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Abstract

A pot experiment was conducted to investigate the impact of different fertilizer rates on growth characteristics and
nutritional status of plants from Redhaven cultivar, grafted on GF677 (P. amygdalus x P. persica) rootstock and grown
in containers. Variants of the experiment were: Variant I - Control (non-fertilizer), Variant II - N, Py 25K sMgo.;, Variant
111 - N>PosKiMgo.> and Variant IV - N3.2Po.sK; sMgo 32. The results show that, at the three fertilized variants are obtained
plants with a height of 164 to 177.26 cm and a stem diameter of 12.10 to 12.65 mm. The highest average values for
stem diameter (12.65 mm) were found in low-fertilized plants. The control plants reached average values of 59.13 cm in
height and 5.86 mm in stem diameter and in comparison to all fertilized variants the differences were statistically
proven. The results obtained show that the fertilization influenced the content of N, P, K, Ca and Mg. It is concluded
that fertilization with all three fertilizer rates (N1Po.2sKosMgo.1; N2PosKiMgoo; N32PosKisMgosz) are suitable for the
container production of peach planting material for establishing fruit orchards.
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INTRODUCTION

A new approach in the production of fruit
planting material is the container growing. Its
advantages are the easier controlling of the
cultivation conditions, such as pH of the
nutrient  substrate, water and nutrient
requirements, diseases and pests (Ruter, 1993).
Container grown plants have a greater fine root
mass compared to field-grown plants (Gilman
& Beeson, 1996), show much less stress when
planted in the orchard, due to their undamaged
root system (Harris, J. R. and E. F. Gilman,
1993), resulting in lower rate of dying after
being planted in the field (Mathers et al., 2007).
Fertilization is one of the most important
practices for the quality of container grown
plants, because they are grown in a limited
nutritional volume which prevents their growth
(Landis, 1989). The production of a qualitative
fruit planting material is of great importance as
it determines the future behaviour of fruit trees
in the orchards. According to Oliet et al. (2004)
fertilization can increase the growth of plants,
improve their nutrient supply and increase the
resistance to water stress, low temperatures and
diseases. Often fertilizers used in plant
nurseries with container cultivation exceed the
required rates for optimal growth (Maust &
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Williamson, 1991). Improving the efficiency of
fertilizer application is one of the ways of
reducing production costs and obtaining fruit
planting material suitable for establishing fruit
orchards.

The aim of the study was to assess the impact
of fertilization on the growth and nutritional
status of peach planting material from
Redhaven cultivar on GF677, produced in
containers.

MATERIALS AND METHODS

The study was conducted in the period 2017-
2018 at the Fruit Growing Institute in Plovdiv,
Bulgaria. Peach plants from Redhaven cultivar,
grafted on GF677 (P. amygdalus x P. persica)
rootstock under conditions of container
growing experiment were studied.

The GF677 rootstock was produced in 2017 at
the Production laboratory for in vitro
propagation in the Fruit Growing Institute -
Plovdiv. The micropropagated plants were
grown in plastic containers of 7.5 litters
capacity. A mixture of peat and perlite in a 2:1
ratio was used for the substrate. The plants
were grown outdoors in a shaded field and
fertilized with ammonium nitrate (NH4NO3). In
August the rootstocks were grafted with



Redhaven cultivar. The fertilization experiment
was set in 2018 in four variants with twenty
five replications, each plant considered a
separate replicate.

Variants of the experiment:

1. Control (non-fertilizer);,

II. N1Po.25Ko.sMgo.1/container;

II1. N2Po.sK1Mgo.o/container;

IV. N3P0 sKi1.6 Mgos2/container

Fertilization with increasing nutrient rates was
applied on the surface four times. The
fertilization was carried out with a combined
Kristalon compound fertilizer by YARA -
N(20%)-P205(5%)-K20(10%)-MgO(2%),
applied every 20 days, the first introduce being
made at the beginning of May.

The soil moisture in the containers was
maintained to a field capacity, with the number
of waterings complied with the specific
temperature conditions and the amount of
precipitated rainfall.

The following parameters were recorded: plant
height (cm), stem diameter (mm), leaf area
(cm?), root system volume (cm?®) and content of
photosynthetic pigments. The leaf area was
measured by scanning the leaves and analysing
the resulting images with specialized software
(Gao et al.,, 2011). The volume of the root
system was measured by the Burdett method
(1979). The content of chlorophyll (a, b, a+b)
and carotenoids was determined
spectrophotometrically in 95% ethyl alcohol
extract (Skazkin et al., 1958).

In order to determine the nutritional status of
the plants, a chemical analysis of the leaves
was carried out. Samples of 15 fully developed
leaves from each replication of the variants
were taken. Total concentrations of nitrogen,
phosphorus,  potassium, calcium, and
magnesium were determined by standard
methodologies (Tomov et al.,1999; Campbell
& Plank, 1998; Karageorgiev, 1977; Stoilov,

1968).
The results obtained are subjected to
mathematical analysis using the method

developed by David B. Duncan (Duncan, 1955;
Harter, 1960). Software used in the study are
"R-3.1.3" in combination with "RStudio-0.98"
and installed package '"agricolae 1.2-2"
(Mendiburu, 2015).
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RESULTS AND DISCUSSIONS

The results show that the YARA Kristalon
mineral fertilization has a significant impact on
the growth characteristics of peach plants
(Table 1). The fertilized variants (var. II, var.
I and var. IV) had higher values in all
measured parameters compared to the control
(var. I), the differences being statistically
proven.

The obtained results show that there are no
significant differences between the fertilized
variants (var II, var. III and var. IV) ) on the
growth of stem diameter and plant height.

Table 1. Impact of the fertilization on the growth
characteristics of peach planting material, at the end of

vegetation

Volume of

. Plant height .Stem Leaf area
Variant (cm) diameter 2. root system

(mm) fem) (cm)

I (Control) 5913 b 586 b 3236 ¢ 7833 ¢
I 170.40 a 12.65 a 51.8 b 320.00 a
I 17727 a 12.31 a 56.74 b 21333 b
v 164.00 a 12.10 a 65.58 a 206.67 b

The nourished plants (var. II, var. III and var.
IV) had a height from 164 to 170.40 cm, and
those of the control variant had lower average
height values (59.13 cm) (Table 1).

The average stem diameter of the control plants
was 5.86 mm. The fertilized plants (var. II, var.
IIT and var. IV) had higher average values for
stem diameter - from 12.10 to 12.65 mm. The
differences are statistically proven.

Significant differences were observed in the
leaf area of all fertilized variants compared to
the control. The plants of fertilized variants
(var. II, var. III and var. IV) had leaf area from
50.06 to 65.58 cm?, and those of the control
variant were characterized by lower average
values (32.36 cm?) (Table 1).

The data shows that fertilization affects both
the aboveground part of the plants and the root
system. The average value of the volume of the
root system of the control plants was 78.33 ¢cm?
The low-fertilized plants (var. II ) have a higher
root system volume - 320.00 cm?®, which is
approximately 4 times higher than the non-
fertilized plants (var. I). Medium and high
fertilizer rates (var. III and var. IV) have been
found to stimulate the growth of the root, but
compared to the low fertilizer rate (var. II) the



effect of the fertilization on the root system
volume is lower. A number of authors point to
a positive correlation between the volume of
the root system and the subsequent crop

development under field conditions, planting
material with larger root system having higher
survival rates. (Rose et al., 1991a, 1991b, 1992,
1997; Jacobs et al., 2005).s

Figure 1. Peach planting material at the beginning and at the end of vegetation

Chlorophyll is the Dbasic catalyst of
photosynthesis, as the green pigments exists in
all plant tissues that do photosynthesis
(Masinovsky et al.,, 1992). Although the
content of photosynthetic pigments is not the
only criterion for photosynthesis of plants, their
content can be considered as a indicator of the
photosynthetic competence of the plants. The
results obtained for the photosynthetic
pigments in the leaves (mg/g fresh weight) are
presented in Table 2.

Table 2. Content of photosynthetic pigments in leaves
(mg/g fresh weight) of peach plants with different rates

high fertilization rate (var. IV) As the fertilizer
rate increases the content of photosynthetic
pigments in leaves also increases, but there are
no significant differences between the fertilized
variants (var. II, var. III and var. IV).
Considering the obtained results we can
therefore conclude that the applied fertilizer is
beneficial to the content of photosynthetic
pigments in leaves, which is a condition for
good physiological status of peach plants.

The influence of the various fertilizer rates on
the content of macroelements in the leaves is
presented in Table 3.

of fertilization Table 3. Contents of the macroelements in the
leaves
. Chlorophyll a | Chlorophyllb | Chlorophyll a+b |Ca
Variant
(mg/g) (mg/g) (mg/g) (mg/g) Vadant | %N | %K | %P | %cCa | %Mg
I(Control) | 088D 033b 1210 119b

- ola 0878 2o1a T I(Control) | 1.88d | 3.30b | 0.47ab | 2.68a | 0.447D

x 2.06a 0.93a 296a 233a II 326¢ | 332b | 036b | 233a | 059ab

v 2092 L03a 2982 2362 I 3.63b | 3.63a | 0.41ab| 2740 | 0.73 2
v 4.13a | 336b | 051a | 2.30a [ 056ab

The results obtained show that the content of
chlorophyll a, b, a+b and carotenoids increases
when applied increasing rates of the used
fertilizer Kristalon, as the differences with the
control plants are statistically proven. In all
tested variants the values of chlorophyll a are
higher than those obtained for chlorophyll b.
The content of chlorophyll a increases from
0.88 mg/g (var. I) to 2.09 mg/g (var. IV), and
that of chlorophyll b increases from 0.33 mg/g
(var. 1) to 1.03 mg/g (var. IV). The highest
values of total chlorophyll a+b (2.98 mg/g) and
carotenoids (2.36 mg/g) are obtained at the
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The results obtained show that the fertilization
influenced the content of macroelements in the
leaves of peach plants.

It was found that with the applied fertilizing
rates the content of N in the leaves increases
straightforward to the fertilizer rate. The
content of N in the leaves was approximately
twice higher in the fertilized plants than those
of the control. Foliar nitrogen fluctuates from
1.88% at the control to 4.13% for variant IV.
The differences are statistically proven.



The values for the K content in the leaves were
in the range from 3.30% to 3.63%. Only in
variant III there is a statistically proven
difference with the control.

The values obtained for the Mg in all variants
of fertilization were in the range 0.44% -
0.73%. The highest content of 0.73% was in
variant III and the difference with the control
variant being significant.

The content of P in the leaves was in the range
from 0.36% (var. II) to 0.51%. (var. IV). The
results regarding the content of P did not show
a clear tendency.

The values for the Ca content in the leaves
varied in range 2.30-2.74%. The fertilization
rate did not significantly affect the calcium
content in the leaves of the peach plants.

The fertilization applied has a favourable effect
on the content of the macroelements in the
leaves of peach trees. Fertilization leads to a
better nutritional supply compared to the
control.

CONCLUSIONS

Fertilization with Kristalon by YARA in
fertilization rates N1Po.25Ko.sMgo.1;
N2PosKiMgo2 and N32PosKisMgos2 leads to
the production of peach planting material of
larger sizes than the control (not-fertilized)
trees.

The content of macroelements in the leaves of
the grafted plants of the Redhaven cultivar on
GF677 (P. amygdalus x P. persica) rootstock
are effected from fertilization with the
combined fertilizer Kristalon by YARA.
Fertilization leads to a better nutritional supply
compared to the control.

All three fertilizer rates (NiPo25KosMgo.i;
NoPosKiMgoa and  N32PosKieMgos2) are
effective, stimulate plant growth and are
suitable for the container production of peach
planting material for establishing fruit orchards.
In container production of peach plants,
nutrition should be a mandatory practice.
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