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A b st rac t. During the two years of pot experiment 
held in a very acid, nutńent deficient podzolic soi!, the in
fluence of differrentiated minerał fertilizing and liming on 
phosphorus uptake by spńng harley from its vańous forms 
was tested. lt was stated that nitrogen fertilization caused 
aignificant increase in aluminium phosphate fraction con
tent and decrease in easily soluble phosphate fractions . 
The phosphorus fertilization contributed to the increase of 
all determined forms of phosphorus, on the other hand po
tassiwn fertilizing did not influence in a smtistically 
proved mode the concentration of the examined P fonns. 
The phosphorus uptake by the vegetative parts was signifi
cantly and positively dependent on the amount of alumi
niwn phosphate fraction amount in soi! and iron phosphate 
fractions easily soluble by grain. 

Key w ord s: spńng harley, fertilization, liming, 
phosphorus uptake, soi! phosphorus fonns 

INTRODUCTION 

The soi! fertility in minerał phosphorus 
compounds depends on various factors, its 
type among other, fcrtilization and Iiming [ 1-
4,7-12]. Except from the dose, a certain in
fluence on the content of some phosphorus 
forms. the kind of applied phosphorus fertilizer 
(2,13] can have certain influence. Liming of acid 
soils and minerał fcrtilizing (phosphorus one) 
causes in generał the increase of P fonns easily 
available for plants (2,3,8,9]. The plants up
talce phosphorus mainly from easily soluble 
aluminium fractions [3.10]. 

Calcium and iron phosphates may be a good 

phosphorus source (13] in the cultivation of 
chosen plant species at applying various phos
phorus fertilizers in specific soil conditions. 
Available phosphorus, detennined with vari
ous methods, can ałso supply plants with this 
component [1,3,5,6,10-12]. 

The aim of the experiment was to deter
mine the influence of differentiated minerał 
fertilizing and liming of very acid podzolic 
soi! on phosphorus uptake by spring barley 
from various soi! phosphorus fonns. 

MATERIALS 

The research was made on the basis of pot 
experiment, laboratory anałyses and statistic 
calculations. The experiment was carried out 
on podzolic soil which, before fertilizing, had 
been limed with oxide type calcium with a 
dose całculated according to 1 Hh. Its charac
teristic features are 50 % silt particles, 27 % of 
fine particles and pHKa - 4.4. It contained 26 
mg P kf 1 determined according to Enger-Riehm 
method and 1.5 mg P kf 1 easily soluble phos
phate fractions, 86.0 mg P kf1 aluminium phos
phate fmctions, 81.0 mg P kf1 iron phosphate 
fractions and 14.2 mg P ki1 calcium phosphate 
fractions. Pre-sowingly in each of the two years 
of the experiment two levels of NPK fertili
zing (for 6 kg of soi!) was applied: Ni-0,9 g N, 
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N2-I.8 g N; P1-0.393 g P, P2-0.786 g P; K1-

0.9g K, K2-1.8g K. 
Ammonium nitrate, potassium salt and di

calcium phosphate were used for fertilizing. 
The harley harvesting (leaves, stems, roots 

and grain) was made in the full ripeness and at 
the same time soi! samples were taken for ana
lyses. Phosphorus in plant materia! was deter
mined with vanadate-molybdate method, in 
soil samples pHKC1· available phosphorus ac
cording to Egner-Riehm and minerał phospho
rus fractions according to Chang and Jackson. 
Barley yelding, phosphorus content in soi! and 
plant was evaluated with variance analysis 
method using Tukey's half-interval of credi
bility. Relationships occurring between phospho
rus forms in soi! and yelding, P content and 
phosphorus uptake by spring barley were also 
determined. 

As NPK fertilizing was applied on limed 
soil, as a control I very acid soil fertilized 
with single doses of these cómponents was 
used, and as control II this soil without mine
rał fertilization, only limed before starting the 
experiment. 

RESULTS 

The result of liming a very acid soil was 
the change of its reaction to neutral. Phospho-

rus and potassium fertilizing did not cause 
significant differences in pH, on the other 
hand applying double dose of nitrogen con
tributed to statistically proved soil acidification 
(Table 1). Double-dose nitrogen fertilization, 
through soi! acidification, effected in a statisti
cally proved way the contact of aluminium 
phosphate fraction (increase) and easily soluble 
phosphate fractions (decrease). 

Phosphorus fertilizing caused significant 
increase of easily soluble, aluminium phos
phate fractions, the sum of fractions and phos
phorus detennined with Egner-Riehm method. 
Iron and calcium phosphate fractions contents 
were not differentiated in a statisticałly proved 
way ałthough in this case one can observe cer
tain tendency of the increase concentration of 
these fractions. Potassium fertilizing did not 
influence significantly the content of any deter
mined phosphorus forms. 

Liming caused distinct increase of ava
ilable phosphorus content and easily ~:iluble phos
phate fractions (in comparison to control I), on 
the other hand minerał fertilizing additionally 
caused the increase of aluminium, iron and 
minerał phosphate amounts (control II). 

Spring barley yelding, its vegetative parts 
and grain, did not significantly depend on 
minerał fertilization applied. lt may prove the 

Tab Ie 1. pHKa and content of various fonns of phosphorus in soi! (mg P/100 g) 

Fertilization pHKa P-acc. to P-easily P-Al P-Fe P-Ca Sum of 
Egner-Riehm soluble fractions 

Nt 6.4 12.8 6.0 13.6 14.3 2.2 36.l 
N2 5.9 11.2 3.9 14.7 14.1 2.3 35.0 

LSD p=0.05 O.I • I.I 0.8 • • • 
Pt 6.1 8.0 2.0 11.9 13.4 2.2 29.5 
P2 6.2 16.0 7.8 16.4 15.0 2.3 41.6 

LSD p=0.05 • 1.9 I.I 0.8 • • 2.5 

K1 6.2 12.1 4.9 14.1 14.3 2.3 35.6 
K2 6.2 11.9 4.9 14.2 14.2 2.2 35.5 

LSD p=0.05 • • • * * * • 
Control 
I 4.4 7.0 I.O 13.2 13.2 1.9 29.2 
II 6.4 2.4 0.3 5.8 10.9 1.9 18.8 

• - not significant differences. 
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fact that already single dose fully covered the 
needs of the plant, double dose applying did 
not differentiate its biomass (Table 2). The 
liming of very acid soil and minerał fertilizing 
caused the significant increase in barley 
yields, a plant very sensitive to soi! acidifica
tion and insufficient nutrient supply (espe
cially easily available phosphorus forms). 

In comparison to control, soi! liming as 
wen as minerał fcrtilization caused distinct in
crease of P content in plants and phosphorus 
uptake by barley (Table 3). However. no sig
nificant differences in the amount and up
take of this component by vegetative parts 
and grain within the applied doses of NPK 
were found. 

Spring barley yelding depended signifi
cantly on the easily soluble aluminium (posi
tive correlation), as well as on iron (negative 
correlation) phosphate fraction content in soi!. 
With the increase of easily soluble phosphates 
fractions in soil by one unit, the harvest of 
vegetative parts will increase by 0.9 g per pot, 
however. if iron phosphate concentration in
creases by one unit, the harvest mass of these 

parts will decrease by 1.3 g per pot (in com
parison to average harvest mass of vegetative 
parts of the plant). 

It was found that positive correlation 
exists between aluminium phosphates frac
tions and the arnount of P in the vegetative 
parts of the plant, and similar dependence be
tween iron phosphates fraction concentration 
and the amount of phosphorus in harley stems 
and grain. 

However, the increase in aluminium phos
phate fractions in soil by one unit will cause 
the increase in phosphorus amount in the 
vegetative parts of the plant by 0.02-0.03 % 
d.m., and iron phosphates fractions by O.Ol% 
d.m. of stems and grain. 

The phosphorus uptake by harley proved 
positive correlation with the aluminium phos
phates content in soil as wen as those easily 
soluble (vegetative parts) and iron phosphates 
content (grain). Together with the increase of 
those fractions by one unit, the phosphorus up
take by vegetative parts will increase sub
sequently by 4.7 and 2.4 mg P from one pot, 
and 6.8 mg P by grain. 

Ta b I e 2. Yields and the content and uptake of phosphorus by spring barley 

Fertiliz.ation Yield (g/pot) Content of P (%) Uptake of P (mg/pot) 

vegetative grain stems leaves roots grains vegetative grains 
parts parts 

NI 32.1 37.0 0.34 0.34 0.17 0.46 85 177 

N2 31.8 33.5 0.41 0.37 0.21 0.49 84 166 

LSDp=0.05 • • • • • • • • 

P1 30.4 33.8 0.35 0.31 O.I 8 0.45 76 158 

Pz 33.4 36.7 0.40 0.38 0.20 O.SO 93 185 

LSDp=0.05 • • • • • • .. • 

K1 30.8 34.l 0.36 0.33 0.19 0.46 84 161 

K2 33.0 36.4 0.39 0.36 0.20 0.49 85 183 

LSDp=0.05 • • • • • • • • 
Control 
I 25 .7 26.6 0.31 0.26 0.17 0.39 21 106 
Il 14.7 12.6 0.05 0.08 O.o? O.SO 12 68 

•not significant differences. 
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DISCUSSJON 

The results pertaining to the intluence of 
minerał fertilizing on various phosphorus con
tent in soil found their confinnation in the 
works of other authors [2,4,7,9,12]. At the 
same time Bednarek [3] stressed that easily so
luble and aluminium phosphates play a signifi
cant role in the influence on the crop of Italian 
ryegrass and on supplying it with phosphorus. 
However, other authors infonn that no positive 
correlation was noted between the soil availa
bility in phosphorus detennined with Egner
Riehm method and its content in the vegetative 
mass of grain crops grown mainly on light tex
tured soil [5]. Czuba also states that there is a 
significant correlation between the content of 
available phosphorus in soil and its content in 
grain and straw of spring wheat [6]. It is also 
noticed thai significant correlations exist be
tween available phosphorus content, detennined 
with various methods, and plant indices (relative 
plant yield and phosphorus uptake) [1]. At the 
same time, it is stated that AL and DL Egner 
methods and Olsen's method should be con
sidered the best of the tested ones allowing to 
evaluate the actually available and reserve 
content of phosphorus forms. 

Moskal I 11] also states that phosphorus 
uptake by harley and com had significant and 
positive correlations with the content of this 
element in soil, determined among others by 
Egner-Riehm method. Plants absorb phospho
rus mainly from easily soluble and aluminium 
fractions [ 10], but they can also effectively ab
sorb iron and aluminium fractions, especially 
when they are fertilized with various phospho
rus fertilizers (13]. 

CONCLUSJONS 

The following conclusions can be formu
lated from the above presented research: 

1. Nitrogen fertilizing caused a significant 
increase in the aluminium phosphate content 
in soil and the decrease in easily soluhle phos
phate content (through the intluence on its 
acidification). The fertilization with phosphorus 
contributed to the increase in the amount of all 
determined phosphorus fonns, and fertilizing 

with potassium did not affect significantly the 
concentration of detennined P forms. 

2. The fertilizing of soil with double NPK 
dose did not cause significant increase in the 
plant yield, phosphorus content in it and its 
uptake by harley. This may prove the fact that 
a single dose of NPK applied in neutral soil 
fully covered the nutritive needs of the plant. 
However, timing of a very acid soil and its 
minerał fertilizing contributed to the increase 
of the content of determined phosphorus fonns 
in soil, harley yielding and phosphorus uptake 
by plant in comparison to the control. 

3. Spring harley yielding was significantly 
dependent on the content of easily soluble and 
aluminium phosphate fractions' content in soil 
(subsequently vegetative parts and gmin - posi
tive correlation) and of iron phosphate content 
(vegetative parts - negative correlation). The 
phosphorus content in the vegetative parts of 
the plant was positively correlated with the 
amount of aluminium phosphate fractions in 
soil and in grain with the amount of iron phos
phate fraction. The uptake of P by vegetative 
parts was significantly and positively corre
lated with the amount of aluminium and easily 
soluble phosphate fractions in soil and by grain 
with the amount of iron phosphate fractions. 
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WPŁYW NA WOŻENIA MINERALNEGO I 
WAPNOWANIA NA POBRANIE FOSFORU PRZEZ 

JĘCZMIEŃ JARY Z RÓŻNYCH FORM TEGO 
SKŁADNIKA WYSTĘPUJĄCEGO W GLEBIE 

W dwuletnich doświadczeniach wazonowych zało
żonych na bardzo kwaśnej, ubogiej w składniki pokarmo
we glebie bielicowej, badano wpływ zróżnicowanego 

nawożenia mineralnego i wapnowania na pobranie fosforu 

przez jęczmień jary z jego różnych form. 
Stwierdzono, że nawożenie azotem powodowało 

istotny wzrost zawartości w glebie frakcji fosforanów gli

nowych i zmniejszenie frakcji fosforanów łatwo rozpusz
czalnych. Nawożenie fosforem przyczyniło się do 
zwiększenia ilości wszystkich oznaczanych form fosforu, 
natomiast nawożenie potasem nie oddziaływało w sposób 
udowodniony statystycznie na koncentrację badanych 
form P. Pobranie fosforu przez części wegetatywne było 
istotnie i dodatnio uzależnione od ilości w glebie frakcji 
fosforanów glinowych i łatwo rozpuszczalnych, przez 

ziarno - frakcji fosforanów żelazowych. 
S ł o w a k I u c z o w e: jęczmień jary, nawożenie 

mineralne, wapnowanie, pobieranie fosforu. 


