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INTRODUCTION

Optimum water and nutritive conditions in orchard
cenoses are created using local application of mineral
fertilizers and small�volume irrigation, which ensure
the formation of increased concentrations of nutrients
and water in the zone of actively absorbing roots [1–
4]. The high content of nutrients in the fertilization
zone persists for a long time, usually longer than one
vegetation period [5].

It is known from the literature that the long�term
local fertilization of fruit plantations in combination
with drip irrigation also affects the salt regime of soil at
the localization sites of irrigation water [6, 7] and its
microbiological activity [8] and provokes a nonuni�
form distribution of soil moisture [9, 10] and, hence,
roots of fruit trees in the near�stem zone [11]. The
agrogenic differentiation of soil properties in the root�
inhabited zone of fruit trees has a higher effect on the
variability of soil fertility than the natural genetic fac�
tors [12]. The determination of the variation features
of soil fertility in orchard cenoses serves as the main
criterion of the necessity and efficiency of differenti�
ated fertilization [13].

EXPERIMENTAL

Studies were conducted within the typical zonal
agrolandscape of an orchard cenosis under unsteady
wetting conditions of Krasnodar krai. The soil cover
consisted of extradeep, low�humus, light�clay leached
chernozem on loess�like clays. The experiment was
established in the high�input production plantations
of winter apple trees on the dwarfing stock M9 of the
Tsentral’noe farm. The trees were planted at distances

of 4.5 × 1.2 m in the spring of 2009; the experimental
plot area was 2.6 ha.

The study involved stepwise solutions of several
problems.

I. Revelation of the spatial heterogeneity features of
agrochemical and physicochemical properties of soils in
the orchard cenosis. Split application of dissolved
mineral fertilizers was performed using the drip irriga�
tion system throughout the vegetation period. The sin�
gle fertigation rate was N4K8. The fertilizers were
applied with irrigation water five times; the fertigation
was alternated with drip irrigation. The application
rate of fertilizers during the fertigation of apple�tree
plantations was N20K40 per vegetation period. The drip
irrigation of fruit plantations was performed under
droughty conditions at a rate of 25–28 m3/ha every 3–
5 days.

Georeferential precision agrochemical survey of
soils in the orchard cenosis was performed in the
course of study [14]. Soil samples were taken on a grid
of 27 × 30 m over the entire orchard area. The config�
uration of elementary plots for taking an average soil
sample (transect) depended on the tree distribution
pattern; the plot width (27 m) was equal to the row
spacing (6 tree rows), and the plot length (30 m) was
equal to the distance between the trees (25 tress).
A total of 32 elementary plots were set up; each mixed
sample consisted of 24 individual samples. Soil sam�
ples were taken from the 0� to 30�cm layer separately
within and beyond the sites of local application of
mineral fertilizers during drip irrigation.

II. Determination of the differentiation parameters
of chernozemic soils in the zone of local application of
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mineral fertilizers. The study was performed within
one selected transect in the treatments with different
application rates of mineral fertilizers: fertigation at a
rate of N60P30K60 and fertigation at a rate of N30P15K30

+ soil application of fertilizers at a rate of N30P15K30.
The local soil application of fertilizers was performed
in early spring to a depth of 15–20 cm at 0.7–0.8 m
from the tree stems. Soil samples were taken from the
0� to 10�, 10� to 30�, 30� to 50�, 50� to 70�, and 70� to
90�cm layers at the sites of irrigation water impact and
with 10� or 20�cm intervals toward the row middle
during the filling and ripening of apple fruits (August
through September). The soil pH, mineral nitrogen
forms (N–NO3 and N–NH4), available phosphorus
and exchangeable potassium (the TsINAO modifica�
tion of the Chirikov method), total humus, and
exchangeable bases (Ca2+, Mg2+, and Na+) were
determined in the soil samples using the conventional
procedures (Russian standards).

The analysis of experimental data was performed
by mathematical statistics methods, including analysis
of variance, using StatSoft Statistica 8.0 and Microsoft
Office Excel 2003 software in accordance with the
procedures of field experiments [15].

RESULTS AND DISCUSSION

Significant variation of soil fertility parameters was
observed among the zones of soil sampling (table). At
the local fertilization sites, the contents of nitrate
nitrogen, ammonium nitrogen, and exchangeable
potassium in the 0� to 30�cm soil layer increased by
19.3, 4.7, and 92.5 mg/kg on average compared to the
corresponding values beyond the fertilizer application
site. In the treatments without application of phospho�
rus fertilizers, the content of available phosphorus in the
soil decreased at the irrigation sites by 40.2 mg/kg on
average. The content of humus decreased by 0.1%,
which could be related to the migration of labile
humus forms with irrigation water throughout the soil
profile and their more intensive degradation by micro�
organisms under optimum soil moisture conditions.

The presence of harmful alkaline salts in the irriga�
tion water resulted in soil alkalization at the impact
sites of mineral fertilizer solution drops; the soil pH
increased by 5.0% on average. The soil exchange com�
plex was also affected: at the localization sites of irriga�
tion water, the content of exchangeable Ca2+

decreased by 1.97 meq/100 g on average, and the con�
tents of exchangeable Na+ and Mg2+ increased by 0.23
and 2.72 meq/100 g, respectively, compared to the ini�
tial values.

Statistical parameters of leached chernozem fertility at the fertigation of apple tree plantations (0� to 30�cm layer)

Parameter pHwater Humus, %
Nitrate 

nitrogen, 
mg/kg

Ammo�
nium 

nitrogen, 
mg/kg 

Available 
phospho�

rus, 
mg/kg 

Exchange
able potas�

sium, 
mg/kg 

Exchange
able cal�

cium,  
meq/100 g

Exchange
able mag�
nesium, 

meq/100 g 

Exchange
able 

sodium,  
meq/100 g

Sampling beyond the localization zone of fertilizers and soil moisture

Arithmetic 

mean, 
7.22 ± 

0.16
3.47 ± 

0.14
7.58 ± 

2.13
7.11 ± 

1.22
493.47 ± 

107.35
251.53 ± 

71.09
22.52 ± 

1.02
5.11 ± 

1.02
0.29 ± 

0.09

Xmin 6.96 3.22 4.40 4.70 315.00 184.00 20.33 2.94 0.16

Xmax 7.50 3.66 14.30 9.70 735.00 525.00 23.81 6.15 0.44

Variation 
coefficient, % 2.26 4.14 28.11 17.16 21.75 28.26 4.55 20.05 32.58

Sampling within the localization zone of fertilizers and soil moisture

Arithmetic 

mean, 
7.58 ± 

0.10
3.38 ± 

0.13
26.86 ± 

11.94
11.85 ± 

3.47
453.31 ± 

104.87
344.03 ± 

62.27
20.55 ± 

1.64
7.83 ± 

1.62
0.52 ± 

0.07

Xmin 7.34 3.15 11.00 8.20 299.00 236.00 16.18 4.28 0.42

Xmax 7.83 3.53 63.50 25.10 722.00 525.00 23.00 11.05 0.65

Variation 
coefficient, % 1.26 3.95 44.44 29.28 23.13 18.10 8.03 20.72 13.98

Changes in soil parameters within the localization zone of mineral fertilizers

Arithmetic 

mean, 
0.36 –0.09 19.28 4.74 –40.16 92.50 –1.97 2.72 0.23

Xmin 0.12 –0.25 3.10 0 –114.00 0 –7.63 0.91 0.09

Xmax 0.59 0 52.90 15.90 19.00 210.00 0.16 8.11 0.33

Xmean

Xmean

Xmean
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Contents of (a) nitrate nitrogen, (b) ammonium nitrogen, (c) available phosphorus, and (d) exchangeable potassium in the
orchard soil in the localization zone of mineral fertilizers at the fertigation of apple trees (on the left, N30P15K30 + soil application
of fertilizers at the same rate; on the right, N60P30K60); abscissa, distance from the point of drop impact toward the row middle;
ordinate, distance from the point of drop impact deep into the soil.
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Under fertigation conditions, higher variation
coefficients were found for the contents of nitrate and
ammonium nitrogen, available phosphorus, and
exchangeable calcium than beyond the zone of fertil�
izer localization (table). For soil pH and the contents
of humus and exchangeable potassium, the variation
coefficients were lower, which was due to the forma�
tion of a more uniform background in the concentra�
tion zone of mineral fertilizers and irrigation water.

In the location zone of nutrients, the changes in
soil fertility parameters varied, in spite of the similar
fertilizer application rates (N20K40) and irrigation con�
ditions. For the more objective assessment of nutri�
tional conditions in the soil of orchard cenosis and the
calculation of differential rates of fertilization, it is first
necessary to understand the distribution of irrigation
water and the migration of nutrients in the root�inhab�
ited layer of soil in the fruit plantations.

The fertigation of apple tree plantations results in
the formation of sites with increased nutrient concen�
trations, and the applied fertilizers have relatively
small contact with the active roots of the fruit plants.
Most nutrients were concentrated in the upper 0� to
30�cm soil layer at no more than 20 cm from the
impact point of the nutrient solution.

The comparative study of changes of the soil
parameters in the localization zone of mineral fertiliz�
ers depending on their application rates under fertiga�
tion showed that the increase in the fertilizer rates does
not enhance the migration of nutrients in the soil. The
shapes of the main zones of nutrient concentration
were almost the same in all of the experimental treat�
ments.

The highest concentration of nutrients in the local�
ization zone of mineral fertilizers was observed for the
combination of fertigation at a rate of N30P15K30 with
the soil application of fertilizers at the same rate. At
the sites of the local application of fertilizers by ferti�
gation, the contents of nitrate and ammonium nitro�
gen increased by 3.2 and 2.5 times, respectively, and
the contents of available phosphorus and exchange�
able potassium increased by 63 and 31%, respectively,
compared to their concentrations in the analogous soil
layer beyond the localization zone of fertilizers. Dur�
ing the period of apple ripening (September), no
increase in the content of nutrients was observed at the
sites of soil fertilization, which indicates an almost
complete uptake of nutrients by tree roots (figure).

A lower increase in nutrient concentrations was
observed at a fertigation rate of N60P30K60. The differ�
ent changes in soil parameters could be related to both
the nonuniform uptake of the applied nutrients by
apple trees and the partial transformation of nutrients
into the forms hardly available to plants at the high
application rates of fertilizers.

The prognosis of changes in the agrochemical
properties of soil at the sites of the local application of
mineral fertilizers requires continuous monitoring of

soil fertility parameters in perennial plantations. In the
calculation of the differential rates of mineral fertiliz�
ers, changes in the absolute parameters of soil agro�
chemical properties in this zone should be taken into
consideration. Overfertilization can result in irrevers�
ible negative changes in the soil properties of orchard
cenoses and a decrease in the productivity of perennial
plants.

At the agrochemical survey of orchard cenosis
soils, we propose to assess the spatial heterogeneity of
soil parameters with consideration for the microdiver�
sity due to the differentiation of soil properties caused
by the application of mineral fertilizers. Soil sampling
is recommended to be performed separately within
and beyond the sites of local fertilization.

At the local application of mineral fertilizers with
small�volume irrigation in fruit tree plantations, we
propose to determine the degree of agrogenic differen�
tiation of soil agrochemical properties (SD, %) from
the following equation:

SD = (a – b) × 100/b,

where a and b are the parameters of soil within and
beyond the localization zone of mineral fertilizers,
respectively, and 100 is the conversion factor to per�
centage.

The high values of SD indicate a significant change
of soil properties in the localization zone of mineral
fertilizers; however, SD is only a relative indicator. Its
practical use for the correction of fertilizer rates
showed its imperfection as a universal parameter.
Therefore, we propose to introduce an additional cor�
rection factor (depending on the change in the abso�
lute parameters of nutrient supply in the localization
zone of mineral fertilizers) in the calculation of differ�
ential application rates of mineral fertilizers in fruit
plantations. This will allow correcting the rates of
mineral fertilizers with consideration for both the
nutrient supply of soil and the degree of soil fertiliza�
tion in this zone. This also requires the thorough elab�
oration of the soil classification based on the supply
with mobile nutrients.
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