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Background
Citrus trees (Citrus spp.) considered one of the important fruit 

crops in different countries worldwide particularly in arid and semiarid 
regions, citrus cultivating in 140 countries approximately,1 the genus 
of Citrus is one of Rutaceae family, most commercially species belong 
to genus citrus such as Sweet orange, Mandarin, Lime, Lemon, Sweet 
lime, Grapefruit, etc. There are different abiotic and biotic factors that 
affect Citricultural like temperature, drought, soil salinity, agricultural 
practice, pests, and diseases.2

There are different challenges for citrus cultivation, whereas biotic 
stress represents a serious threat particularly under climate change 
conditions, the main biotic stresses including fungal, bacterial, viruses’ 
diseases, and Nematodes, consequently, management practices 
changed in major ways as a response to biotic and abiotic stresses. 

Biofertilizers considered an important alternative to control 
pests and pathogens and protect in citrus orchards, produce more 
healthy fruits and protect the environment as a part of biological 
control strategy, it could play an important role in providing healthy 
agricultural commodities supply, as safer substances could alternate 
partially the agrochemicals which caused serious environmental and 
health problems.

There are various biofertilizers have emerged as a promising 
alternative to chemical pesticides and have been successfully applied 
in different fruit crops to increasing nutrients availability and control 
pests and diseases. Biological fertilizers have a key role in citrus 
productivity and could be a promising solution to sustain soil health, 
and maintain the environment and ecosystem stability, produce safer 
fruits, and minimizing production costs.3,4

There are previously reviews explaining the impact of biofertilizers 
on different crop growth and productivity, while, we looking to 
provide a detailed review exploring the potential role of biofertilizers 
in citrus cultivation, the objective of this work was to discuss the role 
of biofertilizers in citrus cultivations as an alternative to agrochemicals 

under climate change conditions to sustain citriculture, protect the 
environment, and produce a safer commodity.

Materials and methods
The work was arranged by focusing on the importance of 

biofertilizers, exploring the various Benefits of Biofertilizers, direct 
and indirect Mechanism of Biofertilizers, explaining the correlation 
between biofertilizers and citrus cultivation, ending with the role of 
Arbuscular Mycorrhizae in citriculture.

Biofertilizers

Biofertilizers according to Vessey5 is a substance that contains 
living microorganisms which applied to the soil, plant, or seed 
surfaces colonize the rhizosphere or the interior of the plant and 
promote growth by increasing the supply or availability of nutrients 
the host plant. In other words, bio-fertilizer is an efficient type of 
organic fertilizer, which combined beneficial microorganisms and 
organic fertilizers in a new form.

Biofertilizers include various organisms mainly bacteria, fungi, and 
Algae that have a strong relationship with plant roots and inhabiting 
the root system or rhizosphere, like nitrogen fixers, phosphorus 
solubilizers, phosphorus mobilizers, and potassium solubilizers, 
controlling citrus canker.6 Biofertilizers increase nutrients availability 
for plants which considered an essential practice for citrus production 
and enhancing soil fertility.7 There are numerous advantages for 
biofertilizers application in agricultural biotechnology, also, there 
is an indirect role for biofertilizers in the availability of nutrient for 
the plant through produce enzymes like (nitrogenase, chitinases, and 
glucanases) due to increase the microbial metabolism in soil.8 

Biofertilizers increasing the nutrients availability to the plants by 
the help of microorganisms, currently, there is more attention to use 
biofertilizers for improving plant growth, increase yield, nutritional 
status and reduced the accumulation of nitrate and nitrite in fruits and 
plant tissues, enhancing soil fertility, protect the environment, and 
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Summary

Citrus trees (Citrus spp.) one of the main fruit crops worldwide, currently, due to excessive 
use of inorganic fertilizers, there is a serious threat to human health and the environment. 
The use of various types of biofertilizers like nitrogen fixers, phosphorus solubilizers, 
phosphorus mobilizers, and potassium solubilizers enhancing citrus growth, both directly 
by increasing resource acquisition (nitrogen, phosphorus, and essential minerals), producing 
Siderophore, stimulate Phytohormone production, or indirectly by increase plant tolerance 
of pathogens as a part of integrated pest management, and maintain soil fertility and protect 
the environment.
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reduce contamination of groundwater and waterway eutrophication 
by different chemical compounds.9 

Why biofertilizers? 

Biofertilizers could be a secure alternative strategy replacement 
the chemical fertilizers and pesticides to reduce environmental 
pollution, it’s cost-effective, eco-friendly and it’s easy to produce in 
farms directly. Also, there are various direct benefits of Biofertilizers 
like increase crop yield, fixing nitrogen, solubilizing phosphorus, 
improving plant growth, stimulate plant resistance against pests and 
diseases, enhancing soil vitality, improving soil properties.10

Benefits of biofertilizers

Previous scientific studies have indicated the beneficial 
role of biofertilizers in plant protection, stimulate growth and 
productivity when plants inoculated or fertilizing with various 
types of microorganisms like Rhizobacteria, Pseudomonas, and 
Mycorrhiza.11–14 

Bio-fertilizers could play an important role in enhancing growth, 
nutritional status, and productivity of Washington Navel orange,15 
also, limiting the accumulation of nitrate and nitrite in various fruits,16 
benefits of biofertilizers includes among others:

a. Economic concerns, it’s a very cheap source for different 
nutrients (Macro and micronutrients) compared to chemical 
fertilizers3

b. Provided healthy and high-quality products, safe for human and 
animal use.17

c. Increase nutrient availability (includes macro elements) for 
plants.18

d. Ecofriendly and protect the environment from pollution.19

e. Improve soil vitality, enhancing soil texture, pH and other 
properties of soil.20 

There are microbes support their host plants, stimulates plant 
growth, increase plant resistance to pathogen infection, increases 
yield, and stimulate plant tolerance for some abiotic stress like soil 
salinity.21

Citrus and biofertilizers

The soils of citrus orchards in arid and semiarid regions are 
characterized by alkalinity and low contents of organic matter, 
therefore, the annual application of high rates of inorganic fertilizer 
is usually practiced by growers to maintain citrus productivity, 
besides, this annual application resulted in accumulation high level 
of soil Phosphorus, which leads to decrease in the efficiency of use 
Phosphorus, also, soil and water table are polluted with nitrite and 
nitrate, also, it’s affecting farmers ’income. In this context, according 
to the World Health Organization recommendations, there is more 
demand for healthy and “high-quality fresh citrus” with minimizing 
residual materials to approved levels,22 also, biofertilizers assist 
to produce more safe fruits characterized by low nitrite and nitrate 
in fruits and protect humans health from various injures, also, as 
economic concerns, biofertilizers reduced use of inorganic fertilizers 
particularly Phosphorus fertilizers,23 there are various potential 
biofertilizers could be used like Azotobacter, Beijerinkia, Clostridium, 
Klebsiella, Anabaena, Nostoc, Rhizobium, Frankia, Anabaena azollae 
and Arbuscular mycorrhizal (Table 1), for that, there is more interest 
in stimulated biofertilizers in citrus orchards as a part of integrated 
management in sustainable agriculture.24

Table 1 Biofertilizers used in various citrus cultivation

No Bio-agent Crop Scientific Name Reference

1 Bacillus circulance, B. poylmyxa, B. megatherium, 
Candida spp, Trichoderma spp 

Valencia orange tree Citrus sinensis El-Aidy et al.17

L. Osbeck 

2 Azotobacter spp., Arbuscular Mycorrhiza Lemon Tree Citrus limon Burm Ghosh et al.22

3 Azotobacter spp. Sweet Orange Trees Citrus sinensis Jugnake et al.11

L. Osbeck

4 Arbuscular Mycorrhiza Sour Orange seedlings Citrus aurantium Al-Karaki23

5 Bacillus circulans, B.megaterium, Azotobacter 
chroococcum Balady Mandarin Trees citrus reticulata El-Shazly et al.27

6 Azospirillum spp., Bacillus megatherium Navel Orange Tree Citrus sinensis Zahgloul et al.50

L. Osbeck 

7 Azospirillum spp., Arbuscular Mycorrhiza Rough Lemon seedlings Citrus jambhiri Lush.) Singh et al.28

8 Nitrobin (N-fixing bacteria), Mandarin varieties Trees Citrus spp. El Khayat and Abdel Rehiem29

Phosphoren (P-dissolved bacteria)

9 Azospirillum Lipoferum Navel orange tree; Citrus sinensis Abd El-Migeed et al.32

L. Osbeck

10 Azotobacter spp. Kinnow Mandarin Citrus reticulata Bakshi et al.,26

11 Arbuscular Mycorrhiza Trifoliate Orange seedling Poncirus trifoliata Liu et al.54
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No Bio-agent Crop Scientific Name Reference

12 Azotobacter chrocoocum, Bacillus megatherium var 
phosphaticum Bitter Orange Seedlings Citrus aurantium Ismail et al.31

13 Azospirillum lipoferum, Bacillus megaterium, 
Bacillus circulans 

Washington Navel orange 
trees Citrus sinensis Zayan et al.33

L. Osbeck

14 Cyanobacteria, Azolla Valencia orange Trees Citrus sinensis Mohamed et al.25

L. Osbeck

15 Spirulina plantensis Algae Balady lime tree citrus aruntifollia Masoud, and Abd Elaal34

16 Azotobacter spp. Eureka Lemon Trees Citrus limon (L.) Burm) Ennab35

17 Arbuscular Mycorrhizal Kinnow Mandarin Tree Citrus reticulata Usha et al.36

18 Azotobacter spp. Valencia orange Tree Citrus sinensis Ali et al.51

L. Osbeck

19 Bacillus. velezensis, Pseudomonas aeruginosa Pan-lime seedlings and trees Citrus aurantifolia Sudyoung et al.37

20 Azospirillum brasilense, Pseudomonas fluorescence Washington Navel orange Citrus sinensis Shamseldin et al.30

   L. Osbeck  

Table Continued...

Indeed, previous studies in many areas of the world have been 
reported that there is a positive correlation between citrus growth 
and inoculation with biofertilizers which had great impacts through 
releasing, phosphorus, organic acids, and siderophore, etc.., (Table 
1), (Ghosh et al.22 on Lemon (Citrus limon Burm.); Al-Karak23 on 
seedlings of Sour Orange (Citrus aurantium); Mohamed et al.25 
on Valencia orange tree (Citrus sinensis L. Osbeck); Bakshi et 
al.,26 on Kinnow Mandarin (Citrus reticulata); El-Shazly et al.27 on 
Washington Navel Trees (Citrus sinensis L. Osbeck); Singh et al.28 
on Rough lemon seedlings (Citrus jambhiri Lush), El-Aidy et al.,17 
working on Valencia orangetrees (Citrus sinensis L. Osbeck); El 
Khayat and Abdel Rehiem29 working on mandarin varieties (Citrus 
spp.), Shamseldin, et al.30 on Washington navel orange tree (Citrus 
sinensis L. Osbeck); Ismail, et al.31 on Bitter Orange Seedlings (Citrus 
aurantium); Ali et al.32 working on Valencia orange (Citrus sinensis 
L. Osbeck); Zayan, et al.33 on Eureka Lemon trees, Mohamed et al.25 
working on Valencia Orange orange (Citrus sinensis L. Osbeck); 
Masoud, and Abd Elaal,34 working on Balady lime (citrus aruntifollia); 
Ennab HA35 on Eureka Lemon Trees (Citrus limon (L.) Burm); Usha 
et al.36 on Kinnow mandarin (Citrus reticulata), and Sudyoung et al.37 

on Pan-lime (Citrus aurantifolia). 

Therefore the inoculation with biofertilizers particularly 
mycorrhizal at various growth stages of citrus orchards particularly 
under stress conditions is the right strategy to stimulate tree growth 
and productivity, also, biofertilizers application enhancing the growth 
of citrus through increased the availability of different nutrients in the 
soil acquisition, improve their absorption and utilization, modifying 
soil pH, secretion various organic materials in rhizosphere like 
organic acids, plant growth regulators which positively stimulated 
plant growth.38

Mechanism of biofertilizers

Biofertilizers stimulate plant growth by the alteration of the whole 
microbial community in the rhizosphere through the direct way by the 
production of various substances (like nutrients and plant hormones) 
or indirect mechanisms through stimulating plant defense by enriching 

systemic resistance to limiting the inhibitory effects of soil pathogens 
on plant growth.39–41

Indeed, there are various hypotheses try explaining the mechanisms 
of biofertilizers and their stimulation influence of plant growth which 
is not fully understood but includes among others:

A. Promoting production or affect concentrations of hormones in 
plants.38

B. Fixation Nitrogen non-symbiotically.42

C. Solubilizing complex nutrients forms such as Dolomite, 
Feldspar, Phosphate, and other nutrients.43 

Direct mechanisms

Biofertilizers play direct role in improving plant growth by 
increasing nutrients acquisition (i.e. nitrogen, phosphorus, siderophore 
production, potassium solubilizers, and other minerals), or enhancing 
Phytohormone Production.44,45 

i. Nitrogen fixation: Biofertilizers play a key role in fixing the 
atmospheric N2, there are different types of microorganisms 
could fixing Nitrogen, it’s classified to:

ii. Symbiotic N2 fixing bacteria: there are various bacteria that 
have the ability to fixing N2 symbiotically within leguminous 
crops particularly from family Rhizobiaceae which contain 
about numerous species, while, Frankia spp. associated with a 
non-leguminous woody plant.46

iii. Non-symbiotic N2 fixing organisms: there is a free-living 
organisms fixing nitrogen in associative form or endophytes 
one, like cyanobacteria, Azospirillum, Azotobacter, 
Gluconoacetobacter, diazotrophicus, and Azocarus, etc...47

Siderophore production

Citrus as a valuable crop is susceptible to iron chlorosis particularly 
under alkaline conditions,48 due to various reasons, Fe3+ changes to 
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the insoluble forms of hydroxides and oxyhydroxides in alkaline soil, 
thus making iron unavailable to plants. Biofertilizers could play a 
vital role in the availability of iron, there are various bacteria produce 
siderophore like Azotobacter vinelandii, Bacillus megaterium, 
Bacillus subtilis, Pantoea allii, and Rhizobium radiobacter, while, 
Bacillus megaterium considered promising bacteria could use for 
correction of lime chlorosis in citrus cultivation under alkaline 
conditions, also, Bacillus subtilis and Azotobacter vinelandii produce 
siderophore with medium quantity.49

Phytohormone production

The biofertilizers produce various phytohormones stimulate citrus 
growth through the uptake of nutrients, enhancing photosynthesis 
process, regulating plant cell division and size, enhancing prolin 
production, Many studies confirmed the role of inoculation with 
these bio-fertilizers in releasing various phytohormones including 
cytokinins, gibberellins, indole acetic acid, auxins, and ethylene. 
Therefore, biofertilizers contribute a vital role to improve citrus plant 
growth and increasing yield, and enhancing citrus fruit quality.50–52

Indirect mechanism: Biocontrol agents considered efficient 
strategy in citrus orchards and safe for human health and protect the 
environment, without side effects on fruit quality.

a) Limiting the inhibitory effects of soil pathogens on plant 
growth through stimulating plant defense by enriching systemic 
resistance.10

b) Controlling citrus canker: widespread of citrus canker disease 
is in different citrus orchards worldwide affects negatively 
the growth and productivity of various cultivars, currently, 
the control of canker disease with biocontrol agents is a 
better strategy because it is safe for both consumers and the 
environment and usually does not have side effects on the fruit 
quality.20,53

The use of microbial antagonists to control citrus canker disease is 
currently an alternative strategy to combat disease, Sudyoung et al.37 
reported that using microbial antagonists like Pseudomonas protegens 
and Bacillus amyloliquefaciens is promise method to control citrus 
canker.

Arbuscular mycorrhizae and citriculture

Currently, under harsh climate conditions that affect negatively 
citrus growth and productivity, Arbuscular Mycorrhizae could 
stimulate citrus performance and subsequently considerably enhances 
the tolerance of abiotic stresses particularly drought.53,54 Previous 
scientific studies have been indicated the mitigating effects in citrus 
plants subjected to abiotic stresses and describing the mechanisms 
of AM in improving citrus tolerance under adverse environments,24 
AM enhancing the tolerance of citrus plants and stimulation plant 
growth performance through increasing chlorophyll levels, improving 
absorption of water and nutrients, regulation osmotic capacity, 
accumulation of antioxidants and osmolytes in plant tissue, synthesis 
of plant hormones, and improving soil fertility.56–58

Conclusion
Biofertilizers considered a promising alternative to synthetic 

agrochemicals to improve citrus orchards, there are various potential 
biofertilizers are used in citrus cultivation, due to their benefits 
including decrease environmental risks, enriching rhizosphere 
with nutrients, stimulate nutrients absorption, as well as enhancing 

biosynthesis of hormones and increased plant resistance to pathogens, 
and improve soil vitality. 
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