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THE IMPACT OF DIFFERENTIAL FERTILISATION AND IRRIGA  TION
ON THE CONTENT OF POTASSIUM FORM IN LUVISOL

Summary

The present study shows the content of differetaispium forms found in lessive soil and was basea b2-year long field
experiment. In this work the following conditionsres used: differential N fertilization and diffeté irrigation (fields
were either left with no water or irrigated). Theilssamples were collected from three differenttdsgghat matched geno-
types of lessive soil: 0-30, 30-60 and 60-90 cm. h&'ee mapped the following potassium forms: ac{keCaCl),
bioavailable Enger-Riehm (K-DI), exchangeable (KsCBONH,), fixed (K-HCI) and non-exchangeable (K-HNOWe
observed that with the increased concentrationl édrtilization, there was a reduction in the cantef potassium forms,
in particular when fields were irrigated. Moreoven, majority of cases, there were fewer potassiorm$ on irrigated
fields (in particular on 0-30 cm).
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ZAWARTO SC FORM POTASU W GLEBIE PLOWEJ W WARUNKACH
ZROZNICOWANEGO NAWO ZENIA AZOTOWEGO | NAWADNIANIA

Streszczenie

W pracy przedstawiono wyniki batldotyczce ilasci form potasu w glebie ptowej. Badania prowadzoagrobkach gle-
bowych pobranych z diugoletniegosdiadczenia polowego (dwunastoletniego) zafego na glebie ptowej. Czynnikami
doswiadczenia byly: zrinicowane nawgenie azotowe oraz fen wodny (poletka deszczowane i nie deszczowan#)kiP
do bada pobrano z trzech gbokasci 0-30, 30-60 i 60-90 cm, ktére odpowiadaty trdemfejnym poziomom genetycznym
gleby ptowej. W pracy oznaczono ngstigce formy potasu: aktywny (K-Cafil przyswajalny Egnera-Riehma (K-DlI),
wymienny (K-CHCOONH,), uwsteczniony (K-HCI) oraz zapasowy (K-HQastosowane w dwiadczeniu czynniki mi-
aly w wielu przypadkach istotny wplyw na zméowanie il@ci analizowanych form potasu. Wraz ze wzrostenogast
wanej dawki nawgenia azotowego malata zawaftoanalizowanych form potasu, szczegdlnie na obibkiieszczowanych.
Na obiektach deszczowanych zaobserwowante tak wekszaci przypadkéw mniejgzzawartg¢ analizowanych form

potasu szczegdlnie w poziomie 0-30 cm.

Key words: gleba ptowa, nawtenie azotowe, deszczowanie, formy K, fiksacja potiswiadczenie wieloletnie

1. Introduction

The overall content of potassium in soil rangesveen
0,01 and 4% with a median of approximately 1% ande-
pendent on the origin of the soil [3,32]. The forofipotas-
sium are determined using Egner-Riehm (ER) metfio8,[
25]. Using this approach enables determinatiorixofasms
of potassium: soil solution K, active K (extractedth
CaCl), exchangeable K, fixed K (extracted with cold HCI
non-exchangeable K (extracted with hot Hl@nd total K
found in crystal lattice of silicate minerals [23]lany au-
thors claim that the excess potassium (unutilizeglants)
is prone to leaching and/or unchangeably bounchbysbil
complex [21, 24]. The above forms of potassium ban
characterised based on their chemical properties aan
differently absorbed by plants. Fertilization hhs targest

centration of K eluted from sandy soils. Moreovs) et al.
[19] observed that soils classified as “light areylight”

that have low content of potassium, are more effidy fer-

tilised with small but multiple doses of potassiuespe-
cially during the vegetative period [19]. This s Gontrast
to clayey soils that can be fertilised with sindteses of po-
tassium due to their higher abilities to retain fwdution.
However, there is a possibility that potassium rbayreta-
ined between layers of clay minerals [18]. Potasdiertili-

sation in doses that are higher than the actuatglaequ-
irements may lead to an increase in potassium fahas
are easily available to plants and hence enhamceefeta-
tion in the coming years [17]. According to pubéshstu-
dies [1, 14, 26, 29], potassium that is not absbiiyeplants
usually undergoes interchangeable sorption, a psotieat
depends on pH, quantity and quality of clay mireiahd

impact on the content of potassium being absorbgd kthe extent of potassium saturation by sorption demp

plants from soil [4, 6, 13, 28]. There are diffdréactors
controlling the efficiency of fertilization with passium
and its absorption by plants. These are the spd,tthe wa-
ter absorption capacity, the plants composition diver-
sity and the level of N and K fertilization [29]oRassium
found in sandy soils is easily eluted [2, 5, 12, 7%, 21]. In
this context, Fotyma at al. [9] show that there igositive
correlation between exchangeable potassium anddhe
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Therefore, in order to maximise the effectivenefspatas-
sium fertilisers, they must be used at the coniew of the
year and using appropriate techniques [33].

Accordingly, the aim of the study was the deteatiomn
of the content of different potassium forms in @dmge-
netic horizon of soils under differential N fer#ition and
irrigation.
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2. Materials and methods

Field experiments were carried out on lessive dagsi-
fied as very good and good rye complex (bonitesclda
and IVb) in Experimental Station in Zlotniki thata part of
the Poznan University of Life Sciences (Figure The
experimental fields are situated at Poznan moraliteau

Within the crop rotations were used fertilisatiith P
and K was used according to the procedures by IUNEs-
Putawy [23]. When additional irrigation was requaiye30-
270 mm water was used depending on the plant dtyers
and year.

The soil samples for laboratory experiments werke ¢
lected in autumn, after sugar beets were harvastesbil

(within Pozna Plain; its north part belongs to Szamotuty profile from three layers that corresponded to ehcen-
Plain and Pozmahills). The soil is composed of morainic secutive genotypic levels (humus — 0-30 cm Ap, ialul’0-

clay that originates from Baltic glaciation. Thepep layers
are formed by sandy ice wedges 50-80 cm deep thdug
ally disappear (at 4-5 meters) [11]. The study setsup in
1996 and was based on static crop rotation expeatsne
During the four-year crop rotation the followingapts we-
re cultivated: sugar beets — spring triticale — peainter
wheat. The study had two experimental variablesrriga-
tion and fertilization. In a randomized completedi layo-
ut with split units was repeated four replicatidine expe-
rimental soils were non-irrigated or irrigated. the latter
case: additional irrigation was used when the hitgniof
the soil (within 0-30 cm) was below 70%. We usedrfo
N fertilisation modes:

- NO - control — no N fertilisation

- N1 - sugar beets — 80, spring triticale — 50, pez0,
winter wheat — 50 kg/ha

- N2 - sugar beets — 160, spring triticale — 103 p 60,
winter wheat — 100 kg/ha

- N3 - sugar beets — 240, spring triticale — 153 p 90,

60 cm Et and enriched 60-90 cm Bt). From 72 expemnial
plots was collected 288 soil samples. The samplese w
dried, minced and sifted through a 2 mm sieve. Boaih
potassium were extracted from air-dried soil witigke ex-
traction methods [25] and are shown in Table 1.

Data was analysed using Statistica 12 - variamedya
sis and uniform groups were designated using Tutket/
(significance otx=0.05).

3. Results and discussion

Table 2 shows the texture of soil samples. Thesson-
ples were classified based on their texture acongrth Pol-
ish Soil Society as loamy sands embedded moderdéely
within light loam. The content of clay, which hd®tbig-
gest impact on the interchangeable and non-integdeble
sorption of potassium, ranged between 1-4% in {heeu
layers (Ap), 1-5% in the layers of 30-60 cm dee}) énd
16-24% in Bt layers.

winter wheat — 150 kg/ha.
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Fig. 1. The location of the object of investigagon
Rys. 1. Lokalizacja obiektu badla

Table 1. Methods used to obtain different formpatassium
Tab. 1. Metody oznaczania analizowanych form potasu

K forms Chemical reagent Symbol Method of extraction
) 3 ] 2 g soil + 100 crh0,01 moldn?® CaClh (1:50)— shaking for 1,5 h-
Active 0,01 moldm™ CaCl K- CaCb filtering — K determination with Varian FS 220
R 2 g soil + 50 cri CHyCOONH, (1:25) — shaking for 1,5 h, centrifug-
3 K- 3 3
Exchangeable L mo}dn:| 7N(|)_|4OAC CH-COONH |ing for 10 min at 3600 rpm— residuum treated with 50 éin
PR 7, 3 4 | CH;COONH, — filtering — K determination with Varian FS 220
. 3 ] 2 g soil + 100 ch2 mol- dri? HCl — shaking for 2 h— filtering —
Fixed 2 motdm™ HCl K - HCI K determination with Varian FS 220
3 2 g soil + 100 crhl mol- dn? HNO3 — extraction at 80°G~ shaking
Non-exchangeabl| 1 motdm™® HNO; K - HNO; L L . ]
— filtering — K determination with Varian FS 220
Bioavailable (C,H,OHCOO)YCa +|K-DI 2 g soil + 100 crhacidified Ca lactate (DL - Egner-Riehm solr»)
(Egner-Riehm) [HCI pH 3,6 shaking for 1,5 h- filtering — K determination with Varian FS 220

Source: own work Zrodio: opracowanie wiasne
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Table 2. Texture of soil
Tab. 2. Sklad granulometryczny gleby

Debth Fraction (%) Textural group

Soil horizon cr?w sand silt clay PSS FAO/USDA?

2,0-0,05 mm | 0,05-0,002 mm| <0,002 mm | 2008

) average 82 16 2 Ls Ls
A 0-30 range 79-86 11-20 1-4 - -
. average 84 14 2 Ls Ls
Et 30-60 range 77-95 5-19 1-5 - -
N average 63 17 20 Ls Sl
Bt 60-90 = ange 55-69 14-22 16-24 - B
c >90 average 64 18 18 L Sl
range 59-67 15-23 14-22 - -

! _ according Polish Soil Society: according United State Department of Agronomy

Active potassium extracted with 0,01 migtm? cal-
cium chloride is described as the form of potassibat is
loosely associated with sorption complex. The conts
active potassium in collected soil samples was fr@dn® to
135,4 mg KCkg™ in 0-30 cm layer — from 51,1 to 114,3 mg
K Okg™ in 30-60 cm layer and from 92,9 to 132,6 mgK
kg™ in 60-90 cm layer.

The average values for the content of active gotas
are shown in Tables 3 and 4. Here we show thafaition
had a major impact on the content of active potassin
non-fertilised soil compared to irrigated and fes¢id soil.
The control soil samples collected from experimiefiedds
where no irrigation and no fertilisation was uséxbwged
significantly higher content of active potassiumagers of
0-30 cm and 60-90 cm but significantly lower comteh
active potassium in 30-60 cm layer. In contrastgation
had no impact on the active potassium content védekg
NMba' (N1) was used in all tested samples. Similar tesul
were obtained when 160 kgidi* (N2) was used but only
in 60-90 cm layer. The soil samples collected froom-
irrigated experimental fields where additional ifexation
of 160 kg Nha® (N2) was used showed significantly higher
content of active potassium in layers of 0-30 crd 36-60
cm. Moreover, similar results were obtained fronm-ho
irrigated and fertilised with 240 kg Nha' (N3) soil sam-
ples collected from all different layers. To sumis@ycom-
bined fertilisation and irrigation led to signifitachanges
in active potassium content in all layers in cositri@ dif-
ferential content of active potassium in 0-30 cyetawhere
fertilisation but no irrigation was used.

The highest concentration of active potassium,1 &g
K Ckg® was found in the upper layer of irrigated soil vene
N2 fertilisation was used, whereas the lowest cotmadon
of active potassium — 74,6 mgEg* was found in the soil
fertilised with 240 kg NOha® (N3). Furthermore, we ob-
served that soil samples collected from 0-30 cm had
duced content of active potassium, which correlatgth
the increase in N fertilisation. The lowest actp@assium
content — 51,1 mg Kkg* was found in soil samples col-
lected from irrigated and fertilised with 240 kglNa® (N3)
experimental fields. In contrast the highest acfiggassium
content — 92,9 mg Kkg* was found in soil samples from
control experimental fields fertilised with 106,8 N Cha'
(NO). In the layer of 60-90 cm the lowest contehpotas-
sium — 92,9 mg Kkg* was observed in soil samples where
no fertilisation was used and the highest — 132y8<mkg*
where 80 kg NOha'! (N1) was used. Differential fertilisa-
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Source: own work Zrodlo: opracowanie wlasne

tion was found to have an impact on the conteraabive
potassium in samples from non-irrigated soil frayers of
0-30 cm and 30-60 cm. In 0-30 cm layer, there weeslac-
tion in potassium content to 93,2 mgkg™* and 95,5 mg

K Okg™ in soil samples collected from experimental fields
that were either fertilised with 80 kg Mha' (N3) or non-
fertilised, respectively. In the same layer, thghkeist potas-
sium content of 135,4 mg Kkg* was found in samples
where 160 kg Ncha! (N2) was used. In 30-60 cm layer of
non-irrigated soil, the lowest potassium conten? 6fL mg

K [Ckg* was observed where fertilisation in dose of 240 kg
N Ma' (N3) was applied, and the highest — 114,3 mg K
kg' where 160 kg NOha'! (N2) was used. In 60-90 cm
layer, there were no significant changes in agtiessium
content in all tested doses of N fertilisation.

The average percentage share of active potassiom ¢
tent compared to non-exchangeable potassium, whiek-
tracted with 1 moldm® hot HNQ, ranged between 12 and
20% in 0-30 cm, whereas the layer of 30-60 cm hkxivar
percentage share of active potassium and rangecéets-
17%. The lowest percentage share of active potassias
found in 60-90 cm and ranged between 8-10%.

Table 3. The influence of water conditions on therage
content of active potassium in soil samples frootgplvith
different N fertilization dose (mg K-Kg

Tab. 3. Wplyw wariantu wodnego na zawaftpotasu ak-
tywnego w prébkach glebowych pobranych z poletekapo

stosowaniu  zrénicowanego nawsenia azotowego
(mg K-kg)
Water conditions / Depth in cm
Nitrogen dose 0-30 30-60 60-90
(Ap) (Et) (BY)
NO
Irrigated 85,7a 106,2b 92,9a
Non-irrigated 95,5b 94,2a 111,9b
N1
Irrigated 82,1a 103,1a 132,6a
Non-irrigated 93,2a 105,6a 126,6a
N2
Irrigated 90,1a 93,8a 104,8a
Non-irrigated 135,4b 114,3b 124,0a
N3
irrigated 74,6a 51,1a 108,5a
non-irrigated 108,3b 77,1b 127,6b

differences between medians marked by the sameydedre not
significant
Source: own work Zrédlo: opracowanie wlasne
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Table 4. The influence of dose nitrogen fertilination the
average content of active potassium in analyseldsaon-

ples (mg K-kd)

field experiments. In contrast, there was a reductof
bioavailable form of potassium in samples collechexn
the same layer but where N fertilisation of 80 466 kg N

Tab. 4. Wplyw zihicowanego nawinia azotowego na [ha® were used. The lowest content of bioavailable pota
zawartgi¢ potasu aktywnego w analizowanych prébkachsium — 57,2 mg Kkg™* was found in soil samples collected

glebowych (mg K-kj

. Depth in cm
Nitrogen dose/ 030 30-60 60-90
Download depth

(Ap) (Et) (BY)

NO |85,7b 106,2c 92,9a
Irrigated N1 |[82,1ab 103,1bc  |132,6¢c

N2 [90,1b 93,8b 104,8ab

N3 |74,6a 51,1a 108,5b

NO |95,5a 94,2ab 111 .9a
non-irrigated N1 |93,2a 105,6bc  [126,6a

N2 |135,4c 114,3c 124,0a

N3 |108,3b 77,1a 127,6a

differences between medians marked by the sanerdedre not
significant
Source: own work Zrodlo: opracowanie wiasne

from the experimental fields treated with 240 kg Na®.
There were no statistically significant changeghie con-
tent of K-DL in non-irrigated soil samples colledtérom
30-60 cm layer. In contrast, we found that N fesdition
led to different content of bioavailable potassicaflected
from 60-90 cm layer in both irrigated and non-iatied
samples. The lowest content of bioavailable potassi
120,5 mg Kikg* was found in irrigated and non-fertilised
soil samples. Significantly higher content of biadable
potassium (K-DL) was observed in samples fertiligéth
160 kg NCha' and 240 kg Ncha'. The highest K-DL con-
centration of 153,0 mg Kkg* was found in samples that
were fertilised with 80 kg Ncha®. Within the non-irrigated
samples, we observed that different N fertilisatiead an
impact on the content of bioavailable potassiumne Dhest
content of bioavailable potassium — 129,3 mgkg™* was

Bioavailable potassium extracted using Egner-Rhi€ny nd in control soil samples. However, the apjiaza of

method is a mixture of potassium forms that arendbin
soil solution and that are interchangeably bounth \soil
sorption complex. We found that this form of potass
was slightly more abundant compared to active gatas
The content of bioavailable potassium in collectall
samples was from 99,4 to 135,9 mgkg' in a layer from
0-30 cm, from 57,7 to 142,0 mg Kg™ in a layer from 30-
60 cm and from 120,5 to 166,3 mgkg® in a layer from
60-90 cm.

The results for the content of bioavailable patamsare

240 kg N[Oha' fertilisation resulted in statistically signifi-
cant increase in K-DL content compared to contaohigles

— 166 mg K Okg'. The average percentage share of
bioavailable potassium content compared to non-
exchangeable potassium, ranged between 16 andr20% i
30 cm (Figure 2). The layer of 30-60 cm had a loper-
centage share of bioavailable potassium comparetNK;

and ranged between 9-17%. The lowest percentage sha
bioavailable potassium was found in 60-90 cm amdjed
between 10-12%. We observed that there was a ligjtive

summarised in Tables 5 and 6. The variance analysigyrelation between bioavailable form of potassamd active

showed that the usage of irrigation resulted itistteally
significant reduction in the content of bioavaiklpotas-
sium. There was a higher content of K-DL in soingées
collected from the top layer (Ap) of non-irrigatedperi-
mental fields that were either fertilised with 16§ N Cha'

(N2) and 240 kg NOha' (N3) or unfertilised compared to

irrigated soil samples. Similarly, the content afdvailable
potassium was significantly higher in soil sampleBected
from 30-60 cm (Et) layer that were non-irrigated dertil-
ised with either N1, N2 or N3 doses. Same resutievob-
served in soil samples collected from 60-90 cm ddyem
experimental fields marked as control (NO) or feseid

with 240 kg NCha' (N3). There was a significantly higher

content of bioavailable potassium content in sainples
collected from 30-60 cm layer of irrigated conti(®O0)
field experiments. There were no statistically figant
differences on the content of bioactive potassiansam-
ples from the upper layer of soil where increasesded of
fertilisation were used (both irrigated and notgated). In
contrast, in 30-60 cm layer of irrigated soil, tentent of
bioactive potassium was strongly dependent on ififereint
doses of N fertilisation. The findings that incredsloses of
N fertilisation lead to a decrease in the contdrioavail-
able potassium are in line with published data friviu-
rawska [16] and Stepien and Mercik [27]. There wasg-
nificant impact on the differential doses of N ilisation on
the content of bioavailable potassium in soil saspol-
lected from 30-60 cm (Et) of non-irrigated expentiad
fields. The highest content of bioavailable potassi—

142,0 mg KOkg™" was registered in samples from control
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potassium — R=0,82 as well as exchangeable patassiu
R=0,78 and also K-KCI — R=0,88. These observatamasin
line with findings from Murawska [16] and Fotymaah{9].

Table 5 The influence of water conditions on therage
content of bioavailable potassium measured by Egner
Riehm method (K-DL) in soil samples from plots with-
ferent N fertilization dose (mg K-Ky

Tab. 5. Wplyw wariantu wodnego na zawaftgotasu
przyswajalnego (Egnera-Riehma DL) w prébkach glebo-
wych pobranych z poletek po zastosowanidricdwanego
nawcenia azotowego (mg K-Kp

Water conditions / Depth in cm

Dose of nitrogen 0-30 30-60 60-90
(Ap) (Et) (Bt)

NO

Irrigated 105,1a 142,0b 120,5a

Non-irrigated 115,4b 96,8a 129,3b

N1

Irrigated 104,7a 91,8a 153,0a

Non-irrigated 122,9a 117,4b 140,3a

N2

Irrigated 105,3a 76,7a 140,5a

Non-irrigated 135,9b 110,3b 154,4a

N3

Irrigated 99,4a 57,2a 137,3a

Non-irrigated 127,5b 102,Q 166,3b

differences between medians marked by the sam@dedre not
significant
Source: own work Zrodio: opracowanie washe
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Table 6. The influence of dose N fertilization twe average
content of bioavailable potassium measured by ERietim
method (K-DL) in analysed soil samples (mg K'kg

Tab. 6. Wplyw zrfhicowanego nawinia azotowego na

tion was used, the lowest content of potassiumfauasd in
control samples — 104,6 mgBg™ and the highest — 158,4
mg K kg™ in samples fertilised with 240 kg tha’.

The average percentage share of exchangeable- potas

zawarto¢ potasu przyswajalnego (Egnera-Riehma DL)sium content compared to non-exchangeable potassium

w analizowanych prébkach glebowych (mg K)kg

Nitrogen rate / Depth in cm
0-30 30-60 60-90
Download depth
(Ap) (EY) (BY)
NO 105,1a 142,0c 120,5a
Irrigated N1 104,7a 91,8b 153,0c
N2 105,3a 76,7b 140,5bc
N3 99,4a 57,2a 137,3b
NO 115,4a 96,8a 129,3a
Norvirrigated N1 122,9a 117,4a 140,3ab
N2 135,9a 110,3a 154,4ab
N3 127,5a 102,0a 166,3b

differences between medians marked by the sanerdedre not
significant
Source: own work Zrodlo: opracowanie wiasne

Exchangeable form of potassium is a mixture ohpot
sium forms that are loosely bound to sorption cax@nd
yet undefined form. The results for the contentesf
changeable potassium are summarised in Tables Band
The statistical analysis showed that the use @faition as
well as some doses of N fertilisation had a sigaift im-
pact on the content of exchangeable potassiumlalynto
the above data, irrigation led to a significantugttbn of
the content of exchangeable potassium in upperdaje
30 cm) from control and fertilised with 160 kgMha® and
240 kg NOha' experimental fields. Furthermore, we also
found that irrigation led to significant changesciomtent of
exchangeable potassium in 30-60 cm layer, for elamp
where soil samples were treated with 80 kghd*, 160 kg
N Cha' and 240 kg NCha® there was a reduction in its con-
tent. Fertilisation with 240 kg Wha' had a significant im-
pact on potassium content in 60-90 cm layer (Bt)cdon-
trast there was no significant impact on exchanigepb-
tassium content in either irrigated or non-irrigassil sam-
ples fertilised with 80 kg NOha* collected from 0-30 cm
layer, unfertilised Et layer, Bt layer from fersiéd with 80

ranged between 14 and 20% in 0-30 cm. The lay80e§0

cm had a lower percentage share of exchangeabées-pot
sium compared K-HN@and ranged between 8-19%. The
lowest percentage share of exchangeable potassiasn w
found in 60-90 cm and ranged between 9-14%. Weedti
that there was a strong correlation between exdabig
form of potassium and the above mentioned. Murawska
[15] also observed strong correlation between ladable
and exchangeable potassium with R=0.69.

Table 7 The influence of water conditions on therage
content of exchangeable potassium (Kz:CBONH,) in
soil samples from plots with different N fertilizan dose
(mg K-kg")

Tab. 7. Wplyw wariantu wodnego na zawséftpotasu wy-
miennego (K-CKCOONH,) w probkach glebowych pobra-
nych z poletek po zastosowaniuzmiGowanego nawenia
azotowego (mg K-k

. Depth in cm

o smasam [ 30| 080 | 509
(Ap) (E) (BY

NO

Irrigated 99,8a 104,8a 168,6b

Non-irrigated 136,0b 99,5a 104,6a

N1

Irrigated 100,3a 67,8a 152,7a

Non-irrigated 134,7a 100,2b 145,3a

N2

Irrigated 107,8a 63,6a 105,9a

Non-irrigated 135,1b 96,4b 127,9a

N3

Irrigated 86,9a 48,4a 130,7a

Non-irrigated 121,0b 124,4b 158,4b

differences between medians marked by the sam@dedre not
significant
Source: own work Zrédlo: opracowanie wilasne

and 60 kg NCha'. The content of exchangeable potassium

collected from Ap level was different between iatigd soil
samples fertilised with 240 kg Nha' — 86,9 mg Kkg*
and non-fertilised - 107,8 mg Kkg* (Table 8). Soil sam-
ples that were collected from non-irrigated experital
fields showed no differences in exchangeable piotass
content after different doses of N fertilisationdasimilar
was observed in Et level. However, when irrigatedil
samples from level Et showed differential contehter-
changeable potassium depending on N fertilisatibme
lowest content of exchangeable potassium — 48,4Kmig
kg' was found in soil samples collected from the exper
mental fields treated with 240 kg [ha®, whereas the high-
est — 104,8 mg Kikg™ from control fields. N fertilisation
led to different content of exchangeable potassiursam-
ples collected from 60-90 cm layer in both irrightend
non-irrigated samples. The lowest content of exghahle
potassium — 105,9 mg Kkg* was found in irrigated and
fertilised soil samples with 160 kg tha. In contrast, the
highest concentration of exchangeable potassiun®8;61

mg K [kg* was found in control samples. Where no irriga-
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Table 8. The influence of dose N fertilization dwe taver-
age content of exchangeable potassium (K@BONH,)
in analysed soil samples (mg K-3g

Tab. 8. Wplyw zrfhicowanego nawgenia azotowego na
zawartg¢ potasu wymiennego (K-GAOONH,) w anali-
zowanych prébkach glebowych (mg Kikg

Nitrogen dose / Depth in cm
Dowr?load depth 0-30 30-60 60-90
(Ap) (Et) (BY)
NO |99,8ab 104,8b 168,6¢
Irrigated N1 |100,3ab |67,8a 152,7c
N2 |107,8b 63,6a 105,9a
N3 |86,9a 48,4a 130,7b
NO |136,0a 99,5a 104,6a
Norvirrigated N1 |134,7a 100,2a 145,3b
N2 |135,1a 96,4a 127,9ab
N3 |121,0a 124.,4a 158,4b

differences between medians marked by the sam@dedre not
significant
Source: own work Zrodio: opracowanie wasne
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Stepien at al [28] suggested that the content ohamxge-
able potassium in soil could serve as an indiciiphow
much potassium is available to plants. They progdbkat
exchangeable potassium is relatively easy accessibl
plants and is less exposed to washout compardutirac-
tion of potassium occuring in soil water.

Fixed potassium is extracted with 2 malni® with hy-
drochloric acid [23]. The content of fixed potassiin col-
lected soil samples was as follow:

- layer from 0-30 cm — from 170,1 to 241,1 md kg™
- layer from 30-60 cm - from 138,9 to 241,1 md kg™
- layer from 60-90 cm - from 242,2 to 313,4 mgkg™.

The results for the content of fixed potassium saum-
marised in Tables 9 and 10. The amount of fixegtm
was higher than the content of other forms of sites
that were previously discussed. The statisticallyaiga
showed that irrigation had a significant impactreduction
of fixed potassium in Ap level in soil fertiliseditiv 160
and 240 kg NCha®. The content of fixed potassium from in
samples collected from control fields and fieldstifised
with 160 kg NCha' was significantly lower than in samples
from irrigated fields. However, there was no statly
significant impact of irrigation on reduction okéid potas-
sium content in samples collected from 30-60 crtilifezd
with 80 and 240 kg NOha® and from 60-90 cm fertilised
with all doses of N. The content of fixed potassiwas not
affected by different doses of N fertilisation optlayer of
irrigated and non-irrigated soil. In contrast, ttatistical
analysis showed that different doses on N fertitisahad a
significant impact on fixed potassium content irigated
soil collected from 30-60 cm layer. The highest antoof
fixed potassium — 241,1 mg Kkg™* was found in control
samples, whereas significantly less potassium -57¢hg
K Ckg' was found where 80 kg Bha' was used. The low-
est content of potassium of 138,87 mgkg® was ob-
served in samples where 160 kg ha' was applied. There
were no statistical differences in K-HCI after diént N
fertilisation in irrigated or non-irrigated soil thin 60-90
cm layer.

Table 9. The influence of water conditions on therage
content of fixed potassium (K-HCI) in soil sampleem
plots with different N fertilization dose (mg KKy

Tab. 9. Wplyw wariantu wodnego na zawadft@otasu uwstec-
znionego (K-HCI)) w prébkach glebowych pobranych etedl po
zastosowaniu zeficowanego nawienia azotowego (mg KRy

. Depth in cm
o smosam [0 ] 080 | 505
(Ap) (E) (BY)

NO

Irrigated 176,8a 241,1b 277,2a
Non-irrigated 235,5a 185,8a 313,4a
N1

Irrigated 200,7a 174,6a 284,0a
Non-irrigated 241,1a 217,2a 289,0a
N2

Irrigated 188,5a 138,9a 242,2a
Non-irrigated 221,6b 222,3b 313,1a
N3

Irrigated 170,1a 143,2a 272,2a
Non-irrigated 213,8b 199,6a 301,4a

differences between medians marked by the sanerdedte not
significant
Source: own work Zrodlo: opracowanie wiasne
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Table 10. The influence of dose N fertilization the aver-
age content of fixed potassium (K-HCI) in analyssadl
samples (mg K-k

Tab. 10. Wplyw zehicowanego nawaenia azotowego na za-
wartasé¢ potasu uwstecznionego (K-HCI) w analizowanych
prébkach glebowych (mg K-Kg

. Depth in cm
Nitrogen dose /
Dowr?load depth 0-30 30-60 60-90
(Ap) (E) (BY)
NO 176,8a 241,1c 277,2a
. N1 200,7a 174,6b 284,0a
Irrigated N2 188,5a 138,9a 242 2a
N3 170,1a 143,2a 272,2a
NO 235,5a 185,8a 313,4a
Nor-irrigate N1 241,1a 217,2a 289,0a
N2 221,6a 222,3a 313,1a
N3 213,8a 199,6a 301,4a

differences between medians marked by the sameydedre not
significant
Source: own work Zrodio: opracowanie wasne

The highest content of fixed potassium was obseive
level Bt (60-90 cm).

The average percentage share of fixed potassium co
tent compared to non-exchangeablenon-exchangeable p
tassium, ranged between 27 and 35% in 0-30 cm.Idvire
est percentage share of fixed potassium was faus@490
cm and ranged between 19-26%.

Non-exchangeable form of potassium was the most
abundant amongst all tested forms. The resultshiicon-
tent of non-exchangeable potassium are summans&a-i
bles 11 and 12. We observed a reduction of non-
exchangeable potassium content in samples colldateu
irrigated soil, however the samples from Ap leval €on-
trol and fertilised samples with 80 and 240 kgIha* did
not reach statistical significance. There was aiSgant
increase in content of non-exchangeable potassiunom-
irrigated samples fertilised with 160 kg Bha'. Further-
more, higher content of non-exchangeable potassias
found in irrigated, non-fertilised soil samples rfra30-60
cm layer. In all other cases, the impact of iriiggaton con-
tent of potassium did not reach statistical sigaifice.
Similarly, irrigation had no impact on non-exchaale
potassium content in non-fertilised and fertilisgith 160
and 240 kg NOha® within 60-90 cm. However, variance
analysis showed that irrigation and fertilisatioithw80 kg
N Cha’ led to statistically significant increase in paiasn
content.

There were no significant differences from non-
exchangeable potassium content in irrigated or non-
irrigated soil samples collected from arable lagwe to dif-
ferential fertilisation. N fertilisation significaly influenced
the content of potassium in irrigated soil from &D-cm.
Non-irrigated and non-fertilised soil had the higheontent
of non-exchangeable potassium of 872,6 mgkg™. The
remaining doses of N fertilisation had no impactpmtas-
sium content in irrigated soil. The statistical lgses did
not show any differences in potassium content im-no
irrigated soil fertilised with different N doses 80-60 cm
layer. Similar results were obtained for irrigataad non-
irrigated soil samples collected from 60-90 cm. ldwer,
there was a trend towards higher content of non-
exchangeable potassium in deeper layers of soil.
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Table 11. The influence of water conditions on dlrerage
content of non-exchangeable potassium (K- HN@ soil
samples from plots with different N fertilizationosk
(mg K-kg")

Tab. 11. Wplyw wariantu wodnego na zawséft@otasu

Table 12. The influence of dose fertilization oe tverage
content of non-exchangeable potassium (K- HN® ana-
lysed soil samples (mg K-Ry

Tab. 12. Wplyw zehicowanego nawi@nia azotowego na
zawartg¢ potasu zapasowego (K- HNAQv analizowanych

zapasowego (K- HNQw prébkach glebowych pobranych prébkach glebowych (mg KKy

z poletek po zastosowaniu zmcowanego nawienia azo-
towego (mg K-kY

Water conditions / Depth in cm
Dose of nitrogen 0-30 30-60 60-90
(Ap) (Et) (Bt)

NO

Irrigated 634,4a 872,6b 1239,1a
Non-irrigated 691,0a 727,8a 1169,2a
N1

Irrigated 596,9a 697,0a 1509,6b
Non-irrigated 659,5a 799,9a 1261,7a
N2

Irrigated 593,1a 587,6a 1254,9a
Non-irrigated 638,1b 639,2a 1145,7a
N3

Irrigated 626,1a 636,4a 1468,3a
Non-irrigated 684,9a 632,3a 1327,8a

differences between medians marked by the sanerdedtre not
significant
Source: own work Zrodio: opracowanie wiasne

Nitrogen rate / Depth in cm
0-30 30-60 60-90
Download depth
(Ap) (EY) (BY)
NO |634,4a 872,6b 1239,1a
Irrigated N1 [596,9a 697,0a 1509,6a
N2 |593,1a 587,6a 1254,9a
N3 |626,1a 636,4a 1468,3a
NO [691,0a 727,8a 1169,2a
Non-irrigated N1 [659,5a 799,9a 1261,7a
N2 |638,1a 639,2a 1145,7a
N3 |684,9a 632,3a 1327,8a

differences between medians marked by the sameydedre not
significant
Source: own work Zrodlo: opracowanie wlasne

The forms of potassium that were examined werklfig
correlated with each other with variance coeffitienging
between 0,57 and 0,88. The R2 values are showrain T
ble 13. The strong correlation between bioavailald ac-
tive potassium was previously discussed by Fotynz 9]
and Spychalski at al. [22].

Table 13. Correlations coefficient between analyfeechs of potassium
Tab. 13. Wspélczynniki korelacji pamdky analizowanymi formami potasu

K- CaCl | K- [DL] | K - CH;COONH, | K— HCI | K - HNO,
K - CaCh, 1,00 0,82 0,57 0,70 0,57
K- [DL] 1,00 0,78 0,88 0,72
K - CH;COONH, 1,00 0,77 0,59
K — HCI 1,00 0,82
K - HNO, 1,00

M K-CaCl2 [ K-Egnera Riehma [l K- CH3COONH4

40
35
30
25

N

%

: et

0-30cm

30-60cm

Source: own work Zrédlo: opracowanie wlasne

K—Hcl

s

60-90cm

Depth download

Source: own work Zrodlo: opracowanie wasne

Fig. 2. Percentage share of analysed forms of giotasin soil samples compared to its content meakhy HNQ extrac-

tion

Rys. 2. Procentowy udziat analizowanych form potasanalizowanych probkach glebowych w stosunku fjego oznac-

zonych w HN@
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Fig. 3. The relationship between the analyzed gatasforms
Rys. 3. Zalgnasci pomidzy analizowanymi formami potasu

Figure 3 shows the analysis of regression paramete sium forms. In contrast, determination coefficieraticu-
The above data suggested a strong predictive ptwer lated as 0,3221 for K-HNOwith K-CaCl and 0,3496 for
tween K-DL and K-CaG| K-CH;COONH, and K-DL, K-  K-HNO3; with K-CH;COONH, etc. suggested that there is
HCI and K-DL, K-HNQ; and K-HCI. These relationships no possibility to predict average contents of psitas
allow for the determination of an average contdnaias- forms.
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4. Conclusions [15] Munson R.D., Nelson W.L.: Movement of applied pstasm
in soils. Agricultural and Food Chemistry, 1963, 193-201.
The above data suggested: [16] Murawska B.: Wptyw 23-letniego zzhicowanego nawie-

1. The content of different potassium forms was défer nia N i K na zmiany zawartoi réznych form potasu w gle-

. . . . bie. Zesz. Probl. Post. Nauk Rol., 1999, 465, 39.-40
:nglif:;eigea?itorSIOIl layers and was dependent on Ifsation [17] Niederbudde, E. A., Rauh E,. Schroder D.: Mineréigave

K-Freisetzung aus Biiden mit Oktodecylammoniumioien

2. Irrigation resulted in significant reduction of &, = 18). Z. Pflanzenemaehr. Bodenk., 1988, 151, 255-26
bioavailable and exchangeable K, in particularpper soil  [18] Oborn I., Andrist-Rangel Y., Askekaard M., Grant G.A
layer. Watson C.A., Edwards A.C.: Critical aspects of potass
3. Irrigation and fertilisation with 80 kg NOha' led to a management in agricultural systems. Soil Use Man2Qes,
significant reduction in the content of active pEsiam in 21,102-112.

[19] Pal Y., Wong M.T.F., Gilkes R.J.: The forms of pmstiam

S A . and potassium adsorption in some virgin soils freouth-
4. Irrigation and fertilisation had the least impact the western Australia. Aust. J. Soil Res.. 1999, 37:806.

content of K-HC a_nd K-HNG! . _ [20] Sapek B. Nawalany P., Barszczewski J.: tadunek sikadn
5. There was a high correlation of R=0,88 between K-DL nawozowych wnoszonych z opadem mokrym na powierzch-

arable and subsoil layer.

and K-HCI. nic ziemi w Falentach w latach 1995-2001. WoSg-
dowisko Obszary Wiejskie, 2003, 3 (6), 69-77.
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