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ABSTRACT

Modern methods of orchard cultivation require more effective ways of irrigation
and fertilization. The optimization of using drip irrigation and fertigation requires
some knowledge of the effect of drip irrigation on the soil chemistry. The
experiments were performed to evaluate the effects of drip irrigation and fertigation
using nitrogen and complete fertilizers compared with traditional, surface fertilizer
application in apple orchard. Experiment was conducted on apple varieties ‘Jonagold'
grafted on rootstock M.9 during seven years (1993-1999) in Experimental Orchard
located in D abrowice — Poland. The obtained results showed that both factors: type
of fertilizers and kind of application significantly influenced soil chemical
properties. Application of nutrients as a form of fertigation with complete fertilizer
decreased pH in the soil zone, just under drippers whereas traditional, surface nutrient
application, followed by irrigation with alkaline water without fertilizers resulted
in increase of soil pH. The presence of calcium and magnesium ions, naturally
occurred in irrigation water, resulted in higher accumulation of these e ements in soil
under drippers.
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INTRODUCTION Modern methods of orchard
cultivation require more effective ways
of irrigation and fertigation. Fertigation
means gpplication of nutrient solution
to growing plants by means of an
irrigation system. The advantage of
this technology is tha the dose and
frequency of application can be
regulated according to plant requ-

The climate of Poland is highly
variable, especidly in terms of tota
precipitation and its distribution during
a vegetation season. In these weather
conditions, intensive orchards have to
be irrigated (Treder and Czynczyk,
1997).
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irements depending on: plant age,
growth cycle and weather conditions
(Haynes, 1985).

In Poland, the mogt popular
irrigetion system for orchards is drip
irrigation. Since drip irrigation applies
water only to a smdl volume of sail, it
is expected to be much more efficient
than micro-sprinkler and overhead
irrigation (Alvaand Obreza, 1993).

In Poland, most soils used for fruit
production are sandy loams, loamy
sands, or sands with low content of
organic matter (Strzemski e d., 1973).
These soils are dso low in buffering
capacity, so pH may fluctuate with the
continuous addition of bicarbonate with
the irrigation water. The quality of the
irrigation water affects soil properties
and productivity.

In soils like these, drip irrigation
can cause a variety of management
problems, especidly by changing soil
pH (Nelsen and Stevenson, 1983;
Nelsenet d., 1993; Treder et d., 1997).
Soil pH affects the availability of plant
nutrients, and thereby plant growth and
productivity (Menge and Kirkby,
1983).

In Poland, ground water i s the most
common source for orchard drip
irrigation. Deep well water contains
high levels of calcium and magnesium
bicarbonate. After drip irrigation of
plums with water, which contained
ahigh amount of calcium (60 mg 17
and magnesum (15 mg ™), soil pH
increased to over 6.8 within the entire
wetted soil (Treder et d., 1997). The
availability of most soil micronutrients
is reduced when the pH goes above 7.
For apples, keeping the the soil pH
between 6.0 and 6.5 is recommended
(Ktossowski, 1972).
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On the other hand, some authors
have reported that acidification may
occur after fertigation (Belton and
Goh, 1992; Alva and Obreza, 1993;
Nellsen et d., 1993; Komosa et 4d.,
1999). Rapid and extreme acidification
of sandy soils fertilized with NH4-N
and urea can limit growth in crops
under drip fertigation (Haynes and
Swift, 1987; Beton and Goh, 1992).
Acidification of orchard soil increases
the solubility of toxic elements such as
manganese and aluminum (Ross et dl.,
1985)

Optimizing drip irrigation and
fertigation requires some knowledge of
the effect of drip irrigation on soil
chemistry. Farmers have to know how
manage soil pH, sainity and fertility
by monitoring water qudity and
choosing the right fertilizers when
using different drip irrigation systems.

The aim of this study was to
evauate the effects of drip irrigation
and fertigation on soil pH, calcium
content and magnesium content inside
the dripper wetting zone.

MATERIAL AND METHODS

The experiment was carried out at
the Experimental Station at D abrowice
in central Poland, which belongs to the
Research Indtitute of Pomology and
Horiculture.

In the spring of 1993, apple trees
of the cultivar ‘Jonagold’ grafted on
M.9 dwarfing rootstock were planted
35 x 1.25 m gpart (2286 trees per
hectare). The orchard was planted on
light sandy loam soil. Weeds in the
tree rows were controlled with
herbicides, and the grassy interrows
were mowed. The trees were trained as
spindles.
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Two kinds of fertilization were
used, one containing only nitrogen (N),
and the other a complete fertilizer
containing all macronutrients (CF). All
nutrients were applied by means of

ventiondly by means of surface
application. Additionally, as control
treatments, two combinations were set
up: plants were either irrigated with
pure water without fertilizers or grown

adrip irrigation system or con- without irrigation and fertilization.

The scheme of the experiment was as follows:

Fertilizers used:
Fn: ammonium nitrate (30 g nitrogen per tree), or

Fce complete fertilizers (30 g nitrogen, 4 g phosphorus, 37 g potas-
sium, 6 g magnesium and 4 g calcium per tree)

Fertilizer application:
Ay broadcasting, or
Ar: fertigation
Control treatments:
Cp: dripirrigation without fertilization
C,: control without fertilization and irrigation.

In the first year, one third of the above rates was applied, and in the
second year, two thirds were applied.

The symbols of the treatments used in this paper are asfollows:

FnAg Nitrogen broadcast with drip irrigation

FvAE Nitrogen fertigation

FcrAg Complete fertilizer broadcast with drip irrigation
FerAr Complete fertilizer fertigation

Coi Drip irrigation (without fertilization)

Co Control (without fertilization and irrigation)
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The experimental orchard was
irrigated  with Raam  pressure
compensation drip-lines a a dis-
charge rate of 2.3 1 h™. The distance
between the drippers was 0.7 m.
Well water was used for irrigation
and fertigation (pH 7.4, EC 0.35 mS
cm™, 85 mg dm* Caand 14 mg dm’®
Mg). Water was supplied at arate
sufficient to maintain a soil water
potential of between 0 and -0.02
MPa a a depth of 20 cm. Water
delivery was controlled by ten-
siometers. Fertigation depended on
weather conditions and was conduc-
ted from May to July at least once
aweek.

In 1994 and 1997, soil samples
were collected in August at depths of
0-20 cm and 20-40 cm directly under
the drippers placed 30 cm from the
trunks of the trees.

In 1998, soil samples were also
collected in August at depths of 0-20
cm and 20-40 cm directly under the
drippers and aso places 17 and
35 cm away from the dripper.

Soil samples collected from each
replication plot. The composite soil
samples were thoroughly mixed, air-
dried, and screened through a 2 mm
seve. Soll pH was measured
potentiometerically in a suspension of
one pat soil and one part water.
Magnesum was extracted by the
Schachtschabel method (Nowosielski,
1968). Cacium was extracted with
0.03 M acetic acid (Ogtrowska €t d.,
1991). Cations in the filtrates were
measured using aomic absorption
spectrophotometry (SP09 Pye Uni-
cam).

The experiment was carried out in
split block design with four replicates
of seven trees per experimenta plot.
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Data were elaborated using analysis of
variance, followed by Duncan's
multiple range t-test or Student’ s t-test.
The functions of variability for pH, Mg
content and Ca content in soil profile
were andyzed using the Statistica 5.0
package.

RESULTS AND DISCUSSION

Irrigation and fertigation introduce
water into soil along with sdts
dissolved in it. During irrigation, water
with micro- and macro-elements is
evenly spread on the surface of the
field. However, in the case of drip-
irrigation, water is applied in one spot.
Therefore, only this area of the soil
gets wet, which introduces a lot of Ca
and Mg (Tab. 1).

Soil pH

Irrigation and fertigation influ-
enced the chemical properties of the
soil. The pH of the soil was lower after
seven years of a sprinkling method of
nitrogen fertilization, fertigation with
acomplex fetilizer, and the non-
irrigated and non-fertilized control.
Irrigation with water of high pH
sgnificantly increased the pH of the
soil directly under the drippers (Tab. 2)
After two years of cultivation, the pH
of the subsoil right under the drippers
on the plots where ammonium nitrate
fertigation was applied was lower than
a the beginning, athough it dowly
went up in subsequent years (Fig. 1).

The distribution of pH in the soil
profile shows significant differences
between the combinations (Fig. 2).
On the plots fertigated with complex
fertilizer and on the plots broadcast
with ammonium nitrate, the pH was
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lower in a large area where the soil
was wet. On the plots which were
only irrigated, the pH was high and
even throughout the whole wetted
area. On the plots without fertili-
zation or irrigation, the soil surface

was acidified.

Table 1. Water, Mg and Ca supply

Fertigation with ammonium nitrate
did not cause strong acidification,
probably because relatively smdl,
individual doses of the fertilizer were
applied and because the water used for
irrigation was akaline (pH 7.4).

Parameter vears
1993 | 1994 | 1995 | 1996 | 1997 | 1998 | sum
Supply of water [mm] 24 | 37 | 31 48 39 46 | 225
Supply of water [l dripper] 58.8 |90.6 |75.9 |117,6 | 955 |112.7 |511.1
Mg from water [gdripper?] 0.82 127 |1.06 | 1.65 | 134 | 1.58 | 4.19
Mg from fertilizer [gdripper™] |1.12 [2.24 |3.36 | 3.36 | 3.36 | 3.36 | 15.8
Sum Mg for FopAg [gdripper?] | 1.94 | 351 (442 | 5.01 47 | 494 2452
Cafrom water [g dripper™] 50| 7.7 /645 | 10.0 | 812 | 9.58 |46.85
Cafrom fertilizer [gdripper] 0.74 1148 (222 | 222 | 222 | 222 | 111
Sum Cafor FerAg[gdripper’] |5.74 |9.18 |8.67 |12.22 |10.34 | 11.8 |57.95
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Figure 1. Changes of soil pH directly under dripper
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Table 2. Changes of pH of soil after 6 years of experiment (1998) in comparison to
initial analysisin year 1993 ¢ (| n 1998 average of three distances from dripper, n=12)

Arable layer Subsoil

Treatment | jniti initi

initid | 1998 | gifference | IMNtid 1998 difference

analysis analysis
FuAg 492 ab* -0.78 576 cde +0,06
FVAF 577 cde| +0.07 582 de +0,12
FoAg 57 1616 of +0.46 ST | 644 f +0,74
FoAm 532 bc -0.38 582 de +0,12
Co, 6.25 ¢f +0.55 6.01 ef +0,31
C 474 a -0.95 543 cde -0,27

* Means marked with the same letters do not differ signifi cantly. Duncan’s multiple range t-test at 5% level

of significance

0-20
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pH

0-20

10 20 30 40

cm

Figure 2. Simulation contour line of pH variability in soil profile in the year 1998

(n=24)

Furthermore, the soil samples were
collected only two months after the
fertigation was over.

Widmer and Krebs (1999) aso
reported that the fertilizer used and
the manner it was applied did not
affect soil pH.

In an experiment carried out under
Polish conditions, Zydlik and Pacholak
(2000) found that fertigation with
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ammonium nitrate did not lower soil
pH compared with control.

Belton and Goh (1992) reported
that pH dropped by 1.6 units under
the dripper after a year of fertigation
with 33.8 g N (amide form) through
an individua dripper in only four
applications.

Neilson et a. (1993) aso used
ammonium sulfate in high doses

J. Fruit Ornam. Plant Res. vol. 13, 2005: 59-70
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from 23.7 to 47.0 g N per dripper
in four applications.

Fallahi (2000) applied high doses
of ammonium nitrate to apple trees
spaced 3.7 x 6.7 m apart. Although
irrigation system is not described in
detail, the highest dose of 590 g N
tree’ applied through the drip
irrigation system probably cor-
responds to about 100 g N per
dripper.

Nelsen et d. (1995) suggest that
non-acidifying fertilizers be used and
the area of wetting be enlarged using a
proper dripper spacing in order to limit
soil acidification during fertigation.

Lowered soil pH while usng
acomplex fertilizer may result from an
intensive remova of akaine dements
dong with the crop (Buckman and
Brady, 1971; Litynski and Jurkowska,
1982). The ceations are then replaced
with hydrogenions.

A higher soil pH was recorded in
the wetting area where only irrigation
was applied, which agrees wdl with
earlier results reported by Kidder and
Hanlon (1985) and Treder et a. (1995
and 1997). In both this study and in the
earlier studies cited above, the increase
in soil pH was caused by the accu-
mulation of magnesium and calcium.

After six years of cultivation, the
pH was lower in the cultivated | ayer of
the non-fertilized and non-irrigated
soil. This phenomenon is common in
the temperate zone where precipitation
is higher than evaporation. Magnesium
and cacium are leached down the soil
profile, which lowers the pH in the
surface layer.

Soil magnesium content

At the end of the experiment, the
lowest magnesium level was found in
the soil profile of the arable layer of

J. Fruit Ornam. Plant Res. val. 13, 2005:; 59-70

the plots fertilized broadcast with
ammonium nitrate. In this com-
bination, the magnesium level was
lower than it was at the beginning of
the experiment. On the other hand, in
plots fertigated with nitrogen or
complex fertilizer, the magnesium
level was higher than at the beginning.
The highest magnesium levels were
found in the plots which were irrigated
but not fertilized. In plots which were
fetilized but not irrigated, the magne-
sum level in the arable layer was
lower than at the beginning (Tab. 3).

In 1994, the magnesium leve in
the arable layer of the soil taken
directly from under the drippers was
higher than a the beginning in dl
combinations. However, in subsequent
years, there was a significant drop in
the magnesium level in this layer in
plots broadcast with ammonium nitrate
or complex fertilizer (Fig. 3). In the
other combinations, the magnesium
level in 1998 was higher than a the
beginning. In plots broadcast with
complex fertilizer, which contains
magnesium, and in plots which were
irrigated, the magnesium leve in the
subsoil layer was higher than at the
beginning.

Figure 4 presents the simulated
digribution of magnesium in the sail
profile. Broadcasting with fertilizer
containing magnesium caused magne-
sum accumulation throughout the
subsoil and near the dripper in the
adble layer. Fertigation with the
complex fertilizer caused an accumu-
lation of magnesium at the edges of the
wetted area. The magnesum level was
significantly lower closer to the dripper.
Magnesum aso accumulated throu-
ghout the wetted area of the control
plots (FcrAR).

The increase in magnesium level
in the wetted area of the soil may be
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explained by the quality of the water
used for irrigation, which contained
14 mgMgl™.

In earlier sudies, magnesium
accumulated in the wetted area after
several years of drip-irrigating (Treder
et a., 1995, 1997; Pacholak, 1991;
Pacholak and Komosa, 1993; Pacholak
and Lysiak, 1993; Matecka and

Rézaski, 1998). Fertigation with
ammonium nitrate caused leaching of
magnesium directly underneath the
dripper and accumulation of magne-
sium 20-40 cm from the dripper (Ko-
mosa e a., 1999ab). Leaching of
magnesium under the dripper aso
occurred when urea was applied
(Bdton and Goh, 1992).

Table 3. Changes of available magnesium content in soil after 6 years of
experiment (1998) in comparison to initial analysis [mg/100 g] (in 1998 average of

three distances from dripper, n=12)

Arable layer Subsoil
Treatment initi initi
Init al 1998 | difference nit al_ 1998 difference
anadysis anadysis
FAs 340 a -25 473 ab -0.97
FAE 6.28 b-d| +0.38 5.99 b-d +0.29
ForAg 59 722 de | +1.32 57 865 e +2.95
FerAR 6.97 ce +1.07 7.15 de +1.45
Co 851 e +2.61 7.99 e +2.29
C 5.32 bc -0.58 6.24 b-d +0.54
12 {
10
E 4 E u [] E
= L}
=S | E A0 | U S O O O O | e
4
w i =
S 2
‘;“n 0 I + SE
£ 12 B Mean
o0 - Initial level
= 10
£ i =
g " ) | (] E
e B 1 00 | | e T [0 (R
4
1994 1997 1998 1994 1997 1998 1994 1997 1998 1994 1997 1998 1994 1997 1998
FyAg FrAp FepAg FopAyp Cor

Figure 3. Content of available magnesium in the arable layer and subsoil under

dripper
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Figure 4. Simulation contour line of available magnesium distribution in soil profile
in the year 1998 (n=24)
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Figure 5. Simulation contour line of available calcium distribution in soil profile in
the year 1998
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In the experiments on fertigation
with ammonium nitrate, there was no
increese  in  avaldble magnesium
directly under the dripper. On the
contrary, ahigher magnesum level was
found. These conflicting results are
probably due to the fact that soil pH
was hot the same in these experiments.

In this experiment, relatively smdll
amounts of ammonium nitrate were
gpplied over a long time without
acidifying the soil under the dripper.
Belton and Goh (1992) write that in
areas with lower magnesium levels,
the pH was low. According to
Parchomchuk et a. (1993), with
fertigation with ammonium nitrate, the
drop in pH initialy increases the level
of magnesium ions in the soil solution,
and they are transported verticaly and
horizontally along with the water.
Treder e a. (1998) investigated
changes in magnesium level in the soil
solution and found that soon after
fertigation with ammonium nitrate, the
magnesium level rapidly increased,
and then dropped when the fertigation
was stopped.

The digribution of calcium in the
soil profile in the combinations of this
experiment is shown in Fgure 5.
Irrigation with water with a high
cacium level caused cacium accumu-
lation in the soil profile. This did not
happen when fertilization was gpplied.
Even though cdcium is a mobile
element (Nielsen and Stevenson, 1983),
in the experiment it accumulated in the
wetted area of the soil. Alvaand Obreza
(1993) report that the cacium leve
increased in the area of the soil wetted
with hard water. Hoyt and Neilsen
(1985) and Laxdowicz (1998) report
that there is a drong corrdation
between the soil pH and cacium levd.
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The results of this experiment confirm
this corrdaion, which shows that
indirect measurements of soil pH may
indicate the accumulation of mag-
nesum and calcium in the soil.

CONCLUSIONS

The type of fertilizer and method
of application significantly influence
soil chemica properties.

1. Application of nutrients by ferti-
gation with complete fertilizer
decreased soil pH directly under the
drippers, whereas  traditiond
application by broadcagting fol-
lowed by irrigation with akaline
water increased soil pH.

2. The presence of naturally occuring
cacium and magnesium ions in
irrigation water caused a greater
accumulation of these elements in
the soil under the drippers.
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WPLYW NAWADNIANIA KROPLOWEGO
| FERTYGACJ NA ZMIENNOSC pH GLEBY ORAZ
ZAWARTOSC W NIEJWAPNIA | MAGNEZU

Waldemar Treder

STRESZCZENIE

Intensywna uprawa sadow wymaga efektywnigjszych sposobdéw nawadniania
i nawozenia. Dla zoptymalizowania tych zabiegow niezb¢dna jest wiedza dotyczaca
ich wptywu na wiasciwosci chemiczne gleby. Badania miay na celu okreslenie
wplywu stosowania nawadniania kroplowego i fertygacji na odczyn gleby oraz na
zawarto$¢ w nigj wapnia i magnezu. Doswiadczenie przeprowadzono w latach 1993-
1999 w Sadzie Doswiadczalnym w Dabrowicach na jabtoniach odmiany ‘ Jonagold’
zaszczepionych na podktadce M.9. Zastosowano dwa rodzaje nawozOw (azotowy
i wieloskiadnikowy) oraz dwa sposoby nawozenia (nawozenie posypowe oraz
fertygacje). Zarbwno rodzgj zastosowanego nawozu, jak i sposdb nawozenia istotnie
wplynety na pH oraz zmiany zawartosci wapnia i magnezu w profilu glebowym.
Fertygacja nawozem wieloskiadnikowym spowodowata obnizenie pH gleby pod
emiterem, natomiast przy nawozeniu posypowym i stosowaniu nawadniania
kroplowego woda o odczynie zasadowym obserwowano wzrost pH gleby. Wysoka
zawarto$¢ wapnia i magnezu w wodzie do nawadniania powodowata akumulacj¢ tych
pierwiastkéw w glebie pod emiterem.

Stowa kluczowe: nawadnianie kroplowe, fertygacja, pH, EC, gleba, jabton
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