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ABSTRACT

The aim of this study was to assess the potential of cultivation of Pelargonium X hortorum cv.
Survivor Dark Red in a substrate contaminated with sodium chloride. After applying 0.45, 0.96,
1.47, 1.98, 2.49, 2,99 g NaCl dm, the substrate contained 200, 400, 600, 800, 1000, 1200 mg
Na* and 287, 595, 903, 1211, 1519, 1827 mg Cl' dm?® Growing medium with natural sodium
(22 mg Na*) and chloride (13 mg CI) content comprised the control. Electrical conductivity (EC)
of the substrates was as follows: 0.11, 0.62, 1.28, 1.75, 2.42, 2.82, 3.72 mS cm'. Water purified
by reverse osmosis was used for watering the pelargonium plants. The effect of sodium chloride
on the chemical composition of leaves was evaluated based on the analysis of leaf blades collec-
ted at the flowering stage. Sodium chloride negatively influenced all measured plant
growth parameters. Increasing salinity also decreased the chlorophyll index values. Significant
reduction in the number of inflorescences was recorded in plants grown at > 800 mg Na* and
> 1211 mg Cl' in 1 dm? of peat substrate. However, the pelargonium plants grown in a substrate
containing up to 600 mg Na and 903 mg CI still retain high decorative value. The increasing
sodium chloride content in peat substrate increased the concentrations of phosphorus and cal-
cium in the leaves. Simultaneously, the concentrations of potassium and magnesium decreased,
while the concentration of nitrogen was found to be stable. Despite increasing doses of sodium
chloride, the content of N, P, K, Ca and Mg in pelargonium leaves fell within or slightly exce-
eded the established range of guideline values.
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INTRODUCTION

The quality of plants and products of plant origin largely depends on
growing conditions. In many regions, salinity is the major factor limiting
plant cultivation. Besides climatic, hydrologic, geologic and rock weathering
conditions, de-icing of roads with sodium chloride is mostly reported to be
the cause of salinity (BacH, Pawrowska 2007, LUNDMARK, JANssoN 2008,
WIiLkaNIEC et al. 2013). Sodium chloride may also be found in composts pro-
duced from municipal sewage sludge (Cai, Gao 2011). Sodium content in
sewage sludge varies greatly, ranging from 0.12 (REDDY et al. 2012) to 6.42%
Na, by weight (Liu, Sun 2013). The scanty published data concerning
chlorine content in municipal sewage sludge is suggestive of it being as high
as 1.9 g kg ‘td.w. (Czyzyx, Kozpras 2004). The sources are NaCl used in food
processing, chemicals applied in detergents and used in paper production.
Organic materials added to compost not only change the C:N ratio, but also
affect the content of other elements. The authors mentioned above recorded
an increase in Cl to 43.3g kg ! (d.w.) after sewage sludge composting with
rye straw. Mineral elements differed in their ability to be removed from the
composts. Sodium and chlorides are leached readily. For instance, 24-148 mg
dm of CI' was found in the leachate from sewage sludge originating from a
rural, mechanical and biological wastewater treatment plant (Czyzyk,
RasmunDp 2009). Sewage sludge storage has been forbidden since 1 January
2016 (NIESLER, NADZIAKIEWICZ 2014).

Another interesting example of waste is spent mushroom substrate (SMS).
Studies suggest that SMS may be used as a soilless medium owing to its high
organic matter content, water and nutrient holding capacity (CLARK, CAVIGELLI
2005). However, fresh SMS has potentially high salt content, which may
restrict the use of fresh SMS as a growing medium for salt sensitive plants
(Fmpanza et al. 2010, ZHANG et al. 2012). Total salinity is not always the most
important parameter. Excessive Na* and Cl' content detected in some batches
of this waste material may be a threat to plants (MAJCHROWSKA-SAFARYAN,
Tkaczuk 2013). MEpINA et al. (2009) found 1175 mg Na* and 3566 mg Cl per
1 dm?® of medium (water soluble forms) in spent mushroom substrate after
Agaricus bisporus cultivation. There is a limited body of research on the use of
SMS as a soilless growing medium in horticulture production. In this context,
search for rational, environmentally friendly waste disposal is an important
direction in research, also undertaken in Poland (ZAWADZINSKA, SALACHNA 2014).
Uncontrolled application of SMS leads to soil contamination. After 3 years of its
use as mulch in an avocado orchard, the content of CI' in the arable layer in-
creased to 178 mg and Na was raised to 141 mg in 1 dm? (DanaI et al. 2012).

Crops differ significantly in their resistance to high salinity. The symp-
toms of sodium chloride excess in the root environment include plant growth
retardation, discoloration, development of leaf necrosis, and finally plant
death. This is caused by the disturbance of water uptake, reduced photosyn-
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thesis, changes of the pigment content and mineral nutrition disorders
(MorabI, IsMAIL 2007, TABATABAEI et al. 2008, DxHIL, DENDEN 2012). Studies on
plant resistance to salinity focus mainly on agricultural crops. There is clear-
ly less information concerning ornamental plants. Sadly, the opinions are
sometimes ambiguous. For example, Pelargonium X hortorum is implicated
to be a plant of low (Huang, Cox 1988) or moderate tolerance (VILLARINO,
MatTsoN 2011) to salinity.

The aim of this study was to assess the potential for pelargonium culti-
vation in a substrate contaminated with sodium chloride. The choice was not
accidental, since pelargonium is one of the most popular ornamental plants.
The research results focusing especially on the physiological and biochemical
responses of plants have already been published (Bre$ at al. 2016). In the
paper presented below, we discuss the effect of sodium chloride on the selec-
ted growth parameters and the content of macroelements in leaves of pelar-
gonium. These data will help to verify opinions on the sensitivity of this
plant. Then, it will be possible to make a decision whether it is possible to
cultivate pelargonium in soils contaminated with sodium chloride and what
proportions of the aforementioned waste materials as components of substra-
tes can be recommended.

MATERIAL AND METHODS

The study was conducted on Pelargonium x hortorum cv. Survivor Dark
Red. The experiments were established on 27 April 2012 and 26 April 2013
(planting of rooted seedlings) and they were completed on 14 July 2012 and
18 July 2013 (stage of plant flowering). Prior to planting, the substrate
(highmoor peat) was limed to pH 6.0. After liming it was found that the con-
tent of Ca (1245 mg dm?) and Mg (160 mg dm?) was sufficient and therefore
these components were not supplemented. The other macro- and microcom-
ponents in the substrate were supplemented, providing the following final
levels (mg dm): N 200, P 250, K 300, Fe 75, Mn 35, Zn 30, Cu 10, B 2 and
Mo 1 mg dm of substrate, respectively. Application of increasing doses of
NaCl (0.45, 0.96, 1.47, 1.98, 2.49, 2,99 g dm?3 of substrate) led to an increase
in the content of Na* to 200, 400, 600, 800, 1000 and 1200 mg Na, while for
CI the concentrations were 287, 595, 903, 1211, 1519, 1827 mg dm™, respec-
tively. Substrate with natural sodium (22 mg Na*) and chloride (13 mg CI)
content comprised the control. After mixing all components, the electrical
conductivity of the substrates was the following: 0.11, 0.62, 1.28, 1.75, 2.42,
2.82, 3.72 mS cm’. To maintain the optimum conditions for pelargonium,
additional N 150, P 80, K 100 mg dm of substrate were applied in the mid-
dle of June. Pelargonium plants were planted in containers filled with 7 dm?®
growing medium. 3 plants were grown in each container, and one treatment
was composed of 10 containers. Water purified by reverse osmosis was used
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for plant watering. The chemical composition of water was as follows (in mg
dm): N-NH,, N-NO, and P-PO, <1, K 0.1, Ca 3.6, Mg 0.2, S-SO, 0.3, Na 0.5,
C1 0.3, Fe 0.036, Mn 0.005, Zn 0.075, B 0.005, Cu and Mo - trace amounts,
HCO, 28.2, pH 6.87, EC 0.05 mS cm™. For the measurements, 20 plants
randomly chosen from each treatment were used. At the stage of flowering,
the fresh weight of aerial plant parts and the plant height to the apex were
determined. Moreover, the number of lateral shoots, leaves and inflorescenc-
es were counted. The total length of lateral shoots was also measured. Using
a SPAD 502 Plus Chlorophyll Meter, light absorption by the leaf blade was
measured (first leaf located above the second inflorescence). The results were
expressed in non-standardized units, i.e. SPAD (The Signaling Pathway
Database). SPAD readings correlate well with chlorophyll concentrations
(RopricuEz, MILLER 2000). Moreover, the general ornamental value of pelar-
gonium in the flowering stage was evaluated. The focus was on the overall
conformation, morphology and flowers. The rating from 1 (the lowest) to 5
(the highest — the reference found in plant catalogues) was applied.

The effect of sodium chloride on the chemical composition of fully mature
leaves was evaluated based on the analysis of leaf blades collected at the
flowering stage. In order to assay total forms of nitrogen, phosphorus, potas-
sium, magnesium and calcium, dry plant material was mineralized in con-
centrated sulfuric acid. After mineralization, the following determinations
were performed: N — using the Kjeldahl procedure, and K, Mg and Ca —
atomic absorption spectroscopy (AAS). Spectrophotometric methods were
applied in the analysis of P. The results of the research were given as means
for two years. The data were subjected to the analysis of variance using the
Newman-Keuls test at the significance level a = 0.05. The results presented
in tables are the means from two years.

RESULTS AND DISCUSSION

The experiments showed that salinity caused by sodium chloride negati-
vely influenced all measured pelargonium plant parameters (Figures 1-2).
The dose of 0.96 g NaCl dm™ (treatment 400 mg Na* and 595 mg CI') of peat
substrate significantly decreased the fresh weight of a plant (19.6%), its
height (11%) and the number of leaves (10%). Cultivation of pelargonium in
a substrate supplemented with 1.47 g NaCl dm™® (600 mg Na* and 903 mg
Cl' dm™) resulted in a reduced number of lateral shoots and a lower chloro-
phyll index of leaf blades (SPAD), the difference being 21% and 6%, respecti-
vely. However, even the highest dose of NaCl did not cause chlorosis and leaf
necrosis was found. The reduction of the assimilating area of plants may be
considered as an avoidance mechanism, minimizing water losses when the
stomata are closed, which happens to many species under osmotic stress
(Ruiz-SANCHEZ et al. 2000, JamiL et al. 2007, BreS at al. 2016).
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Fig. 1. Effect of sodium chloride dose on fresh weight of plant, height of plant
to the apex, number of leaves and leaf chlorophyll index
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Fig. 2. Effect of sodium chloride dose on number of lateral shoots, total length of lateral shoots
and number of inflorescences

The ornamental value of plants depend largely on their flowering. In the
case of the pelargonium cultivar Survivor Dark Red tested, significantly
fewer inflorescences were counted on plants grown in a substrate supplemen-
ted with three highest NaCl doses (1.98 - 2.99 g NaCl dm™®). When evalu-
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ating the effect of sodium chloride on pelargonium, the visual evaluation of
ornamental value conducted at the stage of flowering proved to be highly
useful (Table 1). In our opinion, plants grown in a substrate containing up to
Table 1
Quality appraisal of the ornamental value

in pelargonium conducted on the last day
of the experiment

Dose of NaCl (g dm™) Evaluation

0 5.0
0.45 5.0
0.96 4.5
1.47 4.5
1.98 3.5
2.49 3.0
2.99 2.0

600 mg Na* and 903 mg Cl- dm? (1.47 g NaCl dm™) still retain high orna-
mental value. Higher contents were harmful to plants and the quality of
pelargonium plants was not satisfactory. It is very difficult to refer our re-
sults to the literature due to discrepancies in methodologies used. According
to WEINHOLD and ScHARPF (1997), 225 mg Na* and 1000 mg Cl are admissible
contents in substrates for Pelargonium zonale cv. Pulsar Red. Moreover,
critical contents of Na* were reported for Rieger begonia (Begonia elatior
‘Netja’) — 550 mg, petunia (Petunia X hybryda ‘Blue Flash’) — 540 mg, and
primrose (Primula obconica ‘Juno Deeprose’) -— 140 mg dm™ of substrate.

Addition of sodium salt to substrate disturbs the ionic balance in the
root medium, resulting in the appearance of antagonisms between ions.
This typically pertains to Na* - K*, Na* - Ca**, N - NO, - Cl. Consequently,
ion uptake by plants is affected and ion distribution to individual organs is
distorted. The results of our chemical analyses of pelargonium leaf blades
showed varied effects on the leaf blade chemical composition (Table 2). The
increase of salt doses caused significant increases in the phosphorus and
calcium concentrations. Simultaneously, concentrations of potassium and
magnesium decreased, while the concentration of nitrogen was found to be
stable. The greatest deviations from the control were shown in the case of
phosphorus (+ 47%), magnesium (-30%) and potassium (-23%). BRES et al.
(2016) reported that in pelargonium grown in the described conditions, the
concentration of sodium increased about 16-fold (from 0.08 up to 1.34% d.w.)
and chlorine was raised by about 6-fold (from 0.32 do 1.85% d.w.). Similar
albeit not identical changes were reported in many plants, including pepper
hybrids and mandarin (CHARTZOULAKIS, KLAPAKI 2000, GARCIA-SANCHEZ et al.
2002). Discrepancies are found particularly among calcium concentrations.
For example, the sodium content increased while that of calcium decreased
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Table 2
Concentrations of sodium, chloride and macroelements in leave blades of pelargonium (g kg! d.m.)
Dose of NaCl (g dm) Reference
Element sufficiency
0 0.45 0.96 1.47 1.98 2.49 2.99 ranges
N 36.5a 35.5a 35.5a 36.0a 35.0a 36.0a 35.0a 33.0-48.0™
P 5.5a 6.2a 7.5b 7.2b 7.7b 8.0bc 8.1c 4.0-6.7"
K* 46.0cd | 45.0cd | 45.0cd 44.0c 37.00 36.3b 33.5a 25.0-43.0™
Ca 31.0a 30.5a 32.00 34.1c 34.7c 36.0d 35.5d 12.8-19.7™
Mg 4.0d 4.0d 4.0d 3.7c 3.5b 3.5b 2.8a 2.0-5.2™

“ Bres at al. (2016), ™ KorraNEK and Lunt (1969), ™ KruG et al.(2010);
Means followed by the some letters did not differ significantly at p < 0.05.

in leaves of Celosia argentea (L.) irrigated with saline wastewater (CARTER et
al. 2005). It was observed that at slight salinity the content of Ca in plants
typically increases, although when a certain salinity threshold is exceeded
(different for various species and cultivars) the Ca content in plants decre-
ases (WiLsoN et al. 2000). A high Cl- content reduces the photosynthetic ca-
pacity and yield volume due to chlorophyll degradation. However, some au-
thors believe that the causative role of CI- toxicity in growth and yield under
salinity stress may have been underestimated (TavakkoLl et al. 2010). This
opinion was confirmed in experiments on Medicago media. The researchers
found a less negative effect on plant growth in Cl treatments and a relati-
vely greater effect in comparison with equimolar treatments of NaCl and Na*
(AL-Rawany, Farooq 2012). In our experiments with Pelargonium X hortorum,
the decrease of SPAD can be attributed not only to the chlorophyll degrada-
tion caused by CI ions, but also to the decrease of the magnesium content in
leaves, especially in the treatment with the highest dose of NaCl (Table 2).

Plant tissues contain on average 0.03 - 0.7% Cl (RoBiNsoN, DowNTON
1984, Znou, ZHanc 1992) and 0.09 - 1.6% Na (Lourassaki et al. 2002, BorKow-
sKA, LipiNskr 2007, BrReS et al. 2014). In leaves of pelargoniums grown in a
substrate with higher doses of sodium chloride, the sodium concentration
exceeded 1%, while the chloride level almost reached 2%. Thus, it may be
stated that Pelargonium X hortorum cv. Survivor Dark Red is able to bioac-
cumulate these elements in excess of the average levels. Plants accumulating
considerable amounts of sodium and chlorine are used in phytoremediation
of Na* and CI ions from salt polluted urban areas (WRrRocHNA et al. 2006,
QADIR et al. 2007, MaNoUsaKI, KALOGERAKIS 2011).

This study shows that salinity caused by sodium chloride modifies the
chemical composition of leaves. In the diagnostics of the nutritional status of
plants, it is important to identify the scale of changes. Particularly, results of
chemical leaf analyses should be compared with recommendations (guideline
values) established by KorraNEK and LunT (1969) and Krua et al. (2010). The
data are listed in Table 2. Comparison of our results of the chemical analy-
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ses of leaves with guideline values indicates that despite salt stress the con-
tent of N, P, K, Ca and Mg fell within or exceeded slightly the established
range.

CONCLUSION

According to SHANNON and GRIEVE (1999) salt concentration at which a 50%
reduction of fresh matter has been observed can be considered a threshold
salinity level for a particular plant. In the experiments presented herein, such
high decrease of fresh mass was caused by the dose of 1.98 g NaCl dm™ of
substrate. Moreover, the ornamental value of pelargonium growing in this
substrate was not satisfactory. Plants grown in the substrate containing up to
600 mg Na* and 903 mg CI' (1.47 g NaCl dm™) still retain a high ornamental
value. Furthermore, the nutritional status of these plants is very close to the
optimum. Thus, these values should be considered as permissible in an assess-
ment of the potential for pelargonium cultivation in urban soils and in growing
mediums contaminated with sodium chloride. The results of our experiments
support the opinion of HuanG and Cox (1988) that Pelargonium X hortorum is
a plant of low tolerance to salinity caused by sodium chloride.
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