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ABSTRACT

The effects of bacterial and fungal inocula on the growth, yielding, and nutritional status of
apple trees was evaluated in 3-years experiment (2018 - 2020). The experiment included the
following treatments: (i) control (unfertilized soil), (ii) no fertilization + soil application of fungi,
(iii) no fertilization + soil application of bacteria. The mixture of beneficial fungi contained two
species: Aspergillus niger and Purpureocillium lilacinum. The mixture of beneficial bacteria
contained three strains of Bacillus (Bacillus sp., Bacillus amyloliquefaciens and Paenibacillus
polymyxa). The application of beneficial microorganisms (especially bacterial strains) to the soil
(without additional mineral fertilization) enhanced the growth of the apple trees. In the third year
of the study (2020), the trees grown in the plots inoculated with bacteria bloomed the most
intensively. Plant nutritional status (expressed as concentrations of elements in leaves) was not
affected by the application of the bacterial strains or filamentous fungi. The stronger growth of
trees in the plots where the bacteria were used was likely related not so much to the nutritional
status of the trees, but to the mitigation of the influence of the negative factors that cause the
replant disease.

Keywords: Malus domestica, fertilization, SPAD, Bacillus, Aspergillus niger,
Purpureocillium lilacinum
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Due to its economic importance, apple cultivation has a significant impact on the
development of Polish agriculture. Poland is the number one producer of apples in
Europe and the third in the world (GUS, 2017). In 2019, apple orchards accounted for
72.3% of the fruit tree cultivation area, and apples accounted for 78.8% of the fruit
harvest in orchards in Poland. The world apple production has increased from 17.05 to
89.33 million tonnes during the period 1961-2016, showing a rapid growth of global
apple consumption (FAO, 2018).

In the past years, very intensive fruit-growing systems have been developed in all
fruit-growing centres. Such a method of farming requires application of excessive
amounts of chemical fertilizers, pesticides and herbicides, which could be harmful to soil
microorganisms, human beings, animals and the entire natural environment (Mosa et al.,
2016, Garima, 2019).

Due to concerns for food and environmental safety, the use of chemicals and
mineral fertilizers must be reduced. In the case of fertilization, the proposed solution is
to use natural organic fertilizers; however, their amount might be limited. Another
possible solution is to reduce mineral fertilization by increasing its efficiency by
enriching the soil with beneficial microorganisms — both fungi and bacteria (Derkowska
et al.,, 2015; Santhos et al.,, 2018; Sas-Paszt et al., 2019). Mineral fertilizers and
beneficial microorganisms can be added to the soil separately or in combination as
biofertilizers.

Results of numerous experiments have revealed that biofertilizers enriched with
arbuscular mycorrhizal fungi and filamentous fungi produce stimulating effects on the
growth and reproduction of several plant species (Sas Paszt et al., 2015, 2019; Santhos et
al., 2018). Beneficial microorganisms assist the roots in absorbing minerals from the soil
and strengthen plant physiology (Sheraz et al., 2010; Garima, 2019). Microorganisms
play a vital role in maintaining long-term soil fertility and sustainability by fixing
atmospheric nitrogen, mobilizing fixed macro- and micronutrients, or converting
insoluble P in the soil into forms available to plants (Sheraz et al., 2010).

The efficient use of fertilizers in crop production is important to reduce production
costs and to minimize possible negative effects on the environment. Prediction of
nutrient requirements is necessary for efficient utilization of fertilizers. Improving the
efficiency of fertilizer utilization reduces the amount of nutrients that can potentially
contaminate soil and water resources. A fertilizer should be applied only after
determining that it will be beneficial.

Traditionally, plant nutrient status has been measured using a combination of soil
and leaf analyses (Treder et al., 2016). Chemical foliar analysis is considered very
practical for determining the nutritional status of a crop and for the diagnosis of
nutritional deficiencies (Dezordi et al., 2016). However, although laboratory procedures
are accurate, they are cost and time consuming. In recent years, attempts have been made
to develop non-destructive methods, based on analyses of leaf blade colour and absorbed
or reflected light. These include the use of a leaf colour chart (LCC) (Furuya, 1987) or
leaf greenness meters (e.g., SPAD-502, CCM-200) (Zhang et al., 2009; Cerovic et al.,
2015). It is also possible to analyse the distribution of colour components of the image of
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a single leaf or group of plants and relate them to plant nutritional status (Yuzhu et al.,
2011; Wang et al., 2014; Treder et al., 2016). However, application of these methods is
limited to the assessment of nitrogen status of leaves only. To apply these methods in
agricultural practice, it is necessary to develop mathematical models to describe the
relationship between leaf N content and the indices produced by optical meters or
distribution of colour components of leaf blade surface. Our research indicates that
separate models should be developed and tested for each species or even cultivar to
maximize the accuracy of estimating leaf nitrogen content from optical measurements
(Treder et al., 2016). Moreover, it is necessary to calculate some threshold values below
which nitrogen supply is necessary to avoid deficiency conditions (Gianquinto et al.,
2006).

As an alternative, sap analysis might be adopted as a quick tool for determining the
nutritional status of a crop. This method is based on the measurement of the
concentrations of nutrients in the leaf (petiole) sap (Bityutski et al., 2017). The petioles
should be sampled in the field, and the sap can be obtained by using e.g. a hydraulic
press, then analyzed immediately to avoid changes in nutrient content (Thompson et al.,
2009) using e.g. colorimeters or specific ion electrodes (Hochmuth et al., 2004). Such
approach has been used successfully in various crops, such as tomato (Farneselli et al.,
2014; Avila-Juarez and Rodriguez-Ruiz, 2020) and other vegetable species (Ott-Borrelli
et al., 2009; Parks et al., 2012).

The aim of the study was to evaluate the effects of using bacterial and fungal
inocula on the growth, yielding, and nutritional status of apple trees.

MATERIAL AND METHODS

The experiment was established in the spring of 2018 in the Experimental Orchard
of the National Institute of Horticultural Research in Dgbrowice (Central Poland,
51°54'51.1"N 20°06'41.0"E (51.914188, 20.111389), 145 m a.s.l.) and was run for three
consecutive years. The subjects of the research were dwarf apple trees of the cultivar
‘Sampion’ grafted on M. 9 rootstock. They were planted in early April on a podzolic soil
underlaid by sandy loam, rated as soil quality class 3b. The study area is characterized
by the intensive apple tree cultivation. Despite crop rotation, our earlier study showed
occurrence of replant problems in the orchard (Tryngiel-Ga¢ et al., 2015). At planting
time, the soil pH was slightly acidic at pH 6.2 (in KCI), and the average humus content
of the soil was 1.2%. The levels of minerals in the soil, including macroelements, was as
follows: phosphorus (P) — 7.5, potassium (K) — 12.4, magnesium (Mg) — 5.8 mg/100 g,
and microelements: boron (B) — 2.4, copper (Cu) — 4.8, iron (Fe) — 862, manganese (Mn)
— 75.5, zinc (Zn) — 3.7 mg/1000 g. Soil samples for the analyses were taken from the
surface layer (0-20 cm) of herbicide strips, 30 cm from a dripper. The reaction (pH) was
measured potentiometrically. The available P and K were determined using a solution of
calcium-lactate (at a pH of 3.6) and the available magnesium by means of a solution of
0.0125 M Ca-chloride. Available Fe, Mn, Zn, Cu and B were determined by means of
0.03 M acetic acid. K, Mg, Fe, Mn, Cu, Zn and B were determined by inductively
coupled plasma spectroscopy (ICP Perkin-Elmer model Optima 2000 DV, Boston,
Massachusetts, USA). Phosphorus was determined using a spectrophotometer (Cintra
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916, GBC, Dandenong, Australia) to quantify the molybdenum blue reaction. The details
of used soil analysis methods were presented in the paper by Wojcik and Filipczak
(2015).

The trees were spaced 4 m between rows and 2 m in the row. The experiment was
established in a random block design in four replications. Each experimental
combination was represented by 12 trees. The experiment included the following
experimental treatments:

e  Control (no treatment) — unfertilized soil.

e No fertilization + fungi — beneficial soil fungi in the amount of 5.25 g per plot were
applied. The mixture of beneficial soil fungi contained two species: Aspergillus
niger and Purpureocillium lilacinum.

o No fertilization + bacteria — beneficial bacteria in the amount of 3.83 g per plot were
applied. The mixture of beneficial bacteria contained three strains of Bacillus
(Bacillus spp., Bacillus amyloliquefaciens and Paenibacillus polymyxa).

All the treatments were repeated in the second and third years after planting (2019,
2020). In the first year of the experiment, the microorganisms were mixed with the soil
in the planting hole. In the second and third years, the microorganisms were mixed with
the top soil. The experimental field was fitted with concrete poles reinforced in tree
rows, with wires stretched between the poles and bamboo canes tied to the wires and the
trees. Drip irrigation was established after planting. The trees were irrigated in a dry
season from May to September. In the first year, from spring to August, the soil was kept
in clean cultivation with rotating mechanical implements, the alleyways were grassed
down and frequently mowed. From the second year, ‘Basta’ herbicide was applied
within tree rows to control weeds. To control pathogens and pests, pesticides were used
according to up-to-date recommendations for integrated apple production (Bryk et al.,
2018). In the first year after planting, the flower buds that appeared on some trees were
removed so that the fruit would not inhibit the growth of the young plants. No flower or
fruit thinning was done in the subsequent years. Tree vigour was assessed at the end of
the vegetation season by measuring trunk diameter with a caliper and length of annual
shoots (using a ruler).

Assessment of leaf mineral nutrition

Samples of leaves from the middle part of shoots were selected at random from
each replicate (each consisted of approx. 20 leaves) in early August to measure leaf
mineral content. The collected leaves were gently rinsed with 0.01M HCI followed by
double-deionized water. Prior to the chemical analyses of the leaves, indirect
measurements of chlorophyll content were carried out using a SPAD-502 meter (Konica
Minolta Co., Japan).
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The concentrations of macroelements in leaf tissue were analyzed by the Chemical
Laboratory of the National Institute of Horticultural Research in Skierniewice, Poland.
The collected samples of the leaves from each treatment were placed for 48 h in a
forced-air dryer at 70°C. After grinding and wet mineralization in acids, the
concentrations of macronutrients (P, K, Ca, Mg) were determined using a sequential
emission spectrometer with inductively coupled plasma (ICP Perkin-Elmer model
Optima 2000 DV, Boston, Massachusetts, USA). The selected elements were determined
at their characteristic wavelengths (Boss and Fredeen, 2005). The nitrogen (N) content in
plant samples was analyzed using the Kjeldahl method (Latimer, 2012) (the Kjeldahl
apparatus Vapodest, Konigswinter, Germany). All the nutrients were determined in three
repetitions.

Plant sap (leaf petiole) was acquired (after cleaning the leaf surface) by mechanical
pressing (using a hydraulic press). The samples were taken from the middle part of long
shoots at the beginning of August (the same period as for the SPAD measurements).
Sampling was performed in three replicates (each consisted of approx. 20 leaves). The
characteristics of the sap (pH, EC, N, K) were determined using ion-selective electrodes
(LAQUALtwin, HORIBA, Japan). The electrodes were calibrated using standard solutions
provided by the manufacturer.

The results were statistically analyzed using analyses of variance with the Duncan
test, a = 0.05, using the statistical program Statistica 13.1. Data not significantly
different from each other were marked with the same letters. The error bars on the
graphs indicate the standard error.

Meteorological data

During the experiment, meteorological data was monitored by the weather station
installed in the experimental orchard (iMETOS, Pessl Instruments, Austria; Tab. 1). The
average air temperature in the growing season (April-October) during the measurement
period was at the level of the 30-year average. The highest average temperatures were
recorded in 2018, with the values 1.97°C higher than the multi-year average, while the
lowest values were recorded in 2020 (0.52°C lower than the multi-year average). The
highest total rainfall was recorded in 2020, 176.8 mm higher than the 30-year average.
The lowest rainfall occurred in 2019, 74.2 mm lower than the multi-year average.

Table1.  Average air temperature and total precipitation in Dabrowice in the 2018-
2020 growing seasons in comparison with multi-year averages

Average air temperature °C

Year/month Apr May Jun Jul Aug Sep Oct Average
Apr—Oct
2018 13.2 16.5 18.5 20.3 20.1 15.1 9.6 16.18
2019 9.6 12.5 21.7 18.3 19.8 13.9 10.0 15.11
2020 8.0 11.1 17.7 16.8 18.9 14.0 9.3 13.68
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1991-2020* 8.7 13.7 17.2 19.1 18.5 13.9 8.4 14.21

Total precipitation (mm)

Year/month Apr May Jun Jul Aug Sep Oct Total
Apr—Oct
2018 28.6 51.6 30.0 155.0 55.6 70.6 64.8 456.2
2019 15.6 52.2 36.4 50.8 59.2 82.2 26.4 3228
2020 9.6 81.6 135.0 63.2 110.4 74.8 99.2 573.8

1991-2020*  40.7 60.3 717 75.3 55.6 50.1 43.3 397.0

* 30-year average
Source: own study

RESULTS

The growth of the trees planted in the spring of 2018 was uniform and the diame-
ters of their trunks did not vary significantly. Differences in tree growth vigour were not
noticeable until the third year of the study. In the autumn of 2020, marked differences in
the average diameters of trees cultivated in the different experimental combinations
could be observed. The largest trunk diameters and the largest increases in that parame-
ter in the third year of cultivation were shown by the trees growing in the plots where
beneficial bacteria were added to the soil (Fig. 1 and 2). Some positive trends in the
impact of the applied fungi and bacteria on tree growth vigour, expressed as annual
growth of shoots, had already been observed in the previous year (2019) (Fig. 3). How-
ever, not until the year 2020 was it proved that the most vigorously growing shoots were
those of the trees in the plots treated with beneficial fungi or bacteria.
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Figure 1. End-of-season tree trunk diameter measured in the autumn of each year

Source: own study
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Figure 3. Total increase in length of annual shoots in individual years of the study

Source: own study

The trees bloomed for the first time in the second growing season (2019). The ex-
tent of flowering in individual plots was very uniform (Table 2). There were also no
differences in the yields that season. In the following year (2020), the trees grown in the
plots inoculated with bacteria bloomed the most intensively. Unfortunately, in the spring
of that year there were ground frosts, which damaged some of the flowers and caused
large variations in the fruiting of individual trees. The consequence of the high variabil-
ity in fruiting was that the statistical analysis did not show any significant differences
between the averages for individual combinations despite the fact that the average yield
from the trees grown in the soil enriched with bacteria was much higher than that from
the control trees. The different experimental combinations did not significantly affect the
quality of the fruit. In both years of fruiting, no significant differences were found be-
tween the average values of firmness and refraction for individual combinations. Such
differences were observed only in the case of the weight of apples in the first harvest
year. Apples harvested from the trees growing in the soil enriched with the fungal prepa-
ration had a significantly lower average weight than the control. Such differences were
no longer observed in the following year.
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Table 2. Flowering and fruiting of apple trees

Experimental treatment

Parameter Year - -

control fungi bacteria

Number of inflorescences 2019 23.60 a 26.90 a 26.30 a
(per tree) 2020 47.25a 63.75 ab 97.0b
. 1 2019 433 a 442 a 442 a
Yield (kg tree”) 2020 5.94 a 5.02 a 7.71a

. . 2019 1835b 163.9a 167.4 ab

Average fruit weight (g) 2020 157.75a 160.75a 161.75a
Firmness (kG) 2019 3.75a 3.74a 3.59a
2020 4.64 a 479 a 4.99 a
Total soluble solids content 2019 1357 a 13.22a 13.1a
(%) 2020 154 a 14.96 a 14.84 a

Statistical analyses are presented separately for each year. Means marked with the same letters do not differ
significantly at a = 0.05
Source: own study

Statistical analysis of the results of measurements of green leaf colour intensity
(SPAD index) showed differences between the means for individual combinations only
in the third year of cultivation. The control trees had the lowest value of the SPAD index
(Table 3). However, chemical analyses did not show any differences between the con-
centrations of nitrogen, phosphorus, calcium, and magnesium in the leaves (Table 3). In
the case of potassium, such differences were proved only in the first year of cultivation,
in which the control trees had the lowest potassium content.

Table 3. SPAD index and the concentration of macronutrients in apple leaves

Experimental treatment

Parameter Year - -
control fungi bacteria

2018 489a 50.9a 51.1a

SPAD 2019 432a 447 a 454 a

2020 39.1a 42.2b 435D

2018 2.40 a 2.46 a 2.50a

N (% dw) 2019 259 a 2.62a 2.69a

2020 2.34a 230a 2.33a

2018 0.14a 0.15a 0.15a

P (% dw) 2019 0.20a 0.16 a 0.17a

2020 0.25a 0.26a 0.19a

2018 195a 2.14b 2.16b

K (% dw) 2019 1.38a 1.37a 1.35a

2020 1.54 a 154 a 1.32a

2018 0.78 a 0.89a 0.93a

Ca (% dw) 2019 1.62a 1.34a 1.62a

2020 159 a 173 a 1.66 a

2018 0.27 a 0.29a 0.30a

Mg (% dw) 2019 0.21a 0.17a 0.16 a

2020 0.22a 0.21a 0.21a

Statistical analyses are presented separately for each year. Means marked with the same letters do not differ
significantly at o.= 0.05
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Source: own study

The results for the chemical parameters of the sap collected from apple leaves varied
widely in the different years of the study (Table 4). In the case of sap pH, the lowest
values in the first year after planting were found in the control trees. But the following
year, significantly the lowest pH was shown by the sap of the trees grown in the plots
inoculated with beneficial bacteria. In the third year of cultivation, no significant differ-
ences were found between the pH values of the cellular sap in the leaves. In the case of
electrical conductivity of the sap squeezed from the leaves, significantly the lowest val-
ues in the first year of the study were found in the control trees, and in the second and
third years in the trees grown in the soil inoculated with fungi. In the first year, the sap of
the control leaves had the lowest concentration of nitrate nitrogen. In the following year,
the analyses showed them to have the highest N-NOj3 content in the sap. In the third year,
no significant differences were found in the nitrate nitrogen content in the sap collected
from the leaves. The potassium content in the leaf sap also varied greatly between the
years of the study. In the first year, the leaves of the trees in the plots where beneficial
bacteria had been inoculated into the soil had significantly the highest potassium content.
In the following year, the sap of these leaves contained the lowest concentration of po-
tassium. In the third year, significantly the lowest concentration of potassium was in the
leaves of the trees growing in the soil inoculated with beneficial fungi.

Table 4. Analysis of the sap acquired from apple leaves

Experimental treatment

Parameter Year
control fungi bacteria
2018 5.96a 6.19b 6.26 ¢
pH 2019 5.26 b 541c 5.16a
2020 6.21a 599a 6.28 a
2018 2.00a 3.10b 4.60 ¢
EC (mS cm?) 2019 4.78b 3.86a 452b
2020 23¢c 1.68 a 21b
2018 240.0 a 270.0b 4275b
N-NOz (mg I%) 2019 204.0¢c 57.0a 171.8b
2020 154.13 a 181.25a 154.25a
2018 466.7 a 506.7 a 723.0b
K (mg %) 2019 853.3 ab 893.3b 580.0 a
2020 370.0b 225.0a 330.0b

Statistical analyses are presented separately for each year. Means marked with the same letters do not differ
significantly at o= 0.05
Source: own study
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DISCUSSION

In the initial period of cultivation, the microorganisms introduced into the soil did
not affect the growth vigour of apple trees. The trees were grown in a soil relatively rich
in minerals, therefore, even in the absence of mineral fertilization, the positive effects of
the applied fungi or bacteria were delayed and became apparent only after the readily
available minerals in the soil had been depleted. The nutritional status of plants during
nursery production is not without significance for the root-taking and growth of trees in
the first year after planting. In the spring, in the first weeks of cultivation, a large propor-
tion of the necessary minerals come from the so-called reutilization of compounds con-
tained in the wood of plant trunks and branches (Cheng et al., 2004).

This experiment revealed that the beneficial microorganisms applied to the soil
without any mineral fertilization enhanced not only the growth of trees but also their
yielding (not statistically confirmed). In the study presented here, particularly large in-
creases in the length of annual shoots and in the diameter of tree trunks were found when
the soil was treated with bacteria. However, no significant differences were found in tree
nutritional status expressed by the concentration of macroelements in the analyzed
leaves. Regardless of the experimental combination, the concentration of macronutrients
in the leaves was within the optimal or high range. The influence of the applied bacteria
on tree growth was likely not related to the nutritional status of the trees, but to the over-
coming of the replant disease, which significantly reduces plant growth and yielding. As
reported in the literature (Sobiczewski et al., 2009; Tryngiel-Ga¢ et al., 2015), intensive
fruit-growing and nursery production in Poland is the reason why the importance of the
replant disease is constantly increasing, especially in areas where it is not possible to
plant trees on the so-called ‘virgin® soil where trees of the same species have not been
grown before. We conducted our study in an experimental orchard where apple trees
have been grown for at least 60 years. Despite crop rotation, ours was yet another apple-
tree planting in this long period of time. Therefore, we are justified in claiming that the
stronger growth of trees in the plots where the soil had been inoculated with bacteria was
caused by their action of mitigating the effects of the replant disease.

Bacillus species are among the most investigated biocontrol agents, i.e. biopesti-
cides, which contribute to the suppression of plant pathogens by antagonism and/or
competition (Mnif and Ghribi, 2015). Inhibition of pathogen growth by Bacillus spp.
entails the involvement of mechanisms such as competition for nutrients and space,
production of antibiotics, hydrolytic enzymes, and siderophores, and/or induction of
systemic resistance (Beneduzi et al., 2012). Bacillus spp. can also act as biofertilizers or
biostimulants, either by facilitating the uptake of certain nutrients from the environment
(nitrogen fixation, phosphate solubilization), or by providing the plant with a compound
(biosynthesis of plant hormones) (Borriss, 2011). Hence, Bacillus spp. represent an al-
ternative to plant growth enhancement agrochemicals, i.e., synthetic pesticides and ferti-
lizers. The beneficial effects of Bacillus spp. on plant growth and yielding have been
demonstrated also in several agricultural crops including wheat, maize, soybean, sun-
flower, common bean, tomato, pepper, potato, cucumber, and others (Aloo et al., 2018).
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The nutritional status of the apple trees was also monitored by means of leaf colour
assessment (SPAD index) and quick field tests for the concentrations of minerals in the
sap squeezed from the leaves of the trees. The green colour of the leaves depends on
their chlorophyll content. A lighter colour of the leaves of the control trees indicates a
lower chlorophyll content and thus a lower potential efficiency of the photosynthetic
apparatus. Despite the differences in coloration, no significant differences were found
between the laboratory-determined nitrogen concentrations in the leaves. In the case of
apple trees, such a relationship has been demonstrated by Treder and Cie$linski (2003)
and Treder et al. (2016). Generally, optical methods are recommended for quick and
non-invasive assessment of apple tree nutrition with nitrogen. However, readings of
optical meters may suffer from interference by environmental conditions and measure-
ment conditions (Treder and Cieslinski, 2003; Naus et al., 2010). The variability ob-
served between different species or even cultivars has been explained by the differences
in leaf structure causing differences in light reflection, or by the scattering effect (Rich-
ardson et al., 2002). Moreover, if the estimation of the nitrogen content is needed
throughout the entire growing period, calibration should be performed several times
during the growing season. This is confirmed by the results of Neilsen et al. (1995) and
Treder and Cieslinski (2003) showing that SPAD readings depend on the cultivar and
time of sampling, and therefore must be standardized for these parameters. The fact that
a single prediction equation cannot be applied across a wide range of species/cultivars to
determine chlorophyll content is considered a major limitation of indirect methods.

As a quick alternative to soil and plant standard analyses, petiole sap tests have
been proposed (Avila-Judrez and Rodriguez-Ruiz, 2020). Such tests can be carried out
directly in the field. This study has confirmed that equipment such as ion-selective elec-
trodes (e.g. LAQUALtwin system) can rapidly and economically measure EC, pH, N and
K in petiole extract. However, due to the very high variability of the obtained measure-
ment values (between individual combinations and years of study), the quick tests for the
mineral content in the leaves of the apple trees proved to be very difficult to interpret.
The results of a plant sap analysis can be influenced by a range of factors. In particular,
the plant’s development stage (sampling date) should be taken into account while inter-
preting (comparing) the results during diagnosis of nutrient requirements. Due to limited
literature (lack of threshold values for the nutrients sampled using this method) it might
also be difficult to interpret the results of sap analysis of crops — to determine whether a
nutrient is present in excess or is deficient and thus negatively affecting yield (Avila-
Juarez and Rodriguez-Ruiz, 2020). Further research is needed to develop elements of the
methodology for using this type of analysis for assessing the nutritional status of crop
plants. This applies in particular to the analysis of the dynamics of the variability in the
mineral content of the sap throughout the entire growing season. Critical values (limits)
should also be established depending on the nutrition level of the orchard.
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CONCLUSIONS

The application of beneficial microorganisms (especially bacterial strains) to the
soil enhanced the growth of the apple trees. Also, some differences in the yields were
observed. In the 2020, the trees grown in the plots inoculated with bacteria bloomed the
most intensively. Unfortunately, spring frost damaged some of the flowers what caused
the high variability in fruiting (the statistical analysis did not show significant differ-
ences between the combinations). The concentration of macronutrients in the tree leaves
was found to be within the optimal range, and was not affected by the application of the
bacterial strains or filamentous fungi (except for potassium in the first year of the study).
The stronger growth of trees in the plots where the bacteria were used was likely related
not to the nutritional status of the trees, but to the mitigation of the influence of the nega-
tive factors that cause the replant disease.

ACKNOWLEDGEMENTS

Publication financed (co-financed) by the National Centre for Research and De-
velopment under the BIOSTRATEG programme, contract number BIO-
STRATEG3/347464/5/NCBR/2017.

56



Effect of beneficial microorganisms on...

REFERENCES

1. Aloo B.N., Makumba B.A., Mbega E.R. 2018: The potential of Bacilli rhizo-
bacteria for sustainable crop production and environmental sustainability. Microbiolog-
ical Research, nr 219, s. 26-39. DOI: 10.1016/j.micres.2018.10.011.

2. Avila-Juédrez L., Rodriguez-Ruiz M. 2020: Rapid NPK diagnosis in tomato us-
ing petiole sap analysis with the DRIS method. Horticultura Brasileira, nr 38, s. 306-311.
DOI: 10.1590/s0102-053620200311

3. Beneduzi A., Ambrosini A., Passaglia L.M.P. 2012: Plant growth-promoting
rhizobacteria (PGPR): Their potential as antagonists and biocontrol agents. Genetics
and Molecular Biology, nr 4, s. 1044-1051. DOI: 10.1590/S1415-47572012000600020.

4. Bityutskii N, Yakkonen K., Petrova A., Nadporozhskaya M. 2017: Xylem sap
mineral analyses as a rapid method for estimation plant-availability of Fe, Zn and Mn in
carbonate soils: a case study in cucumber. Journal of Soil Science and Plant Nutrition,
nr 17, s. 279-290. DOI: 10.4067/S0718-95162017005000022.

5. Borriss R. 2011: Use of plant-associated Bacillus strains as biofertilizers and
biocontrol agents in agriculture. In: Maheshwari D.K. (ed.) Bacteria in Agrobiology:
Plant Growth Responses. Springer, Berlin/Heidelberg.

6. Boss C.H., Fredeen K.J. 2004: Concepts, instrumentation, and techniques in in-
ductively coupled plasma optical emission spectrometry, 3rd ed.; Perkin Elmer: Shelton,
CT, USA, Auvailable online: https://www.perkinelmer.com/lab-solutions/resources/docs/
GDE_Concepts-of-ICP-OES-Booklet.pdf (accessed on 5 January 2021).

7.Bryk M., Lisek J., Labanowska H., Sobiczewski P. (eds). 2018: Programs of
protection of fruit crops (in Polish). Hortpress, Warsaw.

8. Cerovic Z.G., Ghozlen N.B., Milhade C., Obert M., Debuisson S., Le Moigne
M. 2015: Nondestructive diagnostic test for nitrogen nutrition of grapevine (Vitis vinif-
era L.) based on Dualex leaf-clip measurements in the field. Journal of Agricultural and
Food Chemistry, nr 63, s. 3669-3680. DOI: 10.1021/acs.jafc.5b00304

9.Cheng L., Ma F., Ranwala D. 2004: Nitrogen storage and its interaction with
carbohydrates of young apple trees in response to nitrogen supply. Tree Physiology, nr.
24, s. 91-98. DOI: 10.1093/treephys/24.1.91

10. Derkowska E., Sas-Paszt L., Dyki B., Sumorok B. 2015: Assessment of
mycorrhizal frequency in the roots of fruit plants using different dyes. Advances in Mi-
crobiology, nr 5, s. 54-64. DOI: 10.4236/aim.2015.51006

11. Dezordi L.R., de Aquino L.A., de Almeida Aquino R.F.B., Clemente
J.M., Assunc¢do N.S. 2016: Diagnostic methods to assess the nutritional status of the
carrot crop. Revista Brasileira de Ciéncia do Solo, nr 40, e0140813. DOI:
10.1590/18069657rbcs20140813

12. FAO. 2018. FAOSTAT. Available
at:<http://www.fao.org/faostat/en/#data/QC >
13. Farneselli M., Tei F., Simonne E. 2014: Reliability of petiole sap test

for N nutritional status assessing in processing tomato. Jornal of Plant Nutrition, nr 37,
s. 270-278. DOI: 10.1080/01904167.2013.859696

14. Furuya S. 1987: Growth diagnosis of rice plants by means of leaf col-
our. Japan Agricultural Research Quarterly, nr 21, s. 147-153.
15. Garima J. 2019: Biofertilizers — a way to organic agriculture. Journal

of Pharmacognosy and Phytochemistry, nr 8 (Special Issue 4), s. 49-52.
57



Sedat Boyaci et al.,

16. Gianquinto G., Sambo P., Borsato D. 2006: Determination of SPAD
threshold values for the optimisation of nitrogen supply in processing tomato. Acta Hor-
ticulturae, nr 700, s. 159-166. DOI: 10.17660/ActaHortic.2006.700.26

17. GUS. 2017: Rocznik Statystyczny Rzeczypospolitej Polskiej (Statisti-
cal Yearbook of Poland). Available at: <https://stat.gov.pl>
18. Hochmuth G., Maynard D., Vavrina C., Hanlon E., Simonne E. 2004:

Plant tissue analysis and interpretation for vegetable crops in Florida. Publication
#HS964, University of Florida, Florida.

19. Latimer G. 2012: Official methods of analysis, 19th ed.; AOAC Inter-
national: Gaithersburg, MD, USA; ISBN 978-0-935584-83-7.

20. Mnif 1., Ghribi D. 2015: Potential of bacterial derived biopesticides in
pest management. Crop Protection, nr 77, s. 52-64. DOI: 10.1016/j.cropro.2015.07.017.

21. Mosa W.F.A.E.-G., Sas-Paszt L., Frac M. Trzcinski P. 2016: Microbial
products and biofertilizers in improving growth and productivity of apple — a review.
Polish Journal of Microbiology, nr 65, s. 243-251. DOI: 10.5604/17331331.1215599

22. Naus J., Prokopova J., Rebicek J., Spundova M. 2010: SPAD chloro-
phyll meter reading can be pronouncedly affected by chloroplast movement. Photosyn-
thesis Research, nr 105, s. 265-271. DOI: 10.1007/s11120-010-9587-z

23. Neilsen D., Hogue E.J., Neilsen G.H., Parchomchuk P. 1995: Using
SPAD-502 values to assess the nitrogen status of apple trees. HortScience, nr 30, s. 508-
512. DOI: 10.21273/HORTSCI.30.3.508

24, Ott-Borrelli K.A., Koenig R.T., Miles C.A. 2009: A comparison of
rapid potentiometric and colorimetric methods for measuring tissue nitrate concentra-
tions in leafy green vegetables. HortTechnology, nr. 19, s. 439-444. DOI:
10.21273/HORTSCI.19.2.439

25. Parks S.E., Irving D.E., Milham P.J. 2012: A critical evaluation of on-
farm rapid tests for measuring nitrate in leafy vegetables. Scientia Horticulture, nr 134,
s. 1-6. DOI: 10.1016/j.scienta.2011.10.015

26. Richardson A.D., Duigan S.P. Berlyn G.P. 2002: An evaluation of non-
invasive methods to estimate foliar chlorophyll content. New Phytologist, nr 153, s. 185-
194. DOI: 10.1046/j.0028-646X.2001.00289.x

27. Santhos M., Kumar G., Chandra Mohan R., Phogmt M., Santosh K.
2018: Role of biofertilizers towards sustainable agricultural development: A. Review.
Journal of Pharmacognosy and Phytochemistry, nr 7, s. 1915-1921. DOI:
10.2135/cropsci2010.12.0699

28. Sas-Paszt L., Malusa E., Sumorok B., Canfora L., Derkowska E.,
Gluszek S. 2015: The influence of bioproducts on mycorrhizal occurrence and diversity
in the rhizosphere of strawberry plants under controlled conditions. Advances in Micro-
biology, nr 5, s. 40-53. DOI: 10.4236/aim.2015.51005

29. Sas-Paszt L., Sumorok B., Derkowska E., Trzcinski P., Lisek A.,
Grzyb S.Z., Sitarek M., Przybyt M., Frac M. 2019: Effect of microbiologically enriched
fertilizers on the vegetative growth of strawberry plants under field conditions in the first
year of plantation. Journal of Research and Applications in Agricultural Engineering, nr
64, s. 29-37.

58



Effect of beneficial microorganisms on...

30. Sheraz Mahdi H.A., Hassan G.J., Samoon S.A., Rather H.A., Zahra B.
2010: Biofertilizers in organic agriculture. Journal of Phytology, nr 2, s. 42-54.
31. Sobiczewski P., Treder W., Mikicinski A., Krzewinska D., Berczynski

S., Bryk H., Pulawska J., Klamkowski K., Tryngiel-Ga¢ A. 2009: Choroba replantacji
sadéw i mozliwosci ograniczania jej skutkéw (Replant disease in orchards and possibili-
ties of its control). 52 Ogdlnopolska Konferencja Ochrony Ro$lin Sadowniczych, ISK,
Biata Rawska.

32. Thompson R.B., Gallardo M., Joya M., Segovia C., Martinez-Gaitan
C., Granados M.R. 2009: Evaluation of rapid analysis systems for on-farm nitrate analy-
sis in vegetable cropping. Spanish Journal of Agricultural Research, nr 7, s. 200-211.
DOI: 10.5424/sjar/2009071-412

33. Treder W., Cieslinski G. 2003: Assessment of apple nutrition with ni-
trogen using the SPAD-502 meter. Folia Horticulturae, Suplement 3, s. 168-170.
34. Treder W., Klamkowski K., Kowalczyk W., Sas D., Wojcik K. 2016:

Possibilities of using image analysis to estimate the nitrogen nutrition status of apple
trees. Zemdirbyste-Agriculture, nr 103, s. 319-326. DOI: 10.13080/z-a.2016.103.041a

35. Tryngiel-Ga¢ A., Treder W., Wojcik K., Klamkowski K. 2015: The
efficiency of irrigation in replanted apple orchard. Infrastructure and Ecology of Rural
Areas, nr 1l/1, s. 257-267.

36. Wang Y., Wang D., Shi P., Omasa K. 2014: Estimating rice chloro-
phyll content and leaf nitrogen concentration with a digital still color camera under
natural light. Plant Methods, nr 10, s. 36. DOI: 10.1186/1746-4811-10-36

37. Wojcik P., Filipczak J. 2015: Growth and early fruit production of ‘Ti-
ben’ blackcurrants fertilised with preand post-planting applications of mineral fertilisers
and swine manure. Scientia Horticulturae, nr 185, s. 90-97. DOL:
10.1016/j.scienta.2015.01.027.

38. Yuzhu H., Xiaomei W., Shuyao S. 2011: Nitrogen determination in
pepper (Capsicum frutescens L.) plants by color image analysis (RGB). African Journal
of Biotechnology, nr 10, s. 17737-17741. DOI: 10.5897/AJB11.1974

39. Zhang X., Yan R., Cao W.J., Shu B., Zhang Y.J. 2009: Rapid selection
of white clover germplasms crude protein traits by SPAD and Fourier transform near-
infrared reflectance spectroscopy (in Chinese). Spectroscopy and Spectral Analysis, nr
29, s. 2388-2391.

Corresponding author:

Dr Krzysztof Klamkowski
ORCID: 0000-0003-0358-3726
Prof. dr hab. Waldemar Treder\
ORCID: 0000-0003-1640-9671
Prof. dr hab. Lidia Sas-Pasz
ORCID: 0000-0003-4076-4032
Mgr inz. Katarzyna Wojcik
ORCID: 0000-0001-7802-9733
Mgr inz. Anna Tryngiel-Ga¢
ORCID: 0000-0002-8766-6010
Mgr inz. Mateusz Frac
ORCID: 0000-0001-9220-4227

59


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20D%5Bauth%5D
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/

Sedat Boyaci et al.,

Dr Anna Lisek

ORCID: 0000-0002-3421-8759
Dr Krzysztof Gornik

ORCID: 0000-0002-6612-6779
Mgr inz. Edyta Derkowska
ORCID: 0000-0003-4108-336X
Prof. dr hab. Augustyn Mika

The National Institute of Horticultural Research
ul. Konstytucji 3 Maja 1/3

96-100 Skierniewice, Poland

Phone: +48468345238

e-mail: krzysztof.klamkowski@inhort.pl

Received: 13 October 2021
Revised: 11 March 2022
Accepted: 14 March 2022

60


https://orcid.org/
https://orcid.org/
https://orcid.org/

