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ABSTRACT

The aim of this research was to determine the influence of drip fertigation on soil chemical properties and vertical
distribution of nutrient in the root zone of three apple orchards planted on soils with different textures (loam, clay loam
and sandy loam). The fertigation led to a significant decrease in soil pH, concentration of calcium carbonate (CaCO,)
and organic carbon (C). Changes of these parameters were more pronounced in sandy loam soil than in loam and clay
loam. Fine textured soils (loam and clay loam) had higher accumulation of available forms of P, K, Fe, Zn, Mn and Cu in
the surface layer at 0-10 cm depth, compared to sandy loam soil. The results showed that, despite numerous advantages,
drip system of fertigation can lead to negative changes of soil properties and that the sandy loam soils are more exposed,
but in the same time more suitable for fertigation due to better vertical distribution of nutrients in a soil profile compared

to loam and clay loam.
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1. Introduction

Irrigation can affect soil quality in different ways.
Consequently, monitoring is necessary to avoid
negative consequences of irrigation on soil quality in
the form of reduced fertility, and crop productivity
(Sun et al 2018). The influence of irrigation on
physical and chemical soil properties in arid and
semi-arid conditions is well documented, while
there is very little data on effects of irrigation in
humid and sub-humid conditions where crops can be
grown without irrigation. In Serbia where the total
amount of precipitation and its distribution during the
vegetative growth period is highly variable, irrigation
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is used as an additional tool for supplying plants with
water during critical crop growth. One of the most
commonly used irrigation system in modern apple
orchards is drip irrigation. The main advantage of this
system compared to others is that irrigation timing
and quantity can be very accurately adjusted to the
needs of plants in accordance with plantation age,
phenophase and weather conditions (Haynes 1985).
The drip system is more efficient than other irrigation
systems because the dripping water is added to a
relatively small soil volume around the root of the
cultivated plants, but at the same time the effect on
physical and chemical soil properties in wetted zone
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is more pronounced compared to other systems (Alva
& Obreza 1993). Drip irrigation can have a significant
impact on soil fertility due to a change in pH values
of the soil which largely influences the availability of
certain soil nutrients and thus their absorption by the
plants and the crop productivity (Neilsen et al 1993;
Treder et al 1997).

Groundwater (Artesian aquifers) is most
commonly used for drip irrigation. Groundwater
can contain high concentrations of calcium and
magnesium bicarbonate (Cuvardi¢ et al 2004),
which lead to an increase in soil pH value and
a lower availability of nutrients. On the other
hand, irrigation and fertilizer application through
irrigation system (fertigation) can cause soil
acidification due to the process of washing out of
base cations (Neilsen & Stevenson 1983), or the
application of physiologically acidic fertilizers
which lower the soil pH value (Belton & Goh 1992;
Komosa et al 1999). Apart from changes in soil pH
value, irrigation can have a negative effect on soil
organic matter content. Increased soil moisture has
a positive effect on microbiological activity and
decomposition of organic matter which can lead to
a decrease of soil organic carbon and indirectly to a
reduction in soil fertility (Condron et al 2014).

It is well know that soil texture has an important
role in nutrient management because it influences
nutrient retention (Gaines & Gaines 1994), water
infiltration rate (Mamedov et al 2001), cation
exchange capacity (Hepper et al 2006), content of
organic matter (Bechtold & Naiman 2006), and
other characteristics that define soil fertility.

The aim of this research was to determine
the influence of drip fertigation on soil chemical
properties and vertical distribution of nutrients in
the root zone of three apple orchards planted on
soils with different textures.

2. Material and Methods

2.1. Research site

Research was conducted on three localities in the
northern part of Serbia (Vojvodina province) during

September 2014. The analyzed samples were taken
from three farming households with modern apple
orchards of the Golden Delicious cultivar. The trees
were on M9 T337 rootstock, planted at a 3.2x0.8 m
distance. The orchards were planted in 2007 on soil
of different textures (Table 1). The basic chemical
properties of the experiment soils are presented in
Table 2. In the last seven years, during the vegetation
period (from April to September), all three orchards
have been watered using drip irrigation with annual
irrigation norm from 50 to 150 mm of water. The
chemical composition of the irrigation water is
shown in Table 3. In each orchard, the experiment
was set up using completely randomized design
with four repetitions, where one row of apple
trees represented one repetition. During the seven-
year period the fertigation has been conducted in
all three orchards using same types and doses of
fertilizers: urea (100 kg ha'), ammonium nitrate
(100-150 kg ha'), monoammonium phosphate (60-
80 kg ha''), and potassium sulfate (160-200 kg ha™').
The total amounts of nitrogen, phosphorus and
potassium applied trough fertigation system during
each vegetation were: 80-100 kg N ha'!, 30-40 kg
P,O, ha'and 80-100 kg K,O ha''. The application of
fertilizers with microelements has been done each
year using foliar spraying. The microelements were
applied as iron sulphate (4.5 kg ha™'), zinc sulphate
(1.5 kg ha') and manganese sulphate (1.5 kg ha')
in the first half of the vegetation every year. Copper
was not used as a fertilizer, but copper hydroxide is
used every year as a fungicide.

2.2. Soil sampling and analysis

During September 2014, soil samples were taken
from all three orchards from soil layers at 0-10, 10-
20, 20-30 and 30-50 cm depth. Samples were taken
from soil that was under irrigation emitter tubing
and unirrigated soil of the inter-row spaces at a
distance of 1.5 m from the irrigation tubing. In each
site soil sample were taken from four repetitions,
and in total 120 samples were analyzed. The soil
pH was determined in soil suspension with 1 M
KCl, potentiometrically using a pH meter (Mettler-
Toledo, Switzerland) (ISO 10390:2007). The content
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Table 1- Soil textures

Coarse sand  Fine sand  Silt  Clay

%) @) () (%) e

Site GPS coordinates

N 45°06°03.05”
Remeta E 19° 44° 20.08" 1.0 41.0 340 24.0 Loam

N 45°17°42.25”
Rumenka E 19°45° 28 837 0.0 31.0 33.0 36.0 Clayloam

. N 45°17°42.25”
Ljutovo E 19°45° 28 83 2.0 60.4 27.8 9.8 Sandy loam

Table 2- Basic chemical characteristics of the soils

Site Ph pH CaCO, Total N Organic C AL-P,O; AL-K,0
(HO) (KC) (%) (%) (%)  (mg100g)  (mg100g")
Remeta 7.92 7.16 19.33 0.11 1.30 10.70 34.10
Rumenka 7.54 6.56 4.15 0.13 1.55 12.10 31.80
Ljutovo 8.36 7.79 14.34 0.09 1.09 31.80 26.80

Table 3- Chemical properties of irrigation water

Parameters Sites
Remeta Rumenka Ljutovo
Dry residue (mg L) 375.00 472.20 340.00
pH 7.42 7.35 7.31
SAR* 0.76 3.17 0.93
EC dS m™ 0.78 0.95 0.45
CO” 0.20 2.14 0.20
Anions HCO; 3.60 3.70 4.40
(mmolL) — ¢I 2.50 1.90 0.50
SO, 0.68 1.13 0.31
Na* 1.11 4.10 1.37
Cations K* 0.16 0.11 0.05
(mmol L) Ca? 2.04 0.99 1.87
Mg** 2.21 2.38 2.46

*SAR, sodium adsorption ratio

of calcium-carbonate (CaCO,) was determined during the vegetation was determined by the
volumetrically using the Scheibler calcimeter (ISO ~ Wehrmann & Scharpf (1979) method. The content
10693:2005). The content of organic carbon (C) was  of easily available phosphorus and potassium
determined using the Tyurins method (Tyurin 1940).  was determined using the AL method (Enger et al
Mineral N concentration under field conditions 1960). For the determination of plant-available

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences  25(2019) 481-490 483



Drip Fertigation In Apple Orchards: Impact on Soil Chemical Properties and Nutrient Distribution In Relation to Soil Texture, Cabilovski et al

fractions of Fe, Mn, Cu and Zn in the soil, samples
were extracted with diethylenetriaminepentaacetic
acid-triethanolamine (DTPA-TEA) buffer solution
(0.005 M DTPA+0.01 M CaCl1,+0.1 M TEA) (ISO
14870:2001). For each sample, 20 mL of DTPA-
TEA solution was added to 10.0 g of soil, shaken
for 2 h on an orbital shaker, gravity filtered through
filter paper, and analyzed by atomic absorption
spectrometer with flame technique (Shimadzu
6300, Japan). The soil texture was determined
based on triangle classification of the International
Soil Science Society (Verheye & Ameryckx 1984).
The results were subjected to analysis of variance
(ANOVA) and treatment means were compared
using the Tukey test (P<0.05) with STATISTICA 9
(StatSoft Inc, USA).

3. Results and Discussion

The influence of fertigation on the soil pH,
concentration of CaCO, and organic C is shown in
Figure 1. The fertigation led to a decrease in the soil
pH value in the layers of the wetted zone at 0-10 cm
and 10-20 cm, while the soil acidification intensity
differed between the observed sites/soils. The
biggest change in soil pH value was measured in
sandy loam soil where there was a decrease of 0.84
pH units due to fertigation, that is, the soil turned
from slightly alkaline class to neutral. Belton &
Goh (1992) and Neilson et al (1993), also reported
a considerable decrease in soil pH value under the
drip irrigation system due to the application of
physiologically acidic fertilizers such as urea and
monoammonium phosphate. The fact that the type of
fertilizer greatly influences acidification intensity is
also confirmed by Treder (2005). Also, the decrease
in soil pH value can happen as a result of base cation
leaching K, Ca and Mg, and their replacement in
the soil adsorption complex with hydrogen ions
(Neilsen & Stevenson 1983).

In our research, the fertigation led to a significant
decrease in concentration of soil CaCO, in loam and
sandy loam soils (Figure 1). On other hand, this
effect did not occur in the soil with finer texture
(clay loam) (Tables 1 and 2). Considering that the
content of organic C and the share of clay fraction

are in correlation with the cation exchange capacity
(CEC) (Caravaca et al 1999; Hepper et al 2006),
and infiltration rate (Wakindiki & Ben-Hur 2002),
it is possible that due to the higher CEC, and clay
fraction the fertigation in clay loam soil did not lead
to a significant decrease of CaCO, content in soil
profile under the drip.

Fertigation can have a positive effect on organic
C content in arable land due to a higher production
of biomass (root and post-harvest residue of
cultivated plants) (Entry et al 2002). On the other
hand, due to increased soil moisture and higher
microbiological activity, fertigation can lead to
a decrease in organic C content caused by a more
intense mineralization (Kumar & Goh 2000). In
our research, measurements of the three experiment
soils showed a lower concentration of organic C in
all four layers of the fertigated area of the soil in
comparison with the unfertigated area. However,
there were statistically significant differences only
in the surface soil layer of clay loam, and in all four
soil layers of sandy loam soil (Figure 1). The lower
concentration of organic C in the soil under the drip
compared to that of the inter-row space is probably
the result of more intense mineralization of organic
matter caused by more favorable conditions. Other
than that, it is possible that a part of the organic C
labile fractions was washed down into deeper soil
layers (Kalbitz et al 2000). Supporting this is the fact
that the biggest decrease in organic C content was
measured in the sandy loam soil (Ljutovo site) with
lighter mechanical composition, higher infiltration
rate and deeper wetting layer.

On all three sites, soil samples from the
fertigated area (space inside the rows) had higher
concentration of mineral N, available P and K
compared to soil samples from unfertigated area.
The concentration of mineral forms of N did not
significantly differ in soil layers, except in loam
soil, where surface layer had significantly higher
concentration than layer at 30-50 cm depth. The
application of P fertilizers through fertigation led to
an accumulation of phosphorus in surface soil layers
of the soils with finer texture (loam and clay loam).
In these two soils, an almost double concentration
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Figure 1- Impact of fertigation on soil pH, CaCO, and concentration of organic C in soils with different
texture (gray columns-fertigated soil; white columns-unfertigated soil). Columns followed by different

letters indicate LSD at P<0.05

of available P and K was measured in the surface
soil layer at 0-10 cm, as opposed to the layer at 10-
20 cm depth or deeper. On the other hand, at site
Ljutovo (sandy loam), a higher concentration of
available P was measured in all four layers on the
section that was fertigated, compared to the soil that

was not under the direct influence of fertigation.
In sandy loam soil was not recorded surface layer
accumulation, as was the case in the other two soil
textures, where the 0-10 cm layer contained more
than 50% of the total P content in the root system
zone (soil layer 0-50 cm) (Table 4).
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Table 4- Distribution of available N, P and K in fertigated soil (% of total amount in soil profile 0-50 cm).
Values followed by different letters are significantly different at P<0.05

Site/soil texture Depth (cm) N
0-10 289a
Remeta/loam 10-20 25.9.ab
20-30 24.5 ab
30-50 20.5b
0-10 255a
Rumenka/clay loam 10-20 219
20-30 247 a
30-50 27.7a
0-10 27.0a
. 10-20 245a
Ljutovo/sandy loam
20-30 222 a
30-50 262 a

PO, K,0
523a 443 a
22.0 be 23.2b
17.4 ¢ 19.6 be
8.20d 126 ¢
509 a 443 a
19.7b 19.8b
13.1b 18.3b
16.1b 17.4b
263 a 312a
30.5a 24.8b
209D 244D
224b 194 ¢

It is also well known that soil CaCO, have a
negative effect on phosphorus availability and
its movement toward deeper soil layers, due to
process of P precipitation (Tunesi et al 1999).
However, in our research P accumulation (in the
surface layer) in the clay loam soil with lower
CaCO, content and finer texture was higher than
in the sandy loam soil with higher CaCO, content
and coarser texture. These results indicate that
P movement under the irrigation emitter into
the deeper soil layers was far more conditioned
by soil texture than CaCO, content and soil pH
value. The studies of Zheng et al (2003), Salas et
al (2003) and Hanson et al (2006) also indicate a
great influence of soil texture on phosphorus shift
and accumulation.

The available K distribution in the apple
root zone was identical to that of phosphorus. In
the soil with coarser texture (sandy loam), the
concentration of K in the deepest soil layer (40-
50 cm) at fertigated area was significantly higher
compared to corresponding layer at unfertigated
area. Simultaneously, in loam and clay loam soils,
significant differences in K concentration were
found only in the surface soil layers (Figure 2).
Better vertical distribution of K in sandy loam soil,
compared to the other two soil textures is probably

the result of coarser soil texture and lower clay
content, as it was previously noticed by Rosolema
et al (2010), who found that K movement into
deeper soil profile was significant in the lighter
textured soil but was not apparent on the heavier
textured soil.

The concentrations of available forms of
microelements in all the soil samples were above
critical values where deficiency symptoms can
be expected (Lindsay & Norvell 1978). The
fertigation led to a higher concentration of all
the analyzed microelements (Fe, Cu, Zn, Mn),
especially in the surface soil layers, although
fertilizers containing microelements were not
used in the fertigation (Figure 3). The higher
concentration of microelements in the soil
samples can be explained by the fact that the
samples were taken directly under the apple trees
(inside the row). Therefore, it is possible that
microelements were washed down from the apple
tree trunks and leaves and then accumulated in
the soil surface within the sampling zone. On
the other hand, the use of acidic fertilizers in
the fertigation led to a decrease in soil pH value
under the emitter, which could have had a positive
effect on the concentration of available forms of
microelements (Haynes & Swift 1987).
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Figure 2- Impact of fertigation on concentration of mineral N, available P and K in soils with different
texture (gray columns-fertigated soil; white columns-unfertigated soil). Columns followed by different

letters indicate LSD at P<0.05

4. Conclusions

Drip fertigation led to a significant decrease in
soil pH values, as well as a lower concentration of
CaCO, and soil organic C. Changes of these fertility
parameters in soils with finer texture (loam and clay
loam) were recorded in the surface layers (0-10 cm
and 10-20 cm), while in soil with coarser texture

(sandy loam), fertigation had significant effect on
all of the analyzed layers down to 50 cm depth. Fine
textured soils (loam and clay loam) had a significant
accumulation of available forms of P, K, Fe, Zn,
Mn and Cu in the surface layer at 0-10 cm depth,
while sandy loam soil had a better distribution these
nutrients in soil profile (root system zone 0-50 cm)
than loam and clay loam.
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Figure 3- Impact of fertigation on concentration of available microelements (DTPA-extraction) in soils
with different texture (gray columns-fertigated soil; white columns-unfertigated soil). Columns followed by
different letters indicate LSD at P<0.05
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The results showed that, despite numerous
advantages, drip system of fertigation can lead to
negative changes of soil properties and that the
sandy loam soils are more exposed, but in the same
time it is more suitable for fertigation due to better
nutrients distribution in a soil profile compared
to loam and clay loam. However, more detailed
research covering a different soil types and orchards
with longer period of fertigation is necessary in
order to determine changes of soil properties and to
take measures to prevent eventual soil degradation.
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