the leaves of S. ionantha plants increased significantly with salt 

applications (Table 5). 

It was similarly reported that salt applied to A. mollis increased its Mn content (Eom et al., 2007). It has been 

reported that Mn and Zn nutrients in wheat leaves are not significantly affected by salinity (Hu et al., 2000; Hu 

and Schmidhalter, 2001). 

It was determined that the copper values in the leaves of S. ionantha increased up to certain levels (4, 6, and 8 

dS m-1) and then decreased. A similar result was reported by Malkoç and Aydin (2003) in different plant. 

It was observed that salt applications increased the iron content in the leaves of S. ionantha plant, the highest 

application was obtained from 8 dS m-1 application and the lowest application was obtained from 2 dS m-1 

application. It was reported that nutrient Fe in wheat leaves was largely unaffected by salinity (Hu et al., 2000; Hu 

and Schmidhalter, 2001). 
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Table 5. Average Mn, Zn, Cu, and Fe in the plant leaves of S. ionantha L. 

Salt application 

(dS m-1) 

Manganese 

(mg kg-1) 

Zinc  

(mg kg-1) 

Copper 

(mg kg-1) 

Iron  

(mg kg-1) 

0 75.20c 89.20b 152.25d 2.01b 

2 49.55c 81.10b 151.65d 1.79b 

4 181.80b 163.90a 172.70a 2.58b 

6 27.50a 172.40a 166.75ab 5.61a 

8 283.95a 161.80a 160.80bc 5.63a 

10 220.75ab 165.45a 157.45cd 3.30ab 

LSD0.05 -67.44** -40.528** -6.739** -2.4532* 

* Within a column, mean values followed by the same letter were not statistically different at the 5% level (n=4),  

**Within a column, mean values followed by the same letter were not statistically different at the 1% level (n=4). 

4. Conclusions 

According to the results, it can be said that salt, brine, or NaCl applications up to a certain level have a positive 

effect on the plant development and nutritional content of S. ionantha. However, it is also a fact that plants exposed 

to salt applications above a certain level or in excessive doses experience physiological regressions and problems 

in nutrient uptake. According to the results of the research, it was observed that salinity after a certain level 

negatively affected some nutritional physical properties and nutrient uptake of S. ionantha plant. Therefore, it 

should be taken into consideration that excessive salt content in the water in which plants are fed may cause some 

adverse conditions. It has also been predicted that the uptake of some elements decreases due to the effect of 

osmotic pressure created by salt. It has been observed that some elements are taken up in large amounts by the 

roots due to the effect of excess salt. Again, it has been observed that some physiological properties of the plant 

are negatively affected due to salinity. In order to avoid the problems mentioned above, it should be taken into 

consideration that optimum amounts of Na can be given to many other plants, as in the S. ionantha plant discussed 

in this study, but excessive salt or irrigation with water with high salt content may adversely affect the 

physiological and nutritional status. 
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