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ABSTRACT 

Experiments were conducted on the response of Plectranthus forsteri ‘Nico’ to NaCl. Plants were 

grown in pots of 1.5 dm3 and 0.15 dm3 water solution of NaCl at concentrations 0, 5, 10, 15, 20 g dm-3 in 

2011 and 0, 10, 20, 30, 40 g dm-3 in 2012 were applied one time in the beginning of experiment. Sodium 

chloride applied at 10-40 g NaCl·dm-3 water, reduced plant growth and values of SPAD readings. It may 

be stated that Plectranthus forsteri ‘Nico’ plants are tolerant to medium concentrations of sodium chloride 

(5-20 g NaCl·dm-3 water) and therefore can be planted in flowerbeds in urbanized areas. 
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INTRODUCTION 

 

An increasingly serious problem currently ob-

served in urban areas is connected with the use of 

sodium chloride routinely applied in winter road 

maintenance (Howard & Maier 2007). Excessive 

amount of sodium chloride can cause negative mor-

phological and phenological changes in plants (Zhu 

2007), although Sudhir & Murthy (2004) and Parida 

& Das (2005) reported that growth and development 

in certain species is sometimes stimulated by ele-

vated salinity. Therefore, it can be assumed that the 

response of plants to NaCl is genotype-specific. 

Flowerbeds, often with decorative leaves are 

an indispensable element in urban green areas 

(Todorova et al. 2004). One of example is Plectran-

thus forsteri Benth. that is used increasingly often. 

Available literature provides no information on the 

response of Plectranthus forsteri ‘Nico’ to sodium 

chloride. For this reason we decided to evaluate tol-

erance of this plant to NaCl. 

 

 

MATERIALS AND METHODS 

 

Two experiments were conducted in a green-

house of the Department of Ornamental Plants, the 

Poznań University of Life Sciences in 2011 and 2012. 

Cuttings of Plectranthus forsteri ‘Nico’ were 

rooted in a greenhouse in multitrays and then trans-

planted to pots of 0.3 dm3. After 3 weeks, shoots 

were pinched over the 3rd leaf. The plants that 

reached the marketable phase (27th of July 2011 and 

the 18th of June 2012) were transplanted into pots of 

1.5 dm3 filled with peat substrate of pH 6.7. Based 

on the chemical analysis, the substrate was fertilized 

with N 120, P 60 and K 160 mg·dm-3. Each pot was 

filled with 1 dm3 substrate to which 0.15 dm3 of 

NaCl-water solution was given. In 2011 - 5, 10, 15 

or 20 g NaCl per dm3 water and in 2012 - 10, 20, 30 

or 40 g NaCl per dm3 water was applied. The control 

treatment received 0.15 dm3 water. Table 1 presents 

the electrical conductivity (EC) values recorded in 

the substrate depending on the applied NaCl dose. 
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To provide a constant NaCl concentration in the 

substrate throughout the experimental period, plants 

grown in pots placed in saucers were watered with 

tap water to obtain an identical weight of the sub-

strate with plants. The experiments lasted until the 

end of growing season in 2011 (Nov. 14th) and July 

19th in 2012 when most stressed plants showed yel-

lowing and strong leaf desiccation. Each treatment 

comprised 12 plants: 4 pots in 3 replications. 

Plant height and diameter as well as total 

length of primary lateral shoots were measured 

at the beginning and end of the experiment. The 

increments were calculated in relation to the in-

itial value. The SPAD readings (leaf greenness) 

were taken with N-tester of YARA on the third de-

veloped leaf from the apex on the longest lateral 

shoot at the beginning and end of the experiment. The 

changes were calculated, such the other features. 

At the end of the experiment fresh weight was 

recorded and the chemical analysis of leaves was 

performed. Levels of ions were determined in leaves, 

used atomic absorption spectrometry for Na+, Ca2+ 

and K+ and nefelometrical method for Cl-. To obtain 

a dry mass plants was dried in an oven at 105 °C.  

Results were subjected to the one-way analysis 

of variance using the Statistica programme. Means 

were grouped applying the Duncan test at the sig-

nificance level α = 0.05. Percentage values in the 

statistical analysis were compared using the trans-

formation of data according to Bliss. Data were 

compared within each year separately. 

 

RESULTS AND DISCUSSION 

 

Treatment of Plectranthus forsteri ‘Nico’ 

with sodium chloride influenced plant growth and 

development. Plants treated with NaCl had a more 

compact habit than the control plants. In 2012, af-

ter using 30 and 40 g NaCl·dm-3 water leaves yel-

lowed and desiccated. 

Plants treated with 10 and more grams of 

NaCl·dm-3 showed the significantly lower percent-

age increment in height, length of lateral shoots and 

plant diameter than control plants in both years of 

study (Table 1). The application of 15 g NaCl per 

dm3 water and more in 2011 and 10 g NaCl per dm3 

water and more in 2012 caused a creeping habit 

while control plants and those growing in the sub-

strate with lower NaCl doses had an erect habit. The 

reduction of plant height was also observed at the 

application of NaCl on Tagetes L. and Ageratum L. 

(Zapryanova & Atanassova 2009).  

 

 

Table 1. Influence of NaCl dosage on some features of Plectranthus forsteri ‘Nico’  

 

NaCl in g·dm-3 water 

and recorded EC in 

mS·cm-1 (in brackets) 

Increase in plants 

height (%) 

Increase in total 

length of lateral 

shoots (%) 

Increase in 

plants diame-

ter (%) 

Fresh weight 

of plants (g) 

SPAD 

changes (%) 

  2011    

0 (0.57) 69.1 d 85.7 d 53.0 c 116.5 a 33.4 e 

5 (1.10) 60.7 d 70.6 c 49.1 c 147.2 bc 16.1 d 

10 (1.52) 50.4 c 63.1 bc 40.0 b 156.2 c 7.6 c 

15 (1.81) 31.8 b 56.3 b 34.5 b 137.8 b -10.4 b 

20 (2.83) 16.8 a 14.1 a 22.1 a 142.2 bc -22.4 a 

  2012    

0 (0.51) 43.9 c 276.1 c 103.2 e 50.2 d 49.7 e 

10 (1.95) 27.3 b 196.1 b 91.9 d 49.5 d 23.9 d 

20 (3.22) 11.3 a 165.7 b 57.7 c 36.9 c 11.2 c 

30 (4.55) 7.3 a 56.8 a 23.3 b 28.3 b -15.5 b 

40 (6.04) 5.5 a 45.4 a 11.9 a 20.3 a -33.3 a 
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In both experiments the dose of 20 g NaCl per 

dm3 water resulted in a reduction of plants diameter 

by 50% in relation to the control. In 2012, plant di-

ameter was almost 10-fold smaller at the application 

of 40 g NaCl per dm3 water.  

In 2011 the lowest fresh weight was in control 

plants and this trait was not affected with increasing 

NaCl doses up to 20 g dm-3 in 2011 while in 2012 

fresh weight decreased with the NaCl concentration 

beginning with 20 g dm-3 (Table 1). The reduction 

of the increase in fresh weight under the influence 

of sodium chloride at EC 12.5 dS·m-1 was reported 

in studies on Petunia × atkinsiana D. Don, Calen-

dula officinalis L. and Calceolaria hybrida Hort. 

(Fornes et al. 2007). In the case of Ceriops rox-

burghiana Arn. (Rajesh et al. 1998) opposite de-

pendencies were observed.  

In both experiments the SPAD index decreased 

with an increase in NaCl doses (Table 1). Similar re-

sults were presented for Calceolaria hybrida and 

Calendula officinalis (Fornes et al. 2007). Fornes et 

al. (2007) and Rajesh et al. (1998) observed the op-

posite effect of NaCl (increase in chlorophyll con-

tent) in experiments conducted on Petunia × atkin-

siana and Ceriops roxburghiana, respectively.  

The chemical analysis of leaves showed an in-

crease in the concentration of both Na+ and Cl- ions 

with an increased concentration of NaCl in both 

years of study (Table 2). Ca2+ concentration was 

fairly constant irrespective of the applied NaCl dose 

and the concentration of K+ increased at 15 and 20 g 

NaCl·dm-3. In 2012 Ca2+ concentration grew stead-

ily in plants treated by 20 g·dm-3 and more. The con-

centration of K+ was not dependent on the NaCl 

treatment in 2012. In 2012 contents of K+ and Ca2+ 

were higher than in 2011 at the same NaCl concen-

trations. This finding confirmed studies on Petunia 

× atkinsiana and Calendula officinalis (Fornes et al. 

2007). One of the mechanisms limiting the negative 

effect of Na+ cations is an ability of plant to main-

tain accumulation of K+ and Ca2+ at a constant or 

increased level. According to Fornes et al. (2007) 

the concentration of K+ cations decreased in Calce-

olaria hybrida. The concentration of Ca2+ did not 

change in Iris lactea var. chinensis until treatment 

with 280 mmol NaCl·dm-3 (Bai et al. 2008) and in-

creased in Calceolaria hybrida (Fornes et al. 2007). 

In our experiment of 2012 on Plectranthus forsteri 

‘Nico’ the concentration of Ca2+ increased at 30 and 

40 g per dm3 and in 2011 a slight increase of K+ was 

recorded at 15 and 20 g per dm3.  

The obtained results may confirm the thesis 

that Plectranthus forsteri ‘Nico’ is tolerant to me-

dium concentrations of sodium chloride in the sub-

strate. 

 

Table 2. Content of some ions in leaves of Plectranthus 

forsteri ‘Nico’ (% dry matter) 

 

NaCl  

(g·dm-3) 

Levels of ions 

Na+ Cl- Ca2+ K+ 

2011 

0 0.49 0.61 2.92 2.22 

5 0.80 1.27 2.76 2.22 

10 1.24 1.87 2.58 2.06 

15 1.71 2.86 2.92 2.59 

20 1.94 3.38 2.76 2.79 

 2012 

0 0.66 1.58 3.34 5.24 

10 2.44 4.27 3.20 4.80 

20 3.29 6.49 3.46 5.08 

30 4.60 9.14 4.00 5.28 

40 5.80 10.86 4.80 5.52 

 

CONCLUSIONS 

 

1. Increasing doses of sodium chloride from 5 to 

40 g·dm-3 of water result in reduced growth and 

from 20 g·dm-3 also fresh weight of Plectranthus 

forsteri ‘Nico’. 

2. With an increase in the concentration of sodium 

chloride from 5 to 40 g·dm-3 water the SPAD in-

dex decreased in Plectranthus forsteri ‘Nico’. 

3. It can be assumed that Plectranthus forsteri 

‘Nico’ plants are tolerant to medium concentra-

tions of sodium chloride (5-20 g NaCl·dm-3 water) 

which enables their planting in urbanized areas. 
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