| agriculture

Article

Influence of Fertilization and Mycorrhizae on the Nutritional
Status of Rhododendron (Rhododendron hybridum) in a Nursery

Zbigniew Jarosz, Zenia Michatojé, Karolina Pitura *'*, Katarzyna Dzida

check for

updates
Citation: Jarosz, Z.; Michatoj¢, Z.;
Pitura, K.; Dzida, K.; Koter, M.
Influence of Fertilization and
Mycorrhizae on the Nutritional Status
of Rhododendron (Rhododendron
hybridum) in a Nursery. Agriculture
2021, 11, 538. https:/ /doi.org/
10.3390/agriculture11060538

Academic Editor: Nieves Goicoechea

Received: 19 April 2021
Accepted: 8 June 2021
Published: 10 June 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Michal Koter

Subdepartment of Plant Nutrition, Institute of Horticulture Production, University of Life Sciences in Lublin,

28 Gleboka Street, 20-612 Lublin, Poland; zbigniew.jarosz@up.lublin.pl (Z.].); zenia.michalojc@up.lublin.pl (Z.M.);
katarzyna.dzida@up.lublin.pl (K.D.); misiekd@op.pl (M.K.)

* Correspondence: karolina.pitura@up.lublin.pl

Abstract: Background: This study of the large-flowered azalea cv. “Anneke’ investigated the impact
of two factors, i.e., methods of fertilization and mycorrhization, on the nutritional status of plants
during three years of nursery cultivation. Methods: Single mineral fertilizers, a slow-release fertilizer
Hortiform pH (SRF), and fertigation in combination with mycorrhization of plants, were applied.
Plant roots were inoculated with fungi from the genera Oidiodendron and Hymenoscyphus sp. The
nutritional status of the large-flowered azalea in the first three years of cultivation was assessed
based on macroelements. Results: The analyses revealed significantly higher content of nitrogen,
phosphorus and calcium in the leaves of plants inoculated with fungal mycelium. A beneficial
effect of plant mycorrhization on plant nutritional status, i.e., higher levels of nitrogen, phosphorus,
potassium, calcium, and magnesium, was noted in the second and third years of azalea cultivation.
Conclusions: Significant amounts of the nutrients were utilized in the middle of the growing season
and almost fully utilized after the season. Hence, the necessity to supplement nutrients in each
subsequent year of plant vegetation was postulated. Fertigation was shown to require further
improvement of the nutrient solution.
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1. Introduction

Azaleas are permanent elements of gardens and parks. Their flowers provide a won-
derful color palette in late May and early June. Noteworthy is the high frost resistance of
azaleas, which are, therefore, fully suitable for cultivation in temperate climate conditions.
Plants from the family Ericaceae: Rhododendron, Andromeda, Calluna, Erica, Kalmia,
and Pieris have low nutritional requirements [1-3], as nutrient-poor soils are their natural
habitat. The plants take up nutrients from raw humus, which contains poorly decomposed
plant parts with a small amount of mineral substances [4]. Although nutrient-poor locali-
ties are natural habitats for Ericaceae plants, nursery practice and investigations indicate
that supplementation with appropriate amounts of nutrients stimulates these plants to
grow intensively [5]. The substrate used in an ornamental plant nursery is garden peat
containing trace amounts of nutrients, which should therefore be supplied to plants in suf-
ficient amounts for proper growth and development. In practice, single mineral fertilizers,
multicomponent fertilizers and slow-release fertilizers are used for fertilization. In recent
years there has been dynamic growth in the cultivation of Ericaceae plants, including the
large-flowered azalea [6]. Fertilization of Ericaceae plants should meet the specific soil pH
requirements of these plants. The basic fertilization method involves the use of single min-
eral fertilizers. However, fertilizers with controlled release of nutrients (CRF = Controlled
Release Fertilizers) or slow release of nutrients (SRF = Slow Release Fertilizer) together with
fertigation, are used more frequently [7]. Although fertigation has been applied primarily
in the cultivation of plants under cover to date, this treatment is increasingly being used
as supplementation or replacement of mineral fertilization [8]. In their natural habitats,
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Ericaceae plants establish symbiosis with mycorrhizal fungi. This type of mycorrhiza is
referred to as ericoid mycorrhiza (ERM) [9]. Ericoid mycorrhizae are formed between
the root hairs of Ericaceae plants and hyphae of Hymenoscyphus ericae and fungi from
the genus Oidiodendron, e.g., O. griseum, O. maius, O. cerealia, and O. rhodogenum from
the subclass Ascomycotina [10-13]. The roots of Ericaceae plants do not develop hairs,
and the mycorrhizal mycelium is believed to take over their functions. The mycorrhiza
stimulates the growth of the host plant via a better supply of such nutrients as nitrogen,
phosphorus, and microelements like zinc and copper, and increases the resistance of plants
to stress factors, increasing the intensity of photosynthesis [14-19]. Tested mycorrhizal
vaccines stimulated the growth and number of leaves of the rhododendron plants [20].
Mycorrhizae influence better uptake of compounds unavailable to plants, making them
available, especially of phosphorus [21-23]. It is assumed that mycorrhizal fungi supply
80% of plants with nitrogen and phosphorus. There are approx. 50,000 species of fungi
forming mycorrhizal communities from approx. 250,000 plant species [24]. Significant
increases in P, N, Fe, Zn and Cu concentrations have been noted in the mycorrhizal roots,
even when plants were grown in a medium with a high concentration of CaCO3 [25]. ERM
fungi have the ability to decompose cellulose, hemicellulose, pectins and lignins. Due to
their ability to produce proteases, they can release and utilize proteins as the only nitrogen
source [26]. This trait is highly important for sustenance of vegetation in nutrient-poor
habitats. Despite the growing popularity of Ericaceae plants, there is no specific informa-
tion about the impact of fertilization and mycorrhizae on the growth and development of
Ericaceae plants cultivated in nurseries.

The aim of the study was to show the effect of the fertilization method and plant
mycorrhization on the nutritional status of large-flowered azalea cv. ‘Anneke’ during
the first three years of cultivation in containers in a nursery. The presented results are
a continuation of the previously published work on the influence of fertilization and
mycorrhizae on growth and development of rhododendron [27].

2. Materials and Methods

The investigations of the large-flowered azalea were carried out in controlled condi-
tions at the Lublin-Felin Experimental Station (51°13/36.9"/ N, A = 22°37'56.8' E).

The research material was the azalea (Rhododendron hybridum) cv. ‘Anneke’ represent-
ing the group of Knap-Hill-Exbury hybrids.

The experiment was carried out in a two-factor design. The plants were grown in a
2.0 L container (1st study year) and in a 4.0 L container (2nd and 3rd study years). Each
combination had eight replications.

In vitro propagated cuttings were the starting experimental material. The plants were
grown in a high-peat substrate with contents of N-min., P, K and Mg below 10 mg-L, an EC
of 0.09 and pH 4.2.

The effects of the following factors were assessed:

I Different fertilization modes.
II.  Mycorrhizal inoculation.

Three fertilization methods were used:

1.  Traditional fertilization. Single fertilizers: ammonium nitrate (NHsNO3, 34% N),
monopotassium phosphate (KHpPOy, 22.9% P and 28% K), and potassium sulfate
(MgSQOy, 17.4% Mg) were applied in three doses at the beginning of the initial growing
season. Microelements were used once (mg-L’l): Fe, 8.0 (iron citrate), Cu, 26.0
(CHSO4-5H20), Zn, 1.7 (ZI’ISO47H20), Mn, 8.0 (MI’ISO4'H20), B, 34 (HgBOg), and
Mo, 7.0 (NH4)sMo07074-4H,0). Before the plants were transferred to containers, a
1/3 dose of N, P, K and Mg, as well as total microelements, were applied in each
study year. Other amounts of nitrogen, phosphorus, potassium and magnesium were
divided into two doses. A subsequent dose was supplied in the second ten days
of May and in the last ten days of June. This fertilization method was regarded as
the control.
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2. Slow-Release Fertilizer (SRF) Hortiform pH with the following composition: N, 17%,
P, 3.5%, K, 12.5%, Mg, 1.8%, S, 10%, B, 0.01%, Co, 0.002%, Cu, 0.01%, Fe, 0.5%, Mn,
0.10%, Mo, 0.001% and Zn, 0.01% was used. The nutrients contained in this fertilizer
have an extended 6-month period of availability for plants. A total 3 g-L ! dose of
Hortiform pH was applied before the start of vegetation in each study year.

3.  Fertigation is fertilization combined with irrigation. A nutrient medium with the
composition 14 mg-L~! N-NHy, 56 mg-L~! N-NO3, 15 mg-L~! P, 58 mg-L~! K,
60 mg-L~! Ca, 12 mg-L~! Mg, 16 mg-L~! S-SO4, 0.4 mg-L~! Fe, 0.3 mg-L~! Mn,
0.2 mg-L~! Zn, 0.06 mg-L~! Cu, 0.1 mg-L~! B and 0.01 mg-L~! Mo was applied
every other day from the start of vegetation (end of April/beginning of May) to
mid-September in each study year.

Each of these fertilization methods provided the plants with the same amounts of
nutrients: 0.52 g/L/year N, 0.10 g/L/year P, 0.38 g/L/year K, 0.05 g/L/year Mg and
0.90 g/L/yearS.

The other factor studied was the mycorrhization of the plants:

1.  mycelium-inoculated plants (M+),
2. mycelium-uninoculated plants as control (M-).

In the first study year, half of each combination was treated with the mycorrhizal inocu-
lation before the transfer of the plants into containers. The roots of these plants were soaked
in an aqueous inoculum solution containing Oidiodendron fungi and Hymenoscyphus sp.
(M+), and the other plants were not inoculated (M-).

The investigations were carried out in an open area from April to November. The soil
under the plants was covered with black nursery mat.

Plant material samples (fully developed leaves from the middle part of a one-year
shoot) were collected in the first ten days of August in each study year. The plant material
was dried at 50 °C and ground. The following parameters were determined:

Total N after combustion in concentrated HySO4 using the Kjeldahl method with the
Kjeltec System 2002 Distilling Unit apparatus

After incineration of the plant mass at 200 °C followed by dry combustion at 450 °C
and cooling, the ash was supplemented with diluted hydrochloric acid in a ratio of 1:2. In
this extract, the following parameters were determined:

Phosphorus (P), colorimetrically with the vanadomolybdate method

K, Ca, and Mg, with the ASA method (Perkin-Elmer, Analyst 300) [28]

Substrate samples intended for chemical analyses were collected with a shortened
Egner sampler from the containers in each study year in two terms: (I) in the first ten days
of August, and (II) in the second ten days of October.

The following parameters were determined in the 0.03 M CH3COOH extract at the
solution-to-substrate ratio of 1:10:

e N-NHj4 and N-NOj3 (N-min.) with the Bremner microdistillation method modified
by Starck,
P-PO4 with the vanadomolybdate method,
S-504 with the nephelometric method with BaCl,
K, Ca, and Mg with the atomic absorption spectrophotometry ASA method (Abalyst
300 Perkin Elmer)
pH (HO) with the potentiometric method
salt concentration (EC) with the conductometric method, expressed as the level of
electrical conductivity.

The results were analyzed statistically using analysis of variance for a two-factor
experiment. Each year was analyzed separately with Tukey’s test at the significance level
of oc = 0.05.
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3. Results and Discussion

The assessment of the nutritional status of the large-flowered azalea in the first three
years of cultivation was based on the content of total nitrogen, phosphorus, potassium,
magnesium and calcium in plant leaves.

The analyses detected average nitrogen content in the range of 12.5-23.5 g N-tot.-kg !
d.m.) (Table 1). Its lowest content was determined in plants subjected to fertigation, and the
highest level was found in the slow-release fertilizer Hortiform pH (SRF) variant (Figure 1).
Moreover, there was a significant effect of the mycelium inoculation on nitrogen content,
which was significantly higher in the mycelium-inoculated plants than in the uninoculated
ones (Figure 2). This correlation was confirmed in studies conducted by [29]. The available
literature demonstrates a wide range of nitrogen nutrition of azaleas: 1.96-2.24% N [30],
and 1.64% N [1]. In a study carried out by [31], a level of 1.88-2.20% N was shown to be
the optimal range of nitrogen fertilization of azaleas. Aendekerk [1] reported symptoms of
nitrogen deficiency only at a content of 0.67% N. The present study showed that fertilization
with Hortiform pH ensured the optimal nitrogen status of the plants, with the content
of the element in the range of 19.1-23.5 g N-kg~! d.m. In turn, plants fertilized through
fertigation contained lower levels of nitrogen (12.5-17.5 g N-kg~! d.m.). Nevertheless, no
symptoms of nitrogen deficiency were observed in the plant leaves.

25 7 20.9a

19.2b
I H Control

Hortiform pH

H Fertigation

9.7a
9.3b
7.536.9b 8.1c
6.9b
I
N total P K Ca Mg

Figure 1. Influence type of fertilization on concentrations of N-total, P, K, Ca, Mg (g-kg~! d.m.)
in leaves of azalea cv. “Anneke’. Mean from years. Results marked with the same letters are not
significantly different.

The phosphorus content in the azalea leaves was on average 2.0-3.6 g P-kg~! d.m.
(Table 1). Significantly higher contents of this element were detected in the leaves of plants
receiving single fertilizers (control) compared to those fertilized with SRF and through
fertigation. A similar significant effect of mycelium inoculation on phosphorus content was
demonstrated (Figure 2) As reported by Aendekerk [1], the optimal phosphorus content
is 0.37% P, whereas Kreij et al. [30] found 0.30-0.50% P in azalea leaves. Li et al. [32]
found 0.08% P in plants fertilized without N increasing to 0.14% P in plants fertilized with
20 mm N, and the values depended on the type of container. All types of fertilization
ensured optimal plant nutrition with phosphorus. Noteworthy is the gradual increase
in the phosphorus content of plants with years of cultivation. In the available literature,
phosphorus content below 0.15% P is considered critical. No such content was recorded
in these studies, and no such value was recorded in the present study. Ristvey et al. [33]
suggested that only very low constant levels of phosphorus are needed to support the
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growth of young azaleas. In many fertilizers, the N: P ratio significantly exceeds plant
requirements, and the optimal ratio of nitrogen to potassium in the substrate should be 20:1.

The potassium content in the leaves of the large-flowered azalea cv. “Anneke’” was on
average 5.7-8.8 g K-kg~! d.m. in the mycelium-uninoculated variants and 6.7-7.4 g K-kg !
d.m. in the inoculated plants. The highest potassium level was determined in the leaves of
control plants and the lowest content was detected in plants fertilized through fertigation.
Noteworthy are the lower differences in the potassium content in the inoculated plants
(Table 1). The standard potassium content in azalea leaves was estimated at 0.37% by
Aendekerk [1] and 0.78-0.98% by Kreij et al. [30]. These results suggest a highly varied
optimal range of potassium nutrition in these plants. The plants in the present study did
not show symptoms of potassium deficiency, and the content of this element in the range
of 5.0-9.0 g K-kg~! d.m. should be regarded as optimal.

The calcium content in the leaves of the large-flowered azalea cv. “Anneke’ ranged
from 7.5 to 10.9 g Ca-kg~! d.m. (Table 1). Its highest level was determined in plants
fertilized with the slow-acting fertilizer (Hortiform pH). It was slightly lower in the fer-
tigation variant, and lowest in the single-fertilizer treatment (control) (Figure 1). More-
over, mycelium inoculation contributed to a significant increase in the calcium content
in the plants (Figure 2). The standard calcium content in azalea leaves was shown to be
1.60-2.00% by Kreij et al. [30], 0.72-1.39% by Aendekerka [1] and 0.60-1.20% by Michatoj¢
and Koter [31]. These data indicate a very wide optimal range of calcium nutrition in
plants. Our observations of the plants carried out during the growing season did not reveal
any symptoms of calcium deficiency.

The content of magnesium in the leaves of the large-flowered azalea cv. “Anneke’” was
in the range of 1.5-2.6 g Mg-kg~! d.m. There was a slight variation in the magnesium con-
tent between the study years (Table 1). The fertilization methods and mycelium inoculation
had no significant effect on the magnesium content in the plants (Figures 1 and 2). The
standard magnesium content in azalea leaves were estimated at 0.60% by Aendekerk [1],
0.17-0.33% by Kreij et al. [30] and 0.14-0.25% by Michatoj¢ and Koter [31]. In turn, the
critical magnesium contents in Ericaceae plants were 0.07% and 0.09%, as reported by Kreij
et al. [30] and Aendekerka [1], respectively. The fertilization applied in the present study
ensured optimal magnesium level in the plants.

The assessment of the effect of the mycorrhization inoculum with Oidiodendron and
Hynemoscyphus sp. fungi on the nutritional status of the large-flowered azalea showed
similar levels of the analyzed nutrients in the inoculated and uninoculated plants in the first
cultivation year. As shown in earlier studies, Michaloj¢ et al. [27] mycorrhizal frequency on
ERM inoculated roots of rhododendron ranged from 36% to 65%, and without inoculation
it varied from 4% to 9%. There was a higher frequency of ERM on the roots of plants
fertilized with the slow-release fertilizer (SRF) than nourished by fertigation and with
monocomponent fertilizers. A beneficial effect reflected in higher nitrogen, phosphorus,
potassium, calcium and magnesium content was noted in the second and third years
of cultivation of the “Anneke’ plants. Moreover, significantly higher levels of nitrogen,
phosphorus and calcium were determined in the leaves of the mycelium-inoculated plants,
whereas there was no clear effect on the content of potassium and magnesium (Table 1).

A study conducted by Nowak [34] reported no significant effect of mycorrhizae on the
content of nitrogen, phosphorus, potassium, and calcium, but a higher level of magnesium
was noted. In turn, Smith and Read [14] and Konieczny and Kowalska [18] confirmed the
beneficial effect of mycorrhizae on the phosphorus and nitrogen content in plants.

The same amounts of nutrients were supplied to the plant substrate in all combinations
(g/ plantfl/ year): 1.02 N, 0.48 P, 0.9 K, and 0.18 Mg. A similar dose was used in the
fertigation treatment, i.e., (in mg'L_l): 14 N-NHy, 56 N-NOs, 15 P; 58 K, 60 Ca, 12 Mg,
16 S-SOy4, 0.4 Fe, 0.3 Mn, 0.2 Zn, 0.06 Cu, 0.1 B, and 0.01 Mo. The medium with this
composition was used every other day from the beginning of May to mid-September in
each study year. As shown by Aendekerk [1] and Davidson et al. [35] the standard content
of macronutrients and the values of pH and salinity (EC) in high-peat substrates used for
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cultivation of ornamental shrubs with low nutritional requirements, such as the azalea,
are (mg~L’l): N-min. 110-130 (N-NH4:N-NOj in a ratio of 1:10), 30-50 P, 120-140 K,
80-140 Mg, 30-50 S-SO,, pH 4.5-5.8 and EC < 0.8 mS-cm 1.

The analyses of the substrate were conducted to determine nutrient richness in the
middle of the growing season (1st ten days of August) and after the growing season (second
ten days of October).

Table 1. Effect of type of fertilization and mycorrhization on content of N-total, P, K, Ca and Mg (g-kg~! d.m.) in leaves of

azalea cv. ‘Anneke’.

Mycorrhizae (A) Type of Fertilization (B) Years N-Total P K Ca Mg
I 17.8 2.50 7.40 7.50 1.60

Control I 19.4 3.00 7.40 7.80 1.50

I 20.3 3.60 8.80 7.80 1.80

Mean for years 19.2Db 3.00a 790 a 7.70d 1.60

I 20.5 2.30 6.30 9.80 2.10

Without ERM (M-) Hortiform pH (SRF) II 20.3 2.40 6.80 9.20 1.90
I 20.8 2.60 6.90 8.80 1.50

Mean for years 205a 2.40 bc 6.70 9.30b 1.80

I 13.9 2.00 5.70 8.80 2.60

Fertigation I 13.1 2.20 6.80 8.00 1.80

11 16.1 2.30 7.80 8.80 1.70

Mean for years 14.4d 222c¢ 6.80 8.50 ¢ 2.00

I 17.5 2.50 7.30 8.10 1.80

Control I 19.6 3.00 6.90 8.00 1.70

I 20.5 3.30 7.20 9.10 1.60

Mean for years 19.2Db 290 a 7.10b 8.40 cd 1.70

) I 19.1 2.60 6.90 10.9 2.30
With ERM (M+) Hortiform pH (SRF) 1 20.9 2.90 7.00 9.60 1.80
I 23.5 3.00 7.40 9.80 1.60

Mean for years 212a 2.80 ab 7.10b 10.1a 1.90

I 12.5 2.10 6.70 10.6 2.10

Fertigation II 16.0 2.30 7.00 9.20 1.50

I 17.2 2.50 7.20 10.4 1.50

Mean for years 152 ¢ 2.30c 7.00 b 10.0 ab 1.70

General mean 18.3 2.60 7.10 9.00 1.80

for A x B 1.00 0.40 0.50 0.70 ns.

Without ERM (M-) = nonmycorrhizal plants; with ERM (M+) = mycorrhizal plants; n.s. = nonsignificant. Results marked with the same

letters are not significantly different.

The present results demonstrated high nitrogen utilization by plants already in the
middle of the growing season, and traces of this element after its end (Figure 3). In the
analyzed period, the reduced content of mineral nitrogen was determined in the substrate
of azaleas with mycorrhizal-inoculated roots (Figure 4). This proves that the inoculated
plants took up nitrogen from the substrate more efficiently, as evidenced by the higher
nitrogen content in the inoculated plants. Numerous studies indicate a beneficial effect of
mycorrhizal fungi on nitrogen uptake from the substrate [36-39]. The highest content of N-
min. in the substrate was found in the slow-release fertilizer Hortiform pH variant, whereas
the lowest value was determined in the fertigation combination. These results indicate that
slow-release fertilizers successfully supply nitrogen and ensured an appropriate degree of
plant nutrition with this element. The fertilization of azaleas through fertigation requires
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further research. A study conducted by Michaloj¢ et al. [27] demonstrated the lowest
growth and development of shoots after application of fertigation, whereas the present
study showed the lowest content of nutrients in plant leaves.

25 +
20 - :[
« 15
€
5 9.5a
< 8.5b - M
—:D 10 4 7.1a7.1a
et M+
I
. 2.5b 2.72 I I 184182
0 O o
N total P K Ca Mg

Figure 2. Influence of mycorrhization on concentration N-total, P, K, Ca and Mg (g-kg ™! d.m.) in
leaves of azalea cv. “Anneke’. Mean from years. Without ERM (M-) = nonmycorrhizal plants; with
ERM (M+) = mycorrhizal plants. Results marked with the same letters are not significantly different.

In the substrate used for cultivation of azaleas, higher content of available phosphorus
was noted after the application of single fertilizers (control), which indicates that the plants
absorbed it at a slower rate (Figure 3). Additionally, its lower content was determined in the
substrate of plants treated with the mycorrhizal inoculum, compared with the uninoculated
substrate, which indicates that the plants utilized the element more efficiently (Figure 4).
Noteworthy is that trace amounts of this component were found in the first and second
analysis terms. This proved phosphorus uptake from the substrate by plants, as confirmed
by its higher content in the plant leaves. Mycorrhizal fungi have been reported to enhance
phosphorus uptake by plants [37].

A higher potassium level in the substrate was recorded in both periods after the
application of single mineral fertilizers, whereas the lowest content was found in the
fertigation variant (Figure 3). Moreover, mycorrhization resulted in higher utilization of
potassium by the plants; hence, its lower content in the substrate from the cultivation of
the inoculated plants (Figure 4). The application of mycorrhizae has a positive effect on the
uptake of macroelements, including potassium, by plants [40]. This was fully confirmed in
the present study.

Calcium is an element regulating soil /substrate pH in addition to its physiological
functions in plants. In the first analysis term in the present study, the highest calcium
content in the azalea substrate was shown for the slow-release fertilizer Hortiform pH
combinations. Slightly lower levels were determined after the application of single fertil-
izers, and the lowest values were detected in the fertigation variant. In turn, the calcium
content in the substrate in the second analysis term was more homogeneous (Figure 3). As
in the case of the nutrients discussed above, a lower level of the element was found in the
substrate of the mycorrhiza-inoculated plants compared to the uninoculated combinations
(Figure 4). This proves the beneficial effect of mycorrhizal fungi on calcium uptake from
the substrate. Similar findings have been reported in other studies [40].
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Regardless of the term of the analyses, the highest magnesium content in the substrate
was recorded in the fertigation combinations and the lowest value was noted in control
variants (Figure 3). In turn, in the middle of the growing season (term I), the content
of magnesium in the substrate was similar, whereas lower amounts of the element were
determined in the substrate of the inoculated plants (Figure 4). Studies conducted by [37,40]
indicated a beneficial effect of mycorrhizal fungi on the uptake of magnesium by plants.

The presence of sulfur in the substrate of the analyzed plants derived from the sulfate
fertilizers applied. Throughout the study, the content of the element in the middle of the
growing season ranged on average from 80 mg to 138 mg S-SO4-L ™. After the growing
season (term II), its content was substantially lower (18-62 mg S-S04-L71). The highest
sulfur level was demonstrated in the Hortiform pH-fertilized combinations, and the lowest
amount was noted in the fertigation variant (Figure 3). Higher efficiency of sulfur utilization
was noted in the mycorrhizal-inoculated combinations, as evidenced by its lower content
in the substrate (Figure 4). As specified by Komosa [41], the standard sulfur content in the
substrate for ornamental plants with low nutritional requirements was established at 30 mg
to 50 mg-S-SO4 L~ Studies conducted by [37,40] also confirmed the beneficial effect of
mycorrhiza on the uptake of this nutrient by plants.

mg'L! N-min. mg-L! P
90
80 T 120
70 100
60 80
i ml

50 60
40 -~ H-
30 40
20 - 20
10 T 0

0 - - T /. Control Hortiform Fertigation

Control Hortiform pH Fertigation pH

mgL! mg-L! Mg
500 K 1200
180 180
140 140
120 I 120
100 100

80 ml 80

60 - I 60

40 40

20 N 20

0 0

Control  Hortiform Fertigation Control  Hortiform Fertigation
pH pH

Figure 3. Cont.
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Figure 3. Concentration of N-min., P, K, Ca, Mg and S-SO, (mg-L~!) dependent of type of fertilization
and analysis term in the azalea substrate. Average from years. I = first decade of August; II = third
decade of October.

mg-L1
650 -
600
550
500
450
400
350
300
250
200
150
100
50
0

N-min. P-PO4 K Ca Mg S-504
EIM- BIM+ EIIM- BIIM+

Figure 4. Concentration of N-min., P, K, Ca, Mg S-SO, (mg-L~!) dependent of micorrhization and
analysis term in azalea substrate. Average from years. I = first decade of August; II = third decade of
October; without ERM (M-) = nonmycorrhizal plants; with ERM (M+) = mycorrhizal plants.

Azaleas have specific requirements in terms of soil/substrate reaction. Peat with a pH
value of 4.6 was used as a substrate in the study. During the vegetation period, the reaction
of the substrate fluctuated from 4.09 to 5.79 in the individual study years (Table 2). The
optimal reaction of the substrate is in the range of pH 4.5-5.8 [35]. The fertilization methods
applied in the study ensured the optimum pH of the substrate in the azalea cultivation.

Cultivation of plants in containers is associated with a risk of excessive salt concen-
tration in the substrate. The present experiments showed that the doses and methods for
application of the fertilizers did not elevate salt concentrations in the substrate. The salt
concentration in the azalea substrate during the study period was on average 0.47 mS-cm ™!
in the middle of the growing season and 0.38 mS-cm~! at the end (Table 2). The accept-
able salinity (EC) for ornamental plants with low and medium nutritional requirements
ranges from 0.80 to 1.10 mS-cm ™! [41] Furthermore, the presence of mycelium in the plant
root zone contributes to elimination of excessive salt concentration in the substrate and,
consequently, its negative impact on plants [42].
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Table 2. Effect of fertilization and mycorrhization on reaction pH (¢120) and salinity EC (mS-cm~1) in azalea substrate.

PH EC %ok
Mycorrhizae (A) Type of Fertilization (B) 1st Year 2nd Year 3rd Year mS-cm~1
I* I ** I II I II I II

Control 4.51 4.94 4.29 5.77 5.00 5.15 0.47 0.31
Without ERM (M-) Hortiform pH 4.28 511 419 5.57 4.28 4.52 0.65 0.48
Fertigation 4.25 5.08 4.45 5.28 4.27 5.25 0.31 0.24
Control 4.23 5.03 4.30 5.69 4.46 4.63 0.45 0.42
With ERM (M+) Hortiform pH 431 4.68 4.25 5.79 4.04 431 0.67 0.57
Fertigation 4.09 4.52 4.70 5.28 4.20 5.38 0.28 0.24
Total range 4.09-5.11 4.19-5.79 4.04-5.38 0.47 0.38

I* = analysis first decade of August, II ** = analysis third decade of October. EC *** = average in years.

4. Conclusions

1.  Asindicated in the first three years of azalea cultivation in containers, single mineral
fertilizers and Hortiform pH (SRF) ensured an appropriate plant nutritional status in
terms of the content of nitrogen, phosphorus, potassium, calcium and magnesium,
while fertigation required further improvement of the nutrient solution.

2. Plant mycorrhization exerted a beneficial effect on plant nutrition, as higher contents
of macro elements in plants were demonstrated in the second and third years of
azalea cultivation.

3. The nutrients applied were largely utilized by the plants by the middle of the growing
season, and almost complete utilization of the elements was noted at the end of the
growing season. Therefore, the nutrients need to be supplemented in each subsequent
year of vegetation.
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