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Abstract

Biofertilization of crops with plant growth promoting microorganisms is currently considered as a
healthy alternative to chemical fertilization. Biofertilizers are microbial preparations containing
living cells of different microorganisms which have the ability to mobilize plant nutrients in soil
from unusable to usable form. They are environmentally friendly, play a significant role in the
crop production, help to build up the lost microflora and improve the soil health. Also, they in-
crease crop yield by 20% - 30%, stimulate plant growth, are cost effective and provide optimal
conditions for soil biological activity. They suppress pathogenic soil organisms, restore natural
soil fertility and provide protection against drought and some soil borne diseases. Moreover, they
degrade toxic organic chemicals, improve seed germination and aid in balancing soil pH in reduc-
ing soil erosion.
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1. Introduction

Continuous use of chemical fertilization leads to deterioration of soil characteristics and fertility, and accumula-
tion of heavy metals in plant tissues, affecting the fruit nutritional value and edibility [1].

Biological fertilization is based on the use of natural inputs including fertilizers, decaying remains of organic
matter, excess crops, domestic sewage, animal manure and microorganisms such as fungi and bacteria [2]. Bio-
fertilization is now a very important method for providing the plants with their nutritional requirements without
having an undesirable impact on the environment [3]. Biofertilizers are known to improve fixation of nutrients
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in the rhizosphere, produce growth stimulants for plants, improve soil stability and provide biological control.
They also biodegrade substances, recycle nutrients, promote mycorrhiza symbiosis and develop bioremediation
processes in soils contaminated with toxic, xenobiotic and recalcitrant substances [4]. Biofertilizers containing
azotobacter produce many growth regulators such as IAA and GA2 which positively influence plant growth [5].

Apples are one of the most widely grown tree fruit. Apple trees originated in Central Asia and the first five
countries in the apple production are China, the United States, India, Turkey and Poland respectively. Global
average apple yields rose from 11 t/ha in 2002 to more than 15 t/ha in 2012. Apples rank third in global fruit
production with about 76 million tonnes in 2012 (FAOSTAT 2014). Apple is a temperate crop adapted naturally
to cold conditions and requires cold temperatures below 70°C for about 30 days to initiate flowering (this is
called chilling). There are thousands of different varieties of apples including Fuji, Gala, Red Delicious, Golden
Delicious, Pink Lady and Granny Smith. While most apples are eaten fresh, they have other uses including juice
making and cooking. Apples are wonderful fruits because their components are essential for optimal growth,
development and overall wellness. Moreover, they are low in calories, contain no saturated fats or cholesterol
and are rich in dietary fibers, which help prevent absorption of dietary-LDL or bad cholesterol in the gut. The
fibers also save the colon mucous membrane from exposure to toxic substances by binding to cancer-causing
chemicals inside the colon. Apples are also rich in antioxidant phyto-nutrients flavonoids and polyphenolics and
these compounds keep the body from deleterious effects of free radicals. Furthermore, apple fruits contain good
quantities of vitamins and beta-carotene and carry a small amount of minerals like potassium, phosphorus and
calcium.

The soil application of biological and mineral fertilizers and their complex on the parameters of growth and
cropping of “Charavnitsa” apple variety budded on the semi-dwarfing 57 - 545 rootstock was studied by [6]. It
was found that the application of biological fertilizers alone or in combination with the mineral fertilizers had
positive influences on the leaf plate area, mean fruit weight and fruit chemical composition. They significantly
lowered soil acidity to the optimum level for apple trees and considerably increased the contents of soil potas-
sium, phosphorus and humus. On the opposite side, the authors noticed that application of mineral fertilizers had
a negative effect on tree growth and yield. Moreover, they increased soil acidity and caused a slight increase of
potassium, phosphorus and humus content.

The effects of various fertilizers depending on the number of treatments applied to maiden apple trees of the
cultivars “Topaz and Ariwa” grafted on M.26 rootstock were studied by [7]. The plants were treated either once
or twice with such products as granulated manure, Micosat, Humus UP, Humus Active + Aktywit PM, BF Amin,
BF Quality, Tytanit® and Vinassa. The control plants were not fertilized at all, nor fertilized with NPK. The fer-
tilizers were applied the first time to the soil and plants in the nursery in mid-May and the second time in early
June. It was concluded that the single application of Tytanit® in the organic nursery seemed to be sufficient
treatment for improving the quality of maiden apple trees. The biological activity of such preparations as Mico-
sat, BF Amin, BF Quality and Vinassa used in the organic nursery of apple trees increased with the number of
treatments performed. In terms of the quality of maiden trees, using these preparations twice was more effective
than a single application. Cultivars of apple trees in the nursery responded differently to the same number of
treatments with given biopreparations. In some of them, sufficiently good results were obtained with the single
treatment, while to achieve a similar effect in others the same treatment must be performed twice. Regardless of
the number of treatments, vermiculites (humic preparations) seem to be less effective in stimulating the growth
of maiden apple trees than the extracts from marine plants (BF Quality), terrestrial plants (BF Amin) or Vinassa
preparation. Mineral fertilization, the way which is commonly used in conventional nurseries, resulted in apple
maidens whose quality was, if not poorer, at least comparable with those that were fertilized with organic prod-
ucts.

2. Arbuscular Mycorrhiza (AM)

Arbuscular mycorrhizal fungi (AMF) are obligate biotrophs, which can form mutualistic symbiosis with the
roots of around 80% of plant species [8]. They represent 10% or more of the soil microbial biomass and estab-
lish a mutual symbiosis with the majority, approximately 80%, of land plant species and agricultural crops [9]. It
is well documented that AM symbiosis can increase plant growth and nutrient uptake, improve fruit quality and
alleviate several abiotic stresses such as low temperature stress, drought and salt stress [10].

Under unsterilized low P field conditions, inoculation of greenhouse-produced apple seedlings by mycorrhi-
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zae before field planting can significantly increase the growth at least in the first season after planting as com-
pared to both phosphorus-fertilized and unfertilized [11]. These results indicate the benefit of planting apple
plants pre-colonized with a highly compatible VAM-fungus, even when the plants become colonized by the in-
digenous VAM-flora once they are in the field.

Apple trees show a strong dependency on mycorrhizae [12], and in orchards they form symbiosis with the na-
turally occurring vesicular-arbuscular mycorrhizal (VAM) flora [13]. Mycorrhiza benefit apple plants by im-
proving growth and nutrition [14], involving mainly P and, in some cases, other immobile nutrients such as Zn
and Cu [15]. There are numerous reports in the literature on the effects of inoculation with AMF on the assimila-
tion and accumulation of phosphorus and other nutrients by the roots of apple trees [16]. There have been many
studies on the use of mycorrhizal fungi to inoculate apple plants grown in in-vitro cultures, which can help in the
acclimatization of these plants to field conditions [17].

3. Composting

Compost is a stable aerobically decomposed organic matter. It is a biologically active material mostly, organic
origin that can vary in the texture. It is typically dark brown with an earthy appearance and smell [18]. Compost
is the result of a managed decomposition process in which successions of aerobic micro-organisms break down
and transform organic material into a range of increasingly complex organic substances, many of which are
loosely referred to as humus. These substances are responsible for many of the important characteristics of high
quality, healthy soils including their ability to hold plant available nutrients and moisture. Compost is ideally
made from a mixture of organic materials that are blended to achieve an appropriate carbon to nitrogen ratio.
Regardless of the method used, the composting process is managed to maintain temperature, oxygen and mois-
ture levels within accepted ranges. Compost can be produced using a range of equipment from basic pile turning
with front-end loaders to sophisticated in-vessel processing. However it is a process management rather than
equipment that determines compost quality.

Composts increase soil biodiversity, which is essential to maintaining soil health [19]. The addition of com-
post to the soil improved fertility, water-holding capacity, bulk density and biological properties [20].

Adding organic composts to apple orchard soils has been shown to improve the blooming and growth of
newly planted trees [21]. Also, the use of composts as part of an organic approach to apple production has been
shown to be cost effective when compared with conventional practices [22].

4. Vermicomposting

Vermicomposting is a method of preparing enriched compost with the use of earthworms. It is one of the easiest
methods to recycle agricultural wastes and to produce quality compost. Earthworms consume biomass and ex-
crete it in digested form called worm casts. Worm casts are popularly called as black gold. The casts are rich in
nutrients, growth promoting substances, beneficial soil micro flora and having properties of inhibiting patho-
genic microbes. Vermicompost is stable and fin granular organic manure, which enriches soil quality by im-
proving its physicochemical and biological properties. It is a highly useful in raising seedlings and for crop pro-
duction. Vermicompost is becoming popular as a major component of organic farming system. The level of nu-
trients in compost depends upon the source of the raw material and the species of earthworm. A fine worm cast
is rich in N, P and K besides other nutrients. Nutrients in vermicompost are in readily available form and are re-
leased within a month of application.

Vermicompost provides efficient conversion of organic wastes, crop and animal residues. It is a stable and
enriched soil conditioner which helps in reducing population of pathogenic microbes and toxicity of heavy met-
als. Also, it is economic, environmentally safe nutrient supplement for organic food production, easy and low
cost applied technology.

Vermicompost is rich in nutrients like potassium, nitrate, sodium, calcium, magnesium, chloride and has the
potential for improving plant growth than pit compost and garden soil (control) [23].

A study on the use of vermicompost in apple orchards in Himachal Pradesh, India was conducted by [24]. The
author used vermicompost once a year between 5 - 15 kg per plant. About 12 - 30 cm growth per year was ob-
served in apple trees. The quantity and quality of the apple fruits have increased, both in terms of size and taste.
Also, the storage value of fruit has been increased, the apple soil quality has improved and the apple farmers in
India have practically given up the use of chemical fertilizers.
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5. Humus

Humic substances are recognized as a key component of the soil fertility properties, since they control the
chemical and biological properties of the rhizosphere [25]. They are the subjects of studies in various areas of
agriculture such as soil chemistry, fertility, plant physiology and environmental sciences, as the multiple roles
played by these materials can greatly improve plant growth and nutrient uptake [26]. Many investigators re-
ported that, application of humic substances led to a remarkable increment in soil organic matter which improve
plant growth and increase crop production [27]. Humic acid is a product contains many elements which improve
the soil fertility and increase the availability of nutrient elements by holding them on mineral surfaces and, con-
sequently, affect plant growth and yield [28]. Humic materials significantly enhanced apple fruit weight, yield
and soluble solids content [29]. Humic materials increased yield, fruit quality and grower income of apple [30].
Humic acid application (especially soil treatment with 20 ml/tree, every week from July 1st to October 15th)
markedly minimized the harmful effect of salinity and enhanced apple salt tolerance [31]. The optimal combina-
tion of chemical compound fertilizer (CF) (control, CF0; low, CF1; medium, CF1.5; high, CF2 rates) and humic
acid to improve soil, leaf properties, yield and quality of apple in the Loess Plateau of China was investigated by
[32]. The obtained results of this study suggested that the application of humic acid to chemical compound ferti-
lizer enhanced the soil chemical properties, leaf quality, vegetative growth, fruit quality and yield of apple. The
main response parameters reached their maximums at CF1.5 and CF2 rates without and with humic acid, respec-
tively. Humic acid application to the soil may decrease chemical compound fertilizer application rate to reduce
the production cost, but without compromising apple tree growth, fruit yield and quality. The application of
humic acid and chemical compound fertilizer combination can be considered as a moderate and economical
measure of fertilization for apple trees.

6. Animal Manure

Organic fertilizers, such as cattle manure, have long since been known to improve physical, chemical and bio-
logical properties of soils, particularly increasing the humus content and decreasing acidity [33]. Cattle manure
had a favourable effect through decreasing acidity due to the significant proportion of H,CO; reacting with the
soil adsorption complex [34].

The effects of long-term amendment of organic manure and nitrogen fertilizer on nitrous oxide emission in a
sandy loam soil were examined by [35]. It was found that the addition of organic manure in the tested sandy
loam might be a good management option since it seldom caused a burst of N,O emission but sequestered at-
mospheric C and maintained efficiently applied N in soil.

Soil moisture distribution, nutrient content and apple productivity under organic farming technology by using
organic manures (commercial organic manure and farm yard manure) were investigated by [36]. The obtained
results revealed that moisture availability, pH, organic carbon and nutrient status of the soil were significantly
improved under organic manures. These parameters were also, at the maximum by the application of commer-
cial organic manure at the rate of 20 kg and farm yard manure at the rate of 100 kg per every tree during both
years of the experiment. Growth parameters, fruit characteristics, yield and fruits quality were at maximum le-
vels under the application of the same rates during both the years of experiment.

7. Tytanit®

Tytanit® is a chemical element occurs within a number of mineral deposits, principally rutile and ilmenite,
which are widely distributed in the earth’s crust and lithosphere. It is found in almost all living things, rocks,
water bodies and soils. It is the ninth-most abundant element in the earth’s crust and the seventh-most abundant
metal. Titanium involves in enhancing the chlorophyll content of leaves by promoting photosynthesis, this acti-
vation in photosynthesis is done by acting on the redox state of the acting protein with the enzyme fructose-1,
6-bisphosphatase and also, over other carbohydrate pathways [37]. Also, it limits the damage to plants caused by
heavy metals [38]. It has been shown to have a beneficial effect on enhancing iron ion activity, pollen grain vi-
gour, rate of nutrient uptake and improvement health condition of plants [39]. Titanium had a positive effect to
improve the plant vigour of apple trees at a limited uptake of Fe, Mn, Zn and Cu [40]. Single application of Ty-
tanit® in the organic nursery seems to be a sufficient treatment for improving the quality of maiden apple trees
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8. By-Products

Molasses, the noncrystallizable residue remaining after sucrose purification, has some advantages: it is a rela-
tively inexpensive raw material, readily available, does not require starch hydrolysis and is already used for
ethanol production [41]. The molasses obtained after sugar beet processing contains about 60% sucrose and 40%
of other components. The nonsucrose substances include inorganic salts, raffinose, kestose, organic acids and
nitrogen containing compounds. Molasses is used in the production of baker’s yeast, in fermentation technology
for ethanol, citric, lactic and gluconic acids production, as well as glycerol, butanol and acetone production, as
an ingredient of mixed feeds or in the production of amino acids. Baker’s yeast (Saccharomyces cerevisiae) is
the preferred fermenting microorganism for ethanol production because of its superior and well-documented in-
dustrial performances. Other yeasts, referred to as nonconventional yeasts, have also been studied for ethanol
production. Among them are those that endure much lower pH than the Saccharomyces species, such as Zygo-
saccharomyces sp., as well as those that perform ethanolic fermentation at temperatures above 40°C, such as
hansenula polymorpha [42]. The influence of various bio-fertilizers on the growth and fruiting of “Ariwa” apple
trees was examined by [43]. The obtained results cleared that the quality of the fruits was favorably affected by
Vinassa.

9. The Results Discussed in This Paper Allow Stating the Following Conclusions

e Biological fertilization is economically efficient and sustainable alternative to standard NPK fertilization in
apple production.

o All the discussed products reveal a positive influence on vegetative growth and yielding of apple trees.

e Due to successive effect of biological fertilization in apple growing, the most pronounced impact of biologi-
cal products is observed after some years of their applications.

o Further field trails are needed to establish a proper dose and frequency of applications of biological products
in apple production in order to obtain the most beneficial influence on yield and its quality.
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