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Abstract

The aim of the experiment, conducted from 1973 to 1999, was to determine the effect
of long-term fertilization with liquid manure (annual and biennial) and with mineral ferti-
lizers on selected physicochemical and chemical properties of soil, i.e., the content of pho-
sphorus, potassium, magnesium, sulphate sulphur, iron, manganese, pHy; and organic car-
bon. Fertilization with liquid manure was observed to have resulted in a significant
reduction in the content of soil-available phosphorus in comparison to fertilization with
NPK. Fertilization with both liquid manure and NPK led to a significant increase in the
content of available potassium and magnesium in the soil profile. The highest amounts of
S-SO, were reported from the topsoil layer, irrespective of the type of fertilizer applied.
Fertilization with liquid manure and NPK caused an irregular rise in the content of iron
soluble in 1 M HCI in the soil, whereas the content of manganese increased slightly and
irregularly in response to the fertilization applied. A negligible rise in pHy of the topsoil
layer was observed at annual application of increasing doses of liquid manure. It was re-
ported that fertilization with liquid manure led to a steady rise in the organic carbon con-
tent in the soil profile.
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PRZYSWAJALNE FORMY SKELADNIKOW POKARMOWYCH
W GLEBIE NAWOZONEJ GNOJOWICA I NPK

Abstrakt

Celem eksperymentu prowadzonego w latach 1973-1999 bylo okreslenie wplywu wie-
loletniego nawozenia gnojowica, co rok i co dwa lata, oraz nawozami mineralnymi na wy-
brane wtasciwosci fizykochemiczne i chemiczne gleby, tj. zawarto§é fosforu, potasu, magne-
zu, siarki siarczanowej, zelaza, manganu, pHyg i wegla organicznego. Stwierdzono, ze
nawozenie gnojowica, szczegélnie stosowang co rok, spowodowato istotne zmniejszenie za-
warto$ci fosforu przyswajalnego w glebie, w poréwnaniu z nawozeniem NPK. Natomiast
zastosowanie nawozenia gnojowicg, a takze nawozenia mineralnego, przyczynito sie do istot-
nego przyrostu zawartosci potasu, o najwigkszej koncentracji K w dwoch najglebszych ba-
danych warstwach. Zastosowanie zaréwno nawozenia gnojowica, jak i NPK przyczynito sie
do istotnego przyrostu zawartoSci magnezu przyswajalnego w profilu glebowym, szczegol-
nie w dwéch (NPK) lub trzech (gnojowica) warstwach. Stosunkowo najwigcej S-SO, bylo
w warstwie ornej, niezaleznie od rodzaju nawozenia. Nawozenie gnojowicg i NPK spowo-
dowato nieregularny przyrost zawartosci zelaza rozpuszczalnego w 1 mol HCl w glebie, po-
czawszy od warstwy 26-50 cm, za§ zawarto§é manganu przyrastata nieznacznie i nieregu-
larnie pod wplywem zastosowanego nawozenia. Zaobserwowano nieznaczny wzrost pHyc;
warstwy ornej gleby pod wplywem corocznego stosowania wzrastajacych dawek gnojowicy.
Stwierdzono, ze nawozenie gnojowica spowodowalo systematyczne zwiekszenie zawartosci
wegla organicznego w profilu glebowym, szczegdlnie w dwoch warstwach: 0-25 ¢cm 1 26-
-50 cm.

Stowa kluczowe: gnojowica, nawozenie naturalne, wtasciwosci gleby, diugoletnie
nawozenie.

INTRODUCTION

Liquid manure is a natural fertilizer composed of faeces and urine
of livestock, usually with addition of a small amount of water. It is produced
in litter-free breeding houses. Its fertilizing value and chemical composition
depend on the animal species and age, feeding system, direction of use and
production of animals, dilution with water and the storage system (BorowiEc
1986, Mackowiak 2000, Mazur et al. 1998, MurzyNsk1 1998, Porarzycki 2000).
An annual dose of liquid manure (and other fertilizers) should not exceed
the amount corresponding to 170 kg ha—1 N. Fertilization with liquid ma-
nure should ensure optimal use of components that would be adjusted to
nutrient demands of plants in order to prevent contamination of the envi-
ronment, particularly with nitrogen and phosphorus. The best results are
obtained by application of liquid manure and mineral fertilizers in combina-
tion (BorowiEc, MAGIERSKI 1980/1981, Mazur, SADEJ 2002, MAZUR et al. 1998).
Locally, fertilization with liquid manure may pose certain problems related
to its effect on the environment; therefore, it is essential to recognise the
influence of this important element of the environment on soil properties
on the basis of long-term experiments (Mac¢kowiak 2000, MurzyNsk1 1998).
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The aim of the study was to determine the effect of long-term fertiliza-
tion with liquid manure and mineral fertilizers on some physicochemical
and chemical soil properties.

MATERIAL AND METHODS

The present report is based on the results of chemical analyses of soil
samples obtained in the experiment conducted by Mackowiak (2000) in spring
2002 and used in this study with the author’s consent. The experiment was
performed on fenced 1 m? plots located in the vicinity of a vegetation hall
at the IUNG Institute of Soil Science and Plant Cultivation, Putawy, Po-
land. The plots were filled with soil to the level of 1 m depth. The soil was
taken from an arable field of the IUNG Experimental Station in Grabdw,
Poland; its grain size composition corresponded to loamy sand and loam in
the subsoil, where the natural layers of the soil profile were preserved. In
the 0-25 cm layer only, the soil was mixed with low clay, humic, sandy loam
(the 2:1 ratio) sampled from the topsoil of an arable field at the Experimen-
tal Station of the IUNG in Sadlowice, Poland. The concentrations of the
available components in the topsoil were 2.09 mg kg~! P and 6.47 mg kg™!
K; pHg — 5.6; the content of humus was 1.06%.

Liquid cattle manure was applied annually at the doses of 25, 50, 100
and 200 m? ha~! and biennially at double doses. Liquid manure in the above
doses was applied in successive seventeen years, i.e. until 1989. On aver-
age, the fertilizer contained 9.10% d.m., and 0.31% N, 0.07% P, 0.34% K,
0.16% Ca and 0.03% Mg in fresh weight. In 1990, the application of liquid
manure was discontinued and its subsequent effect was investigated until
1999. In 1995, 31.4 kg ha! of phosphorus fertilizers were applied to the
treatments with 25, 50 and 100 m3 doses of liquid manure. Also, all the
treatments with liquid manure were supplemented with 99.6 kg ha™! of po-
tassium fertilizers. In 1998 and 1999, mineral fertilization was applied in
the whole experiment at equal doses of 120 kg ha™! N, 31.4 kg ha™! P and
99.6 kg ha! K.

In order to compare the liquid manure and mineral fertilizers, the ex-
periment included only four treatments fertilized with NPK in the form of
mineral fertilizers at a dose approximately corresponding to half the dose of
each of these components introduced into the soil in the respective treat-
ments where liquid manure was applied annually. The doses were: 50, 100,
200 and 400 kg ha—1 N; 10.9; 21.8; 43.6 and 87.2 kg ha! P; and 41.5; 83;
166 and 332 kg ha-! K. Nitrogen was applied as ammonium nitrate, phos-
phorus as granular single superphosphate, and potassium as 60% potassium
salt. In 1973-1989, the 1NPK treatment was supplemented with 850 kg N,
185.3 kg P and 705.5 kg K, which was equivalent to the dose of 25 m3 ha~1
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of liquid manure. In 1987, the designed nitrogen and potassium doses were
reduced by 50% in treatments 3NPK and 4NPK, and the phosphorus dose
was decreased by 50% in the 4NPK treatment. In the two successive years,
the original nitrogen and phosphorus doses in treatment 3NPK were re-
duced by 25% and the dose of potassium by 50%; in treatment 4NPK, the
doses of nitrogen and phosphorus were lowered by 50%, and that of potassi-
um by 70%. This change was necessitated by the lower crop yield resulting
from poorer germination rates and plant density per unit area. Signs of
potassium and, to a lesser extent, phosphorus excess were observed on the
growing plants. Mineral fertilizers in the re-adjusted doses were applied
throughout the experimental period until 1999. In 1990 and 1991, the doses
were as follows: N — 50, 100, 150 and 200 kg ha~!; P — 10.9; 21.8; 32.7 and
43.6 kg; and K — 41.5; 62.3; 83 and 103.8 kg ha™l. In 1993-1994 and in 1997,
the application of phosphorus and potassium fertilizers was discontinued due
to the observed symptoms of excess of the two elements.

The chemical analyses were performed in an accredited laboratory at
the Regional Chemical and Agricultural Station, Lublin, Poland, with the
following methods: available P and K — with Egner-Riehm method; available
Mg — according to Schatschabel method after extraction of 0.0125 mol dm=3
CaCl,, from the soil; the content of humus — according to Tiurin method; Fe
and Mn soluble in 1 M HCl dm—3 — with the ASA method; S-S0, — with the
nephelometric method according to Bardsley-Lancaster; and pH was assessed
in 1 mol KCl dm™3 (A catalogue of methods... 2007). Statistical analyses
were employed such as variance analysis with Tukey’s confidence semi-in-
tervals (a=0.05).

RESULTS AND DISCUSSION

The pHy(, of the topsoil layer (0-25 cm) increased slightly in response
to the annual application of increasing doses of liquid manure from 5.2 (25 m3
ha=1) to 5.7 (200 m3 ha™!) — Table 1. This increase was more pronounced in
the deeper soil layers, particularly at 26-50 and 51-75 cm. The biennial ap-
plication of double doses of this fertilizer did not change the pH of the top-
soil, which remained at the level 5.4-5.5. In deeper layers, particularly at
51-75 and 76-100 cm, there was a remarkable increase in pH. Application of
liquid manure changed the soil reaction from acid (0-25 cm) to slightly acid
(26-50 ecm) and neutral in the deeper layers (or even alkaline in the 51-
-75 cm layer of the soil fertilized biennially with liquid manure). Application
of increasing NPK doses contributed to slight acidification of the soil, partic-
ularly in the 0-25 and 26-50 cm layers (Table 1). Irrespective of the type of
fertilization — organic or mineral — an increase in the pHy in the soil
profile was reported, which was particularly evident to the depth of 51-75 cm.
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It was apparently caused by leaching of alkaline compounds (mainly calcium
and magnesium), primarily from the 0-25 cm layer. Borowitc (1986) observed
an increase in pH in the successive layers of the soil profile induced by
increasing doses of liquid manure as well as by mineral fertilization. PoTarzy-
ck1 (2000) and Mazur et al. (1998) found a slight rise in pHy caused by
increasing doses of liquid manure; a similar finding was reported by
MurzyNskI (1998). An increase in pH resulting from manure application was
also found by CanpeEMIRA and GLSERA (2011), whereas Siiva et al. (2009) showed
a pH increase upon application of liquid dairy manure and a fall in pH
following mineral fertilization.

It was found that fertilization (annual and biennial) with liquid manure
led to a steady increase in the content of organic carbon in the soil profile,
particularly in the 0-25 cm layer, and a slightly smaller rise in the 26-50 cm
layer (Table 1). Mineral fertilization did not act as clearly as liquid manure,
but also in this case the highest C_ ., content was observed in the two top
layers of the soil (0-25 and 26-50 cm; Table 1). A similar phenomenon was
reported in other investigations (Borowiec 1986, MAzUR, SADEJ 2002, MAZUR et
al. 1998, MurzyNskl 1998, Porarzycki 2000). The decline in the content of
organic C after 20 years of the NPK treatment amounted to approximately
10%, whereas the increase in the organic C concentration after 20 years of
the application of cattle manure at the rate of 320 Mg ha! y~! reached 30%
(Aovama, Kumakura 2001). The soil total organic carbon measured in black
soil by HaN et al. (2006) decreased by 6.5% over 18 years in control and by
5.6% in recycled organic manure treatment.

The annual and biennial fertilization with liquid manure and mineral
compounds resulted in a significant increase in the content of available phos-
phorus, predominantly in the 0-25 and 26-50 cm layers (Table 2). It was
found that fertilization with liquid manure, particularly applied every year,
produced a significant decline in the phosphorus content in the soil profile;
a reverse phenomenon was observed as a result of the NPK fertilization
(particularly at the depth of 26-100 cm). In long-term fertilization with liquid
manure and chemical fertilizers, the content of available P increased in the
0 to 20 cm soil layer (Yanca et al. 2011). Application of high doses of liquid
manure, particularly to acid and light soils, did not prove to contribute to
the transfer (leaching) of phosphorus down into the soil profile. Ssimilar
observations were reported by Borowikc (1986), MURzyYNsKI (1998) and PoTaRrzy-
ck1 (2000). The study of EBELING et al. (2003) concerning the impact of vari-
ous sources of phosphorus on its availability in soil demonstrated that P
availability changed depending on the type of organic-mineral fertilization
applied.

Application of increasing doses of liquid manure and NPK resulted in
a significant rise in the content of available potassium (Table 2). Simultane-
ously, regardless of the type of the fertilization used — organic or mineral -
the highest K concentration was observed in the 51-75 c¢m soil layer, being



020 — (9%e1 UoNYRZI[1I)xad A} UonBZI[YIaYXIdop)
‘GT°0 — (oyex vomeZI[II)xad L) UONEsI[NI)) (0T°0 — (94} uorez[nIeyxyIdep) :g0"( — (9dA} UOEZI[.IY) (G0'0) ASH

9¢'0 | 660 | €¢0 | 60 | T¢0 | €60 | 960 | S€0 | ¥60 | €60 | €0 | 660 | I¥0 | €60 | €20 | IGO0 UeoN

0T'0 | 600 | OTO | 800 | 600 | OTO | 800 | €TI0 | 600 | SO0 | SO0 | ITO | ¥IT'0 | €T0 | 600 | 600 00T-9L

600 | OT0 | OT'0O | 40O | @T°0 | OTO | LOO | 600 | LOO | LOO | 900 | OT0O | ITO | ITT'O | LOO | 600 GL 1S

¥¢0 | 660 | T¢0 | €60 | 060 | ¥¢0 | 960 | 060 | G660 | 020 | L&O | SG0 | 960 | 60 | TG0 | 610 06-9¢

190 | 870 | 6%°0 | IS0 | #%0 | L¥VO | 990 | 68°0 | 850 | 650 | G50 | TLO0 | ¢0OT | I80 | SS0 | 8% 0 §¢0
») D

L'T — (9781 uonezIIIe)xadA) uorezinaexyidep)
‘g1 — (eye1 uoneZI[IIafXadA) WONRZI[IIR) (9°( — (9dA) uonez[naayxy3dep) (g°0 — (9d4) uonezINIe)) (0°0) ASH

%9 19 09 19 19 09 €9 ¥'9 €9 %9 €9 €9 99 €9 %9 09 ued\
L9 L9 L9 69 89 g9 89 69 89 99 69 L9 TL 99 ¥'9 L9 001-9L
TL 0L L TL oL 99 gL ¥'L TL L TL TL gL gL 0L L9 GLTS
9G €G TG g ¥'g e 9g LS e LS e 6G g9 6G 8'G €g 0993
¥g rald TG g Al ¥'g ¥ ¥'g e ¥'g e gg LS ¥g 9'g TS G0
ﬁommm
x _ ¥ _ e _ z _ I x _oow_oom_ooﬁ _ 0g x _oom_ooH _ 05 _ I
(ud)
ueo A[TeTuust Arenuue
" (1-24 33 JIdN oo 1 Tofe[ 108
(;-eY guwr) danuew pmbry

174

SIAN pue aanuewt pmbi] yjm uorezI[iief uodn [I0S Ul UOQIRD JTURSIO JO JuUaju0d oY) pue [OMHI [108

T °l9EL,




175

66'8 — (9yex uonezIIIexedL) uonezI.IRXY3Idep)
P11 — (9981 uOnEZI[IIR xod £} UOTESIIRY) ('L — (9dA) uonez[nIRyxIdep) (g6 T — (9d4) uonezINIdg) (G0'0) ASH

0Tl | 666 | GIT | 9L6 | 198 | 89°L | 0€GL | 0602 | OLOT | 196 | 098 |O¥V'IL | €8T | O¥'IT | 908 | €08 uesN
0¢r | 60T | ¥OT | G€T | GO | LL'6 |09€L | 0663 | OV'OT | OT'OT | TT'8 | OS'TIL | 8LT | LL'6 | G&'8 | 00T 00T-9L
¥9T | ¢¢l | 6'ST | g6l | 911 ¢s'6 | 0961 | 067€ | 09°GT | OT'ST | 00'CT | OS'LT | €6¢ |0C6L | 0LOT | 966 GL 1S
¢8'S 9€9 | 0LV | 29V €08 | ¢9°¢ | 60G | 8C8 S¥L | 668 | €L'G | 6LV 06-9¢
¢¢'8 | OIT | 8G°L | ¥6'L | CL9 0€0L | ¥68 | ¥9°L | 618 61T I8 | 69°L | TT'L Gc0
(wp (8 3] Swr

0L'€ — (99e1 uonezINIeyxedL) uonezIIepxyIdop)
‘80'g — (971 uonezZIMIRyxadA) uonesINILY) T0°E — (9d4) uonezMIRIXYIdap) (g9 — (9d) uonRZI[IILY) (G0°0) ASH

0L'% | 88 | ¥9'¢ | 186 | LG | 89C | 9% | GL'e | 6¥% | ¥0G | 18T | 1L'G | &V | 6¥% | 01'G | 240G uBa
Ge'g | TI'e | 99% | L¥G | 095G | €6F | S0G | L€G | L¥G | 69T | 99T | 88T | 230G | 69T | 09T | 1€%G 00T-9L
€€'G | 6V | 18% | 39% | 268G | €L'T | ¥&% | 09G | 60 | 182 | L1'G | L&G | 1¥C | €9% | G1'G | 98T GL-TG
€1'G | 88T | Lg% | 86T | 88T | I¥T | 10G | 9¥'e | €6T | 19T | €T'T | 6¥% | LSV | 60% | 9LT | 99T 05-93
66'€ | TOV | 999 | 6TF% | 80C | ¥&% | LL'E | G99 | SFE | €LC | L&G | 61F% | 8L | 99€ | 88G | 9€G G50
(wrp _8y) g Sw
v e | s |1 x | oov | o0z | oor | og * | ooz [ oot | 05 | gz

uea A[retuusiq A[[enuue (wo)

(1-¥Y 33 AN Iofe[ 108

(;-eY gur) danuew pmbry

M dN pue ainuewr pmbi] Ym uoryezi[iire) uodn ios o) ut wnissejod pue snioydsoyd a[qe[TRAR JO JUajU0d 8],

¢ 9l98L




176

slightly lower in the 76-100 cm layer, which implies relatively easy leaching
of this element from the topsoil, particularly in light and acid soils. Such
behaviour of K was not clearly confirmed by Borowikc (1986) or MURZYNSKI
(1998), who claim that the content of available potassium forms in soil of
the control plot and in the plot that had been steadily fertilized with liquid
manure for 20 years did not differ significantly, and that the content was
the highest in the 0-20 cm layer.

Annual or biennial fertilization with liquid manure as well as mineral
fertilizer application contributed to a significant rise in the content of avail-
able magnesium in the soil profile, particularly in two (NPK) or three (lig-
uid manure) layers (Table 3). This implies that Mg easily travels downward
through this soil profile. In his study, Borowikc (1986) did not observe this
phenomenon, and MURrzyNsKI (1998) reported that the highest increase in the
content of available magnesium occurred in the 0-20 cm layer. The treat-
ment with liquid dairy manure led to an increase in exchangeable Mg2*
levels to the depth of 30 cm, but the mineral fertilizer caused an increase
from 30 cm downwards (Sitva et al. 2009).

The impact of fertilization with liquid manure and NPK on the content
of sulphate sulphur in soil does not demonstrate such a clear tendency as in
the case of the elements discussed above (Table 3). The topsoil layer con-
tained the highest amounts of this S form, whose concentration tended to
rise as this element leached into the deeper soil profile levels.

Application of liquid manure and mineral fertilizers also resulted in an
increase (although irregular) in the content of iron soluble in 1 M HCI in
soil (Table 4). A significant increase in the amount of this element was ob-
served in the profile from the 26-50 cm layer downwards. YE et al. (2006)
showed that Fe availability might be increased by allowing manure to de-
compose in soil.

The content of manganese soluble in 1 M HCI in the soil profile in-
creased slightly and irregularly as a result of the fertilization used (Table 4).
The highest content of this element was observed in the topsoil layer.
A similar regularity was reported by MurzyNski (1998), who found the high-
est content of this Mn form in the 0-10, 10-20 and 20-30 cm layers, as well
as Mazur et al. (1998), particularly upon application of liquid cattle manure.
Borowiec and Macierski (1980/1981), however, did not observe such depend-
encies in light soils fertilized with liquid manure.

Selected chemical or physicochemical soil properties were also present-
ed in the papers by DEBska et al. (2010) and PypErs et al. (2011).
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CONCLUSIONS

1. Fertilization with liquid manure applied annually and biennially (dou-
ble doses) and with mineral fertilizers resulted in a steady, significant in-
crease in the content of nutrients (particularly in the topsoil layer), includ-
ing available phosphorus, potassium, and magnesium, and in pHyc (only in
the case of liquid manure) and organic carbon.

2. The highest concentrations of available phosphorus, soluble manga-
nese and S-SO, were found in the 0-25 cm layer, irrespective of the type of
fertilization applied; the content of the available forms of potassium and
magnesium increased along with the depth of the profile, especially down-
wards to 75 cm.

3. Annual and biennial (double dose) application of liquid manure and
of equivalent amounts of mineral fertilizers resulted in a similar increase
in the nutrient content (the phenomenon was not always confirmed by sta-
tistical calculations) and in pHy; and Corg.
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