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Abstract
Biofertilizers consist mainly of beneficial microorganisms that can release nutrients from raw
materials and plant residues in the soil and make them available commercially where specific
strains are used as biological fertilizers. They become recently, positive alternatives to chemical
fertilizers because they help bring down the costs of chemical fertilizers especially N and P and
improve soil fertility by maintaining the physical properties of the soil. They may help in improving crop productivity and quality by increasing the biological N fixation, the availability and uptake of nutrients and stimulating the natural hormones. They are safe for humans, animals and
environment and using them is accompanied with reducing the pollution occurring in our environment.
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1. Introduction
Continuous use of chemical fertilization leads to the deterioration of soil characteristics and fertility and might
lead to the accumulation 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]. Applications of bio-fertilizers containing beneficial micro-organisms instead of synthetic chemicals are known to
improve plant growth through the supply of plant nutrients and may help to sustain environmental health and
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soil productivity [3]. They are known to improve fixation of nutrients in the rhizosphere, produce growth stimulants for plants, improve soil stability, provide biological control, biodegrade substances, recycle nutrients, promote mycorrhiza symbiosis, and develop bioremediation processes in soils contaminated with toxic, xenobiotic
and recalcitrant substances [4]. Additionally, the use of bio-fertilizers can improve productivity per unit area in a
relatively short time, consume smaller amounts of energy, mitigate contamination of soil and water, increase soil
fertility, and promote antagonism and biological control of phytopathogenic organisms [5]. The great availability and release of N, P and K due to the application of biofertilizers were announced by [6] on olives, [7] on
“volkamer” lemon seedlings, [8] on sweet oranges, [9] on avocados and mangos and [10] on bananas. Biofertilization is beneficial in stimulating growth and fruiting of pomes and stone fruits [11]. Biofertilizers are the most
important for plant production and soil as they play an important role in improving fruit quality and yield grapevines [12]. Also, [13] showed that Mycrohyza and Phosphobacterium, Rhizobium and Azotobacter were favorable in improving nutritional status of trees, yield, physical and chemical properties of grapevines. [14] found
that the use of biofertilizers gave a significant improvement of fruits of pomegranate in India as well as enhancing the rhizosphere microbial activity and concentration of various nutrients. [15] carried out an experiment to
find out the effect of biofertilizers and inorganic fertilizers in “amrapali” mango trees. Three levels of inorganic
fertilizers (100% NPK, 75% NPK and 50% NPK) were applied alone and also in combination with different
biofertilizers (Azotobacter, Azospirillum and vesiculararbuscular mycorrhiza) and they concluded that the treatments 100% NPK + Azotobacter + vesicular-arbuscular mycorrhiza and 75% NPK + Azotobacter + vesicular-arbuscular mycorrhiza were effective and might be adopted to improve the vegetative growth and productivity with quality fruits.
Various organic sources (Farm yard manure (26 kg/plant/vegetative season), poultry manure (10 kg/plant/
vegetative season), vermicompost (19 kg/plant/vegetative season) and neem cake (9 kg/plant/vegetative season)
along with various biofertilizer combinations (Azotobacter, Azospirillum, phosphorous solubilizers and potash
mobilizers each at 100 g/plant/vegetative season) were tested on four-year-old guava cultivar “Sardar” to study
their effects on growth, fruiting and yield. The results obtained showed higher fruit weight (230.5 and 224.8 g)
by application of neem cake and vermicompost + Azotobacter + phosphorous solubilizers + potash mobilizers.
Maximum numbers of fruits producing per plant (626.3 fruits/plant) were found from plant fertilized with farm
yard manure + Azotobacter + phosphorous solubilizers + potash mobilizers and caused maximum yield of 114
kg/plant as compared with 18.0 kg per plant in control. Treatment combinations with poultry manure + Azospirillum + phosphorous solubilizers + potash mobilizers showed the highest total soluble solids (12 Brix) and total
sugar content of fruit (6.67%), whereas the Vitamin C content (172.6 mg/100 g pulp) was recorded maximum by
application of neem cake. So, it can be concluded that application of nutrients through organic along with biofertilizers improves soil health in terms of mean microbial population in the rhizosphere of root zone soil as
compared with control [16].

2. Arbuscular Mycorrhiza (AM)
Mycorrhizas are mutualistic associations existing between fungi and most land plants. These partnerships are
easy to locate in distinct places, from aquatic to desert habitats, occurring at different longitudes and latitudes
[17]. Arbuscular mycorrhizal fungi (AMF) are obligate biotrophs, which can form mutualistic symbiosis with
the roots of around 80% of plant species [18]. These mycorrhizal symbionts occur in almost all fruit tree species
grown in the nursery or open field [19]. Arbuscular mycorrhizal fungi can establish extra radical mycelia, which
disperse outside the roots to have access to a greater quantity of water and soil minerals for the host plants. The
fungi receive plant carbohydrates for the completion of their life cycle [20]. [21] stated that vesicular-arbuscular
species could supplement or replace chemical fertilizers of crops in varying environmental conditions. Arbuscular mycorrhizal (AM) associations have been shown to reduce damage caused by soil-borne plant pathogens. This
prophylactic ability of arbuscular mycorrhizalfungi could be exploited in cooperation with other rhizospheric microbial antagonists to improve plant growth and health [22]. It is well documented that arbuscular mycorrhizasymbiosis can increase plant growth and nutrient uptake, improve fruit quality and alleviate several abiotic
stresses such as low temperature stress, drought, salt stress, etc. [23].
Apple trees show a strong dependency on mycorrhizae [24], and in orchards they form symbiosis with the
naturally occurring vesicular-arbuscular mycorrhizal (VAM) flora [25]. [26] reported a significant enhancement
of banana plants as a result of dual inoculation of arbscular mycorrhizal fungi (AMF) and Azotobacter. [27]
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stated that a higher yield of fruits was harvested from plum and sour cherry trees inoculated with a mycorrhizal
fungi. [28] mentioned that arbuscular mycorrhizas could improve growth performance and part nutrient acquisition of peach, which were absolutely dependent on arbscular mycorrhizal fungi species. On the other hand, some
authors have reported a negative influence or lack of influence on plant productivity after mycorrhization [29].

3. Compost
Composting, generally defined as the biological aerobic transformation of an organic by-product into a different
organic product that can be added to the soil without detrimental effects on crop growth [30]. It is one of the
oldest techniques used for stabilizing natural wastes and biological fertilization of the soil. The main objective of
this practice is to obtain a stable, chemically and biologically rich product with micro and macro nutrients [31].
The composting process can result in obtaining stable humus and humic and fulvic acids, characterized by a
high nutritional value and potential for fertilization of soils with nutriment deficiencies [32]. The benefits provided by composts are broad and can be of a physical, chemical, biological, or environmental nature. Application of compost depends on the condition of the organic matter, moisture content, temperature, the pH and presence of microorganisms in the compost pile. For example, composts improve drainage and absorption of moisture in soils with structural deficiencies or lack of nutrients. They also make it possible to 1) increase crop productivity, 2) promote plant growth by incorporating essential nutrients, 3) facilitate implementation in different
types of soil, 4) reduce runoff, and 5) obtain economic benefits for farmers [33]. Adding organic composts to
apple orchard soils has been shown to improve the blooming and growth of newly planted trees [34] and fruit
yields [35].
The annual applications using a high C:N compost source, like bark-chip amendments, can be beneﬁcial for
grapefruit production under a sound fertility management plan. Improved root growth and fruit yield were demonstrated using compost soil amendments applied under the tree canopy of ﬂood irrigated “Rio Red” grapefruit
trees. The overall agronomic importance of this research implies that annual additions of bark-chip compost to
the soil surface on clay textured soils can lead to increases in soil organic matter that can modify soil physical
properties and improving soil water content. This in turn may lead to citrus trees that can better handle period of
droughts or tolerate fewer ﬂood irrigation events when water resources become limited [36].

4. Vermicompost
Vermicomposts are finely-divided mature peat-like materials with a high porosity, aeration, drainage, and water-holding capacity and microbial activity, which are stabilized by interactions between earthworms and microorganisms in a non-thermophilic process [37]. Vermicomposts contain most nutrients in plant-available forms
such as nitrates, phosphates, and exchangeable calcium and soluble potassium [38]. Vermicomposts have large
particulate surface areas that provide many microsites for microbial activity and for strong retention of nutrients
[39]. Also, they are rich in microbial populations and diversity, particularly fungi, bacteria and actinomycetes
[38]. Vermicomposts contain plant growth regulators and other plant growth-influencing materials produced by
microorganisms [40] including humates [41]. Vermicomposts also contain large amounts of humic substances
[42] and some of the effects of these substances on plant growth have been shown to be very similar to the effects of soil-applied plant growth regulators or hormones [43].
Some studies have revealed that the positive effect of two kinds of vermicomposts on growth of strawberry
plants is not influenced only by macronutrients availability, but also by the impact of plant growth regulators
produced by microorganisms during the composting process [44].

5. Humus
Humic substances (HS) are recognized as a key component of soil fertility properties, since they control the
chemical and biological properties of the rhizosphere [45]. According to some authors, humic substances present
a random polymeric, amorphous structure formed by polyaromatic building blocks bridged to each other by ester, ether and C links, and carrying variable proportions of carboxyl, hydroxyl, amino and other hydrophilic
groups [46]. Other authors support a new theory, which considers humic substances to be a supramolecular association of heterogeneous molecules held together by hydrophobic interactions and hydrogen bonds [47].
Since the 1980, it has been hypothesized that the positive effects of humic substances on plant metabolism
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may depend on the uptake of some macro- and micronutrients [48]. However, the hypothesis that they may interact with root cells by inducing endogenous activities, without being taken up by the plant, cannot be excluded.
Furthermore, several studies have hypothesized that physiological mechanisms through which humic substances
exert their effects may depend on hormones and, in particular, on the presence of auxin or auxin-like components in their structure [49].
Many literature data clearly showed a gradual increase in the yield parallel to increasing humic acid application [50] on peach, [51] and [52] on apricot, [53] and [54] on grape and [55] on “Le-Conte” pear. Also, [56] on
“Grandnain” banana reported that increasing amount of humic acid markedly increased yield per feddan. [57]
found that humic acid + compost + nitrogen fertilizers increased shoot length, shoot diameter, number of leaves/
foot, leaf area and fruit yield and weight of “Le-Conte” pear. Organic fertilization at high level plus humic acid
enhanced naval orange vegetative growth by increasing trunk circumference, tree canopy volume, leaf area, total
leaf chlorophyll content and leaves nutritional status through increasing their contents of nitrogen, phosphorus
and potassium compared to the chemical fertilizers [58].

6. Animal Manure
Animal manure has been widely used for several decades by the farmers for soil fertilization, given low costs
associated with its production, transportation, and processing. This wide availability and the nutritional intake of
trace elements make it an attractive alternative for the development of fertilization on soils suffering nutritional
deficiencies. Manure has many benefits [59], which include:
• It is a biological fertilizer with high proportions of nitrogen (N) and potassium (K), medium proportions of
calcium (Ca) and phosphorus (P), and low proportions of magnesium (Mg) and sulphur (S). It makes it possible
to obtain favourable effects on the physicochemical stability of soils, plant growth, and development of beneficial microbial populations.
• Manure adds organic matter to the soil.
• The level of organic solids is between 20% and 40%.
• Given the high nitrogen content, decomposition of organic matter proceeds more quickly.
• Despite having a low phosphorus (P) content, manure makes this element available to plants.
The application of manure to the soil must be made in quantities or concentrations acceptable by the rules and
regulations of environmental and health authorities. In most cases, it is recommended that manure is spread in a
thin layer over large portions of land, rather than stacked on a small portion [59]. Although animal manure provides improved availability of nutrients and facilitates plant growth, promote soil aeration, maximize the efficiency of agricultural production, and facilitate the development of biological activities that are able to create a
medium rich in nutrients for plant growth, it also has disadvantages and limitations of particular interest. Some
of these limitations referred to the possible risks to the safety of consumers, and to the physicochemical and biological stability of soils. In this regard, high levels of ammonia in manure can burn the foliage and roots of
plants, increase the amount of weed flora, the costs associated with manure transportation, the presence of heavy
metals (e.g. mercury, chromium, lead) poses a threat as a result of their carcinogenic potential and their capacity
for bio-accumulation and bio-magnification in the food chain. For these reasons, the use of manure to fertilize
soils should be well assessed and considered in order to evaluate the cost-benefit ratio. Finally, excessive application of manure can generate significant reductions in plants growth, extreme levels of nitrogen, ammonia, and
salts that could lead to various undesirable scenarios for farmers and the soil itself [60].
[61] mentioned that organic manure improved vegetative growth and leaf mineral content of Washington navel orange. [62] found that applying different organic manures on “Anna” apple trees increased leaf macroelements (NPK) contents as compared with unfertilized trees.

7. Tytanit®
Biostimulants are biologically active substances, which may contain e.g. hormones, proteins, and microelements
[63], and their role is to improve plant growth and development. Titanium is considered to be a biostimulant
[64]. It has been shown to have a beneficial effect on an increase in iron ion activity, enhancement pollengrain
vigour, and an increase in the rate of nutrient uptake, as well as an improvement the health condition of plants
[64] and positively influenced lipoxygenase activity [65]. Moreover, titanium limits the damage to plants caused
by heavy metals [66]. In plants treated with titanium, high levels of chlorophyll and intensity of photosynthesis
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were observed [67]. Titanium may have a significant effect on the quality of the crops produced, e.g. increased
amounts of ascorbic acid or calcium in plants [68]. [69] stated that Tytanit® had a positive influence on fruits
quality and yielding on three fruiting repeating Polish raspberry cultivars: Pokusa, Polka and Poranna Rosa during years of 2005-2006 and it increased soluble solids content in fruits and reduced in Polka cv. Nitrates concentration. [70] mentioned that a single application of Tytanit® in the organic nursery seemed to be a sufficient
treatment for improving the quality of maiden apple trees.

8. By-Product
Molasses, the noncrystallizable residue remaining after sucrose purification, has some advantages: it is a relatively
inexpensive raw material, readily available, does not require starch hydrolysis and is already used for ethanol
production [71].
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 industrial 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 Zygosaccharomyces
sp., as well as those that perform ethanolic fermentation at temperatures above 40˚C, such as hansenula polymorpha [72].

9. The Results Discussed in This Paper Allow Stating the Following Conclusions
 Biological fertilization is economically efficient and sustainable alternative to standard NPK fertilization in
fruits production.
 All the discussed products, arbuscular mycorrhiza, composting, vermicomposting, humus, animal manure,
Tytanit® and by-product, revealed a positive influence on vegetative growth and yielding of fruits trees.
 Due to successive effect of biological fertilization in fruits growing the most pronounced impact of biological
products is observed after some years of their applications.
 Further field trails are needed to establish a proper doses and frequency of applications of biological products
in fruits production in order to obtain the most beneficial influence on yield and its quality.
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