$0\1 Po<
Na 9.
S
SACTAZ A

https://czasopisma.up.lublin.pl/index.php/asphc ISSN 1644-0692

Acta Sci. Pol. Hortorum Cultus, 18(5) 2019, 201-211

e-ISSN 2545-1405 DOI: 10.24326/asphc.2019.5.20

ORIGINAL PAPER

Accepted: 21.02.2019

EFFICIENCY OF DIFFERENT METHODS AND FORMS
OF MICROELEMENTS APPLICATION IN FUNCTION
OF N FERTILIZER IN APPLE TREES

Aboubaker H. Brayek?, Ranko R. Cabilovski'™?, Klara M. Petkovié?,
Nenad P. Magazin®, Dragan B. Cakmak?, Maja S. Manojlovic?

I Faculty of Agriculture, University of Novi Sad, Trg Dositeja Obradovi¢a 8, 21 000 Novi Sad, Serbia

2 Institute for Biological Research, University of Belgrade, Bulevar Despota Stefana 142, 11 060 Belgrade, Serbia

ABSTRACT

In order to achieve a high yield and quality of apple fruit, more effective ways of fertilization are re-
quired in the modern, high density apple orchards. The objective of this research was to determine the
efficiency (partial nutrient balance, PNB) of different methods (foliar and fertrigation) and forms (che-
lates and salts) of microelements application in relation to the levels of N fertilization in apple orchard
cultivar (‘Golden Delicious’). The combined effects of these fertilizers on the number of apple fruits per
tree and on the yield per tree were also studied. Foliar application of Mn, Zn and Fe had significantly
higher partial nutrient balance values compared to the soil application in both years of the experiment.
However, most of the PNB values were below 10% indicating relatively low efficiency of the applied

fertilizers with microelements.
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INTRODUCTION

A proper cultivation of apples requires an adequate
amount and application method of fertilizers for their
normal growth and development. Also, the rational
and timely use of fertilizers is one of the basic condi-
tions for achieving high quality and economically via-
ble crops. Intensive methods of orchard cultivation re-
quire more efficient ways of irrigation and fertigation.
However, the application of microelements through
the soil is generally considered to be less effective in
relation to the foliar application due to adsorption of
microelements in soil [Neilsen and Hoyt 1990]. On the
other hand, there is a lack of studies in which the influ-
ence of foliar and the application of microelements by
fertigation are compared.
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Nitrogen fertilization of apple trees has great influ-
ence on tree growth, yield and fruit quality [Neilsen
and Neilsen 2002, Raese et al. 2007]. Besides that,
nitrogen fertilization could have positive impact on
concentration of microelements in plant tissues due to
increased synthesis of nitrogenous organic compounds
(phytosiderophores) which plants excrete through the
roots and have the role of mobilizing metals (micro-
elements) in soil due to the formation of chelate com-
plexes [Waters et al. 2006, Suzuki et al. 2008, Borg et
al. 2009]. Also, the application of nitrogen fertilizers
facilitates the adoption of microelements by the root of
plants due to the positive effect on the number of pro-
tein transporter in root cell membranes, as well as the
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facilitated transport of microelements through xylem
and floam [ Waters et al. 2006, Borg et al. 2009, Palmer
and Guerinot 2009].

Iron (Fe), manganese (Mn) and zinc (Zn) are es-
sential micronutrients in plant nutrition, needed in
rather small amounts but playing indispensable phys-
iological roles in enzyme production, metabolic pro-
cesses, and photosynthetic production [Khoshgoftar-
manesh 2010, Dimkpa and Bindraban 2016]. Their
role for plants growth and development dictates the
careful selection of methods and chemical compounds
used for fertilization [Murti¢ et al. 2012]. Selecting
the adequate fertilizers should be in function of soil
condition, since the micronutrients may become un-
available in soils with a high pH [Mengel 1994], and
according to their capacity of penetrating leaf cuticles
[Post-Beittenmiller 1996].

Apple production is highly profitable and gets more
importance in Serbia which results in apple orchards
expansion on very productive soils such as Cherno-
zem. Chernozem is a soil of the semiarid steppe ar-
eas, located in Northern Serbia on an area of about
1,000,000 ha. Parent material is calcareous loess,
aeolian sediment with 20-30% calcium carbonate
(CaCO,). On the smaller areas Chernozem was creat-
ed on the redeposited loess, alluvium and aeolian sand.
Besides the high productivity, Chernozem in Serbia is
mostly slightly to the high alkaline soil. Given that el-
evated soil pH has negative impact on micronutrients
availability in soil, symptoms of Fe, Zn and Mn in ap-
ple production occurs relatively often.

Nitrogen fertilization may be a significant factor
influencing the yield and apple tree vigor, which may
further affect the result of micronutrients application.
The aim of this research was to examine the effects
of different methods and forms of micronutrients
(Fe, Zn and Mn) application and N fertilization, as
well as their interaction in relation to yield and mi-
cronutrients uptake by apple tree ‘Golden Delicious’.

MATERIAL AND METHODS
The experiment was performed in Serbia on the
experimental fields of the Faculty of Agriculture,

University of Novi Sad (45°2024.4"; 19°5'22.3"E)
in 2014 and 2015. Three and four years old ‘Golden
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Delicious Reinders’® trees were used in the experi-
ment. The trees were on M9 T337 rootstock, planted
ata 3.2 x (0.8 m distance. The ‘Golden Delicious’ plant
was fertilized using various levels of N fertilizers and
different ways of application. The experiment was
conducted in a two-factor split-plot design in order to
determine the changes in the micronutrient contents in
apple leaves and fruits as well as the number of apple
fruits per tree, average fruit weight and total yield.

On the main plots, the effect of N application was
studied involving three fertilization rates of 0, 80,
160 kg N ha™ in the form of ammonium nitrate
(NH,NO,, 34.4% N). The subplots included the ap-
plication of micronutrients using foliar fertilizers in
chelated form —DTPA, and in the form of salts (sul-
fates), while the proportion of each individual ac-
tive substance was as follows: 1.5 kg Fe ha™'; 0.5 kg
Mn ha™; 0.5 kg Zn ha™, and by fertigation in which
the proportion were: 4.5 kg Fe ha™'; 1.5 kg Mn ha™;
1.5 kg Zn ha™'. Nitrogen was applied in the first half of
vegetative growth of apples. The micronutrients were
applied two times during intensive shoots growth. The
first application was carried out at a when shoots reach
the length of 20 cm, and the second application was
15 days after the first. The drip irrigation system was
operated periodically during the period April-Septem-
ber (in each year) to maintain soil moisture tension be-
tween 15 and 25 kPa (measured by a tensiometer with
the ceramic tip at 15 cm below the surface of the bed
between two plants in a row) in all experimental plots.
The total monthly precipitation and average air tem-
perature during the experiment are given in Figure 1.

The year 2014 is characterized by a significantly
higher rainfall compared to the long-term average
(LTA), especially in the first half of apple vegeta-
tion (Figure 1). The precipitation rate in April was
almost four times higher (by 142 mm) than LTA, so
total amount of water used for drip irrigation was
80 1 m?, while in 2015 the annual irrigation norm
was 170 I m=.

The experiment was set on the Chernozem soil
with the following chemical properties: pH (H,0),
8.5; pH (KCl), 7.4; CaCO,, 4.2%; organic carbon (C),
2.01%; P,0,, 69.30 mgkg'; K O, 232.82 mg kg™'; Mg
145 mgkg!; Fe 12.21 mg kg'; Mn 24.33 mg kg!; Zn
1.92 mg kg

https://czasopisma.up.lublin.pl/index.php/asphc
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Fig. 1. Total monthly precipitation and average air temperature (2014-2015)

The pH value of the soil was determinated in 1 :
2.5 suspension of soil : water and soil : 1 M KCI (Met-
tler Toledo, Five Easy FE 20). The content of CaCO,
was determinated volumetrically using a Scheibler
calcimeter (Hedas, Serbia). Organic carbon was deter-
mined by Tyurin’s method [ISO 14235:2005]. Extract-
able phosphorus (P,0,) and potassium (K,0) were ex-
tracted with a solution of 0.1 M ammonium lactate and
0.4 M acetic acid, at a soil : solution ratio of 1 :20. The
concentration of P,O,was measured spectrophotomet-
rically (Shimadzy UV 2600, Japan), while the concen-
tration of K O was measured by flame photometrically
(Jenway 6105, USA). The concentration of available
Fe, Mn, and Zn micronutrients in the soil was de-
termined after the extraction with a buffered DTPA
solution (soil : solution ratio 1 : 2, using an Atomic
absorption spectrophotometer (Shimadzu 6300) [ISO
14870:2001].

Removed amount of microelement (g ha ')

The assessment of micronutrient contents in leaves
and apple fruit dry matter was done by wet digestion
with a mixture of nitric acid (HNO,) and hydrochloric
acid (HCI) in 1 : 3 ratio. The contents of the total Fe,
Mn, and Zn were determinate by AAS method (Shi-
madzu 6300).

Statistical analysis was performed using the #-test
to compare the two seasons, and the analysis of vari-
ance (ANOVA) procedures and the means were sep-
arated by the Tukey’s multiple range test at P < 0.05
and 0.01.

Based on the content of the microelements in the
fruits, the partial nutrient balance (PNB) of the mi-
croelement was calculated and it shows the ratio be-
tween the quantity of the nutrient removed by the yield
and the amount applied by the fertilizers [Fixen et al.
2015]. Partial nutrient balance on the plot is calculated
according to the formula:

PNB (%) =

https://czasopisma.up.lublin.pl/index.php/asphc

Applied amount of microelement through fertilizers (g ha ')

x 100
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RESULTS AND DISCUSSION

Fe content

The application of both doses of N fertilizers had
a positive impact on the Fe content in leaves in both
years (Tabs 1, 2), although the measured Fe concentra-
tion in the soil as well as in the leaves was satisfactory
even in control treatments [Hanson 1996]. The posi-
tive influence of N on the adsorption of Fe is explained
by various physiological and molecular mechanisms
that are directly dependent on the plant provision with
N [Cakmak et al. 2010]. In 2014, the largest impact
on Fe content in leaves was observed after a moder-
ate application of N and by using foliar fertilization
with salts. The influence of N on Fe absorption and
its content in leaves was conditioned by the synerget-
ic interaction between these two elements in the plant
tissue [Jivan and Sala 2014]. The highest Fe content
in apple fruits was measured after foliar fertilization
with salts and also after fertigation with chelates. In
their research, Borowski and Michalek [2011] com-
pared the efficiency of foliar application of non-organ-
ic and organic salts of Fe. They found that both types
of fertilizers had a significant effect on the increase of
the Fe content of in leaves of beans compared to con-
trol; however, the foliar application of the non-organic
form Fe (NO,), showed the greatest, while the Fe-ED-
TA the smallest influence.

In both year of experiment, a significantly high-
er concentration, compared to control, of Fe in apple
leaves was measured at all treatments with micronu-
trients application except on treatment where Fe sul-
phate was applied trough fertigation (Tabs 1 and 2).
The absence of the effect of this treatment can be ex-
plained by well-known facts that the microelements
in the chelated form in relation to the inorganic forms
(salts of sulphate, chloride, etc.) are more resistant to
the oxidation and transformation processes that reduc-
es the Fe availability, especially in the alkaline soil
[Morgan and Lahav 2007]

Mn content

Under the influence of fertilizers, Mn content
in leaves and fruits was no different due to its high
concentration in the soil (24.33 mg Mn kg'), much
higher than the critical level of | mg Mn kg™!' [Lind-
say and Norvell 1978]. Depending on the form of Mn
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fertilizer, the method of application and fertilization
with N, the Mn content in the apple leaves ranged
from 139 to 176 and 69 to132 mg Mn kg™!, in the first
and the second year, respectively. In all treatments,
measured values were higher than 50 mg Mn kg!,
which was reported as the lowest limit for optimal
plant provision [Hoying et al. 2004]. However, in
the first year the concentration of Mn in leaves and
fruits was significantly higher than in second (Tab.
3). The differences in mean values of Mn in leaves
and fruits between two years were probably a con-
sequence of the great influence of soil moisture on
the Mn availability in soil. In the first year we had an
extremely high amount of precipitation which could
lead to waterlogged, less aerated soil, and reduction
of the Mn*" and Mn** into a plant available Mn** form
[Marschner 1988, Porter 2004].

In the second year (Tab. 3), there was a statistically
significant effect of N fertilization and micronutrients
on leaves contents. The highest Mn content in leaves
was observed after foliar fertilization with Mn salts as
well as after fertilization with the highest level of N,
which is as in case of Fe, a consequence of their syn-
ergism [Chaplin and Martin 2008]. Previous studies
related to the foliar application of Mn indicate a higher
application efficiency of Mn in the form of sulphates
compared to the application by chelates [Thalheimer
and Paoli 2002, Papadakis et al. 2005]. However, ferti-
gation with Mn-sulphate did not affect the Mn content
in leaves.

Zn content

In both years of research fertilization with nitrogen
and foliar application of Zn sulphate had a positive ef-
fect on the content of Zn in the leaf and apple fruit
(Tabs 1 and 2). On other hand, the application of Zn
fertilizers through fertigation did not have an effect on
the content of Zn in the leaf and fruit in the first year
of research, while in the second year, only the appli-
cation of Zn in the form of chelate led to an increase
in Zn content in leaves and fruits. In the first year of
the research, the application of Zn fertilizers through
fertigation did not have an effect on the content of Zn
in the leaves and the fruits most likely due to the large
amount of precipitation that could lead to the rinsing
of Zn fertilizers into deeper soil layers, outside the
root system (Graf 1).

https://czasopisma.up.lublin.pl/index.php/asphc
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Table 1. Effects of fertilization with N and microelements on the content of Fe, Mn and Zn in the leaves and fruits and on
the number of fruits per tree, average fruit weight and total yield in 2014

Treatments Leaf Fruit Fruit
N M Fe Mn Zn Fe Mn Zn weight number yield
mg kg g fruit™ kg tree™!
1 148, 139, 23, 124 3.2, 2.3, 224, 32, 7.22,
2 183peqe 156, 26, 18hca 3.1, 4204 234, 34, 8.06,
No 3 187hea 161, 28, 20, 3.8, 4.1c4e 231, 34, 7.79,
4 137 142, 23 124 3.2, 2.3, 216 32, 6.96,
5 148, 162, 25, 114 3.8, 3.8cde 237 31, 7.36,
6 148, 161, 30, 134 3.1, 424 229, 34, 7.84,
1 1694er 154, 27, 144eq 2.9, 5.9abcd 246, 35, 8.70,
2 199y 165, 29 14peq 3.0, 7.04pc 252, 33, 8.27,
Ny 3 283, 176, 43, 24, 3.9, 8.0, 256 31, 8.02,
4 124, 159, 27 124 2.9, 5.9abcd 238, 35, 8.42,
5 199 164, 26 182bc 3.2, 5.0pcde 220, 35, 7.71,
6 1364 152, 22, 16pca 3.4, 3.6cde 235, 34, 8.05,
1 155 4ey 161, 21, 134 3.3, 314 263, 35, 9.32,
2 215, 157, 47, 134 3.0, 7.7 258, 32, 8.24,
Nig 3 187hea 173, 47, 164 3.6, 8.0, 264, 35, 9.14,
4 122, 161, 21y 134 3.3, 314 263, 35, 9.32,
5 155 4cf, 157, 22, 18abe 3.2, 3.5¢ 265, 37, 9.93,
6 146, 161, 27, 134 3.4, 6.0,pcq 266, 32, 8.56,
1 1574 151, 24, % 3.1, 3.8y 244, 34, 8.4,
2 199, 159, 34, 15, 3.0 6.3 248, 33, 8.2,
3 219, 170, 39, 20, 3.8, 6.7, 250, 33, 8.3,
4 1284 154, 24, 12, 3.1y 3.8 239, 34, 8.2,
5 167, 161, 24, 16, 3.4, 5.1y 241, 34, 8.3,
6 1434 158, 260 14, 3.3 4.6y, 243, 33, 8.2,
Ny 158,5, 154, 26 13, 3.4, 3,5, 229y, 33, 7,5
Ngo 185,0, 168, 29 16, 3,2, 5,9, 241, 34, 8,2
Niso 163,34 167, 31, 14, 3.3, 5,7, 263, 34, 9,1,

N — treatments: 1. control; 2. 80 kg N ha'; 3. 160 kg N ha™;

M — microelement treatment: 1. foliar control; 2. foliar fertilization with chelates; 3. foliar fertilization with salts; 4. fertigation control; 5.
fertigation with chelates; 6. fertigation with salts.

Small letters represent a difference at 95% between data in the column

https://czasopisma.up.lublin.pl/index.php/asphc 205
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Table 2. Effects of fertilization with N and microelements on the content of Fe, Mn and Zn in the leaves and fruits and on
the number of fruits per tree, average fruit weight and total yield in 2015

Treatments Leaf Fruit Fruit
Fe Mn Zn Fe Mn Zn weight number yield
N M —
mg kg g fruit™ kg tree™
1 151.94 83y 32, 224 2.4, 2.6¢ 181, 55, 9.87hc
2 191.1peq 96.bc 36cs, 40,4 2.6, 4 Lpeder 177, 52, 9.12,
N, 3 217.64pc 1034 46,bedet 41 be 2.7, 4.640cdef 187, 59abc 11.09c
4 152.54 69, 32, 224 2.3a 2.6¢ 184, 55, 10.05y,
5 241.04 924 564 43 e 2.6, 6.04pc4 196, 5S5abe 10.80,pc
6 194.5pc4 83y 34y, 31bed 2.5, 3.9cder 185, 49, 9.00,
1 187.5bcq 84, 42 4t 30ped 2.1, 3.64er 175, 61apc 10.61 ¢
2 2144, 100, 43 cdefe 364abed 2.4, 4.64pcdef 185, 53, 9. 74y,
Ny 3 2442, 120, 54 bed 50, 3.0, 6.9 180, 68.bc 12.13 ¢
4 187.1peq 8%, 43 cdefe 30peq 2.1, 4.9 :bcdef 180, 61abe 10.91 ¢
5 256.0, 103 40c 552bc 43 e 2.7, 7.4, 194, 72.bc 1391,
6 174.5,4 100, 46,bcdef 284 2.1, 4 Lpeger 186, 67abe 12.47 e
1 17834 934 A4 cdets 30peq 2.5, 4.0cger 169, 63.bc 10.704p¢
2 230.7 ¢ 107, 49,bcde 37abed 2.7, 4.5 abedef 185, Tlabe 13.15,0¢
Nio 3 256.0, 132, 54 6ed 41 e 3.1, 5.5 abede 180, 7% 14.11,
4 178.1¢4 924 360, 30pcd 1.8, 4.0cger 169, 63.a6c 10.704p¢
5 261.1, 108, 57, 37 abed 3.0, 6.041c 186, 82, 15.26,
6 218.1ape 101 4c 46,bedet 2%ed 3.0, 5.3 abedef 172, 63abc 10.77 pe
1 173, 87, 39, 27, 2.3, 3.4, 175, 60, 10.4,
2 212y, 101, 43, 38, 2.6 4.4 182, 59, 10.7,
3 239, 118, 514 44, 2.9, 5.7 182, 69, 12.4,
4 173, 83, 37, 27, 2.1, 3.8 178, 60, 10.6,
5 253, 101, 56, 41, 2.8 6.7, 192, 70, 13.3,
6 196y, 95 42, 29, 2.6p 4.4, 181, 60, 10.7y,
N 192, 88, 39, 33, 2.5, 4.0, 185, 54, 10.0y,
Ngo 211, 991 47, 36, 2.4, 5.3, 183, 64, 11.64
Nieo 220, 106, 48, 34, 2.7, 5.0, 177, 70, 12.4,

N — treatments: 1. control; 2. 80 kg N'ha™'; 3. 160 kg N ha'
M — microelement treatment: 1. foliar control; 2. foliar fertilization with chelates; 3. foliar fertilization with salts; 4. fertigation control; 5.

fertigation with chelates; 6. fertigation with salts

Small letters represent a difference at 95% between data in the column
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In both years of research, the highest content of
Zn in the leaves and fruits of apples was measured on
the treatment with foliar application of zinc sulphate.
These results are in line with previous research of Mo-
daihsh [1997] and Doolette et al. [2018] who reported
a higher efficiency of foliar application of Zn sulfate
in relation to Zn helate, but opposite to results of Patel
et al. [1995] and Shivay et al. [2014] who reported hi-
gher efficacy of foliar application of Zn if it is used in
the form of Zn chelate.

Number of fruits per tree, average fruit weight and
total yield

The application of N fertilizers had a positive in-
fluence on the total yield in both years of experiment
(Tabs 2 and 3). The application of N fertilizers in the

number per tree and average fruit weight. On the oth-
er hand, the application of microelements did not affect
the overall yield of apples, except in the second year
of the study for the treatment with the microelements
applied by fertigation in form of chelates (Tab. 2).

Partial nutrient balance

In our study, through foliar application of micro-
elements, we added three times less active substance
than with the application by fertigation. In order to
evaluate the efficiency of different methods and the
form of microelements application, a partial nutrient
balance was calculated as one of the indicators of the
efficiency of fertilizer application [Fixen et al. 2015].
This factor represents the ratio between the amount
of microelements removed by yield in relation to the

Table 3. Differences in the values of Fe, Mn, Zn, yield, weight and number of fruits per tree in two seasons

Season Fe Mn Zn Weight Number Yield
leaf fruit leaf fruit leaf fruit fruit
Year
mg kg™’ g kg tree™!
2014 174.1 15.13 158.9 3.32 28.56 4.93 2443 33.67 8.27
2015 207.5 34.75 97.5 2.53 44.67 4.74 181.9 62.67 11.36
t-test k3k sk sk sk sk NS sk3k sk sk

NS — not significant;*significance at the 95%; **significance at the 99%

first year led to an increase in total yield through an
increase in the average weight of the fruit, without af-
fecting the total number of fruits per tree in the second
year nitrogen fertilization led to an increase in yield
due to the significantly larger number of fruits per tree
compared to control, but at the same time significantly
lower average fruit.

In the first year, the application of N fertilizers did
not lead to an increase in the total number of fruits,
since the process of differentiation of buds, from which
depends the number of fruits per tree, has already been
completed in the spring 2014.

Such results are fully in line with Wargo et al. [2003]
and Mili¢ et al. [2012], who reported a positive impact
of N fertilizer application on the total number of fruits
in apples, and the negative correlation between fruit

https://czasopisma.up.lublin.pl/index.php/asphc

total amount applied and it is expressed as percent-
age. Snyder and Bruulsema [2007] state that the ideal
values for PNB should be 1, or 100%, which would
mean that the nutrient removed was the same as that
amount applied of. Values higher than 100% would
mean that removed amount of nutrient from the plot
is higher than the return by fertilizers and can come
from internal reserves or other external sources, while
values significantly below 100% indicate low fertiliz-
er efficiency and potential pollution of the ecosystem.
In our study, the foliar application of all three microele-
ments had significantly higher PNB values compared
to soil application in both years of research (Fig. 2A
and 2B). However, if we exclude the values of PNB for
Fe applications in 2015 which ranged between 5% and
34%, the value for Zn and Mn fertilization were below
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10% which indicates the relatively low efficiency of the
applied fertilizers with microelements.

CONCLUSIONS

Based on the obtained results, it can be concluded
that application of N fertilizers in 80 kg N ha™! nad
160 kg N ha! led to the accumulation of micronutri-
ents in apple leaves and fruits. In addition to that, the
use of N fertilizers had a positive impact on the total
yield in both years of research. The highest level of N
had the impact on average fruit weight in first year,
and total number of fruits per apple tree in second year
of research. The strongest effects on the accumulation
of micronutrients in leaves were observed using foli-
ar fertilization with salts and fertigation with chelates.
The foliar application of Mn, Zn and Fe had signifi-
cantly higher partial nutrient balance values compared
to soil application in both years of the experiment.
However, most of the PNB values were below 10%
indicating the relatively low efficiency of the ap-
plied fertilizers with microelements. Also, the results
showed that the effectiveness of fertilizer application
with microelements depends on the agroecological
conditions during vegetation, where their impact is
greater if fertilizers are applied by fertigation, regard-
less of the form of the microelements.

ACKNOWLEDGEMENTS

This work was supported by the Ministry of Edu-
cation, Science and Technological development of the
Republic of Serbia (project TR 31027).

REFERENCES

Borg, S., Brinch-Pedersen, H., Tauris, B., Holm, P.B.
(2009). Iron transport, deposition and bioavailability in
the wheat and barley grain. Plant Soil, 325, 15-24, doi.
org/10.1007/s11104-009-0046-6

Borowski, E., Michalek, S. (2011). The effect of foliar fertil-
ization of French bean with iron salts and urea on some
physiological processes in plants relative to iron uptake
and translocation in leaves. Acta Sci. Pol. HortorumCul-
tus., 10(2), 183-193.

Cakmak, 1., Pfeiffer, W.H., McClafferty, B. (2010). Bio-
fortification of durum wheat with zinc and iron. Cereal
Chem., 87, 10-20, doi.org/10.1094/CCHEM-87-1-0010

210

Chaplin, H.M., Martin, L.W. (2008). The effect of ni-
trogen and boron fertilizer applications on leaf lev-
els, yield and fruit size of the red raspberry. Com-
mun. Soil Sci. Plant Anal.,, 11(6), 547-556, doi.
org/10.1080/00103628009367062

Dimkpa, C.O., Bindraban, P.S. (2016). Fortification of mi-
cronutrients for efficient agronomic production: a re-
view. Agron. Sustain. Dev., 36 (1), 7, doi.org/10.1007/
$13593-015-0346-6

Doolette, C.L., Read, T.L., Li, C., Scheckel, K.G., Donner,
E., Kopittke, P.M., Schjoerring, J.K., Lombi, E. (2018).
Foliar application of zinc sulphate and zinc EDTA
to wheat leaves: differences in mobility, distribution,
and speciation. J. Exp. Bot., 69(18), 4469—4481. DOI:
10.1093/jxb/ery236

Fixen, P., Brentrup, F., Bruulsema, T., Garcia, F., Norton,
R., Zingore, S. (2015). Nutrient/fertilizer use efficiency:
measurement, current situation and trends. In: Managing
water and fertilizer for sustainable agricultural intensifi-
cation, Drechsel, P., Heffer, P., Magen, H., Mikkelsen,
R., Wichelns, D. (eds). Ist ed. IFA, IWMI, IPNI, IPI,
Paris, 8-37.

Hanson, E. (1996). Fertilizing fruit crops. Ext. Bull., E-852,
1-20.

Hoying, S., Fargione, M., Iungerman, K. (2004). Diag-
nosing apple tree nutritional status: leaf analysis in-
terpretation and deficiency symptoms. Fruit Q., 12(1),
16-19.

1SO 14870:2001. Soil quality — Extraction of trace elements
by buffered DTPA solution.

ISO 14235:2005. Soil quality — Determination of organic
carbon by sulfochromic oxidation.

Jivan, C., Sala, F. (2014). Relationship between tree nutri-
tional status and apple quality. Hortic. Sci., 41, 1-9.
Khoshgoftarmanesh, A.H., Schulin, R., Chaney, R.L., Dane-
shbakhsh, B., Afyuni, M. (2010). Micronutrient-effi-
cient genotypes for crop yield and nutritional quality in
sustainable agriculture. A review. Agron. Sustain. Dev.

30, 83—107. DOI: 10.1016/j.jplph.2013.08.008.

Lindsay, W.L., Norvell, W.A. (1978). Development of
a DTPA soil test for zinc, iron, manganese and copper.
Soil Sci. Soc. Am. J., 42, 421-428. DOI:10.2136/ss-
$2j1978.03615995004200030009x

Marschner, H. (1988). Mechanisms of manganese acqui-
sition by roots from soils. In: Manganese in soils and
plants, Graham, R.D., Hannam, R.J., Uren, N.C. (eds.).
Springer, Dordrecht.

Mengel, K. (1994). Iron availability in plant tissues-iron
chlorosis on calcareous soil. Plant Soil., 165, 275-283,
doi.org/10.1007/BF00008070

Milic, B., Cabilovski, R., Keserovic, Z., Manojlovic, M.,
Magazin, N., Doric, M. (2012). Nitrogen fertilization

https://czasopisma.up.lublin.pl/index.php/asphc



Brayek, A.H., Cabilovski, R.R., Petkovi¢, K.M., Magazin, N.P., Cakmak, D.B., Manojlovic, M.S. (2019). Efficiency of different methods
and forms of microelements application in function of N fertilizer in apple trees. Acta Sci. Pol. Hortorum Cultus, 18(5), 201-211.

DOI: 10.24326/asphc.2019.5.20

and chemical thinning with 6-benzyladenine affect
fruit set and quality of golden delicious apples. Scien-
tia Horticulturae, 140, 81-86. DOI: 10.1016/j.scien-
ta.2012.03.029

Modaihsh, A.S. (1997). Foliar application of chelated and
non-chelated metals for supplying micronutrients to
wheat grown on calcareous soil. Exp. Agric., 33(2),
237-245. DOI: 10.1017/S001447979700001X

Morgan, B., Lahav, O. (2007). The effect of pH on the ki-
netics of spontaneous Fe (II) oxidation by O2 in aque-
ous solution — basic principles and a simple heuristic
description. Chemosphere, 68(11), 2080-2084. DOI:
10.1016/j.chemosphere.2007.02.015

Neilsen, D., Neilsen, G.H. (2002). Efficient use of nitrogen
and water in high-density apple orchards. Hort. Tech-
nol., 12, 19-25.

Neilsen, G.H., Hoyt, P. B. (1990). A comparison of meth-
ods to raise zinc concentration of apple leaves. Can.
J. Plant Sci., 70, 599-603. DOI: 10.4141/cjps90-075

Palmer, C.M., Guerinot, M.L. (2009). Facing the challenges
of Cu, Fe and Zn homeostasis in plants. Nature Chem.
Biol., 5, 333-340. DOI: 10.1038/nchembio.166.

Papadakis, I.E., Protopapadakis, E., Therios, I.N., Tsir-
akoglou, V. (2005). Foliar treatment of Mn deficient
‘Washington Navel’ orange trees with two Mn sourc-
es. Sci. Hortic., 106, 70-75, doi.org/10.1016/].scien-
ta.2005.02.015

Patel, N.M., Sadaria, S.G., Kaneria, B.B., Khanpara, V.D.
(1995). Effect of nitrogen, potassium, and zinc on
growth and yield of wheat (Triticum aestivum). Ind.
J. Agron., 40(2), 290-92.

Porter, G.S., Bajita-Locke, J.B., Hue, N.V., Strand, D.
(2004). Manganese solubility and phytotoxicity affected
by soil moisture, oxygen levels, and green manure addi-

https://czasopisma.up.lublin.pl/index.php/asphc

tions. Commun. Soil Sci. Plant Anal., 35(1-2), 99116,
doi.org/10.1081/CSS-120027637

Post-Beittenmiller, D. (1996). Biochemistry and molecular
biology of wax production in plants. Annu. Rev. Plant
Physiol. Plant Mol. Biol., 47, 405-430, doi.org/10.1146/
annurev.arplant.47.1.405

Raese, J.T., Drake, R.S., Curry, A.E., 2007. Nitrogen fer-
tilizer influences fruit quality, soil nutrients and cover
crops, leaf color and nitrogen content, biennial bearing
and cold hardiness of ‘Golden Delicious’. J. Plant Nutr.,
30, 1585-1604. doi.org/10.1080/01904160701615483

Shivay, Y., Prasad, R., Singh, M.P. (2014). Genetic variability
for zinc use efficiency in chickpea as influenced by zinc
fertilization. Int. J. Bio-res. Stress Manag., 5, 31-36.

Snyder, C.S., Bruulsema, T.W. (2007). Nutrient use efficien-
cy and effectiveness in North America. Indices of ag-
ronomic and environmental benefits. International Plant
Nutrition Institute.

Suzuki, M., Tsukamato, T., Inoue, H., Watanabe, S., Mat-
suhashi, S., Takahashi, M., Nakanishi, H., Mori, S.,
Nishizawa, N.K. (2008). Deoxymugineic acid increases
Zn translocation in Zn deficienct rice plants. Plant Mol.
Biol., 66, 609617, doi: 10.1007/s11103-008-9292-x

Thalheimer, M., Paoli, N. (2002). Foliar absorption of Mn
and Mg: effects of product formulation, period of appli-
cation and mutual interaction of apple. Acta Hortic., 54,
157-164, doi: 10.17660/ActaHortic.2002.594.15

Hort. Technol., 13, 153-161.

Waters, B.M., Chu, H.H, DiDonato, R.J., Roberts, L.A., Eis-
ley, R.B., Lahner, B., Salt, D.E., Walker, E.L. (2006).
Mutations in Arabidopsis yellow stripe-likel and yellow
stripe-like3 reveal their roles in metal ion homeostasis
and loading of metal ions in seeds. Plant Physiol., 141,
1446-1458. DOI: 10.1104/pp.106.082586

211






