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Abstract 

Plant development, kinds, and benefits of bio-fertilizer inoculation will be discussed 

in this paper, Studies have shown that using bio-fertilizers increases the growth of the 

host plant, as well as improving the root growth and increasing the root system area, 

which leads to an increase in water and nutrient absorption. Also, the use of biological 

fertilizers helps reduce the toxicity in plant products as a result of a decrease in 

chemical fertilizers, In addition to increasing plant resistance to stress conditions like 

salt, drought, and temperature, bio-fertilizers can also increase soil fertility by 

contributing to soil aggregation and increasing the activity of soil enzymes like 

dehydrogenase, phosphatase, and urease, for example. These enzymes help plants be 

stronger against stress conditions like salt, drought, and temperature. 
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Introduction 

Biofertilizers 

Chemical fertilizers, pesticides and 

manufactured chemical compounds 

have been used by many countries and 

industrial companies in an effort to 

provide food for everyone, which has 

led to an imbalance of natural and 

environmental balance, as well as the 

appearance of a number of harmful 

effects on humans, animals, and soil due 

to the build-up of toxins and minerals in 

the body as well as soil degradation and 

tainted water. This is why researchers 

want to utilize fertilizers that are both 

safe for human consumption and non-

polluting to the environment, Organic 

and inorganic materials or live 

organisms are employed to fulfill a 

specific function in the biofertilizers, 

which are one of the forms of fertilizers 

[1] , [2] , [3] . Scientists' latest discoveries 

of biofertilizers have made it possible 

for them to be developed and employed 

in agriculture for the regulation of 

enhanced output, environmental 

protection, and the creation of crops and 

healthful food, as vaccines loaded with 

special tripods, biofertilizers contain 

one or more types of beneficial 

microorganisms that can supply plants 

with nutrition and improve soil fertility 

while reducing the use of chemical 

fertilizers by about 25%. This results in 

lower production costs and less 

environmental pollution,  [1]  

Additionally, biofertilizers can be 

defined as microbial inoculants that 

contain sufficient numbers of effective 

strains of microorganisms capable of 

pollinating seeds or soil with 

microorganisms capable of causing 

useful effects to the plant host, as well 

as a source for different types of 

microorganisms that are highly effective 

in biological control of soil-borne 

pathogens [5] , [6] , [7] , [8] , [9] . 

Pollination of plants with biological 

fertilizers, particularly those that fix 

nitrogen in the root system, and little 

mineral nitrogen fertilization have been 

shown to promote plant growth and 

production, according to several 

scientists [11] , [11] . To ensure that the 

plants get the nutrients they need from 

the biofertilizers and that they are able 

to produce hormones and acids that 

regulate plant growth and secrete 

antibiotics that can help them resist 

some of the endemic diseases in the soil 

that are prevalent, researchers found 

that the organisms used in biological 

fertilization must be stable [4] , [12] , 

[13] , [14] . 

Biofertilizers, types and divisions 

They may be categorized based on 

their activity, the nutrients they supply 

to a plant, and their intended usage. 

Biofertilizers Some of them are 

diseases, while others have favorable 

benefits on plants. The microorganisms 

in the rhizosphere may be categorised 

according to their impact on plants and 

the way they interact with roots, some 

of which are pathogens, while others 

have beneficial effects. So, the helpful 

bacteria that live in the rhizosphere are 

referred to as PGPR (plant growth 

promoting rhizobacteria) It is usual to 

utilize PGPR as an inoculant to improve 

the productivity of agricultural crops, 

and it provides an appealing alternative 

to chemical fertilizers, herbicides, and 

additives [15] , [ 16] . Different bacterial 

species such as Azotobacter and 

Klebsiella have been shown to promote 

plant development. Among them are 

Pseudomonas and Azospirillum as well 

as Enterobacter and Alcaligenes [17] , 

18] ]. 

1. Biological nitrogen fixation: 

Azospirillum, Acinetobacter, 

Burkholderia, Enterobacter and Erwinia 

are only few of the bacterial genera that 

are found in the plant rhizosphere and 

have been shown to have favorable 

effects on the development of plants. 

[19] ,  [21] . An essential part in plant 

selection and enrichment of bacteria is 
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performed by the components of their 

root exudates. Due to their capacity to 

use exudates as sources of energy for 

their own growth, bacterial 

communities in the rhizosphere are 

shaped by these organic elements and 

their concentrations in the soil [21] . The 

soil rhizosphere, rhizoplane, and plant 

tissues all have bacterial communities 

[22] . Bacteria belonging to the 

Azospirillum, Alcaligenes and 

Alcaligenes genera are found in the 

plant rhizosphere and have the ability to 

have a positive influence on plant 

development [19] , [21] . The root 

exudates of plants play an essential role 

in choosing and enhancing the kinds of 

bacteria. Since bacteria in exudates may 

use organic compounds in exudates as 

sources of energy, their presence and 

concentration in the rhizosphere 

influences the bacterial community's 

growth [21] . Bacteria may be found 

throughout the soil rhizosphere, 

rhizoplane, and even into the tissues of 

plants [22] . Organic chemicals found in 

root exudates may be efficiently taken 

up and catabolized by the bacterial 

populations that inhabit the rhizosphere 

[23] . It is possible to minimize the 

amount of chemical fertilizer used by 

using bio-fertilizers and bioenhancers 

such as bacteria that fix N2 (nitrogen) 

and helpful microorganisms. While 

organic fertilizers assist to reduce 

pollution and preserve the environment, 

using PGPR to boost production may be 

an environmentally friendly option [24] . 

Because of this, rhizospheric bacteria 

are often employed as inoculants in 

agriculture to enhance plant growth and 

productivity [25] ,  [26] . 

1.1. Symbiotic nitrogen fixers 

Rhizobia and Frankia are two families 

of nitrogen-fixing bacteria that have 

been investigated extensively. However, 

its symbiotic connection with Frankia, 

which develops root nodules on more 

than 280 species of woody plants from 

eight distinct families [27] ,  is unclear. 

Alnus and Casuarina are reported to be 

efficient symbiosis partners for Frankia 

[28] , [29] . Plant growth regulators, 

siderophores, and hydrogen cyanide are 

just a few of the compounds that certain 

species may release to aid plant 

nutrition, as may species that boost the 

availability of the mineral phosphate. 

Using the polyphasic taxonomic 

technique of [31] , they identified 36 

rhizobial species, which were grouped 

into seven genera (Azorhizobium, 

Bradyrhizobium, Methylobacterium, 

Rhizobium and Sinorhizobium). 

Different climatic and agronomic 

circumstances. Rhizobium and 

Bradyrhizobium are two examples of 

symbiotic nitrogen fixers.  

1.2 Non-symbiotic nitrogen fixers 

The agronomic importance of non-

symbiotic nitrogen fixation cannot be 

overstated. Its energy-intensive nitrogen 

fixation mechanism is hampered by a 

lack of carbon and energy sources. 

However, migrating closer to or within 

plants, i.e. diazotrophs present in the 

rhizosphere, rhizoplane, or those 

developing endophytically, may 

compensate for this constraint. The 

nitrogen-fixing bacteria Azoarcus sp., 

Gluconacetobacter diazotrophicus, 

Herbaspirillium sp., and Azotobacter sp. 

[31] , [32]  are just a few examples. 

Other important nitrogen-fixing bacteria 

include Achromobacter, Acetobacter, 

Al.cal.igenes, Arthrobacter, Azomonas, 

Bacillus, Beijerinck [33] . Azotobacter, 

Azospirillum, Acetobacter, and 

Azoarcus are non-symbiotic nitrogen 

fixers. 

1.3 Bacillus 

A variety of metabolites are generated 

by Bacillus strains, making nutrients 

more readily available to plants in the 

rhizosphere [34] . Bacillus is the most 

prevalent species in this region [31] . B. 

subtilis is able to keep constant contact 

with higher plants and encourage their 

development because it is naturally 

present in the close proximity of plant 
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roots. One way to see how quickly the 

soil microbiota colonizes in a 

micropropagated plant system is to look 

at bacterial inoculation early in 

acclimatization [35] . Researchers from 

[36]  found that a rhizobacterium 

consortium of Bacillus spp. may be 

characterized as a potential strategy to 

improve plant health and survival rates 

in commercial nurseries by increasing 

the number of viable plants. It has also 

been discovered that Bacillus has the 

ability to boost raspberry plant output, 

growth, and nutrient content when 

grown organically [37] .  

1.4 Pseudomonas 

Many characteristics of Pseudomonas 

sp. make them ideal for use as PGPR in 

agricultural soils. These fluorescent 

Pseudomonas species are among the 

most efficient strains of the bacterium. 

Fluorescent pseudomonads, a type of 

bacteria, are the subject of much study 

across the world (FLPs). To help keep 

soil healthy, FLPs perform a wide range 

of metabolic and functional functions 

[38] ,  [39]  . 
 

Biofertilizers and their importance 

for soil and plants 

A variety of publications discuss the 

necessity of using biological fertilizers 

as a complement or alternative to 

chemical fertilizers, since many studies 

have shown that their usage improves 

the root development of the plant by 

promoting hair creation, which in turn 

improves soil health. Root and expand 

the root system, which improves the 

plant's ability to absorb water and 

nutrients, resulting in an increase in 

vegetative development, quicker 

growth, and a better quality harvest, as a 

result. Because chemical fertilizers 

aren't used as much when biological 

fertilizers are used, they aid to minimize 

plant toxicity and provide healthier 

food. As a result, the physical, chemical 

and biological properties of soil are 

improved, especially in areas where 

organic matter is depleted, due to the 

production of enzymes that are capable 

of analyzing complex organic materials 

and converting the elements contained 

therein from the organic image to the 

mineral image suitable for plant use. As 

a consequence of quick melting of 

certain readily soluble nitrogenous 

chemicals, it serves a significant role in 

compensating for the rapid loss of 

nitrogen, which implies retaining soil 

fertility" [41] , [41] ,  [42] . Beneficial 

microorganisms are also added to the 

soil to compete with pathogenic 

microbes and prevent their activity and 

infestation of plants, while antibiotics 

are secreted to protect plants from 

pathogens present in the soil by 

inhibiting the growth of some 

pathogenic microbes. Fertilizers are also 

used to improve soil structure by 

aggregating soil grains and linking them 

together with org [43] ,  [44] ,  [13] ,  

[14] . 

Biofertilizers and their role on fruit 

trees 

Toxic impacts on human health and the 

environment have been caused by 

excessive use of fertilizers and chemical 

pesticides, which have become a danger 

to the lives of residents and may cause 

them to become gravely sick [5] ,  [45] . 

It has been shown that the fruits of fruit 

trees contain significant levels of 

residues of pesticides and chemical 

fertilizers that are harmful to human 

health and the natural environment, thus 

it is necessary to develop alternatives to 

lessen the use of fertilizers in fruit trees. 

Pesticides and chemicals Biofertilizers 

are regarded as a significant tool for 

enhancing fruit seedling development, 

speeding up the stage of fruit formation, 

boosting yield in terms of quality and 

quantity, and saving soil and water 

resources [46] ,  [47] ,  [48] .    A research 

by [49] of apricot trees' responses to 

chemical, organic, and biofertilizer 

fertilizers shows As compared to 
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chemical fertilizer treatment (NPK), the 

addition of Candida tropicalis and 

Azospirillum lipoferum led to an 

increase in the number of branches, the 

number of leaves, their foliar area, and 

their dry weight of leaves. The study by 

[51]  reveals that the majority of the 

vegetative development parameters of 

pears may be improved. With the use of 

humic acid and biological fertilizers 

(Phosphorein and Biogein) compared to 

chemical fertilizer, Le-Conte had a 

better yield. Pollination of orange 

seedlings with mutant bacterial strains 

Azotobacter chrocoocum and Bacillus 

megatherium resulted in an increase in 

leaf count, dry leaf weight, plant height, 

and chlorophyll content in the leaves, 

according to [51] . Biofertilizers 

including Azotobacter and Aspergillus 

spp. as well as mineral nitrogen were 

shown to significantly improve most 

vegetative growth parameters in 

pairedV-1 berries in a research by [52] . 

Plant height and stem diameter rose 

considerably in lemon trees when 

Azotobacter, a bio fertilizer, was added, 

as reported by [53] . Chemical fertilizer 

NPK and 2.5 g. Seedlings-1 of 

biological fertilizers both increased the 

number of branches, stem diameter, and 

dry leaf weight in seedlings of the 

Toffahi seed type, according to [54] . 

(Nitrobein, Microbein and Biogein). 

Other experiments, such as those 

conducted by [55] , found that 

pollination with Trichoderma spp. and 

organic fertilization with Humic Acid 

and Algex marine extract had a 

significant impact on the growth of three 

citrus origins (for Nicki cleopatra, 

Swingl stromelo, and lemon volka 

marina). Pomegranate trees Manfalouty 

had a considerable rise in the length of 

branches, the area of the leaf, and the 

number of leaves after the addition of 

biological fertilizers that feed the plant 

with nitrogen and biological fertilizers 

that dissolve mineral phosphate. When 

apricot trees aged seven were treated 

with fertilizer (Phosphorene and 

Nitrobeine), [56]   found that the leaf 

area and dry weight of leaves, the main 

stem diameter, and the branch diameter 

all increased significantly in comparison 

to when apricot trees aged six were 

treated with fertilizer. It was shown that 

while treating lemon trees with three 

kinds of fertilizers (organic, biological, 

and NPK), the biological fertilizers had 

a good impact in lowering mineral 

fertilizers by 50% since they contributed 

to the vegetative development and 

quality of the fruits and soil fertility. 

Improved nutritional condition for trees 

was reflected in increased tree growth 

and yield as a direct result of increased 

soil availability of nutrients. 

Biofertilizers alone at the 40 g level 

(Phosphorine, Potassien and 

Rhizobactren) were examined by [57] . 

Spraying plant extracts on the 

development of the Le-Conte pear plants 

inlaid with the origin Pyrus betulafolia 

may be done for each tree or in 

combination. The features, number of 

leaves, paper area, dry and soft weight 

of leaves, stem diameter, and branch 

length of the comparative treatment 

were found to vary significantly. In his 

study, [58]  found that the growth of 

peach seedlings of the Peento class was 

increased significantly by the treatment 

of seedlings in Azotobacter 

chroococcum, Azospirillum brasilense, 

and Bacillus megatherium and their 

interactions, which were isolated from 

fertile soil in central Iraq. The leafy area 

and the chlorophyll content of the leaves 

also increased significantly. Using the 

biocompost Bacillus, Azotobacter, 

Azospirillum, and organic fertilizer, 

researchers found that treating six-

month-old Sindhi seedlings increased 

the nitrogen and phosphorus content of 

their leaves, while treating the plants 

with Bacillus and Azospirillum fertilizer 

increased the potassium content of their 

leaves. Similarly, a study conducted by 

[59] to demonstrate the effect of different 
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combinations of bio-fertilizer with 

different bacterial species Bacillus 

subtilis, Azotobacte rchroococcum, 

Brasilense Azospirillum, and organic 

fertilizer (rice straw waste) on the 

growth of seedlings of Sindhi Citrus 

grandis L. at the age of six months and 

grafted on two origins of Citrus fruits 

(Vulkamaryana and Naranj) showed a 

positive effect of treatment with Bacillus 

and Azospirillum with rice straw waste. 

There are 80.68 leaves on this seedling, 

which is the first one to emerge from the 

soil. Plant-1 has a leaf area of 1598.4 

cm2 and weighs 89.70 g both wet and 

dry. 1st seedling and 42.60 grams. Using 

the lowest-performing comparative 

therapy as a starting point, Seed-1 was 

compared in turn to that treatment. 

Manfalouty and Wonderful seedlings 

were treated with biological fertilizers 

(Phosphorein + Nitrobene + Potasene) at 

values of 4, 8 and 16 g. Most of the 

vegetative development parameters 

tested were improved by Seed-1 in each 

case [61] . As a consequence of applying 

30 gm.tree-1 of mineral, organic, and 

bio fertilizers to Le-Conte pear trees 

(Phosphorein + Nitrobene + Potasene), 

[61]  observed that the number of leaves, 

branch growth, as well as vegetative 

growth dry weight were all increased 

compared to the comparison trees. 

Researchers found that pear trees (Kala 

Amritsari) that were 19 years old were 

significantly increased in height, branch 

length, leaf area, and chlorophyll 

content by adding Azotobacter 

chroococcum and phosphate-dissolving 

bacteria. Adding Azotobacter 

chroococcum and Glomus 

macrocarbium to olive seedlings 

(Picual) significantly affected the height 

of seedlings, the diameter of their stems, 

the number of branches and leaves, the 

area and dry weight and wet weight of 

the branches, as well as a significant 

increase in the leaf content of nitrogen, 

phosphorus, and potassium, according to 

[62] . 

Biofertilizers and their role on 

vegetative plant 

Many crops, including tomato, lettuce, 

corn, beans, cabbage, sugarcane, and 

many more, have been shown to benefit 

from the use of biofertilizers, which 

have been examined extensively and 

proved to play a significant role in 

agricultural productivity. When [63]  

conducted an experiment to determine 

the impact of bio-fertilizer on the 

growth and productivity of soybean 

varieties, the results show that the use of 

biofertilizers and their interaction had a 

significant impact on plant height, 

branch count and leaf count at various 

DAS, pods plant-1, pod size, seeds pod-

1, 100 seed weight, grain yield, straw 

yield, biological yield, and harvest index 

(percent). Cucumber plant growth and 

biochemical parameters were studied in 

a separate research comparing the 

effects of chemical fertilizers and bio-

fertilizers. When it came to cucumber 

growth qualities, the findings showed 

that bio-fertilizer application had a large 

influence, whereas chemical fertilizer 

application had a negligible effect on 

cucumber production [64] . 

Biofertilizers, such as Rhizobium 

phaseoli, Azotobacter chroococcum, and 

Azospirillum brasilense, had an impact 

on the growth and yield of green beans 

in an experiment conducted by [65] . The 

results showed that biofertilizers had a 

significant effect on increasing plant 

growth. 

Conclusion: 

It can be concluded that fertilization of 

fruit trees and vegetative crops with bio 

fertilizer has an important role in 

improving vegetative growth, increasing 

tree productivity and reducing toxicity 

in plant products as a result of reducing 

chemical residues, and this helps in 

obtaining high-quality production (clean 

planting), in addition to the use of bio 

fertilizers had a role important in 

reducing environmental pollution due to 
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the reduction of chemical fertilizers, 

which lose the soil its biological 

diversity, as well as its positive role in 

restoring the microbial balance of the 

soil, stimulating its biological processes 

and providing a large part of the 

nutrients important to the plant. 
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 المستخمص
في هذه المقالة يتم مناقشة فوائد وأنواع السماد الحيوي ودوره في تطور النبات، وقد أظهرت الدراسات أن 
استخدام الأسمدة الحيوية يزيد من نمو النبات المضيف، فضلًا عن تحسين نمو الجذر وزيادة مساحة النظام 

ائية. كما أن استخدام الأسمدة البيولوجية الجذري ، مما يؤدي إلى يؤدي إلى زيادة امتصاص الماء والعناصر الغذ
يساعد في تقميل السمية في المنتجات النباتية نتيجة انخفاض الأسمدة الكيماوية ، بالإضافة إلى زيادة مقاومة 
النبات لظروف الإجهاد مثل الممح والجفاف ، ودرجة الحرارة. يمكن للأسمدة الحيوية أيضًا أن تزيد من خصوبة 

 و dehydrogenaseالمساهمة في تراكم التربة وزيادة نشاط إنزيمات التربة مثل  التربة من خلال
phosphatase و urease عمى سبيل المثال. تساعد هذه الإنزيمات النباتات عمى أن تكون أقوى ضد ،

 ظروف الإجهاد مثل الممح والجفاف ودرجة الحرارة.
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