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Abstract

Fallowing farmland is one of the ways of keeping soil excluded from agricultural pro-
duction. A fallow field is not cultivated or cropped for many years. Proper management
of fallow land can bring meaurable profits for both the producer and the soil environment.
The purpose of this study has been to evaluate the abundance of soil in avialable forms
of phosphorus, potassium and magnesium on farmland excluded from production. In 1996,
an experiment was run, comprising five treatments: a bare fallow field, a field turfed with
fodder galega (Galega orientalis Lam.), a classical fallow field, a fallow field covered with
fodder galega (Galega orientalis Lam.) with awnless bromegrass (Bromus intermis) and
a fallow field sown with awnless bromegrass (Bromus intermis). The only agritechnical tre-
atment performed periodically was mechanical weeding of the bare fallow. The plant bio-
mass grown on plant-covered treatments remained on field every year. Plant material was
sampled only for tests. Once the growing season finished, soil samples were taken from
each treatment in four replicates from the 0-25 cm and 25-50 cm deep layers. The soil
samples were assayed in order to determine concentrations of available forms of phsopho-
rus, potassium and magnesium using generally applicable analytical methods. In both lay-
ers of soil (0-25 and 25-50 cm deep), significantly more P, K and Mg available to plants
were found in soil turfed with fodder galega. It was also observed that the concentration
of phosphorus in the subsoil from this treatment was significantly higher in 2007 than in
2000. Strong correlation was determined between the uptake of phosphorus by plants and
the concentration of its bioavailable form in soil in the following year. Keeping soil as a ba-
re field as well as leaving natural plants for several years resulted in the biggest depletion
of bioavailable forms of macronutrients in soil.
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WPLYW ZAGOSPODAROWANIA GRUNTOW WYLACZONYCH Z UPRAWY
NA ZAWARTOSC SKEADNIKOW PRZYSWAJALNYCH W GLEBIE

Abstrakt

Odtogowanie gruntéw jest jednym ze sposobow utrzymania gleb wylaczonych z pro-
dukcji. Pole odlogowane nie jest uprawiane i obsiewane przez wiele lat. Wtasciwe postepo-
wanie z tego typu gruntami moze przynie$¢ wymierne korzySci zaréwno dla producenta,
jak i Srodowiska glebowego. Celem badan byla proba oceny stanu zasobnosci gleb w przy-
swajalne formy fosforu, potasu oraz magnezu w gruntach wylaczonych z produkcji.
W 1996 r. zatozono dos$wiadczenie, ktore obejmowato 5 obiektow: ugér czarny, obiekt zadar-
niony rutwicg wschodnig (Galega orientalis Lam.), odlég klasyczny, obiekt pokryty mie-
szankg rutwicy wschodniej (Galega orientalis Lam.) ze stoklosg bezostng (Bromus inter-
mis) i obiekt obsiany stoklosa bezostng (Bromus intermis). Jedynym zabiegiem
agrotechnicznym wykonywanym okresowo bylo mechaniczne odchwaszczanie czarnego ugo-
ru. Biomasa ro§linna wyrosta na obiektach zadarnionych pozostawata corocznie na polu.
Materiat roslinny pobierano jedynie do badan. Po zakonczeniu wegetacji pobierano probki
glebowe z kazdego obiektu w 4 powtérzeniach z warstwy 0-25 cm i warstwy 25-50 cm,
w ktorych oznaczono zawarto§é przyswajalnych form fosforu, potasu i magnezu ogélnie do-
stepnymi metodami analitycznymi. W niniejszej pracy zaprezentowano wyniki badan prze-
prowadzonych w latach 2000-2007. W badaniach udowodniono, ze sposéb odlogowania i ugo-
rowania gleby istotnie wplywal na zawarto$¢ przyswajalnych form fosforu, potasu
imagnezu. W obydwu warstwach gleby (0-25 cm i 25-50 cm) istotnie najwiecej P, K i Mg
przyswajalnego znajdowalo si¢ w glebie obsianej rutwicg wschodniag. W 2007 r. stwierdzono
réwniez istotny wzrost koncentracji fosforu na tym obiekcie w podglebiu, w poréwnaniu
z 2000 rokiem. Okreslono silng zalezno$¢ miedzy pobraniem fosforu przez rosliny a zawar-
toscig przyswajalnej formy w glebie w roku nastepnym. Utrzymywanie gleby w czarnym
ugorze, a takze kilkuletnie pozostawienie ro§linnoSci naturalnej przyczynilo sie w najwiek-
szym stopniu do zubozenia gleby w dostepne formy makroelementow.

Stowa kluczowe: gleba, odiég, ugor, sktadniki przyswajalne P, K, Mg.

INTRODUCTION

Maintaining proper concentration of nutrients in bioavailable forms is
one of the conditions shaping soil fertility (Koscik, KarLita 2000, LETKOWSKA,
STRACZYNSKA 2001). It can be assumed that while farmland is kept fallow or
bare, the soil fertility is unimportant. This approach, however, is highly
irresponsible. If agricultural production is to be restored on fallow land, prop-
er abundance in nutrients is a necessary condition for obtaining high yields
of demanded quality in the future. Should any of the nutrients required by
crops be deficient, restoring the soil’s necessary fertility would involve addi-
tional costs of fertilisation. The practice of fallowing land most often in-
cludes discontinuation of mineral fertilisation, which means that the input
of nutrients to soil stops. Therefore, it is highly recommended to check the
fertility of soil under fallow fields. According to NiEDZWIECKI et al. (1999),
concentrations of bioavailable nutrients in soil under fallow fields is not var-
iable. A study reported by Woéscikowska-Kaprusta et al. (2003) demonstrated
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that fallow soil, similarly to cropped land, was very low and low in available
phosphorus and potassium, and the way it was managed did not affect the
concentration of total and available forms of these nutrients in deeper lay-
ers. These authors determined significantly higher concentrations of availa-
ble forms of phosphorus in humus horizons of cropped or fallow soils than
in the other soil genetic horizons. Other researchers observed considerably
weaker leaching of phosphorus from fallow land turfed with grass (ULCN,
MartssonN 2003).

The purpose of the present study has been to evalutae the abundance of
soils in available forms of phosphorus, potassium and magnesium under fields
excluded from agricultural production.

MATERIAL AND METHODS

A large area experiment was established in 1996 on a field in Knopin
(the commune of Dobre Miasto, the Province of Warmia and Mazury). The
experiment was set up on a field which belonged to a private farmer. Prior
to the experiment, all the land at that farm had been cultivated and in 1996
it was cropped with winter oat. The field set out for the experiment was
turned into fallow land. The experimental field was divied into five treat-
ments, each covering 1,600 m?:

1) bareland,

2) fodder galega (Galega orientalis Lam.),

3) classical fallow,

4) fodder galega (Galega orientalis Lam.) with awnless bromegrass (Bromus
inermis),

5) awnless bromegrass (Bromus inermis).

Prior to the establishment of the experiment, the soil was limed (3 t
CaO ha™!) and supplied with phsophorus and potassium fertilisers in the
amounts corresponding to 26.1 kg P ha=! and 74.7 kg K hal. In late April
of 1997, under the optimum temperature and humidity conditions, seeds of
the test plants were sown on fields in treatments 2, 4 and 5. Seeds of fod-
der galega, scarified and inoculated with Rihsobium galeage, were sown. In
the treatment with single-species seeding, 30 kg ha~! were sown. When fod-
der galega was mixed with awnless bromegrass, 40 kg ha=! (30 kg of fodder
galega and 10 kg of awnless bromegrass of cv. ‘Brudzynska’) were sown.
The mixture of bromegrass and white clover of cv. Romena was composed
of 10 kg of seeds of bromegrass and 5 kg of seeds of white clover (treat-
ment 5). The first treatment was maintained as a bare field and, as a need
arose, it was loosened and simultaneously weeded. In the following years of
the trials, no fertilisation or any other chemical treatments were performed.
Samples for analyses were taken from plant-covered treatments while the
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whole remaining biomass was left on fields. Before the trials began, 4 soil
pits were made in order to obtain detailed characterictis of the soil. The
humus horizon characterised by the particle size distribution of light loam
reached down to 30 cm over the whole field. Soil under the whole experi-
mental field was classified as good wheat complex, class II according to the
Polish soil classification system. The abundance of the humus horizon in
plant-available nutrients was within: 71.9-119.2 mg P kg1, 196.2-223.0 mg
Kkg! and 69.1-85.1 mg Mg kg! of soil. The content of organic carbon in
this soil layer ranged from 9.50 to 12.03 g kg~! and that of total nitrogen —
from 1.08 to 1.24 g kg1.

The results of the study presented in this article come from 2000-2007.
Every year after the growing season, soil samples were collected from each
treatment in four replicates from the layers of 0-25 cm and 25-50 cm deep.
The soil material was brought to the air-dry state, after which it was crushed
and passed through a 1 mm mesh sieve. The ready samples underwent the
following chemical analyses: available magnesium was determined with Sch-
achtschabel’s method and available phosphorus and potassium were assayed
with Egner-Riehm’s method. The results were subjected to analysis of variance
for a two-factor experiment, using the software application Statistica v. 7.0.

RESULTS AND DISCUSSION

The authors’ own study has demonstrated that the way farmland is kept
fallow has strong influence on the concentration of avialable phosphorus in
the 0-25 cm deep soil layer (Table 1), The highest abundance of soil in plant-
available forms of this element, from the first to the last year of the experi-
ment, was maintained in soil cropped with fodder galega. Significantly less
available phsophorus was present in soil under the other treatments.
It should be emphasised that soil cropped with the mixture of fodder galega
and awnless bromegrass, although poorer in phosphorus than soil covered
exclusively with the papilionaceous plant, mainatained a significantly higher
concentration of this element compared to the classical or bare fallow field.
Significant differences obtained for the interaction between the tested fac-
tors imply that the ways of keeping land idle have a varied influence on the
amounts of available phosphorus in soil. Under the effect of fodder galega,
a distinct tendency appeared for the soil concentration of available phospho-
rus to increase. When fallow land had been sown with awnless bromegrass
for many years, soil became demonstrably poorer in available P. In soil un-
der bare fallow, the quantity of available phosphorus also declined, but the
decreasing tendency was weaker in later years. The references concerning
this issue provide us with contradictory information. DziENia et al. (1997),
for example, report that the concentration of this nutrient in fallow land
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Table 1

Concentration of available P in soil in mg kg~1 (0-25 ¢cm and 25-50 cm deep layer)

Year
Treatment Average
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

79.95 | 75.60 | 73.90 | 74.50 | 75.15 | 76.23 | 74.51 | 73.81 | 75.45
71.55 | 69.95 | 7042 | 68.81 | 67.03 | 68.42 | 67.44 | 66.92 | 68.82

107.2 | 106.0 | 113.0 | 112.0 | 116.5 | 119.0 | 118.1 | 119.2 113.9
7251 | 66.46 | 73.23 | 78.85 | 78.03 | 68.89 | 69.04 | 7520 | 72.78

73.05 | 72.25 | 75.63 | 76.45 | 78.80 | 76.36 | 61.48 | 74.32 | 73.54
72.05 | 71.10 | 7235 | 71.15 | 69.40 | 7142 | 68.48 | 68.45 | 70.55

Bare field

Fodder galega

Classical fallow

Fodd
ombc | 89.00 | 87.50 | 81.45 | 79.01 | 78.83 | 8145 | 82.25 | 81.92 | 82.68
galeg 69.50 | 64.69 | 68.25 | 68.45 | 73.45 | 67.55 | 68.55 | 69.35 68.72
grass
Bromegrass 81.80 | 72.50 | 67.85 | 67.76 | 67.75 | 72.15 | 6941 | 74.22 71.68
g 6251 | 61.24 | 6041 | 6245 | 63.60 | 65.24 | 64.99 | 62.81 62.91
Average 86.20 | 82.77 | 82.37 | 81.94 | 83.41 | 85.04 | 81.15 | 84.69 -
g 69.62 | 66.69 | 6893 | 69.94 | 70.30 | 68.30 | 67.70 | 68.55
0-25 cm 25-50 cm
LSD o5 for years 0.028 LSD o5 for years 0.011
LSD, o5 for treatments 0.023 LSD, o5 for treatments 0.008
LSD, o5 for interaction 0.064 LSD, o5 for interaction 0.025

increases. A completely different opinion is expressed by WoiNowska et al.
(2003) or PHiri et al. (2001), who report that land fallowing leads to consid-
erable depletion of available phosphorus from soil resources. In turn, the
results of the experiments presented by WodJcikowska-Kaprusta et al. (2003)
indicate that the way farmland is kept idle has no influence on the soil
concentration of plant-available forms of phosphorus.

The abundance of the subsoil (25-50 ¢cm deep) in available phsophorus
was also modified by the way the land was kept fallow (Table 1). Analogous-
ly to the surface layer, significantly more available phosphorus was deter-
mined in soil cropped with fodder galega. In addition, significantly more
phosphorus available to plants in the subsoil under fodder galega was ob-
served in 2004 than in 2007. Maintaining a bare or a classical fallow field
resulted in a similar decline in the concentration of bioavailable phospho-
rus. These results correspond to the data reported by ULéN and MATTISSON
(2003), who observed much smaller losses of this element from a similar
soil horizon under grass. Noteworthy is the fact that plant cover, depending
on its type, can maintain or even raise the resources of plant-available forms
of phosphorus not only in the arable soil layer but also in the soil horizon
directly underneath.
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Our own tests did not confirm the results obtained by the above au-
thors. On the contrary, it can be claimed that the way land is kept fallow
has a dominant effect on modification of bioavailable forms of phorphorus. It
should be added, however, that the concentration of this element was high
or very high during the whole experiment. This, perhaps, was the reason
why the results were different from the references. Another fact which
seems to support this conclusion is a very strong dependence between the
uptake of phosphorus by plants and the concentration of the bioavailable
form of this element in the following year (Figure 1).
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Fig. 1. Dependence of the concentration of available P in soil in mg kg™! on the amount
of the element accumulated in plant biomass in kg ha!

The abundance of soil (0-25 cm deep) in available potassium was also
dependent on the type of fallowing (Table 2). Significantly more bioavailable
potassium was maintained in soil under fodder galega, classical fallow and
bare field than in soil under bromegrass and significantly less of this ele-
ment was found in soil under the mixture of fodder galega and awnless
bromegrass. The results suggest that the concentration of bioavialable po-
tassium in the consecutive years was strongly depressed in soil from all the
treatments. However, considering the fact that both species grown in the
experiment demand much potassium and are highly productive plants, it can
be claimed that much of the available potassium was temporarily acummu-
lated in organic matter. After some time, it returns to the plant-available
form, therefore the decrease in the concentration of potassium in plant-
covered treatments need not be considered solely as a loss. An equally unfa-
vourable effect of land fallowing on the concentration of available potassium
in soil has been reported by WoJsnowska et al. (2003), LEkowska and
STRACZYNSKA (2001), NIEDWIECKI et al. (1998), DziENia et al. (1997). Similarly to
phosphorus, WoéJcikowska-Kapusta et al. (20030) claim that land fallowing has
no effect on the soil abundance in this nutrient. Amounts of substances
leached from soil are directly dependent on water management and primari-
ly on amounts of precipitation, which shape the extent of migration of ele-
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Table 2

Concentration of available K in soil in mg kg1 (0-25 em and 25-50 cm deep layer

Year
Treatment Average
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

206.6 | 209.3 | 209.7 | 207.7 | 191.5 | 199.2 | 190.5 | 1949 | 201.2
128.0 | 1222 | 125.1 | 1243 | 1253 | 116.2 | 1204 | 116.0 | 122.2

2229 | 202.4 | 204.2 | 207.6 | 208.5 | 220.7 | 221.1 | 222.2 | 213.7
1263 | 1233 | 1225 | 1155 | 1222 | 98.30 | 99.60 | 121.5 116.0

211.3 | 201.5 | 209.2 | 204.9 | 207.5 | 210.5 | 195.1 | 207.3 | 205.9
1155 | 1185 | 110.2 | 1142 | 126.1 | 103.0 | 99.60 | 1144 | 112.7

Bare field

Fodder galega

Classical fallow

Fodd
o (;Hf;me 195.9 | 186.8 | 189.6 | 184.6 | 183.5 | 195.8 | 182.6 | 198.8 | 189.7
galeg 116.0 | 120.5 | 111.2 | 1052 | 114.2 | 103.0 | 107.9 | 111.1 | 111.1
grass
Bromesrass | 2089 | 2005 | 202.4 | 203.8 | 1825 | 2015 | 195.1 | 2025 | 199.7
g 119.0 | 1152 | 1082 | 112.3 | 104.3 | 103.9 | 99.60 | 103.8 | 108.3
Average 209.1 | 200.1 | 203.0 | 201.7 | 194.7 | 205.5 | 196.9 | 205.1
g 120.8 | 119.9 | 1154 | 1143 | 1184 | 1049 | 1054 | 1134
0-25 cm 25-50 cm
LSD o5 for years 0.207 LSD o5 for years 0.049
LSDO.05 for treatments 0.164 LSDO.05 for treatments 0.039
LSD, o5 for interaction 0.463 LSD, o5 for interaction 0.111

ments (Koc et al. 1999). Depressing the concentration of available potassium
in soil under the bare fallow could have been due to its increased leaching.
It should be remembered that this element accumulated in organic matter
produced each year in all the treatments except the bare field remained on
field. Potassium accumulated in biomass was therefore returned to soil and
because it is not arrested in permanent organic bonds, it quickly becomes
available to plants. Thus, it seems that even the losses in potassium dem-
onstrated in our study in soil under plant cover could be smaller than the
amounts determined by chemical analyses.

Similar relationships in terms of available potassium as in the surface
layer of soil occurred in the 25-50 cm deep layer (Table 2). Statistical calcu-
lations proved that the way of keeping farmland fallow significantly modified
the concentration of bioavailable K in the soil horizon under humus. Fluctu-
ations recorded in our study were evidently smaller than in the surface soil
layer. Differentiation in the abundance of the subsoil in this nutrient de-
pending on years proved to be non-significant. However, it depended to
a large extent on the way farmland was excluded from agricultural use. The
best way of land fallowing, which prevented loss of ptassium, was by sowing
a field with fodder galega. It is possible that the highest capacity of galega
to take up potassium contributed to a more effective mobilisation of this



82

nutrient. Other possible causes could be translocation of potassium from
deeper horizons (the root system) and upper layers (leaching).

The most profound loss in soil abundance appeared in the treatment
with awnless bromegrass. Good utilisation of nutrients from less dissolvable
compounds and consequently their mobilisation by fodder galega may have
resulted in larger accumulation of bioavailable magnesium in soil under this
plant or under its mixture with awnless bromegrass (Table 3). In the soil
from the other treatments, concentrations of available magnesium decreased
in the following years of the trials. A similar opinion is expressed by BLE-
CHARCZYK et al. (1985), DzieNIA et al. (1997), WoaNowsKa et al. (2003). In con-
trast, MaLickt and Popstawka-CHMIELEWSKA (1998) report that discontinuation
of farming can contribute to an increase in the concentration of available
magnesium in soil. Finally, BArRaN et al. (2001) concluded that land fallowing
did not change the soil abudance in this nutrient.

Based on the results of soil analyses, it can be assumed that there was
some translocation of available magnesium from the 0-25 cm to the subsoil
(Table 3). This effect was demonstrably more evident under the classical
fallow field and the field overgrown with awnless bromegrass. In turn, the
decreased abundance of the upper soil layer as well as the subsoil under the
bare field may suggest that magnesium was translocated even deeper into

Table 3

Concentration of available Mg in soil in mg kg1 (0-25 ¢m and 25-50 cm deep layer

Year
Treatment Average
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

71.73 | 70.60 | 71.62 | 68.13 | 66.93 | 66.00 | 68.10 | 65.00 | 68.51
78.75 | 74.25 | 72.12 | 73.51 | 69.00 | 72.00 | 68.50 | 71.00 | 72.39

80.00 | 78.00 | 79.25 | 81.98 | 85.50 | 81.00 | 84.00 | 86.00 | 81.97
81.50 | 83.20 | 84.51 | 87.24 | 93.75 | 86.00 | 82.00 | 88.22 | 85.80

79.50 | 74.75 | 72.36 | 74.86 | 74.87 | 73.05 | 69.00 | 70.50 | 73.61
86.50 | 95.51 | 94.25 | 98.51 | 104.0 | 96.00 | 95.00 | 100.0 | 96.22

Bare field

Fodder galega

Classical fallow

Fodd
e ‘;j:ome 83.03 | 82.55 | 83.35 | 86.15 | 83.85 | 77.00 | 83.00 | 73.00 | 81.49
galeg 8550 | 84.25 | 89.42 | 9452 | 97.75 | 94.00 | 96.00 | 9550 | 92.12
grass
Bromesrass | 6875 | 6663 | 63.50 | 63.50 | 64.25 | 51.00 | 68.00 | 50.00 | 6195
g 8250 | 84.58 | 83.25 | 86.24 | 88.00 | 87.00 | 86.00 | 84.00 | 85.20
Averase 76.60 | 74.51 | 74.02 | 74.92 | 75.08 | 69.61 | 74.42 | 68.90
g 82.95 | 84.36 | 84.71 | 88.00 | 90.50 | 87.00 | 85.50 | 87.74
0-25 cm 25-50 cm
LSD, o5 for years 0.045 LSD, o5 for years 0.113
LSD, o5 for treatments 0.036 LSD, o5 for treatments 0.089

LSD, o5 for interaction 0.101 LSD, o5 for interaction 0.253
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the soil. The statistical calculations confirmed the significant effect of both
the way land was kept fallow and the duration of land fallowing on the
concentration of available magnesium. Decreased concentration of this nu-
trient was observed only under the bare field. Lack of plant cover resulted
in a 19% decline in the concentration of plant-available forms of this ele-
ment in the 25-50 cm deep soil layer compared to grass-covered fields. The
presence of plant cover had positive influence on retaining available magne-
sium in the subsoil.

Time-related fluctuations in the soil abundance in available magnesium
may be related to the amount of Mg accumulated in plants growing on
fallow land (Figure 2). Strong correlation was found between soil abundance
in available magnesium and the amount of the accumulated element in
plants left on field in the previous year.
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Fig. 2. Dependence of the concentration of available Mg in soil in mg kg~! on the amount
of the element accumulated in plant biomass in kg ha™!

CONCLUSIONS

1. Keeping soil excluded from agricultural production for many years as
a fallow field turfed with fodder galega may increase the availability of phos-
phorus, potassium and magnesium in the 0-25 and 25-50 ¢cm deep soil hori-
Zons.

2. A mixture of fodder galega and awnless bromegrass shows a similar
effect on available magnesium.

3. A bare fallow field and the classical fallow do not protect soil from
losing plant-available forms of P, K and Mg.
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4. Soil abundance in available phosphorus and magnesium when a field
has been kept fallow for many years and plants have remained on field
after harvest depends on the amount of these nutrients accumulated in bio-
mass.
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