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ZINC LEVELS IN PERMANENT DRY MEADOW IN DIFFERENTIAL IRRIGATION AND 

FERTILIZATION CONDITIONS 
 

Summary 
 

The study took place between years 2009–2011 in Falenty, Mazovian Voivodeship, as a part of a long-term scientific exper-

iment, began in 1987, using the randomised block method. All blocks were irrigated until 2008. In 2009 each block was di-

vided into two areas: irrigated and non–irrigated. The study involved four levels of inorganic nitrogen fertiliser and two 

levels of mixed organic and inorganic fertiliser in the form of fermented cattle urine. Inadequate levels of zinc were ob-

served in the sward from the majority of plots, totalling less than 30 mg Zn∙kg-1. This figure continued to decline in subse-

quent years, which could be correlated to a decline in soil pH, which contributed to the increased filtration of this element 

into the soil profile, since increased acidity led not only to the greater absorption of zinc by plants but also an increased 

propensity for leaching. The zinc content of sward differed across consecutive harvests, but no clear tendencies were ob-

served. A significantly lower quantity of the element was observed in sward from the first harvest in all plots only in the first 

year of the experiment. A tendency was observed for the quantity of the zinc content of sward to decline as the level of ferti-

lisation increased, which may have been caused by the greater crops obtained through the use of greater quantities of inor-

ganic fertiliser and the effect of dilution.  
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GOSPODARKA CYNKIEM NA ŁĄCE TRWAŁEJ GRĄDOWEJ NAWADNIANEJ ORAZ 

BEZ NAWODNIEŃ W WARUNKACH ZRÓŻNICOWANEGO NAWOŻENIA  
 

Streszczenie 
 

Badania prowadzono w latach 2009-2011 w Falentach, na wieloletnim doświadczeniu ścisłym, założonym w 1997 r., meto-

dą losowanych bloków. Do 2008 r. wszystkie obiekty były nawadniane, a od 2009 r. każdy obiekt został podzielone na dwie 

części - nawadnianą i bez nawodnień. Na obiektach stosowano zróżnicowane nawożenie mineralne oraz organiczno-

mineralne w formie gnojówki bydlęcej. Na większości obiektów odnotowano niedoborową zawartość cynku w runi łąkowej, 

wynoszącą poniżej 30 mg Zn∙kg-1. W kolejnych latach notowano spadek zawartości cynku w runi, co mogło wiązać się ze 

spadkiem pH gleby, co mogło przyczynić się do większego przemieszczania się tego składnika w głąb profilu glebowego i w 

efekcie do jego wymywania. Istotnie mniejszą zawartość tego składnika notowano w runi z pierwszego pokosu na wszystkich 

obiektach jedynie w pierwszym roku badań. Zawartość cynku w runi łąkowej różnicowała się w kolejnych pokosach w po-

szczególnych latach, jednak bez wyraźnych tendencji. Na większości obiektów nawadnianych odnotowano większą zawar-

tość cynku w runi, niż na obiektach bez nawodnień. Tendencja zmniejszania się zawartości cynku w runi wraz ze wzrastają-

cym poziomem nawożenia mogła być spowodowana wysokimi plonami uzyskanymi pod wpływem większych dawek nawo-

zów mineralnych i w wyniku rozcieńczenia. 

Słowa kluczowe: trwałe użytki zielone, cynk, gleba, ruń łąkowa 

 
 

1. Introduction 

 

 In agricultural production a large yield of high quality 

crops is dependent not only on providing arable crops with 

macroelements but also on supplying their need for micro-

elements. One such crucial element is zinc, a key compo-

nent of numerous plant enzymes and a key component in 

the metabolisation of carbohydrates, proteins and phospho-

rus compounds. [1] Zinc deficiency can disrupt nitrogen 

transformation and cause the accumulation of undesirable 

amides and free amino acids. Appropriate levels of zinc in 

sward, a key fodder for farm animals, provide animals with 

essential levels of this chemical element. The needs of ani-

mals are met by plants that contain about 30 mg Zn kg-1. 

 According to Maciejewska and Kotowska [2] increasing 

the acidity of soil has significant impact on the solubility of 

zinc and thus its activity and bioavailability. The absorption 

of zinc by plants, especially in slightly acidic and acidic 

soils is high due to the solubility of the majority of its com-

pounds [3, 4, 5, 6]. The availability of this element for 

plants also depends on its overall content in soil, soil mois-

ture level, organic compound levels and levels of other el-

ements and macro-elements, principally phosphorus, nitro-

gen and copper [1, 7, 8]. Tiller [9] claims that soil proper-

ties are the main factor in the absorption of zinc by plants. 

 The aim of the study was to examine the correlations 

between the zinc content of different crops of sward, its 

presence in soil and yields of sward in different inorganic 

and mixed organic and inorganic (fermented urine) fertiliser 

with and without irrigation. 

 

2. Materials and methods 

 

 The study took place between 2009-2011 in Falenty, 

Mazovian Voivodeship, as part of a long-term scientific ex-

periment, began in 1987, using the randomised block meth-

od, repeated four times in proper dry meadow conditions on 

degraded black soil with a granulometric composition con-

sistent with loamy soil. All blocks were irrigated until 2008. 

In 2009 each block was divided into two areas: irrigated 
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and non-irrigated, resulting in plots of 27 m2. The sward on 

the non-irrigated plots received its water from the soil pro-

file supplemented with atmospheric precipitation. On the 

irrigated plots water deficiencies were supplemented, ac-

cording to need, between May and September to maintain a 

water content of 60-100% of field capacity (FC) in the up-

per strata of the soil. The water requirements of the soil 

were supplied in single doses of about 25 mm. The soil wa-

ter content was monitored using readings from sensors (Em 

50) at depths of 10-15, 25-30 and 40-45 cm. 

 The study involved four levels of inorganic nitrogen fer-

tiliser (at the N-180bis level phosphorus had not been ap-

plied since 1997) and two levels of mixed organic and inor-

ganic fertiliser (table 1). The inorganic fertilisation com-

prised nitrogen in the form of ammonium nitrate (34.5% 

N), phosphorus in the form of triple superphosphate (46% 

P2O5) and potassium in the form of potassium oxide (57% 

K2O). The mixed organic and inorganic fertiliser was ap-

plied in the form of fermented cattle urine, which supplied 

adequate levels of potassium while nitrogen and phospho-

rus levels were topped up to standard dosages with super-

phosphate and ammonium nitrate. Before each application 

the dry weight and nitrogen, phosphorus and potassium lev-

els of the fermented urine were established. Fertilisation 

with a mixture of fermented urine, nitrogen and potassium 

was carried out three times a year, once for every harvest 

while the phosphorus was applied once, in spring. 

 Soil at depths of 0-10 and 10-20 cm was tested for pH in 1M 

KCl (pHKCl) and for zinc content in autumn 2008 and 2011. 

 Each year the sward was harvested three times and the 

dry weight of the crop was determined. The sward samples 

from each harvest were tested for zinc content, after appro-

priate treatment, with an atomic absorption spectrometer 

and ITP methodology, [10] using a mix of concentrated ac-

ids: nitric, perchloric and sulphuric.  
 

Table 1. The scheme of meadow sward fertilization 

Tab. 1. Schemat nawożenia na poszczególnych obiektach 
 

Fertilization objects 
Fertilization dose (kg∙ha-1) 

N P K 

N-60 

mineral 

60 10.9 33.2 

N-120 120 21.8 66.4 

N-180 180 31.7 99.6 

N-180bis 180 0 99.6 

N-240 240 43.6 132.8 

G1 
organic- mineral 

180 31.7 99.6 

G2 240 43.6 132.8 

Source: Own work / Źródło: opracowanie własne 
 

 The crop yield figures obtained were subjected to statis-

tical analysis using analysis of variance. The calculations 

were made using Statistica software using the Anova/ 

Manova module. 

3. Results and discussion 

 

 Significant differences in crop yield were observed in 

the majority of plots in line with the different levels of ferti-

lisation (table 2). The smallest yields were obtained from 

plots with the lowest level of inorganic fertilisation (N-60). 

Compared to this level a significant increase in crop yield 

was observed in subsequent years in all plots, irrigated and 

non-irrigated, with higher levels of organic and mixed or-

ganic and inorganic fertiliser. No significant difference in 

crop yield was observed in the plot deprived of phosphorus 

fertiliser (N-180bis) compared to plots where this compo-

nent was used alongside an identical dose of nitrogen in the 

mineral form (N-180) and mixed organic and inorganic fer-

tiliser(G1). 

 The only significant increase in crop yield from an irri-

gated plot was observed in plot G2 compared to its first 

level of fertilisation (G1). The largest dry weight crop in 

2009, significantly greater compared to all plots with lower 

levels of fertiliser, were obtained with the highest levels of 

inorganic fertiliser (N-240) and mixed organic and inorgan-

ic fertiliser (G2). The largest crops of all the plots, showing 

an upward tendency linked to the level of fertilisation, were 

obtained in 2010 as a result of well distributed and signifi-

cant rainfall in that year. Such a link between crop yields 

and levels of precipitation was found by Sapek et al. [11]. 

Crops obtained from plots fertilised with ammonium nitrate 

and fermented urine indicate that these fertilisers similarly 

improved yields in 2009 and 2010, confirmed in the find-

ings of Wesołowski [12]. 

 The cause of the significant decline in crop yields in 

2011, irrespective of irrigation and fertilisation, has been 

identified as the significant increase in dicotyledonous 

weeds present in the sward, especially common dandelion 

(Taraxacum officinale F.H. Wigg.), sheep’s sorrel (Rumex 

acetosa L.) and broad-leaved dock (R. obtusifolius L.). 

Głowacki’s research links declining crop yields with 

growth in the population of these weeds [13]. 

 At the start of the study significant variance in soil pH 

was observed at depths of 0-10 cm, oscillating between 

4.10-5.65, as well as 10-20cm, where pH ranged from 5.2-

5.86. After the initial three years of the experiment a clear 

downward trend was observed in soil pH in all fertilised 

plots, both at the 0-10 cm level and at 10-20 cm (table 3). 

The lowest pH values were observed in plots with the high-

est levels of inorganic fertiliser (N-240) while the highest 

occurred at the lowest levels (N-60). A significantly higher 

soil pH was observed in irrigated plots compared to non-

irrigated plots which may be the result, as suggested by Sa-

pek et al, [14] of significant levels of calcium introduced 

along with the water used to irrigate the sward. 

 

Table 2. Dry matter yields [t∙ha-1] from irrigated and non irrigated objects 

Tab. 2. Plony absolutnie suchej masy [t∙ha-1] z obiektów nawadnianych i nie nawadnianych 
 

Year Irrigation 
Objects 

N-60 N-120 N-180 N-180bis N-240 G1(180) G2(240) 

2009 
non-irrigated  5.70a 8.01bc 9.38bc 9.49bc 9.55bc 7.84b 9.98c 

irrigated 6.41a 8.70b 9.34b 9.81bc 10.99c 9.33b 11.25c 

2010 
non-irrigated  7.84a 10.03ab 11.52b 10.72b 11.45b 10.30ab 11.38b 

irrigated 7.49a 9.80b 10.01b 10.06b 11.32b 10.18b 11.39b 

2011 
non-irrigated  5.33a 7.80ab 8.35b 8.00ab 8.41b 9.05b 8.73b 

irrigated 5.43a 8.12b 9.04b 8.10b 8.65b 8.25b 9.41b 
 

Source: Own work / Źródło: opracowanie własne 
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Table 3. Upper soil layers pH (KCl) depending on the form 

and level of nitrogen fertilization on irrigated and non-

irrigated objects 

Tab. 3. Wartości pH (KCl) wierzchnich warstw gleby, 

w zależności od  formy oraz poziomu nawożenia azotem, na 

obiektach nawadnianych oraz bez nawodnień 
 

Objects 

pH KCl 

Soil layer, cm 

0-10 10-20 0-10 10-20 

2008 2011 

N-60 
irrigated 5.65 5.86 5.43 5.56 

non-irrigated - - 5.25 5.60 

N-120 
irrigated 5.55 5.68 5.16 5.47 

non-irrigated - - 5.00 5.30 

N-180 
irrigated 5.01 5.69 4.77 5.36 

non-irrigated - - 4.33 5.14 

N-

180bis 

irrigated 4.81 5.29 4.55 5.22 

non-irrigated - - 4.21 5.22 

N-240 
irrigated 4.10 5.20 3.96 4.72 

non-irrigated - - 3.25 4.15 

G1 
irrigated 5.35 5.79 5.24 5.51 

non-irrigated - - 4.89 5.37 

G2 
irrigated 4.95 5.57 4.68 5.17 

non-irrigated - - 4.51 5.32 

Source:Own work / Źródło: opracowanie własne 

 Soil in all the experimental plots was characterised by 

low levels of zinc, ranging from 12.9 to 25.3 mg Zn·kg-1 

DMB at a depth of 0-10 cm and from 11,0 do 26,0 mg 

Zn·kg-1 DMB at a depth of 10-20 cm. The zinc levels ob-

served were much lower than the average levels for loamy 

soil in Poland, which amounts to 52 mg Zn·kg-1 DMB [15]. 

At the start of the experiment the greatest zinc levels found 

at both the depths tested were observed in the plot with the 

highest level of mixed organic and inorganic fertiliser (G2). 

Zinc levels observed in 2008 in plots that were not fertilised 

with phosphorus were lower compared to other plots at both 

of the tested soil depths. A possible cause is the absence of 

zinc supplementation from phosphorus fertilisers, which 

can supply up to 1450 mg Zn·kg-1. 

 During the experimental period the zinc content of the soil 

declined both in irrigated and non-irrigated plots. After three 

years the lowest zinc levels were observed in non-irrigated 

plots that were not fertilised with phosphorus. The highest zinc 

levels were observed in the non-irrigated plots fertilised with 

mixed organic and inorganic fertiliser (G2), which may be the 

result of zinc contained in fertilised urine, which amounts to 

about 220 mg∙kg-1 DMB. [16] The greatest decline in zinc lev-

els during the experimental period was also observed at this 

level of fertilisation in irrigated plots. 
 

Table 4. Changes in the zinc content (mg Zn ∙ kg-1 DM) in soil layers depending on the form and level of fertilization on irrigated and 

non-irrigated objects 

Tab. 4. Zasobność gleby w cynk (mg Zn∙kg-1 s.m.)  na obiektach bez nawodnień i nawadnianych, w zależności od formy i dawki nawożenia 
 

Objects 
Mineral fertilization Natural-mineral fertilization 

N-60 N-120 N-180 N-180bis N-240 G1 G2 

Layer [cm] 0-10 10-20 0-10 10-20 0-10 10-20 0-10 10-20 0-10 10-20 0-10 10-20 0-10 10-20 

Irrigated 2008 
24.9 
bc 

20.4 
ab 

24.1 
bc 

21.3 
ab 

21.8 
ab 

24.3 
bc 

20.8 
a 

18.9 
a 

21.3 
ab 

21.0 
ab 

23.2 
bc 

21.1 
ab 

25.3 
c 

26.0 
c 

Irrigated 2011 
16.3 

b 

15.4 

ab 

13.6 

ab 

12.1 

ab 

15.5 

ab 

16.1 

b 

13.8 

ab 

11.7 

a 

11.9 

a 

12.0 

ab 

16.4 

b 

14.6 

ab 

14.4 

ab 

13.5 

ab 

Non irrigated 

2011 

13.8 

a 

12.9 

ab 

14.4 

ab 

11.2 

a 

14.6 

ab 

11.9 

a 

12.9 

a 

11.0 

a 

14.4 

ab 

12.3 

ab 

16.1 

bc 

14.5 

ab 

16.6 

c 

14.4 

ab 

Source: Own work / Źródło: opracowanie własne 

Table 5. Average zinc content in the sward in the years 2009-2011 in mg∙kg-1DM 
Tab. 5. Średnie zawartości cynku w runi łąkowej w latach 2009-2011 w mg∙kg-1s.m 
 

Objects 
Mineral fertilization Natural-mineral fertilization 

N-60 N-120 N-180 N-180bis N-240 G1 G2 

Irrigation 
Swath 

NI I NI I NI I NI I NI I NI I NI I 

I 
24.1 

a 

25.0 

a 

25.0 

a 

25.3 

a 

25.3 

a 

26.8 

ab 

26.9 

ab 

26.8 

ab 

24.7 

a 

26.2 

ab 

29.3 

b 

29.0 

b 

24.5 

a 

26.7 

ab 

II 
34.6 

c 

42.3 

cd 

29.9 

b 

36.1 

c 

28.0 

b 

30.9 

bc 

30.1 

b 

38.6 

cd 

27.4 

ab 

34.7 

c 

31.2 

bc 

33.4 

c 

27.1 

ab 

30.9 

bc 

III 
29.6 

b 

34.1 

c 

27.4 

ab 

30.9 

bc 

33.2 

c 

32.6 

c 

28.8 

b 

29.3 

b 

27.4 

ab 

31.1 

bc 

33.1 

c 

35.7 

c 

30.6 

bc 

36.2 

c 

Average 2009 
29.4 

b 

33.8 

c 

27.4 

ab 

30.8 

bc 

28.6 

b 

30.1 

bc 

28.8 

b 

31.6 

bc 

26.5 

a 

30.7 

bc 

31.2 

bc 

32.7 

c 

27.4 

ab 

31.3 

bc 

I 
26.0 

b 

26.0 

b 

25.4 

b 

24.5 

b 

23.6 

b 

25.7 

b 

23.3 

b 

29.2 

bc 

24.7 

b 

27.5 

b 

26.8 

b 

25.6 

b 

27.0 

b 

30.1 

bc 

II 
22.0 

ab 

24.3 

b 

17.9 

a 

18.7 

a 

14.5 

a 

18.7 

a 

18.3 

a 

21.7 

a 

16.6 

a 

20.9 

ab 

19.4 

a 

24.9 

b 

20.2 

a 

19.5 

a 

III 
23.3 

b 

23.2 

b 

21.7 

ab 

25.9 

b 

20.7 

ab 

20.9 

ab 

21.5 

ab 

25.1 

b 

20.4 

ab 

22.9 

b 

24.9 

b 

24.4 

b 

23.6 

b 

19.2 

a 

Average 2010 
23.7 

b 

24.5 

b 

21.7 

ab 

23.0 

ab 

19.6 

a 

21.7 

ab 

21.0 

ab 

25.3 

b 

20.5 

a 

23.8 

b 

23.7 

b 

25.0 

b 

23.6 

b 

22.9 

ab 

I 
24.2 

b 

23.4 

ab 

23.8 

ab 

23.6 

ab 

21.9 

a 

22.0 

a 

20.8 

a 

28.0 

b 

21.9 

a 

20.6 

a 

21.0 

a 

22.3 

a 

20.1 

a 

21.5 

a 

II 
25.0 

b 

24.5 

b 

23.9 

b 

23.3 

b 

23.4 

b 

25.2 

b 

21.8 

a 

29.3 

bc 

31.8 

c 

25.2 

b 

25.9 

b 

26.5 

b 

29.0 

bc 

26.9 

b 

III 
23.9 

b 

20.6 

a 

21.6 

a 

21.4 

a 

20.0 

a 

19.8 

a 

19.9 

a 

22.4 

 

18.2 

a 

20.7 

a 

21.5 

a 

22.6 

a 

20.8 

a 

20.2 

a 

Average 2011 
24.4 

b 

22.8 

a 

23.1 

a 

22.8 

a 

20.8 

a 

22.3 

b 

21.8 

a 

26.6 

b 

24.0 

b 

22.2 

a 

22.3 

a 

23.8 

ab 

23.8 

ab 

22.9 

a 
I – irrigated; NI – non-irrigated                 Source: Own work / Źródło: opracowanie własne 
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 The availability of mobile zinc in soil, according to 

Rogóż and Kabaty-Pendias and Pendias, [5, 15] increases in 

inverse proportion to soil pH. The present study showed 

that the reduction in soil pH caused by fertilisation im-

proved the availability of zinc. Within the pH range ob-

served in the experiment, as confirmed by Sapek [16], no 

correlation was observed between the pH of soil and its 

zinc content. 

 Inadequate levels of zinc were observed in the sward 

from the majority of plots [17, 18], totalling less than 30 mg 

Zn∙kg-1 [16] (table 5). This figure continued to decline in 

subsequent years, which could be correlated to a decline in 

soil pH, which contributed to the increased filtration of this 

element into the soil profile, since increased soil acidity 

leads not only to the greater absorption of zinc by plants but 

also an increased propensity for leaching [19]. 

 The zinc content of sward differed across consecutive 

harvests, but no clear tendencies were observed. A signifi-

cantly lower quantity of the element was observed in sward 

from the first harvest in all plots only in the first year of the 

experiment. 

A tendency was observed for the quantity of the zinc con-

tent of sward to decline as the level of fertilisation in-

creased, which may have been caused by the greater crops 

obtained through the use of greater quantities of inorganic 

fertiliser (table 2) and the effect of dilution. When plants 

are fertilised with inorganic fertiliser there is a strict corre-

lation between the metabolisation of zinc and phosphorus. 

As the level of assimilable phosphorus in soil increases the 

amount of zinc available to the plant decreases [20, 21] 

which is why high levels of phosphorus fertiliser can be a 

factor in inhibiting the absorption of zinc by plants. [22] 

This is confirmed by the greater quantity of zinc found in 

sward from plot N-180bis, which was deprived of phospho-

rous fertiliser, compared to an analogous plot where phos-

phorus was applied. 

 The zinc content in plots fertilised with fermented urine 

(G1 and G2) was greater than in analogous plots fertilised 

with the same amount of nitrogen in inorganic form. This 

may have been the result of the increased supply of zinc 

provided by fermented urine which is better absorbed by 

plants in acidic soil conditions. In most irrigated plots a 

greater quantity of zinc was observed in the sward com-

pared to non-irrigated plots. 

 

4. Conclusions 
 

1. The application of fertiliser, both inorganic and ferment-

ed urine, resulted in a significant decline in the pH and zinc 

content of the soil, irrespective of soil pH, their initial lev-

els and irrigation. 

2. A significantly higher level of zinc in sward harvested 

from the plot which was not fertilised with phosphorus in 

the following years may have resulted in the reduced its 

abundance and low soil pH increasing availability of zinc to 

plants. 
3. The apparently greater zinc content observed in sward 

from plots fertilised with fermented manure may be at-

tributed to the introduction of the element in fertiliser and 

its ready absorption by plants in soils with a low pH. 
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