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ABSTRACT

The aim of this study was to determine the effect of different methods of
preventing replanting disease on the content of available nutrients in the soil, and total
nutrient content in the leaves of apples of the variety “Elstar” at the peak of the
fruiting period. Three levels of irrigation and six methods of replanting were
examined and were found to have varying effects on soil nutrient content. Irrigation
increased magnesium content and increased pH. Ammonium phosphate significantly
increased in soil phosphorus. The different methods of preventing replanting disease
and the different levels of irrigation also affected leaf nutrient content. Weather
conditions during the vegetation period also had alarge effect on soil nutrient content.
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INTRODUCTION

When the same plant species is
repeatedly grown on the same site,
replanting disease can reduce growth
and yield. Many factors contribute to
replanting disease, including nutrient
exhaugtion, the build-up of toxic
substances, and increasing pest and

pathogen populations  specificaly

associated with the plant species in
question (Sewell and White, 1979;
Pecholak et a., 1997; Sobiczewski,
2000).

Because replanting disease has
numerous causes, there is no one
sngle effective method that can be
universaly applied to control. One of
the most effective methods of
preventing replanting disease is
chemicd disnfection of the soil with
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nemaodicides, fungicides, actinomy-
cetes, or biocides with various
spectrums of activity. Chemica agents
often diminate replanting disease, but
they can aso reduce the biologicd
activity of the soil, which in turn
reduces growth and yield (Gur et al.,
1998). For this reason, agrotechnical
measures, such asfertilization or tilling,
can dso play a role in contralling
replanting disease. Minerd fertilization,
epecidly with specific nutrients, dso
directly effects plant growth and
pathogen development in exhausted
s0ils (Gullino and Mezzaama, 1993).
Phosphorus, especidly in the form of
mono-ammonium phosphate, plays
an important role (Sykhuis, 1988;
Utkhede and Smith, 1994; Nicolic et
a., 1998). Organic fertilizers, such as
biohumus, peat or farmyard manure,
ae adso useful  (Engd, 1988;
Tagliavini et al., 1993; Szczygiel and
Zepp, 1998). Irrigation sometimes
helps by leaching toxic substances
from the rhizosphere (Szczygiet, 1993;
Pacholak et a., 1995).

The am of this sudy was to
determine the effect of different
methods of preventing replanting
disease on the content of available
nutrients in the soil, and total nutrient
content in the leaves of apples of the
variety ‘Elstar’ a the peak of the
fruiting period.

MATERIAL AND METHODS
The study was carried out from
1996 to 2003 at the orchard of the

Agricultura and Pomiculture Experi-
mental Station at Przybroda, which
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belongs to the Pomology Department
of the Agriculturad University in
Poznan.

In the spring of 1998, one-year-
old apple trees of the cultivar ‘Elstar’
on M.9 EMLA rootstock were
planted 3.5 x 1.0 meter apart in pits
(0.6 x 0.6 x 0.6 m = 0.216 n?°) lined
with sheet plastic. After the old apple
trees had been removed from the site,
the soil was not tilled.

Immediately after planting, the
trees were cut back to a height of 90
cm above ground level and fastened
to stakes for support. In the spring of
1999 and 2000, the trees were pruned
to form fusiform crowns. In the
spring, nitrogen fertilizer was applied
to each tree at the rate of 5 g/n’. All
other agrotechnical procedures, such
as pruning, irrigation, protection, and
fruit set thinning, were performed as
recommended for commercial apple
orchards.

Three levels of irrigation were
used in the experiment:

W, — No irrigation. Soil water
content depended solely on
natural precipitation.

W, — Irrigation to keep soil water

content at —0.03 MPa.

W, — Irrigation to keep soil water

content at —0.01 M Pa.

At each levd of irrigaion, four
replicates of one tree each were trested
according to one of the following
methods of preventing replanting
disease:

1. Control.

2. Soil replacement.

3. Temik 10 G 10g/n?.

4. Aliette 80 WP 0.4 g/l sail.
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5. Ammonium phosphate 1g/l soil.

6. Peat — one part peet to two parts

soil.

Every year in mid-Jduly, soil
samples were collected from the soil
layer up to 40 cm deep (arable and sub-
arable) in four replicates. Samples were
dried a room temperature. Available
phosphorus and potassum were mea
sured by the Egner-Riehm method.
Magnesum was measured by the
Schachtschabel method. Soil pH was
measured in KCI. Leaf samples were
collected at the same time as the soil
samples. After the leaves were dried,
nitrogen, phosphorus, potassum, mag-
nesium and calcium were measured by
the method described by Odtrowska et
a. (1991).

Data were statistically elaborated
with the help of the STAT software
package. The significance of diffe-
rentces between treatments was
determined by Duncan’s multiple-
range t-test at P = 0.05.

RESULTS AND DISCUSSION

The reaive change in il
phosphorus content compared to the
basdine varied widdy depending on
which method of preventing replanting
disease was used. By far the grestest
relative increase was observed with
ammonium phosphate. A  moderate
relative increese was observed with
soil replacement. A dight relative
increase was observed with peat. A
dight relative decrease was observed
with Aliette 80 WP and Temik 10 G.
Theleve of irrigation had no significant
effect on soil phogphorus content. Sail
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phosphorus content was high a al
levelsof irrigation (Tab. 1).

The reaive change in il
potassum content compared to the
basdine varied moderately depending
on which method of preventing
replanting disease was used. By far the
greatest relative increase was observed
with ammonium phosphate. The gre-
atest relative decresse was observed
with soil replacement and with Aliette
80 WP. Smdller rdaive changes were
observed with the other treestments. The
level of irrigation had no sgnificant
effect on soil potassum content. Soil
potassium content was moderate at
al levelsof irrigation (Tab. 1).

The reaive change in soil
magnesium content compared to the
basdine varied dightly depending on
which method of preventing replanting
disease was used. The grestest relative
increese was observed with Temik
10G, and the greatest relative
decrease with pest. The leve of
irrigation had a significant effect on sail
magnesium content.  Soil  magnesium
content was dgnificantly higher at
awaer potentid of -001 MPa
However, soil magnesium content was
highat dl levelsof irrigation (Tab. 1).

The potassum to magnesum ratio
was optimd regardless of which
method of preventing replanting disease
was used.

The rdative change in soil pH
compared to the basdine varied dightly
depending on which method of
preventing replanting disease was used.
The grestest rddive increase was
observed with ammonium phosphate,
and the greatest relative decrease
with soil replacement. The level of
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Table 1. Soil mineral content and pH at the beginning and the end of the study period versus method of preventing replanting disease
and level of irrigation

'rﬂc\glagli on Preventing method F&%/Sgggrgj [Fr%?l&gg r% 'E/Imag/nl%s(l)uéi pH

1999 2003 1999 2003 1999 2003 1999 2003

control 3.6a 39 a 6.la 8.8 ab 32a 8.1b 40a 50a

soil replacement 53 ab 6.8b 10.1b 69 ab 34a 85b 6.8b 53a

W Temik 10 G 3la 24 a 5.0a 42a 36a 54 ab 40a 41a
0 Aliette 80 WP 30a 32a 6.7a 34a 42a 35a 41a 44a
ammonium phosphate 11.3b  53.6d 6.1a 11.2b 35a 6.2 ab 36a 73b

pesat 21a 35a b.7a 55a 46a 3.7a 40a 44a

control 33a 38 a 50a 58a 51ab 44 a 50a 50a

soil replacement 5.2ab 84 b 9.7b 51a 4.6ab 4.7 a 6.9b 45a

W Temik 10 G 24a 31a 44 a 50a 4.8 ab 8.0b 44 a 42a
! Aliette 80 WP 41a 30 a 6.4a 38a 6.7b 3.8a 5.0a 45a
ammonium phosphate 11.2b  56.7d 51la 104b 51ab 6.1ab 41a 73b

peat 23a 33 a 48a 48a 74 b 50a 43a 47a

control 3la 4.7 a 55a 6.4 ab 6.9b 8.3b 59ab 53a

soil replacement 55ab 7.7b 96b 55a 6.5b 79b 71b 48a

W Temik 10 G 41a 33a 77ab 6.6ab 69b 108bc 59ab 53a
2 Aliette 80 WP 36a 23a 53a 52a 8.3b 8.7b 5.4 ab 48a
ammonium phosphate 109b 355¢c 42a 83b 7.1b 6.4 ab 4.7 a 74b
peat 28a 27a 6.1a 6.0ab 8.6b 72b 50a 6.0ab

* Results followed by the same letter do not differ significantly at P = 0.05 according to Duncan’ s t-test
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irrigation had a significant effect on
soil pH. There was only a dlight
relative increase in the pH in the
irrigated soils, and a much larger
increase in the non-irrigated soil
(Tab. 1). This conflicts with the
results reported earlier by Pacholak
and Przybyta (1996), which showed
that there was a significant increase
in soil pH inirrigated soils.

Leaf nitrogen content varied
depending on which mehod of
preventing replanting disease was used.
The highest leaf nitrogen content
(2.30% d.m.) was found with peat a a
moisture content of —-0.03 MPa, and
with Temik 10 G a a moisture content
of —0.03 MPa. The lowest leaf nitrogen
content (1.87% d.m.) was found with
s0il replacement at a moisture content
of -0.03 MPa Leaf nitrogen content
was lower than the basdline values only
in the control soil and in the soil trested
with soil replacement. Leaf nitrogen
content was optima with dl the other
methods of preventing planting
disease used. The level of irrigation
did not have any significant effect on
leaf nitrogen content (Tab. 2)

Leaf phosphorus content also
varied depending on which method
of preventing replanting disease was
used. The highest leaf phosphorus
content (0.14% d.m.) was found with
Temik 10 G a a moisture content of —
0.03 MPa and -0.01 MPa. The lowest
legf nitrogen content (0.10% d.m.) was
found with soil replacement at
amoisture content of —-0.03 MPa. Leaf
phosphorus content was lower than
baseline values regardless of which
method of preventing replanting
disease was used. In the soil treated

J. Fruit Ornam. Plant Res. vol. 12, 2004: 69-81

with ammonium phosphate, |eaf
phosphorus content was low even
though the soil phosphorus content
was very high. The level of irrigation
did not have any significant effect on
leaf phosphorus content (Tab. 3).

Leaf potassum content also varied
depending on which method of
preventing replanting disease was
used. The highest leaf potassium
content (1.44% d.m.) was found with
the control soil and with at a moisture
content of —<0.01 MPa. The lowest |eaf
potassium content (0.94% d.m.) was
found with Aliette 80 WP at
amoisture content of —0.03 MPa
Leaf potassum content increased
with increasing soil moisture content.
Leaf potassium content was optimal
and higher than the baseline with al
treatments and a al levels of
irrigation (Tab. 4).

Leaf magnesium content aso
varied depending on which method
of preventing replanting disease was
used. The highest leaf magnesium
content (0.43% d.m.) was found with
peat at a moisture content of —0.01
MPa. The lowest leaf magnesium
content (0.25% d.m.) was found with
ammonium phosphate a a moisture
content of —-0.01 MPa. (Tab. 5). Ledf
magnesium  content ranged from
moderate to high compared to the
basdine. The leve of irrigation did not
have any dgnificant effect on leaf
magnesium content (Tab. 5).

The highest leaf cdcium content
(1.96% d.m.) was found with ammo-
nium phosphate without irrigation.
Irrigation dgnificantly lowered lesf
cacium content (Tab. 6).
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Table 2. Leaf nitrogen content versus method of preventing replanting disease and
level of irrigation

Leaf nitrogen [% of dry matter]

mean
mean mean f
Treatment for 2001 2002 2003 for | o
1999- 2001- 'rtrl'éf’
2000 2003 | |
evel
control 238h* | 203b-h | 2.35¢c-h | 1.87 af | 2.08 ab
soil 233¢h | 215b-h | 216bh | 17420 | 2024
replacement
w. | Temk10G [228g [208bh [242dh [184af |212ab |54,
® [Aliette8OWP | 2.14e | 2.20b-h | 241d-h | 1.99b-h | 220ab | =
ammonium | 5 39 | 228 b-h | 233b-h | 1.99b-h | 2.20 ab
phosphate
peat 222f | 234b-h | 224b-h | 216b-h | 224 b
Mean for all methods 218bc | 2.06ab | 2.06 &b
control 2.09de | 1.82a-d | 221b-h | 2.00b-h | 2.01 ab
soil 236h |178ac | 244eh | 138a | 187 a
replacement
w. | Temk10G 2289 [239c-h [ 219bh [234b-h [230b | ,44,
' ["Aliette OWP | 2.07cd | 208b-h | 245eh | 210b-h | 221b '
ammonium - 5 47§ | 1.92ag | 255 h | 200b-h | 2158
phosphate
peat 1.95a | 236¢ch | 248f-h | 210b-h | 230 b
Mean for all methods 2.32c 2.38¢c 2.39c¢c
control 2.02bc | 200b-h | 2.19b-h | 2.23b-h | 2.14 &b
soil 2299 | 174ae | 2481-h | 211bh | 214
replacement
W, | Temik 10G 198ab [ 220b-h [236¢c-h | 1.86ae | 2148 |,
2 [Aliette8OWP | 1.92a | 1.98b-h | 2.48f-h | 1.84ae | 210ab |
anmotium 1 230g | 1.82ad | 244eh | 200b-h | 2098
phosphate
peat 195a |251gh |243d-h|19ah | 230 b
Mean for all methods 1.93a 1.99ab | 1.99 &b
Mean for all methods
and al levels of 2.10b 2.36¢C 1.97 a

irrigation

*For explanation, see Table 1
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Table 3. Leaf phosphorus content versus method of preventing replanting disease
and level of irrigation

Leaf phosphorus [% of dry matter]

mean mean
Treatment mean for for | . for
1999.2000 | 2001 2002 2003 2001- | irriger
level

control 0.15b-d* 01laf | 0.13d-g | 0.12b-g | 0.12 ad
soil 0.16 cd 0.12bg | 0.11af | 0.10ad | 0.11ab
replacement
Temik 10G | 0.16 cd 0.13dg | 0.11af | 01laf | 0.12ad

Wo | Aliette 0142 | 015gh | 012bg | 0.12bg | 013cd | 22
80 WP ) 15¢g . g|o. g|o.
ammonium
phosphate 0.15bc 0.15gh | 0.12b-g | 0.13d-g | 0.12 ad
peat 0.15bc 0.15gh | 01l1af | 0.12b-g | 0.13cd

Mean for all

methods 0.14b 0.1lla 0.12a
control 0.14a 0.1lae | 0.12b-g | 0.12b-g | 0.11 &b
soil 0.16d 008 a |013dg |010ad |0.10a
replacement
Temik 10G | 0.18f 0.14eh | 0.13d-g | 0.14f-h | 0.14d

Wi | Aliette 0.12a
80 WP 0.14a 0l1llaf | 013dg | 0.13dg | 0.12ad
ammonium
phosphate 0.15bd 0.12b-g | 0.12b-g | 0.13d-g | 0.12 ad
peat 0.17e 0.12b-g | 0.12b-g | 0.09ab | 0.11ab

Mean for al

methods 011a 0.13ab | 0.12a
control 0.14 ab 0.10ad | 0.11af | 0.12b-g | 0.11 &b
soil 0.14 &b 0.11af | 013d-g | 0.17 h | 0.14d
replacement

Temik10G | 0.23h 0.13d-g | 0.13d-g | 0.12b-g | 0.12 ad
W, ["Aliette 0.12a
0.14 ab 0.12b-g | 0.13dg | 0.10ad | 0.11ab

80 WP
ammonium
phosphate 0.16d 01laf | 0.13d-g | 0.12b-g | 0.12 ad
peat 0.19¢g 0.11af | 0.12b-g | 0.11af | 0.11ab
Mean for all
methods 011a 0.13ab | 0.13ab
Mean for all
methods and all 0.12a 0.12a 0.12a

levels of irrigation

* For explanation, see Table 1
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Table 4. Leaf potassium content versus method of preventing replanting disease

and level of irrigation

Leaf potassium [% of dry matter]

mean
mean mean ¢
Treatment for 2001 | 2002 | 2003 for | o
1999- 2001- ”tz'é’f
2000 2003
level
control 1l1l4ad* | 1.33bj | 1.77jk | 122a&aj | 144c
sl 143de |106ah | 1.27aj | 0.99ag | L10ac
replacement
W Temik 10 G 107ac | 1.09ah | 1.34b-k | 1.03ah | 1.15ac 130b
° [Aliette SOWP | 0.90a 121&j | 148ek | 1.10ah | 1.26 ac '
ammonium = 1 h3a¢ | 1.30b | 1.72i-k | 1.14ai | 1.38bc
phosphate
peat 122ae | 1.19aj | 1.94Kk 120&j | 1l44c
Mean for all
methods 1.20b 158c 111ab
control 131ce | 1.10ah | 1.599g-k | 1.46d-k | 1.38bc
soil 112ad | 1.05ah | 1.58g-k | 0.86ad | 1.16 ac
replacement
W Temik 10 G 094ab | 090af | 1.60hk | 1.15&i | 1.22acC 1162
' ['Aliette8OWP | 1.23b-e | 0.88a¢€ | 1.29 b-j | 0.66a 0.94a ’
AMMONIM | 1.23b-e | 093af | 140ck | 093af | 1094
phosphate
peat 1.18ae | 1.07ah | 1.59g-k | 0.78a | 1.15ac
Mean for ll 099ab |15lc |097ab
methods
control 124b-e | 1.16aj | 1.41d-k | 1.0lah | 1.19ac
! 109ac | 105ah | 160gk | 113ai | 1.26ac
replacement
W Temik 10 G 149e 115ai | 1.51f-k | 0.91af | 1.19ac 1162
? ['AlietteBOWP | 1.23b-e | 1.03ah | 1.60h-k | 0.80ac | 1L.14ac |
ammonium =1 1 69 5 e | 0.94af | 1.37b-k | 0.95af | 1.09ab
phosphate
peat 134ce | 099ah | 1.40ck | 0.96af | 1.12ac
Mean for all
methods 1.05ab | 1.48c 0.96 a

*For explanation, see Table 1
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Table 5. Leaf magnesium content versus method of preventing replanting disease and
level of irrigation

Leaf magnesium [% of dry matter]

mean
f mean
Treatment mean for for for
1999- 2001 2002 2003 irfiga
2000 2001- 1 o
2003
level
control 0.29d-f | 041d-m | 0.30ah | 025ad | 0.32ab
sl 0.26ac | 0.44g-m |032a] |024ad |033ad
replacement
Temik 10G | 0.34h 047i-m | 0.37b-k | 0.27af | 0.37b-d
Wy | Aliette . 0.34a
80 WP 0.26ac | 048j-m | 0.42em | 0.29ag | 0.39b-d
ammoniiMm | 5391 | 0.39¢cl |033aj |0.23ac |032ab
phosphate
peat 0.31fg 046h-m | 0.28ag | 0.29ag | 0.34b-d
Mean for all
methods 0.44d 0.34c 0.26 a
control 0.25ab | 0.44f-m | 0.32 &j 0.33aj | 0.36b-d
sl 0.26ac | 0.37bk [035bk |021ab |03Llab
replacement
Temik 100G | 0.34h 0.57m 0.39 c-l 0.29ag | 041 cd
W, | Aliette 0.37a
80 WP 0.26ac | 044g-m | 043f-m | 0.38c| | 0.42cd
ammonium . .
phosphate 0.32gh | 0.33 &j 0.30 &i 0.30ah | 0.31ab
peat 0.3leg | 0.51k-m | 0.32 &j 044g-m | 0.42d
Mean for all
methods 0.44d 0.35c¢c 0.32 bc
control 0.29de | 0.40c 0.34 &j 0.3laj | 0.35b-d
soil 028cd | 042em | 029ah |0.26ae | 0.32ac
replacement
Temik 10G | 0.24 a 0.541m 032 &;j 0.28ag | 0.39b-d
W, | Aliette . . 0.35a
80 WP 0.28cd | 0.47i-m | 0.32 &j 0.27af | 0.35bd
ammonium .
phosphate 0.31fg 0.28ag | 0.30 &i 0.18a 0.25a
peat 0.27b-d | 0.56 m 0.40 c-l 0.32aj | 043d
Mean for all
methods 0.44d 0.33 bc 0.27 &b

*For explanation, see Table 1
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Table 6. Leaf calcium content versus method of preventing replanting disease and
level of irrigation

Lesf calcium [% of dry matter]
mean
mean
Tregtment for mean for for
2001 2002 2003 2001- irriga:
1999- .
2003 tion
2000
level
contral 144ce | 10Qae | 1.920q | L34 am | L45af
soil .
replacement 202h | 1.03ad | 1.761-q | 1.20&i 133ab
W Temik 10G 147de | 11laf | 180mq | 1.33am | 14lac 155b
° | Aliette8OWP | 1.25a 141b-o | 214q 1l44co | 1.66cd '
ammonium
phosphte 170f | 149d-0 | 263r 1771p 1%e
pest 143ce | 121aj | 183nq | 1.34am | 1.47bd
Mean for al methods 122ac | 202e 140c
control 139ce | 105ad | 151dp | 1.58ep | 1.38ac
il .
replacement 217i 092ab | 165g-q | 088a 115a
W Temik 10G 135bc | 122ak | 1.73k-q | 1.38an | 144bc 140a
1| Aliette8OWP | 1.46de | 095ac | 1.771-q | 1.36am | 1.36ab '
ammonium
phosphte 163f | 1.35am| 214g | 169hq | 1.73de
peat 126ab | 117ah | 143b0 | 1.39an | 1.33ab
Mean for al methods 1l1lla 171d 138c
control 160f 109ae | 1.72j-q | 124ak | 1.35a
il .
replacement 185g | 119ah | 171i-q | 1.32am | 1l4lac
W Temik 10G 143ce | 140bo | 1L.72j-q | L12&f | 14lac 140a
2 | Aliette8OWP | 1.50e 12laj | 160ep | L.02ad | 1.28ab '
ammonium
phosphate 142ce | 1.38an | 200pg | 114ag | 150bd
peat 137cd | 150d-p | 161fp | 1.26al | 145hc
Mean for al methods 129bc | 172d 118ab
Mean for al methods
and dl levelsof 121a 182c 1.32b
irrigation

* For explanation, see Table 1
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Chemicd dignfection of the soil
increases soil  nitrogen content  and
decreases soil  microbe  populations.
This promotes hedthy root formetion,
which in turn promotes the uptake of
soil nutrients such as phosphorus and
potassum (Wilhelm and Paulus. 1980;
Szczygiel. 1993). In our study, chemical
disnfection did not incresse the
availability of soil phosphorus or
potassum and had no sgnificant effect

on leaf phosphorus or potassium
content.
CONCLUSIONS
Soil mineral content varied

depending on which method of
preventing replanting disease and on
which level of irrigation was used.
Ammonium phosphate  significantly
increased soil potassum and phos-
phorus content. Irrigation at a moisture
content of —0.01 MPa dggnificantly
increased soil magnesium content and
increased soil pH. lIrrigation did not
affect soil potassum or phosphorus
content.

Leaf mineral content also varied
depending on which mehod of
preventing replanting disease and on
which levd of irrigation was used. Peat
increased leef nitrogen and magnesium
content. Temik 10 G increased lesf
phosphorus and magnesium content.
Ammonium phosphate increased ledf
cacium content. The control trees had
increased leaf potassum content.
Non-irrigated trees had increased leaf
potassium and cal cium contents.

Leaf minerd content varied
sgnificantly from year to year, which
demongrates that climatic conditions

J. Fruit Ornam. Plant Res. vol. 12, 2004: 69-81

during the vegetation phase have a Sg-
nificant effect on leaf minera content in
appletrees.
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WPLYW NAWADNIANIA I SPOSOBOW
PRZECIWDZIALANIA ZMECZENIU GLEBY NA
ZAWARTOSC SKEADNIKOW W GLEBIE ORAZ

LISCIACH

Eugeniusz Pacholak, Zofia Zydlik
i Marcin Zachwieja

STRESZCZENIE

Podjgte badania miaty na celu wyjasnienie wplywu sposobu przeciwdziatania
zmgezeniu gleby na zawarto$¢ sktadnikéw przyswajalnych w glebie oraz ogoélnych
W lisciach jabtoni odmiany ‘Elstar’ w okresie petnego owocowania. W do§wiadczeniu
zastosowano trzy poziomy nawadniania oraz sze$¢ wariantow przeciwdziatania
chorobie replantacyjnej. W trakcie realizacji badan stwierdzono, ze zastosowane
zabiegi mialy wplyw na zawartos¢ sktadnikow przyswajalnych w glebie.
Nawadnianie wptywalo na wzrost zawartosci magnezu oraz wzrost pH. Stosowanie
fosforanu amonu jako sposobu zapobiegania zmgczeniu gleby powodowato istotny
wzrost fosforu w glebie. Zawartos¢ skladnikow w lisSciach byta rowniez
modyfikowana przez zastosowanie nawadniania i sposobu zapobiegania zmgczeniu
gleby. Jednakze przebieg warunkow klimatycznych w okresie wegetacji mial istotny
wplyw na zawarto$¢ sktadnikow w glebie.

Stowa kluczowe: zmeczenie gleby, nawadnianie, sposoby zapobiegania, sktadniki
mineralne, gleba, liScie
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