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ABSTRACT
Freshwater resources are used for many purposes such as drinking, tap water, industrial usage and 
agricultural irrigation. Although unpolluted surface waters and groundwater are preferred for the 
irrigation of landscape plants in parks and gardens, snowmelt water is generally ignored. Like oth-
er precipitation types, snow can absorb solid and liquid substances in the atmosphere and it can 
rain on the earth with its natural chemical structure changed. Also, this water from snowmelt which 
includes different chemicals can enter surface waters and groundwater resources. In this study, the 
snowmelt water quality in outdoor green areas of the Van Province was examined. Some physi-
co-chemical features (pH, conductivity, salinity, Ca, Mg, total hardness, Cl, NO3-N, NO2-N, SO4, and 
PO4) of the snow samples were taken at monthly intervals from six sampling stations between the 
dates of December 2019 - February 2020. Also, metal ion concentrations (Cd, Pb, As, Cu, Cr, Co, 
Ni, Zn, Fe, Mn, B, Se, Ba, Al, Na, Be, V, Mo, Si, K, Sr, Ag, Sb, Tl) and the values of SAR (Sodium Ad-
sorption Ratio) and Na% in some sampling stations, which have intense industrial and settlements 
located in the area, were determined to evaluate the water quality level of the snowmelt water. 
While, it was observed that some parameters values exceeded the first quality level when com-
pared with the quality levels of the surface water resources control regulation of Turkey and the 
rates in irrigation water quality values, a general evaluation of the results showed that snowmelt 
can be alternative irrigation water for plants. Also, the species of the landscape plants in the stud-
ied area were identified and the possible effects of the parameters on the development of the 
plants were discussed. 
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INTRODUCTION

In urban outdoor green areas, the visual land-
scape is provided by annual or seasonal plants. 
The surface waters and groundwater are gener-
ally used as irrigation resources for the plants in 
outdoor green areas. Furthermore, snow melt-
water released by snowfall is also a potential ir-
rigation water source for plants in these areas at 
spring season especially (Cooper, Dullinger, & 
Semenchuk, 2011). But, snow properties which 
are ignored generally can cause significant 
changes in soil and vegetation processes (Rixen 
et al., 2008). The atmosphere, one of the main 

receptive environments such as water and soil, 
may also be exposed to increasing pollutants, 
especially due to the intensive use of fossil fuels 
in winter. As the water vapour in the atmo-
sphere condenses and descends to the soil in 
the form of rain, snow or hail, it is likely that 
these pollutants involved in precipitation have 
some effect on the soil and therefore on the 
plants (Rixen et al., 2008; Seven, Can, Darende, 
& Ocak, 2018). However, depending on the use 
of fossil fuels and industrial activities, pollutants 
enter the atmosphere and can be included in 
the precipitation. Thus it can lead to negative 
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physico-chemical contents that affect plant growth (Yücedağ & 
Kaya, 2016). In some studies, it has been reported that snowmelt 
water contains some elements in higher proportions than rainwa-
ter, and surface water is affected by the melting of snow (Hagen 
& Langeland, 1973; Johannessen & Henriksen, 1978; Jeffries, 
1990; Pehlivan, 2016; Galeczka, Sigurdsson, Eiriksdottir, Oelkers, 
& Gislason, 2016). 

Up to now, there has not been a study on the snowmelt water 
quality in the landscape areas of the Van Province. In this study, 
physico-chemical properties of water from snowmelt in the out-
door green areas of Van province were examined. Thus, it was 
aimed to determine snowmelt water quality which can enter the 
surface and groundwater resources. Also, the possible effects of 
snow meltwater as an alternative irrigation water on the growth 
of the landscape plants were discussed in this study. 

MATERIALS AND METHODS

The Van province which is located on east side of Turkey and has 
20921 km2, is a major city with a population of over 1 million. Fossil fu-
els for heating and transportation are used throughout the city, and 
organisations from different industries are also located in the region. 
There are many parks and gardens created for recreation in the out-
door green areas of the city and they have many different landscape 
plants which are completely under snow in the winter season. 

In this study, a total of 6 sampling stations were selected from 
recreational outdoor green areas which contain plants planted 
by the municipality: Van-Kocaeli Dostluk Park (st1), Kurtuluş Park 
(st2), 15 Temmuz Şehitler Park (st3), Atatürk Kültür Park (st4), 
Yüzüncü Yil University Alle Park (st5), Iskele Yasar Kemal Park (st6) 
(Fig.1). The snow samples were taken from the surface to 5 cm of 
snow package at monthly intervals (December 2019, January 
2020 and February 2020) under sterile conditions, they put into 1 
L polyethylene cups and allowed to melt at room temperature 
(+24 oC). The values of pH and conductivity (EC as µS cm-1) were 
measured during the field studies and the water samples from 
snowmelt were filtered by filtered paper and were transported to 
the laboratory to analyse Ca, Mg, total hardness (TH), Cl, salinity, 
NO3-N, NO2-N, SO4, PO4 (Egemen & Sunlu, 1999). 

Also, the melting snow samples taken from the sampling stations 
st1, st2 and st5, which are located at areas that have intense indus-
trial and settlements, were put into sterile polyethylene bottles 
(100 cc) with the addition of 0.1 N.HNO3 to reduce pH levels below 
2 and transported to the laboratory to measure some metal ion 
concentrations (Van Loon, 1980; Welz & Sperling, 1999). The aver-
age values were taken after three replicated at flame atomic ab-
sorption spectrophotometer (Perkin-Elmer A-Analyst 800 device). 
Also, the values   of Na+, Ca+2, Mg+2, K+ ions were converted to me 
L-1 from the obtained chemical analysis results and the SAR value 
(sodium adsorption ratio) and the Na% (sodium percentage ratio) 
were calculated (Ayers & Wescott, 1985; FAO, 2007). 

Alp (1999), Yeler & Yeler (2019) and Van Lake Basin Virtual Herbar-
ium (Demirkuş, 2019) were used to identify the landscaping 
plants. The species were separated into four groups as ever-
green trees (ET), deciduous trees (DT), evergreen shrubs (ES), 
and deciduous shrubs (DS). The Bray-Curtis Cluster Analysis in 
the program “BioDiversity Pro 2.0” was used to determine the 
similarities of the sampling stations for their floral diversity 
(McAleece, Gage, Lambshead, & Paterson, 1997). 

RESULTS AND DISCUSSION

Snow thicknesses at the sampling stations were measured as 7 
cm (Dec.), 15 cm (Jan.), and 7 cm (Feb.) The physico-chemical re-
sults and their average values of the snowmelt water samples are 
presented in Table 1 and Figure 2.

Physico-chemical properties: The pH can affect the availability of 
macro and micro nutrients by plants when it has an undesirable 
level (Toor & Lusk, 2011). pH values   were observed between the 
levels of 6.5 and 8.4 in this study (Toor & Lusk, 2011). When the 
results were evaluated according to the limits in Surface Water 
Resources Control Regulation (SWRCR) of Turkey and irrigation 
water quality (Ayers & Westcot, 1985; Toor, 2009; Anonymous, 
2004, 2010; Toor & Lusk, 2011; Erdoğan & Dağdelen, 2012): the 
EC were found at compatible levels for the freshwater character 
(45.7-131.5 µS cm-1). These values showed parallelism with the sa-
linity (0.02-0.05 ‰), the chloride (1.99-14.99 mg L-1) and the TH 
values (2.4-5.4 FS0). The EC values should range between 0-3 dS 
m-1 for irrigation water and they should have a value of < 700 µS 
cm-1 as there is human contact in landscape areas such as parks 
and gardens (Ayers & Westcot, 1985; Anonymous, 2010). In this 
study, the EC values were determined at T1 class in terms of irri-
gation water, and high quality in terms of  classification by the 
Schofield method (Erdoğan & Dağdelen, 2012). In a study carried 
out at Van Çaldıran Plain, which is located close to our area of 
study, it was reported that the EC in the surface waters of the re-
gion was 1203 µS cm-1 higher than our results (Aydın, 2017). 
Woodless plants rather than annual plants are sensitive to chlo-
ride concentrations (Ayers & Westcot, 1985). The Cl values were 
observed at first class water quality in this study, and < 4 me Cl L-1 
signals that this water resource could be used even in the irriga-
tion of sensitive plants according to the Schofield method (Anon-
ymous, 2004; Erdoğan & Dağdelen, 2012). It is reported that irri-
gation of the soil with this water has high a sodium concentration 
and disturbs the physical structure of the soil and this prevents 
plant growth, indirectly (Erdoğan & Dağdelen, 2012). Although 

Figure 1. Location of Van province and the sampling stations.
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most annual plants are not very sensitive to sodium, the excess 
sodium rate still has a toxic effect on plants. In addition, it is rec-
ommended to determine the SAR (Sodium Adsorption Ratio) 
value for the effect of sodium in irrigation waters (Ayers & 

Wescott, 1985). In this study, the SAR and Na% did not exceed 
the limits for irrigation water quality (SAR values and Na% were 
calculated as 0.11 and 12.5% for st1, 0.12 and 11.9% for st2, 0.40 
and 8.4% for st5, 0.07 and 7% for December, 0.14 and 16% for 

Table 1. The results of physico-chemical features of the sampling stations.

Parameters/Stations St1 St2 St3 St4 St5 St6

D
ec

em
b

er
 2

01
9

pH 7.39 7.50 7.68 7.38 8.36 8.70
Conductivity (µS cm-1) 54.2 75.7 98.2 62.5 48.4 131.5
Magnezyum (mg L-1) 0.19 0.26 0.38 0.46 0.29 0.48
Calcium (mg L-1) 4.80 7.21 5.61 6.41 7.21 4.80
Total Hardness (FSº) 2.8 4 4.6 5.4 4.2 5.2
Salinity (‰) 0.03 0.02 0.03 0.05 0.05 0.03
Chloride (mg L-1) 5.99 8.99 10.99 8.99 5.99 14.99
NO2-N (mg L-1) 0.037 0.034 0.026 0.030 0.053 0.022
NO3-N (mg L-1) 4.540 4.208 6.866 4.651 6.091 5.759
Phosphate (mg L-1) 0.007 0.004 0.079 0.055 0.072 0.143
Sulphate (mg L-1) 0.37 0.41 0.303 0.394 0.359 0.253

Ja
nu

ar
y 

20
20

pH 7.64 7.63 7.56 7.65 7.55 7.75
Conductivity (µS cm-1) 58.5 78.2 98.4 66.7 45.7 119.7
Magnezyum (mg L-1) 0.34 0.26 0.29 0.34 0.29 0.41
Calcium (mg L-1) 4 7.21 5.61 3.20 2.40 4
Total Hardness (FSº) 3.8 4 3.8 3.6 3 4.4
Salinity (‰) 0.05 0.03 0.04 0.04 0.02 0.02
Chloride (mg L-1) 12.99 4.99 7.99 3.99 4.99 4.99
NO2-N (mg L-1) 0.026 0.018 0.011 0.020 0.040 0.009
NO3-N (mg L-1) 5.53 4.96 7.70 6.06 7.17 6.86
Phosphate (mg L-1) 0.003 0.010 0.139 0.091 0.088 0.190
Sulphate (mg L-1) 0.371 0.394 0.280 0.337 0.299 0.204

Fe
b

ru
ar

y 
20

20

pH 7.59 7.65 7.60 7.58 7.70 7.68
Conductivity (µS cm-1) 60.2 80.3 96.2 68.3 48.6 122.3
Magnezyum (mg L-1) 0.04 0.24 0.24 0.36 0.60 0.17
Calcium (mg L-1) 8.01 2.40 8.01 4.80 8.01 6.41
Total Hardness (FSº) 2.4 2.6 2.8 4.2 7 3
Salinity (‰) 0.03 0.02 0.03 0.02 0.04 0.02
Chloride (mg L-1) 1.99 2.99 1.99 3.99 2.99 4.99
NO2-N (mg L-1) 0.008 0.007 0.006 0.0002 0.018 0.001
NO3-N (mg L-1) 7.199 4.433 6.645 7.199 7.973 7.530
Phosphate (mg L-1) 0.0008 0.005 0.149 0.094 0.094 0.216
Sulphate (mg L-1) 0.329 0.363 0.223 0.268 0.223 0.147

TH
E 

A
VE

RA
G

E 
VA

LU
ES

 

St1 St2 St3 St4 St5 St6

pH 7.54 7.59 7.61 7.53 7.87 8.03
Conductivity (µS cm-1) 57.6 78.0 97.6 65.8 47.5 124.5
Magnezyum (mg L-1) 0.19 0.25 0.30 0.38 0.39 0.35
Calcium (mg L-1) 5.6 5.6 6.4 4.8 5.8 5.0
Total Hardness (FSº) 3.0 3.5 3.7 4.4 4.7 4.2
Salinity (‰) 0.03 0.02 0.03 0.03 0.03 0.02
Chloride (mg L-1) 6.99 5.65 6.99 5.65 4.65 8.32
NO2-N (mg L-1) 0.023 0.019 0.014 0.016 0.037 0.010
NO3-N (mg L-1) 5.75 4.53 7.07 5.97 7.07 6.71
Phosphate (mg L-1) 0.003 0.006 0.122 0.080 0.084 0.183
Sulphate (mg L-1) 0.356 0.389 0.268 0.333 0.293 0.201
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January, 0.07 and 8% for February. So, the SAR values   were found 
<1 value and were determined in the A1 category (Erdoğan & 
Dağdelen, 2012). The Na% values were found far below the 50-
60% value that would damage the trees and decorative woody 
plants that are more sensitive to soil and especially sodium (Ayers 
& Westcot, 1985; Erdoğan & Dağdelen, 2012). All the sampling 
stations were found to be of first class quality and had desirable 
values in terms of SO4, while the NO3-N values   exceed this level 
(Ayers & Westcot, 1985; Anonymous, 2004). Also, the NO2-N ra-
tios were found to be of second and third class quality while the 
PO4 contents were found at first class in all of the sampling sta-
tions except st5 which has the most landscape plant diversity. 
However, it may be more appropriate to determine the amount 
of nitrogen to evaluate the toxic effects of the nitrogen content 
contained in these compounds on plants. According to the cal-
culations made based on the NO3-N values per L (the maximum 
value was measured as 7.9 mg NO3-N L-1 in this study), it was ob-
served that the nitrogen amount in the snow meltwaters was 
even below 5 mg L-1 which is a harmful ratio for sensitive plants in 
irrigation waters (Ayers & Westcot, 1985; Erdoğan & Dağdelen, 
2012). In one study, it was reported that the SO4 concentrations 
increased from 2 to 14 mg L-1 in the stream waters in the area 
during and immediately after the snow melts (Siegel, 1981). In 
another study, it was determined that the NO3-N and SO4 in rain-
water were higher than those in snow melt (Pehlivan, 2016). The 
SO4, which is less toxic than chlorine in irrigation waters, causes 
calcium to precipitate in high concentrations, causing plants not 
to get calcium (Arslan, Güler, Cemek, & Demir, 2007). For this 
reason, it is recommended that the SO4 value in irrigation waters 
should not exceed 20 me L-1 (Ayers & Westcot, 1985). 

Metal ions: Data on the metal ions from the st1, st2, and st5 are 
presented in Table 2. In this study, the snowmelt water was deter-
mined as being of a first class water quality level in terms of the 
Cd, As, Cu, Cr, Co, Fe, Mn, B, Se, Ba, Al, Na, Pb, Zn concentra-
tions according to the SWRCR and the values of Be, Cd, Ni, V, K, 
Si did not exceed the limit values   given for irrigation water (Anon-
ymous, 2004; Erdoğan & Dağdelen, 2012; Smith, Oster, & Sposi-
to, 2014; Horuz, 2016). The chloride and boron are most com-
monly ions to lead toxic hazard to the plants at higher than the 
critical levels which is 70 ppm for Cl and 0.7 ppm for Boron (Toor 

& Lusk, 2011). In this study, the boron values   determined be-
tween 0.001 mg L-1 and 0.4 mg L-1 were found to be of a quality 
that can be used even for sensitive plants, and they were found 
in first class level irrigation water quality according to the Chris-
tiansen system (Erdoğan & Dağdelen, 2012). Although the values 
of Pb in st5 at January and Zn in st2  in December exceeded the 
first quality class levels at the SWRCR, these values   were found at 
far below the toxic limits (5 mg Pb L-1 and 2 mg Zn L-1) for the irri-
gation of plants (Anonymous, 2010; Erdoğan & Dağdelen, 2012). 
But, it was observed that the Mo value exceeded the limit value 
0.01 mg L-1 (10 ppb) in January at the all sampling stations (Er-
doğan & Dağdelen, 2012). It is reported that the high rates of 
molybdenum, which are effective on nitrogen fixation in soil, will 
decrease the nitrogen fixation of the plant (Vuralın & Müftüoğlu, 
2012). When determining the quality of irrigation water for plants, 
the total salt concentration, the percentage of sodium and its re-
lation to other cations, the amount of calcium and magnesium, 
as well as the Boron concentration, which has a significant impact 
on plants, are taken into consideration (Özer & Köklü, 2019). 
Also, the chloride values were found at <10 ppm. In one study it 
was reported that snow water is richer in terms of certain ele-
ments (Al, Ba, Cu, Pb, Mn, Ni, Si, U and Zn) than rainwater (Peh-
livan, 2016). The reason for this can be considered as the release 
of major ions, trace metals and organic pollutants contained in 
snow masses into surface waters with melting of snow (Jeffries, 
1990). This provides a reduction in pH, acid neutralisation capac-
ity and base cations in surface waters, especially in spring (Jef-
fries, 1990). 

While the ground of all the sampling stations was covered with 
mixed turfgrass, a total of 45 landscape plant species were deter-
mined in the study area and the species were separated to four 
groups: evergreen trees (ET) with 13 species, deciduous trees 
(DT) with 17 species, evergreen shrubs (ES) with 7 species, decid-
uous shrubs (DS) with 8 species (Table 3).  The diversity of the 
landscape plant species in the sampling stations was determined 
as st5 > st1 > st4 > st3 and st6 > st2 (Figure 3). When the sam-
pling stations were compared using the Bray-Curtis Cluster Anal-
ysis method in terms of the flora diversity they contain, it was 
found that the stations st5 and st1 were the most similar (58% 
similarity), and the stations st3 and st2 were completely different 
from each other (Figure 4).

CONCLUSION

When the results of the snowmelt water obtained in this study 
was compared with the quality levels in SWRCR of Turkey 
(Anonymous, 2004), it was found that it has a first class water 
quality level for a lot of parameters. Although the concentra-
tions of some parameters (NO2-N, NO3-N, PO4, Pb and Zn) in 
some sampling stations exceeded the first quality level, these 
concentrations were not found above the limit values for irriga-
tion (Ayers & Westcot, 1985; Anonymous, 2004; Erdoğan & 
Dağdelen, 2012). It was observed that only the Mo values ex-
ceed the maximum limit for irrigation water in all of the sam-
pling stations in January. It is known that this metal is used in 
the steel industry and it is an essential element for higher plants 
and its toxicity danger in plants is small (Anke & Seifert, 2007). 
The values of pH, conductivity, Na, K, Ca, Mg, total alkalinity, Cl, 

Figure 2. The distribution of average values of the physico-
chemical parameters   in the sampling stations.
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SO4, total hardness, B and SAR are taken into consideration in 
determining the irrigation water quality (Ayers & Westcot, 1985; 
Anonymous, 2004; FAO, 2007; Hussain, Alquwaizany, & Al-
Zarah, 2010; Erdoğan & Dağdelen, 2012). When the data ob-
tained in this study were evaluated considering the mentioned 
parameters, it was determined to have a very good water qual-
ity in terms of Schofield classification system (Erdoğan & 
Dağdelen, 2012). Furthermore, according to the sodium dia-
gram by Wilcox, the quality of the studied samples was found 
to be of S1 category (Hussain et al., 2010). 

It has been observed that perennial woody plants are generally 
used as landscape plants in the study area. There is also mixed 
grass material in the study area and seasonal/sensitive cultivars 
are planted in these areas after the winter period. In this study, it 
was observed that some parameters exceeded the first class wa-
ter quality level in the SWRCR (Anonymous, 2004). It is possible 
that these substances enter underground and surface water 
sources with the melting of snow and are to be used in the irriga-
tion of sensitive plants to be planted in  landscape areas after the 
winter period.

Table 2. The metal ion concentrations of the sampling stations.

December 2019 January 2020 February 2020

ppb St1 St2 St5 St1 St2 St5 St1 St2 St5

Cd 0.130 0.055 0.061 0.071 0.186 0.055 0.029 0.041 0.034
Pb 11.896 10.332 7.252 1.802 0.989 60.212 2.457 6.063 0.976
As 7.216 8.098 6.454 7.128 6.481 6.212 7.169 6.779 6.346
Cu 10.417 13.790 4.637 9.409 5.755 6.442 5.821 8.028 6.185
Cr 1.491 1.291 0.988 1.373 1.223 11.802 1.197 1.979 1.667
Co 0.697 0.366 0.112 0.133 0.083 0.249 0.093 0.155 0.093
Ni 3.212 4.346 0.928 4.728 6.947 9.987 1.917 4.730 1.082
Zn 106.133 479.764 34.642 32.730 27.409 95.441 15.394 115.643 36.786
Fe 129.516 70.380 47.394 137.653 43.797 98.284 46.238 93.089 108.955
Mn 11.250 4.784 3.314 4.180 3.036 6.900 3.486 5.547 2.929
B 5.335 2.613 40.884 5.941 9.572 11.934 3.253 4.301 1.121
Se 1.425 1.317 1.384 1.443 1.380 1.456 1.427 1.333 1.335
Ba 61.383 35.417 49.982 18.939 22.378 92.938 11.657 67.992 18.194
Al 113.568 68.127 59.135 104.826 68.458 115.820 31.908 64.013 71.233
Na 945.686 879.675 796.549 1309.536 1633.743 917.333 1006.926 974.995 568.483
Be 0.010 0.006 0.004 0.009 0.004 0.009 0.003 0.007 0.005
V 8.705 9.604 9.497 9.612 8.460 8.882 8.604 9.156 9.429
Mo 10.512 9.851 8.265 45.291 135.339 23.146 9.434 8.793 8.432
Si 187.114 193.613 149.674 132.112 99.013 184.270 117.322 151.785 211.288
K 374.463 214.730 234.453 555.872 256.899 239.428 347.163 361.952 242.486
Sr 7.451 5.288 3.829 6.680 8.933 14.336 5.157 7.880 4.079
Ag 1.959 2.355 1.427 1.594 1.498 2.507 28.641 46.106 17.009
Sb 0.228 0.149 0.121 0.139 0.148 0.177 0.156 0.134 0.118
Tl 0.007 0.005 0.004 0.005 0.003 0.005 0.002 0.004 0.003

Figure 3. The distribution of landscape plants in the sampling 
stations.

Figure 4. The similarities of the sampling stations according 
to the floral contents.
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Consequently, the quality of snow meltwater was examined in 
the outdoor green areas of the Van province in this study. The 
obtained results showed that the snow meltwater were not at the 
concentrations that would cause negative effects on the land-
scape plants in the study area. It was thought that the high values   
encountered at some stations from time to time may be due to 
the atmosphere. It is recommended that snow water is also con-
sidered as an alternative irrigation source for outdoor green ar-
eas and should be monitored periodically.

Ethics committee approval: Ethics committee approval is not 
required.

Conflict of interests: The authors declare that they have no con-
flict of interest.
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