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Abstract 

Knowing the mineral requirements of the fodder on the grasslands is very 

important, especially during the grazing period when it is the main or even the only 
source of food for the animal. The mineral composition of grasslands fodder depends 

on several factors, among which: the floristic composition and the stage of development 

of the plants, the physico-chemical characteristics of the soil and fertilization. This 

paper aimed at the effect of applying different fertilization methods on the phosphorus 

and potassium content of the fodder obtained on 5 experimental plots, grazed with 
dairy cows.  The study was conducted over a period of three years (2017-2019), in 

August, at the end of the grazing period. The phosphorus content, obtained in the 3 

years, for the studied plots was between 0,221-0,389% (optimal values), except for the 

control plot, which in 2017 registered a slight deficiency in this element (0,197%). 

Regarding the potassium content, in 2017, the highest values were registered, over 2%, 

for the improved plots, while the control plot had a lower value (1,497%). The high 
values of the potassium content in the fodder, in the first year of study, highlighted the 

residual effect of the application of different improvement methods on the experimental 

plots. 
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INTRODUCTION 
 

In order to ensure ruminants 

an adequate state of health and, 
consequently, productivity, the 
fodder must contain, in addition to 
the qualitative parameters, sufficient 

quantities of mineral elements. 
(Underwood and Suttle, 1999). 

The mineral composition of 
grassland fodder depends on several 

factors, among which: the floristic 
composition (Kuusela, 2006), the 
stage of plant development (Høgh-
Jensen et al., 2006), the physico-

chemical characteristics of the soil 
and fertilization (Soder and Stout, 
2003). 

The application of fertilizers 

can influence the mineral 
composition of the grasslands by 
changing the floristic composition. 
The mineral composition of plants 

is also influenced by climatic 
factors during the growing season. 

Two of the most important 
mineral macroelements essential for 

fodder quality are phosphorus and 
potassium. 

An important element for 
plant nutrition is phosphorus, which 

plays a key role in enzymatic 
reactions, participating in most of 
the complex biochemical activities 
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inside the plant.  
Regarding potassium, its role 

is important as a regulator of plant 

functions, in which it actively 
participates, which explains its high 
concentration in growing young 
tissues, while aging organs are less 

rich in potassium. Potassium 
increases the resistance of plants to 
cryptogrammic diseases and is an 
element of balance and health for 

plants (POP, 2002). 

This paper’s aim was to 
investigate the effect of applying 
different fertilization methods on 

the phosphorus and potassium 
content of the fodder obtained from 
5 experimental plots, grazed with 
dairy cows. The study was 

conducted over a period of three 
years (2017-2019), in August, at the 
end of the grazing period. 

. 

 
MATERIAL AND METHOD 

 
The research was conducted 

at the Research Base for Mountain 

Grasslands - Blana Bucegi, at 1800 
m altitude, on a slightly sloping 
ground with eastern exposure 
located at the base of Blana Peak 

(1875 m).  
The 5 experimental plots A, 

B, C, D, and T were treated 
differently, as follows: 

1.  Plot  A: Natural  
grassland  (Nardus  stricta  
dominant  species)  fertilized with  
chemical fertilizers, as follows: 200 

kg/ha N + 100 kg/ha P2O5 +100 
kg/ha K2O in the year 2000; 150 
kg/ha N + 75 kg/ha P2O5 +75 kg/ha 
K2O in the year 2001; 100 kg/ha N 

+ 50 kg/ha P2O5 + 50 kg/ha K2O in 
the year 2002; 150kg/ha N + 100 
kg/ha P2O5 + 100 kg/ha K2O in the 
year 2010; 100 kg/ha N in the year 

2011; 50 kg/ha N in the year 2012; 
150 kg/ha N + 100 kg/ha P2O5  + 
100 kg/ha K2O in the year 2014; 
100 kg/ha N in the year2015; 50 

kg/ha N in the year 2016. 
2. Plot B: Natural grassland 

(Nardus stricta dominant species) 

chemically fertilized in the period: 
1996-1998 with a rate of 150 kg /ha 

N + 75 kg /ha P2O5 +75 kg/ha 
K2O, then paddocked with dairy 
cows in the years 2004, 2010 and 
2016; Before or immediately after 

paddocking, chemically fertilized by 
superphosphate at a dose of 100 
kg/ha P2O5. 

3. Plot C:  Natural grassland 

(Nardus stricta dominant species), 
limed on 2/3 of Ah in 1995, 
chemically fertilized in the period 
1996-1998 with a dose of 150 kg/ha 

N + 75 kg/ha P2O5 +75 kg/ha K2O, 
then paddocked with dairy cows in 
the years 2003, 2009 and 2015.  

4. Plot D: Seeded and limed 

pasture in 1995 year, chemically 
fertilized with NPK between 1996-
1998 years, identical to plots B and 
C, and paddocked with dairy cows 

in the years 2002, 2008 and 2014. 
For sowing it has been used a 
mixture of perennial grasses and 
forage legumes consisting of: 

Phleum pratense Favorit variety 
(40%), Festuca pratensis Transilvan 
(25%), Lolium perenne Marta (5%), 
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Trifolium hybridum - local 
population of Brasov (15 %), Lotus 
corniculatus Livada variety (15%). 

5. Plot T: Natural grassland 

(Nardus stricta dominant species), 
30 years rationally used, located 
within the experimental field of the 
Mountain Grassland Research Base 

from Bucegi. 
The study was conducted 

over a period of three years (2017-
2019), in August, at the end of the 

grazing period. 
The fodder samples were 

collected in three repetitions, dried 
in an oven at a temperature of 60°C. 

After drying, the samples were 
grounded and mineralized in the 
presence of three acids: sulphuric 
acid (H2SO4), nitric acid (HNO3) 

and perchloric acid (HClO4). 
The determination of 

phosphorus content in fodder was 
performed by spectrocolorimeter 

method. The method is based on the 
formation of a yellow phosphorus 
complex with the vanadomolybdate 
solution, the absorbance being read 

at 436 nm. The equipment used to 
read the absorbents was the Carl 
Zeiss Jena Spectrocolorimeter. 

The determination of the 

potassium content in the fodder was 
performed by the flamphotometer 
method. The equipment used was 
the Sherwood 410 Flamphotometer. 

The study data were 
processed by statistical methods, 
using the MSTATC program for 
statistical processing of 

experimental data. 
The significance of the 

differences between the plots were 
tested by analysis of variance 

(ANOVA) and the differences 
between the mean values were 
compared by Duncan's test at the 
significance level α = 5%. 

 
RESULTS AND DISCUSSION 

 
In 2017, in the first year of 

the study, before the start of the 
research, as well as in 2019 (in the 
last year of research), soil samples 
were taken and analysed to 

determine the phosphorus and 
mobile potassium content and to 
observe the influence of 
experimental factors on these 

indices. 
The agrochemical 

characteristics of the soil, on the 
depth of 0-15 cm, on each 

experimental plot are presented in 
Table 1. 

Analysing the pH value, it 

remained almost constant for all 
experimental plots, being between 
4,5 and 4,9 in 2017, and in 2019 the 
values were between 4,2 and 4,8, 

which indicates a strong acid soil. 
In 2017, the mobile 

potassium content in the soil, 
recorded high values > 200 ppm in 

all improved experimental plots, 
which characterizes a very well 
supplied soil in this element. In the 
following year (2018), there is a 

decrease in the mobile potassium 
content in the improved plots A and 
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D, as well as in the control plot T. 
In the last experimental year (2019), 
the highest mobile potassium 
content (304 ppm) was obtained on 

plot D, which was amended, sown, 
fertilized and treated by dairy cows 
paddocking. 

Regarding the mobile 
phosphorus content in the soil, in 
the first year of study (2017), on 
plot T (control), without applied 

treatments, the value was 18,5 ppm, 
which indicates a moderately 
supplied soil. 

Table 1 
Agrochemical characteristics of the soil 

PLOT YEAR 
pH Mobile phosphorus (P) Mobile potassium (K) 

ind ppm ppm 

Plot A 

2017 4,5 20,2 370 

2018 4,5 36,5 123 

2019 4,4 42,8 173 

Plot B 

2017 4,5 52,0 364 

2018 4,6 56,0 218 

2019 4,2 39,0 168 

Plot C 

2017 4,8 50,0 237 

2018 4,8 81,0 218 

2019 4,6 36,5 202 

Plot D 

2017 4,9 29,0 229 

2018 4,8 96,0 160 

2019 4,8 41,5 304 

Plot T 

2017 4,5 18,5 198 

2018 4,5 32,5 177 

2019 4,45 17,0 206 

 

A well-supplied soil in 
mobile phosphorus was obtained on 
plots B (fertilized) and C (amended 
and fertilized), respectively 52 ppm 

and 50 ppm, in 2017. In 2018, there 
is an increase in mobile phosphorus 
in the soil on all plots experimental. 
The value of mobile phosphorus 

content in the soil was 36.5 ppm on 
plot A, 56,0 ppm on plot B, 81,0 
ppm on plot C, 96,0 ppm on plot D, 
these values indicating a well-

supplied soil in phosphorus, with 
positive implications on fodder 
production. In 2019, the value of the 
mobile phosphorus content in the 

soil decreases slightly on the 

improved plots, but the values 
remain within the limits of a well-
supplied phosphorus soil, except for 
the control plot T (17,0 ppm). 

The mineral composition of 
grasslands fodder depends on 
several factors, among which: soil 
physico-chemical characteristics, 

botanical composition and plant 
stage of development. 

The botanical composition 
influences the mineral composition 

because between the three main 
groups of plants in grasslands 
(grasses, legumes and various 
plants) there are differences in the 

content in macro and micro 
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minerals (Foster, 1988; Wilman and 
Derrick, 1994; Fisher et al., 1996; 
Whitehead, 2000; Sanderson et al., 
2003; 2004). 

Figure 1, 2 and 3 show 

species percentages of participation 
in the botanical composition of the 
grassland on the 5 experimental 
plots. 

  

 
Figure 1. Percentage of participation of species from botanical composition of 

subalpine grasslands, 2017 
 

 
Figure 2. Percentage of participation of species from botanical composition of 

subalpine grasslands, 2018 
 

 
Figure 3. Percentage of participation of species from botanical composition of 

subalpine grasslands, 2019 
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The phosphorus 
concentrations , identified in the 
analysed fodder samples, on the five 

experimental plots, are presented in 
Table 2. 

In the first year of study 
(2017), according to the Duncan 

test, between the experimental plots 
there were significant differences, 
thus, the highest phosphorus content 
(0,389%) was obtained in the fodder 

harvested from plot B, differing 
significantly from the value 
obtained on the control plot T, 
which registered a slight deficiency 

(0,197%). 
Phosphorus deficiency in 

fodder is one of the most 
widespread and damaging diseases 

caused by a low content in this 
macro element. 

In the second year of the 
study (2018), the highest value of 

the phosphorus content was 
obtained on plot C (0,367%) and 
plot D (0,334%) significantly 

significant compared to the values 
obtained on plots A and T (control). 
The high phosphorus content on 
these two plots was also due to the 

higher percentage of participation of 
various plants in grassland 
composition (Figure 2), knowing 
that they have a higher phosphorus 

content (Constantinide and 
Cardașol, 1978). 
In the last year of the study (2019), 
the high values of mobile 

phosphorus in the soil had positive 
implications on the phosphorus 
content in the fodder, which 
recorded the highest values on plot 

A (0,353%) and plot D (0,350%), 
with distinctly significant 
differences from the values on the 
other experimental plots. 

Table 2 

Phosphorus concentrations (%) of fodder obtained on experimental plots  

Plot 
Year 

2017 2018 2019 

Plot A 0,263
bc

 0,273
bc

 0,353
a
 

Plot B 0,389
a
 0,330

ab
 0,288

ab
 

Plot C 0,338
ab

 0,367
a
 0,250

b
 

Plot D 0,311
abc

 0,334
a
 0,350

a
 

Plot T 0,197
c
 0,221

c
 0,240

b
 

DL 5% 0,12% 0,06% 0,08% 
a - c value with different subscript letters differ at DL 5% (DL – different limit) 

 

It is observed that compared 

to the control plot T, the different 
improvement methods applied on 
plots, had positive effects, generally 

significant or distinctly significant, 

on the increase of the phosphorus 
content of the harvested fodder, in 
the three years of study, Figure 4. 
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Figure 4. Average phosphorus concentrations (%) in fodder during 

the three years (2017-2019) 
 

The potassium 
concentrations  identified in the 
fodder samples are shown in Table 

3. 
In the fodder samples 

collected from the experimental 
plots, the potassium content, in 

2017, registered the highest values, 
over 2%, in all the improved plots. 
The highest value was registered on 

plot B (2,160%), distinctly 
significant compared to the control 
plot T (1,497%). 

 

Table 3 

Potassium concentrations (%) of fodder  

obtained on experimental plots in the three years 

Plot 
Year 

2017 2018 2019 

Plot A 2,047
ab

 1,593
ab 

1,710
b
 

Plot B 2,160
a
 2,063

a
 1,793

b
 

Plot C 2,053
ab

 1,987
a
 2,317

ab
 

Plot D 2,050
ab

 1,710
ab 

2,467
a
 

Plot T 1,497
b 

1,237
b 

2,083
ab

 

DL 5% 0,66% 0,56% 0,62% 
a-c value with different subscript lett ers differ at DL 5% (DL – different limit) 

 

The high values of the 

potassium content in the fodder, 
highlight the remaining effect of the 
application of different methods of 
improvement on the experimental 

plots. 

It is observed that at plots B 

and C in 2018, the mobile 
potassium content of the soil (Table 
1) had positive implications on the 
assimilation of this mineral element 

by the species in the vegetation of 
the studied plots. The fodder 
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harvested from these two plots 
recorded distinctly higher values 

than the potassium concentration 
obtained on the control plot T. 

 

 
Figure 5. Average potassium concentrations (%) in fodder during 

the three years (2017-2019) 
 

The positive effect on the 
potassium content is more 
pronounced on these plots, which 
were plowed: plot B in 2016, one 

year before the start of the study, 
and plot C, in 2015. 

In the last year of the study, 
the potassium content decreases, 

compared to the control plot T 
(2,083%), especially on plot A 
(1,710%), chemically fertilized and 
plot B (1,793%), chemically and 

organically fertilized. 
The requirement of plants on 

natural grasslands in potassium is 
high, but this element, unlike 

nitrogen, is very mobile. Potassium 
is not fixed in the remains of dead 
roots, but is washed and re-enters 
the plant circuit. 

This differentiated behavior 
is a consequence of the different 
assimilation of potassium by forage 

plant species present in different 
proportions, depending on the 
fertilization applied. 

Regarding plot D, it stands 

out significantly compared to the 
other plots, with a high potassium 
content (2,467%), optimal for plants 
(ȘUMĂLAN, 2006), also explained 

by the fact that the plot had a high 
potassium content. mobile in soil 
(BORLAN and HERA, 1984) 
(Table 1). 

Compared to the control plot 
T, the different improvement 
methods applied had positive 
effects, statistically significant, on 

the potassium content of the 
harvested fodder, in the three years 
of study. The only plot that obtained 
a statistically insignificant 

difference was plot A (chemically 
fertilized) (Table 4). The values of 
potassium concentrations were 
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between 1,783 - 2,119% for the 
fodder obtained on the improved 

plots, and for the unimproved 
control plot it was 1,606%. 

 

CONCLUSIONS 
    

The highest phosphorus 
content (0,389%) was obtained in 
the fodder harvested from plot B 

chemically and organically 
fertilized, in the first year of study, 
in 2017, and the lowest value was 
obtained on the control plot T, 

registering a slight deficiency 
(0,197%). 

The high values of mobile 
phosphorus in the soil had positive 

implications on the phosphorus 
content in the fodder, which 
recorded the highest values in the 
chemically fertilized plot A 

(0,353%) and the sown plot D 
(0,350%). 

The high values of the 
potassium content in the fodder, in 
the first year of study, highlighted 

the residual effect of the application 
of different improvement methods 
on the experimental plots. 

The positive effect on the 

potassium content is more 
pronounced on plot B, which was 
planted in 2016, one year before the 
start of the study. 

Plot D was highlighted, 
having a high content of potassium 
(2,467%), optimal for plants, 
explained by the fact that the plot 

had a high content of mobile 
potassium in the soil. 
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