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CONTENT OF MACROELEMENTS IN MEADOW  
SWARD ALONG ROAD NO. 957*

BarBara FiliPek-mazur1, monika taBak

Department of Agricultural and Environmental Chemistry, University of Agriculture in Krakow,  
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Abstract. The aim of the research was to determine the content of selected macroelements (N, P, K, S, 
Ca, Mg) in meadow plant samples collected from places located at a distance of 5 m and 200 m from re-
gional road no . 957 on the area which runs through Zawoja, and to evaluate the fodder value of this sward . 
Content of nitrogen and of phosphorus, potassium, calcium and magnesium in the sward collected 5 m 
from the road was slightly higher than in the sward that was collected 200 m from the road . Sulfur content 
was higher (by 7%) in the samples collected farther from the road edge . In terms of fodder requirements 
of herbivores, it needs to be stated that the mean nitrogen, phosphorus, potassium, sulfur and magnesium 
content in the sward was too low, at both distances . The mean value of the Ca:P, Ca:Mg, K:Mg, and K:Ca 
ratios took slightly higher than optimal values (at both distances from the road) . The value of the ionic 
ratio K:(Ca+Mg) was 1 .5, which was below the bottom value for good quality fodders . The N:S weight 
ratio took the correct value .
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INTRODUCTION

Sward of grasslands located near traffic routes is often directly grazed by animals or intended 
for production of hay, hay silages or silages . The fodder aspect of permanent meadows is their 
most important function, although their uses other than for fodder, i .e . in shaping and protection 
of the environment as well as their landscape functions are becoming more and more important 
[Falkowski 1996, Fleury et al . 2015, Monteiro et al . 2011, Sabiniarz and Kozłowski 2009] . 

Sward chemical composition, apart from other parameters, decides on the quality of obtained 
fodder [Grygierzec 2012] . Plants are a source of nutrients (e .g .: N, P, K, S, Ca, Mg) for animals . 
In order to obtain high quality fodder it is important not only to maintain proper contents of in-
dividual elements, but also to maintain proper ratios between these contents (e .g .: Ca:P, Ca:Mg, 
K:Mg, K:Ca, N:S, K:(Ca+Mg), P:Zn, Ca:Cu, Ca:Mn, Ca:Zn) [Antonkiewicz 2007] . It controls 
element availability for animals, and in consequence influences the state of their health . The 
value of the ratio of potassium ion content to the sum of contents of calcium and magnesium is 
very important . If this value is greater than 2 .2, grass tetany may appear . Abnormal muscular 
work leads to convulsions, stiffening of extremities, and problems with movement [Radkowska 
2012] . In extreme cases, this metabolic disease may lead to animal deaths .

The aim of the research was to determine the content of selected macroelements (N, P, K, S, 
Ca, Mg) in meadow plant samples collected from places located along road no . 957 on the area 
which runs through Zawoja, and to evaluate the fodder value of this sward . 
1  Corresponding address – Adres do korespondencji: rrfilipe@cyf-kr .edu .pl
*  The research conducted within the theme number 3101 was financed from the fund granted by the Ministry of Science 
and Higher Education
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MATERIAL AND METHODS

The research material consisted of meadow sward samples collected from points located 
along road no . 957 at the section passing through Zawoja (the Malopolska Region), from places 
at a distance of 5 and 200 m from the road edge (Fig . 1) . The samples were collected from 
13 points, from areas covered with grasses . The precise characteristics of the research area, 
the intensity of car traffic as well as basic physico-chemical properties of soils from the points 
where the plant material was collected are presented in an earlier publication [Filipek-Mazur et 
al . 2013] .

 

A – Poland with marked Małopolska region
B – Małopolska region with marked Suski district, road no . 957 and Zawoja
C – sampling points along road no . 957

Fig . 1 . Location of the sampling points

The plant samples were dried at 70oC in a hot air dryer, and then milled . Nitrogen content in 
the plant material was determined by Kjeldahl distillation method on the Kjeltec 2300 Analyzer 
Unit (FOSS), after reducing nitrate nitrogen to ammonia nitrogen (using zinc and iron dust, 
mixed at 9:1 (m/m) ratio) [Ostrowska et al . 1991] . The content of potassium, calcium and mag-
nesium was determined with atomic spectrometry on SOLAAR M6 Mk2, Thermo Electron Cor-
poration apparatus, and the content of phosphorus and sulphur was determined with inductively 
coupled plasma atomic emission spectrometry on JY 238 Ultrace apparatus, according to the 
methodology provided by Ostrowska et al . [1991] . Content of phosphorus, potassium, calcium 
and magnesium was determined after dry mineralization of the samples at 450oC for 8 hours 
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and digestion of the residue in nitric acid . In order to determine sulfur content, the plant material 
was evaporated with concentrated nitric acid, then with magnesium nitrate solution, and then 
incinerated in a muffle furnace (2 hours at 300oC, and then 3 hours at 450oC) . The residue was 
diluted in nitric acid solution . 

Statistical elaboration of the results was conducted using Statistica 10 .0 software . Values of 
arithmetic mean and standard deviation were computed, as were coefficients of simple correla-
tion between selected soil and plant properties .

RESULTS AND DISCUSSION

Content of elements in meadow sward depends on biological properties of individual species 
[Falkowski et al . 1990, Wolański et al . 2015, Yoshihara et al . 2013] and on habitat conditions 
[Kotlarz et al . 2010, Trąba and Wyłupek 1998] . Compared with papilionaceous plants, grasses 
are generally poorer in Ca, Mg and Cu, and richer in Mn [Falkowski et al . 1990] . Presence of 
herbs in fodder increases the content of P, K and Mg [Wolański et al . 2015] .

Content of six macroelements in the studied meadow sward is presented in table 1 and 
in figure 2 . The mean nitrogen content in plants located 5 m from the road edge was slightly 
higher (19 .0 g∙kg-1 d .m .) than in plants located 200 m from the road edge (18 .5 g∙kg-1 d .m .) . It 
was a 3% increase . Using a conversion factor of 6 .25 it was calculated that total protein con-
tent was, respectively, 118 .8 and 115 .6 g∙kg-1d .m . At both distances, the mean nitrogen content 
was low . Antonkiewicz [2007, based on different sources] gives a range of 15–30 g N∙kg-1 d .m . 
as optimal for grassland fodder, whereas Zarzycki and Kopeć [2015 after Wasilewski 1997] 
state that optimal nitrogen content in fodder for cattle should not be lower than 24 g∙kg-1 d .m .  

Table 1 .  Content of macroelements in plants (g∙kg-1 DM)

Distance 
from the road 

(m)
Parameter N P K S Ca Mg

5
(n = 13)

Mean 19 .0 2 .23 10 .89 1 .50 5 .32 1 .59

Minimum 13 .8 1 .53 5 .85 1 .33 2 .38 0 .87

Maximum 23 .8 3 .46 18 .31 1 .89 7 .75 2 .14

SD 2 .7 0 .52 3 .43 0 .17 1 .64 0 .40

200
(n = 13)

Mean 18 .5 2 .13 9 .81 1 .60 4 .36 1 .31

Minimum 14 .0 1 .49 4 .96 1 .17 2 .93 0 .94

Maximum 30 .4 3 .07 22 .69 2 .28 5 .79 1 .83

SD 4 .2 0 .48 4 .99 0 .30 0 .93 0 .31

Optimal value 
Antonkiewicz [2007] 
based on different sources

15–30 2 .6–3 .5 17–20 2 .0–3 .0 4 .5–9 .0 3 .0

SD – standard deviation
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Obtained values were comparable to the ones presented by Grygierzec [2012], higher than val-
ues obtained by Zarzycki and Kopeć [2015] and lower than the ones obtained in research con-
ducted by Sabiniarz and Kozłowski [2009] and Gaweł and Nędzi [2015] . Protein content in 
meadow sward which was similar to the one found by the authors of this research was obtained 
by Zarzycki et al . [2005], who analyzed the chemical composition of meadow sward of the 
Pieninski National Park . The small amount of protein in hay may indicate that the harvest took 
place in delayed plant developmental stage [Jamróz et al . 2001] .

Similarly to nitrogen content, the content of phosphorus, potassium, calcium and magne-
sium in the sward collected 5 m from the road was slightly higher than in the sward that was 
collected 200 m from the road . The mean content was, respectively: 2 .23 and 2 .13 g P∙kg-1 d .m ., 
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Fig . 2 . Content of macroelements in plants (raw data) 
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Fig . 2 . Content of macroelements in plants (raw data)
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10 .89 and 9 .81 g K∙kg-1 d .m ., 5 .32 and 4 .36 g Ca∙kg-1 d .m ., and 1 .59 and 1 .31 g Mg∙kg-1 d .m . 
The increase in content of the elements near the road was 22% in the case of calcium, 21% with 
respect to magnesium, 11% for potassium, and 5% for phosphorus . According to Antonkiewicz 
[2007, based on different sources], the optimal content of macroelements in grassland fodder 
is: 2 .6–3 .5 g P (the most commonly recommended value is 3 .0 g), 17–20 g K, 4 .5–9 .0 g Ca (the 
most commonly recommended value is 7 .0 g), and 3 .0 g Mg∙kg-1 d .m . In authors’ own research, 
the mean content of P, K and Mg in the sward was too low, at both distances from the road edge . 
The content of elements was usually lower than values obtained by Gaweł and Nędzi [2015] 
and higher than values published by Kotlarz et al . [2010] . Zarzycki and Kopeć [2015] obtained 
similar content of calcium and magnesium and lower content of phosphorus . 

Sulfur content in meadow sward decides on the quality of protein, including the content 
of exogenous amino acids that contain this element . Sulfur content in the studied sward was 
slightly higher (by 7%) in the samples collected farther from the road edge, and it amounted to 
1 .60 g S∙kg-1 d .m . This content was lower than the mean content for grasses in Poland (2 .10 g 
S∙kg-1 d .m .), as reported by Motowicka-Terelak and Terelak [2000], and lower than the optimum 
content of sulfur in grassland fodder (2 .0–3 .0 g S∙kg-1 d .m .) [Antonkiewicz 2007, based on dif-
ferent sources] . Results concerning sulfur content in the sward which were obtained in the au-
thors’ own research are compliant with research results obtained by Kopeć and Gondek [2004], 
where the mean sulfur content in Czarny Potok was 1 .77 g S∙kg-1 d .m . 

Fodder value of sward depends not only on the absolute content of elements (macroelements 
and microelements) but also on ratios of content of these elements . The value of the ratios of the 
macroelement content in the meadow sward is presented in table 2 and in figure 3 . The optimal 

Table 2 .  Ratios of content of macroelements in plants
 

Distance 
from the road 

(m)
Parameter Ca:P Ca:Mg K:Mg K:Ca N:S K:(Ca+Mg)

5
(n = 13)

Mean 2 .5 3 .3 7 .3 2 .3 12,6 1 .5

Minimum 1 .4 2 .4 3 .6 1 .1 10,4 0 .8

Maximum 4 .7 4 .2 14 .1 5 .0 14,4 3 .0

SD 1 .0 0 .5 3 .1 1 .1 1,2 0 .7

200
(n = 13)

Mean 2 .1 3 .4 7 .7 2 .3 11,6 1 .5

Minimum 1 .1 1 .9 3 .9 1 .2 8,5 0 .8

Maximum 3 .1 5 .3 14 .9 4 .3 14,3 2 .9

SD 0 .6 0 .9 3 .6 1 .0 1,8 0 .7

Optimal value 
Antonkiewicz [2007] 
based on different sources

2 2–3 6 2 12–15 1 .6–2 .2

SD – standard deviation
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Ca:P weight ratio value in fodder should be within the range from 0 .5 to 2 .0, whereas the opti-
mal Ca:Mg weight ratio value should be between 2 .0 and 3 .0 [Filipek 1999] . In terms of element 
requirements of animals, the recommended value of the Ca:P weight ratio should be between 1 .7 
and 2 .6 (many authors state that the optimal value of the Ca:P ratio amounts to 2, because this 
is the ratio in which calcium and potassium occur in the human skeleton) [Antonkiewicz 2007, 
based on different sources] . The value of the ionic ratio K:(Ca+Mg) is an important qualitative 
indicator of grassland fodder . Values between 1 .6 and 2 .2 are considered to be optimal [Anton-
kiewicz 2007, after Czuba and Mazur 1996] . Data presented in Table 2 indicate that the mean 
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Fig . 3 . Ratios of content of macroelements in the plants (raw data) 

10%-90% Raw data Median 25%-75% 

Fig . 3 . Ratios of content of macroelements in the plants (raw data)



Content of macroelements in meadow sward along road No. 957 33

Table 3 .  Ratios of content of macroelements to microelements in plants

Distance 
from the 
road (m)

Parameter P:Zn Ca:Cu Ca:Mn Ca:Zn

5
(n = 13)

Mean 76 961 131 182

Minimum 41 478 38 77

Maximum 116 1273 224 292

SD 23 239 65 70

200
(n = 13)

Mean 65 834 67 137

Minimum 21 537 15 52

Maximum 91 1266 213 278

SD 22 233 53 65

Optimal value 
Antonkiewicz [2007] 
based on different sources

140–400 300–500 100–200 100–200

SD – standard deviation
Source of data about microelement content in plants: Filipek-Mazur et . al [2013]

value of the Ca:P, Ca:Mg, K:Mg, and K:Ca ratios took slightly higher than optimal values (at 
both distances from the road) . Independently from the distance from the road edge, the value of 
the ionic ratio K:(Ca+Mg) was 1 .5, which was below the bottom value for good quality fodders . 
The N:S weight ratio took the correct value . The results of authors’ own research did not differ 
considerably from the results obtained by Kotlarz et al . [2010] . Barszczewski and Ducka [2012] 
obtained high values of K:(Ca+Mg) and K:Mg ratios in intensively fertilized plants .

Table 3 and figure 4 show values of ratios of the macroelement to microelement content in 
the studied meadow sward . Results concerning the content of microelements in the analyzed 
plants are presented in an earlier publication – it was stated that copper content was deficient 
and zinc content was optimal [Filipek-Mazur et al . 2013] . Values provided in this paper indi-
cate that the mean value of the P:Zn ratio was too low, and of the Ca:Cu ratio too high, at both 
distances from the road . The value of the Ca:Zn ratio was optimal, and the value of the Ca:Mn 
ratio depended on the distance from the road – close to the road it was optimal, and farther away 
it was too low . Trąba and Wolański [2003] obtained much higher values of Ca:Cu and Ca:Zn 
ratios in sward with participation of some papilionaceous plants . Mountain meadow sward was 
characterized by very low values of Ca:Mn and Ca:Zn ratios [Antonkiewicz 2007, after Kopeć 
and Gondek 2000] .

Using numerical data from an earlier publication [Filipek-Mazur et al . 2013] and numeri-
cal data presented in this study, the values of correlation coefficients between soil acidity (the 
number of hydrogen ions calculated on the basis of the pHKCl value) and element content in the 



B. Filipek-Mazur, M. Tabak34

5 (n = 13) 200 (n = 13)

Distance from the road [m]

0

20

40

60

80

100

120

140

P:
Zn

5 (n = 13) 200 (n = 13)
Distance from the road [m]

400

500

600

700

800

900

1000

1100

1200

1300

1400

C
a:

C
u

5 (n = 13) 200 (n = 13)

Distance from the road [m]

0
20
40
60
80

100
120
140
160
180
200
220
240

Ca
:M

n

5 (n = 13) 200 (n = 13)

Distance from the road [m]

40
60
80

100
120
140
160
180
200
220
240
260
280
300
320

Ca
:Z

n

Source of data about microelement content in plants: Filipek-Mazur et al . [2013] 

Fig . 4 . Ratios of content of macroelements to microelements in the plants (raw data) 
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Fig . 4 . Ratios of content of macroelements to microelements in the plants (raw data)

sward, and the ratios between them were calculated (Table 4) . Calcium content in the plants was 
significantly negatively correlated with the number of hydrogen ions in soil . A negative cor-
relation was also found between the number of hydrogen ions and the value of the ratios: P:Zn, 
Ca:Cu, Ca:Mn and Ca:Zn .
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Table 4 .  Correlation coefficients between soil acidity and element content in the sward, and the ratios 
between elements

N P K S Ca Mg
[H+] 0,082 -0,100 -0,339 0,138 -0,418* -0,216

Ca:P Ca:Mg K:Mg K:Ca N:S K:(Ca+Mg)
[H+] -0,281 -0,286 -0,229 -0,126 -0,026 -0,169

P:Zn Ca:Cu Ca:Mn Ca:Zn
[H+] -0,549** -0,429* -0,653*** -0,606**

* significant at p < 0 .05; ** significant at p < 0 .01; *** significant at p < 0 .001
Source of data about soil acidity: Filipek-Mazur et . al [2013]

CONCLUSIONS

1 . Content of nitrogen, phosphorus, potassium, calcium, and magnesium in the sward collected 
5 m from the road was slightly higher than in the sward that was collected 200 m from the 
road . These relations were reversed for sulfur .

2 . In terms of fodder requirements of animals, the mean nitrogen, phosphorus, potassium, sul-
fur and magnesium content in the sward was too low, at both distances from the road edge . 

3 . The mean value of the Ca:P, Ca:Mg, K:Mg, and K:Ca ratios was slightly higher than optimal 
values (at both distances from the road) . The value of the K:(Ca+Mg) ionic ratio was 1 .5, 
which was below the bottom value for good quality fodders . The N:S weight ratio took the 
correct value .

4 . The value of the P:Zn ratio was too low, Ca:Cu was too high, Ca:Zn optimal, and the value 
of the Ca:Mn ratio was optimal close to the road, but farther away it was too low . 

5 . Calcium content in the plants was significantly negatively correlated with the value of soil 
hydrolytic acidity . A negative correlation was found between the value of soil hydrolytic 
acidity and the value of the P:Zn, Ca:Cu, Ca:Mn, and Ca:Zn ratios .
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ZAWARTOŚĆ MAKROSKŁADNIKÓW W RUNI ŁĄKOWEJ WZDŁUŻ DROGI NR 957

Synopsis. Celem badań było oznaczenie zawartości wybranych makroelementów (N, P, K, S, Ca, Mg) 
w próbkach roślinności łąkowej pobranej z miejsc znajdujących się w odległości 5 m i 200 m od drogi 
wojewódzkiej nr 957, na terenie przebiegającym przez Zawoję, oraz ocena wartości paszowej tej runi . 
Zawartość azotu oraz fosforu, potasu, wapnia i magnezu była nieznacznie większa w runi pobranej w od-
ległości 5 m od drogi, w porównaniu do runi oddalonej o 200 m . Zawartość siarki była natomiast więk-
sza (o 7%) w próbkach pobranych w dalszej odległości od skraju jezdni . Z punktu widzenia wymagań 
paszowych zwierząt trawożernych należy stwierdzić, że średnia zawartość azotu, fosforu, potasu, siarki 
i magnezu w runi była zbyt mała, w obu odległościach . Średnia wartość stosunków Ca:P, Ca:Mg, K:Mg 
i K:Ca przyjmowała wartości nieznacznie większe od optymalnych (w obu odległościach od drogi) . War-
tość stosunku jonowego K:(Ca+Mg) wynosiła 1,5, a więc była poniżej dolnej wartości podawanej dla pasz 
dobrej jakości . Prawidłową wartość przyjmował stosunek wagowy N:S .

Słowa kluczowe: rośliny łąkowe, wartość paszowa, makroskładniki pokarmowe, zanieczyszczenia ko-
munikacyjne
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