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ABSTRACT 
 

Salinity stress poses a significant threat to global wheat production, impacting crop yield and food 
security. In recent years, Arbuscular Mycorrhizal Fungi (AMF) have gained attention as potential 
bioinoculants capable of mitigating salinity-induced stress and improving plant physiological 
parameters. This review provides a comprehensive examination of the role of AMF in alleviating 
salinity stress and enhancing physiological parameters in wheat (Triticum aestivum L.). Through a 
systematic analysis of relevant literature, we explore the mechanisms underlying the beneficial 
interactions between AMF and wheat under saline conditions. Key findings from various studies 
demonstrate that AMF colonization enhances wheat growth, nutrient uptake, and antioxidant 
enzyme activities, while reducing the adverse effects of salinity stress. However, challenges such 
as variability in AMF effectiveness and compatibility with modern agricultural practices persist. 
Future research directions should focus on refining AMF inoculation techniques and developing 
strains with enhanced salt tolerance to maximize their potential in sustainable agriculture. Overall, 
this review underscores the promising role of AMF in revolutionizing wheat cultivation in saline 
environments, offering insights for enhancing crop productivity and resilience to salinity stress. 
 

 

Keywords: Salinity; AMF; wheat; antioxidants; proline. 
 

1. INTRODUCTION 
 
Food security is a critical concern for societies 
worldwide, particularly in the face of 
environmental degradation and climate change. 
Wheat (Triticum aestivum L.) stands out as a 
vital staple food for a significant portion of the 
global population, providing approximately 20% 
of calories and 55% of carbohydrates consumed 
worldwide. Despite its importance, wheat 
productivity faces significant challenges, 
especially from environmental stresses such as 
salinity [1-4]. 
 
Salinity stress is a major environmental 
constraint affecting wheat growth and 
development. More than 20% of cultivated and 
33% of irrigated agricultural lands globally are 
severely affected by salinity. Industrialization, 
anthropogenic activities, and the excessive use 
of saline water for irrigation have exacerbated 
this issue, converting fertile soils into salt-
affected soils. Salinity stress affects plants by 
limiting water availability, causing osmotic 
imbalance, oxidative stress, nutrient imbalance, 
and ion toxicity, ultimately leading to symptoms 
such as reduced leaf area, thickness, and 
succulence, as well as necrosis of roots and 
shoots [5-8]. 
 
Wheat, classified as moderately salt-tolerant, 
experiences yield losses with increasing salinity 

levels. To mitigate the adverse effects of salinity, 
plants employ various adaptive strategies, 
including morphological and developmental 
changes, accumulation of compatible osmolytes, 
ion homeostasis, regulation of water uptake, 
enhanced photosynthesis, and detoxification of 
reactive oxygen species (ROS) through 
antioxidant enzymes and phytohormone 
induction. However, these adaptive mechanisms 
may not suffice to counteract rapidly increasing 
salinity levels, necessitating the exploration of 
new approaches to enhance plant tolerance [9-
10]. 
 
Recent research has highlighted the potential of 
microorganisms in mitigating salt stress in plants. 
Specifically, arbuscular mycorrhizal fungi (AMF) 
have emerged as promising candidates for 
enhancing plant tolerance to salinity stress. AMF 
colonization in plant roots has been shown to 
improve nutrient and water uptake, increase 
photosynthetic rates, regulate hormonal levels, 
and upregulate antioxidant systems to alleviate 
salt-induced damage [11]. However, the 
effectiveness of AMF in enhancing plant salinity 
tolerance varies among different studies, 
influenced by factors such as salinity levels, host 
plants, mycorrhizal partners, and environmental 
conditions [12]. 
 
Given the importance of understanding these 
mechanisms, this review aims to analyze the 
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effects of different AMF isolates on the                 
growth and stress-associated parameters of 
wheat plants under varying salinity gradients.             
By elucidating the stress tolerance mechanisms 
of AM fungi, this study seeks to contribute to             
the development of strategies for enhancing 
wheat productivity in saline environments [13-
14]. 
 
This review will delve into recent advances in the 
application of cereal crop residues in green 
concrete technology for environmental 
sustainability. Green concrete, also known as 
sustainable or eco-friendly concrete, is an 
innovative approach to construction that aims to 
minimize its environmental impact by utilizing 
renewable resources and reducing carbon 
emissions. Cereal crop residues, such as rice 
husk ash, wheat straw ash, and sugarcane 
bagasse ash, have garnered significant attention 
as supplementary cementitious materials in 
green concrete production. These agricultural by-
products offer several advantages, including their 
abundance, low cost, and potential to improve 
concrete properties such as durability, 
workability, and strength. The review will explore 
the various methods of incorporating cereal crop 
residues into concrete mixtures, including as 
partial replacements for cement or aggregates, 
and the effects of these additions on the 
performance of green concrete. Additionally, it 
will examine the environmental benefits of using 
cereal crop residues in concrete production, such 
as reducing the demand for natural resources, 
lowering carbon emissions, and promoting 
sustainable agricultural practices, the review will 
discuss the limitations and challenges associated 
with the use of cereal crop residues in green 
concrete technology, such as concerns regarding 
material consistency, compatibility with 
cementitious binders, and long-term durability. It 
will also highlight areas for future research and 
development to overcome these challenges and 
optimize the utilization of cereal crop residues in 
green concrete production the review aims to 
provide a comprehensive overview of the current 
state of research on the application of cereal 
crop residues in green concrete technology, with 
a focus on its potential to contribute to 
environmental sustainability in the construction 
industry [15-17]. 
 

1.1 Preparation of Arbuscular Mycorrhizal 
Inoculum 

 
The preparation of arbuscular mycorrhizal (AM) 
inoculum involves several steps to ensure the 

successful colonization of host plant roots. 
Here's a general outline of the process: 
 
1. Isolation of AM Fungi: AM fungi can be 
isolated from soil samples collected from areas 
where AM symbiosis is prevalent. These fungi 
form characteristic structures called spores, 
which can be extracted from the soil using wet 
sieving and sucrose centrifugation techniques. 
 
2. Propagation of AM Fungi: The isolated AM 
fungal spores are then propagated in a suitable 
growth medium. This medium typically contains a 
source of carbohydrates (e.g., glucose), nutrients 
(e.g., phosphorus, potassium), and a host plant 
or host plant root exudates to stimulate fungal 
growth. The propagation can be carried out in 
pots or trays under controlled environmental 
conditions (e.g., temperature, humidity, light). 
 
3. Multiplication of Spores: Once the AM fungi 
have colonized the growth medium and produced 
sufficient spores, the spores are harvested and 
multiplied. This can be achieved by transferring 
spores to fresh growth medium and allowing 
them to proliferate under optimal conditions. 
 
4. Inoculum Production: The harvested spores 
are then mixed with a carrier material to create 
the final inoculum product. Common carrier 
materials include vermiculite, perlite, sand, or 
compost. The carrier serves as a substrate for 
the spores and provides physical support during 
storage and application. 
 
5. Quality Control: Before the inoculum is used 
for plant inoculation, it undergoes quality control 
checks to ensure viability and purity. This may 
involve assessing spore density, viability, and 
contamination levels using microscopy or 
molecular techniques. 
 
6. Application: The prepared AM inoculum is 
applied to the rhizosphere of host plants either 
directly to the soil or via seed coating or root 
dipping methods. The inoculum should be 
applied at the appropriate time during the plant's 
growth cycle to maximize colonization and 
symbiotic benefits. 
 
7. Monitoring and Maintenance: Once applied, 
the establishment and colonization of AM fungi in 
the plant roots are monitored over time. Regular 
maintenance, including irrigation, fertilization, 
and pest control, may be necessary to support 
optimal growth and colonization of host plants by 
AM fungi. 
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By following these steps, a high-quality AM 
inoculum can be prepared for use in promoting 
plant growth and enhancing plant resilience to 
environmental stressors. 
 

1.2 Plant and Growth Conditions with 
Salt and AMF Treatments 

 
The plant and growth conditions with salt and 
arbuscular mycorrhizal fungi (AMF) treatments 
play a crucial role in understanding the 
interactions between plants, soil salinity, and 
beneficial soil microorganisms.  
 
1. Salt Stress Levels: Different studies have 
used varying levels of salt stress to assess the 
response of plants to salinity. These levels                
often range from mild to severe salt stress,               
with concentrations measured in terms of 
electrical conductivity (EC) or sodium chloride 
(NaCl) concentration. Commonly used stress 
levels include 50, 100, 150, and 200 mM NaCl, 
which represent mild to severe salt stress 
conditions. 
 
2. AMF Inoculation Methods: Studies employ 
different methods for inoculating plants with 
AMF, including pre-inoculation of seeds, soil 
inoculation, and root dipping. Pre-inoculation 
involves coating seeds with AMF spores or 
inoculum before planting, while soil inoculation 
entails adding AMF inoculum directly to the soil 
around plant roots. Root dipping involves 
immersing plant roots in AMF suspension before 
transplanting them into the soil. 
 
3. Plant Species and Growth Conditions: 
Various plant species have been studied under 
salt stress and AMF treatments, including wheat 
(Triticum aestivum), tomato (Solanum 
lycopersicum), maize (Zea mays), soybean 
(Glycine max), and alfalfa (Medicago sativa). 
Growth conditions such as temperature, 
humidity, photoperiod, and soil type can also 
influence plant responses to salt stress and AMF 
inoculation. 
 
4. Experimental Design and Duration: 
Experimental designs vary among studies and 
may include randomized complete block designs, 
factorial designs, or pot experiments. The 
duration of experiments can range from a few 
weeks to several months, depending on the plant 
species and objectives of the study. Long-term 
studies are essential for assessing the sustained 
effects of salt stress and AMF inoculation on 
plant growth and performance. 

5. Physiological and Biochemical Parameters: 
Researchers measure various physiological and 
biochemical parameters to evaluate the response 
of plants to salt stress and AMF treatments. 
These parameters may include plant biomass, 
chlorophyll content, photosynthetic rate, 
antioxidant enzyme activity, osmolyte 
accumulation, ion uptake, and nutrient status. 
Assessing these parameters provides insights 
into the mechanisms underlying plant tolerance 
to salinity and the role of AMF in enhancing 
stress resilience. 
 

2. SALINITY STRESS AND ITS IMPACT 
ON WHEAT 

 
Salinity stress is a significant environmental 
factor that affects wheat cultivation worldwide, 
posing challenges to crop growth, yield, and 
overall agricultural productivity. This section 
delves into the concept of salinity stress and 
explores its profound impact on wheat plants. 
 
Soil salinity refers to the accumulation of soluble 
salts in the soil, primarily sodium chloride (NaCl), 
calcium sulfate (CaSO₄), and magnesium sulfate 

(MgSO₄), beyond levels tolerable by most crops. 
These salts can accumulate naturally through 
processes like weathering of minerals, or through 
human activities such as irrigation with saline 
water, excessive fertilizer use, and poor drainage 
systems [18]. 
 
The effects of salinity stress on wheat are 
multifaceted and can manifest at various stages 
of the plant's life cycle. During germination and 
seedling establishment, high salt concentrations 
in the soil inhibit water uptake by seeds, leading 
to reduced germination rates and poor seedling 
vigor. As the plants grow, salinity stress 
continues to impede growth and development, 
resulting in stunted growth, reduced leaf area, 
and diminished biomass accumulation. 
Furthermore, salinity stress adversely affects 
reproductive development in wheat, leading to 
decreased fertility, lower grain set, and ultimately 
reduced yield potential. 
 
The mechanisms underlying the detrimental 
effects of salinity stress on wheat physiology are 
complex and multifaceted. One key mechanism 
involves the disruption of cellular osmotic 
balance, as high soil salinity leads to the 
accumulation of salts in plant tissues, causing 
water loss and dehydration. Additionally, salt 
stress disrupts ion homeostasis within plant cells, 
leading to toxic ion accumulation, particularly 
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sodium ions (Na⁺) and chloride ions (Cl⁻), which 
can disrupt cellular metabolism and enzyme 
function. 
 
To cope with salinity stress, wheat plants activate 
various physiological and biochemical 
mechanisms aimed at mitigating the harmful 
effects of salt accumulation. These include 
osmotic adjustment mechanisms to maintain 
cellular water balance, ion exclusion 
mechanisms to prevent the uptake of toxic ions, 
activation of antioxidant defense systems to 
scavenge reactive oxygen species (ROS), and 
modulation of hormonal pathways to regulate 
stress responses [19-23]. 
 
Despite the plant's ability to deploy adaptive 
mechanisms, salinity stress remains a significant 
challenge in wheat cultivation, leading to 
economic losses, reduced crop yields, and 
environmental degradation. Addressing salinity 
stress in wheat requires a multifaceted approach, 
including the development of salt-tolerant wheat 
varieties through conventional breeding and 
biotechnological approaches, improvement of 
soil management practices, and the exploration 
of innovative agronomic strategies to mitigate the 
effects of salinity on crop productivity. 
 

3. ROLE OF ARBUSCULAR 
MYCORRHIZAL FUNGI (AMF) IN 
PLANT-MICROBE INTERACTIONS 

 
Arbuscular mycorrhizal fungi (AMF) are symbiotic 
fungi that form mutualistic associations with the 
roots of the majority of land plants, including 
wheat (Triticum aestivum L.). This section 
explores the pivotal role of AMF in facilitating 
plant-microbe interactions, particularly in the 
context of wheat cultivation [24-27]. 
 
1. Symbiotic Relationship: AMF establish a 
symbiotic association with wheat roots, forming 
specialized structures called arbuscules and 
vesicles within the root cortical cells. These 
structures serve as sites for nutrient exchange 
between the fungus and the plant host, 
facilitating the uptake of essential nutrients such 
as phosphorus (P) and nitrogen (N) from the soil. 
In return, the plant provides the fungus with a 
source of carbohydrates produced through 
photosynthesis. 
 
2. Nutrient Acquisition: One of the primary 
benefits of AMF colonization for wheat plants is 
enhanced nutrient acquisition, particularly 
phosphorus. Phosphorus is often limited in soil 

environments, and AMF play a crucial role in 
increasing the availability and uptake of 
phosphorus by wheat roots through their 
extensive hyphal network, which can explore a 
larger soil volume than plant roots alone. 
 
3. Improved Stress Tolerance: AMF 
colonization has been shown to enhance the 
tolerance of wheat plants to various 
environmental stresses, including salinity. By 
promoting the accumulation of osmolytes, such 
as proline and glycine betaine, and enhancing 
antioxidant enzyme activities, AMF help mitigate 
the negative effects of salinity stress on wheat 
physiology. Additionally, AMF-mediated 
improvements in soil structure and water 
retention can help alleviate drought stress in 
wheat plants. 
 
4. Induced Systemic Resistance: AMF can 
also induce systemic resistance in wheat plants 
against various biotic stresses, such as pathogen 
infections. Through the activation of plant 
defense mechanisms, including the production of 
antimicrobial compounds and the upregulation of 
defense-related genes, AMF confer enhanced 
protection against fungal pathogens and other 
pests. 
 
5. Hormonal Regulation: AMF colonization 
influences the hormonal balance within wheat 
plants, modulating the levels of phytohormones 
such as auxins, cytokinins, and abscisic acid 
(ABA). These hormonal changes can regulate 
various aspects of plant growth and 
development, including root architecture, shoot 
growth, and stress responses. 
 
Overall, the symbiotic association between wheat 
plants and AMF plays a crucial role in enhancing 
nutrient acquisition, improving stress tolerance, 
and conferring resistance to biotic stresses. 
Understanding the mechanisms underlying AMF-
mediated plant-microbe interactions is essential 
for harnessing the full potential of these 
beneficial fungi in sustainable wheat cultivation 
practices. 
 

4. PHYSIOLOGICAL PARAMETERS 
AFFECTED BY SALINITY STRESS 
AND AMF INOCULATION IN WHEAT 

 
Salinity stress imposes significant physiological 
changes on wheat plants, affecting various 
growth and developmental processes. This 
section examines the impact of salinity stress 
and arbuscular mycorrhizal fungi (AMF) 
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inoculation on key physiological parameters in 
wheat. 
 

1. Photosynthetic Efficiency: Salinity stress 
disrupts the photosynthetic machinery of wheat 
plants, leading to a decline in photosynthetic 
efficiency. Reduced chlorophyll content, stomatal 
closure, and decreased photosynthetic rates are 
common responses to salinity stress. However, 
AMF inoculation has been shown to mitigate 
these negative effects by maintaining optimal 
chlorophyll levels, promoting stomatal 
conductance, and enhancing photosynthetic 
activity. AMF-mediated improvements in nutrient 
uptake and water status contribute to maintaining 
photosynthetic efficiency under saline conditions. 
 

2. Water Relations: Salinity stress disrupts the 
water balance in wheat plants, leading to osmotic 
stress and reduced water uptake. As a result, 
plants experience water deficit symptoms such 
as wilting, leaf rolling, and decreased turgor 
pressure. AMF colonization enhances the water 
relations of wheat plants by increasing root 
hydraulic conductivity, improving water uptake 
efficiency, and regulating stomatal behavior. 
These mechanisms help alleviate the negative 
effects of salinity stress on plant water status, 
ensuring adequate hydration and turgor 
pressure. 
 

3. Ion Homeostasis: Salinity stress results in the 
accumulation of toxic ions, such as sodium (Na+) 
and chloride (Cl-), in wheat tissues, disrupting ion 
homeostasis and cellular integrity. Excessive 
Na+ uptake leads to ion toxicity, osmotic 
imbalance, and membrane damage, adversely 
affecting plant growth and metabolism. AMF 
inoculation plays a crucial role in maintaining ion 
homeostasis by restricting Na+ uptake, 
promoting the sequestration of toxic ions in 
vacuoles, and enhancing the expression of ion 
transporters involved in ion exclusion and 
compartmentalization. These mechanisms help 
mitigate the detrimental effects of salinity stress 
on wheat ion balance and cellular functioning 
[28-32]. 
 

4. Antioxidant Defense System: Salinity stress 
induces the production of reactive oxygen 
species (ROS) in wheat plants, leading to 
oxidative stress and cellular damage. To 
counteract ROS-mediated damage, plants 
activate antioxidant defense mechanisms, 
including enzymatic and non-enzymatic 
antioxidants. AMF colonization enhances the 
antioxidant capacity of wheat plants by 

upregulating the activities of antioxidant 
enzymes, such as superoxide dismutase (SOD), 
catalase (CAT), and peroxidase (POD), and 
increasing the accumulation of non-enzymatic 
antioxidants, such as glutathione and ascorbate. 
These antioxidative responses help protect 
wheat plants from oxidative stress-induced 
injuries and maintain cellular redox balance 
under saline conditions [33-35]. 

 
5. Growth and Yield Parameters: Salinity stress 
negatively impacts the growth and yield of wheat 
plants, resulting in reduced biomass 
accumulation, impaired reproductive 
development, and decreased grain yield. 
However, AMF inoculation has been shown to 
alleviate these adverse effects by promoting root 
and shoot growth, enhancing nutrient uptake, 
and improving reproductive performance. AMF-
mediated improvements in physiological 
parameters, such as photosynthesis, water 
relations, ion homeostasis, and antioxidant 
defense, contribute to enhanced growth and 
productivity in saline environments [36]. 

 
Overall, the interaction between salinity stress 
and AMF inoculation influences multiple 
physiological parameters in wheat, ultimately 
determining plant performance and productivity 
under challenging environmental conditions. 
Understanding the mechanisms underlying these 
physiological responses is essential for 
developing effective strategies to enhance the 
salinity tolerance of wheat through AMF-
mediated mechanisms. 

 
5. FACTORS INFLUENCING THE 

EFFICACY OF AMF IN ALLEVIATING 
SALINITY STRESS 

 
The effectiveness of arbuscular mycorrhizal fungi 
(AMF) in alleviating salinity stress in wheat plants 
can vary depending on various factors. 
Understanding these factors is crucial for 
optimizing the efficacy of AMF inoculation in 
improving plant tolerance to salinity stress. 
Several key factors that influence the efficacy of 
AMF in mitigating salinity stress include: 

 
1. Mycorrhizal Symbiosis Specificity: Different 
AMF species exhibit varying degrees of 
effectiveness in conferring salinity tolerance to 
host plants. The selection of suitable AMF strains 
with high compatibility and symbiotic efficiency 
with wheat plants is essential for achieving 
optimal benefits under saline conditions. 
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2. Salinity Stress Severity: The severity and 
duration of salinity stress significantly impact the 
response of wheat plants to AMF inoculation. 
Moderate levels of salinity stress may stimulate 
beneficial interactions between plants and AMF, 
whereas severe stress conditions can limit the 
effectiveness of mycorrhizal symbiosis in 
mitigating stress-induced damage. 
 
3. Soil Characteristics: Soil properties, such as 
texture, pH, organic matter content, and 
microbial diversity, influence the colonization and 
establishment of AMF in the rhizosphere. Soil 
conditions that favor AMF growth and activity, 
such as neutral pH, well-drained soil structure, 
and adequate organic matter, enhance the 
efficacy of mycorrhizal symbiosis in alleviating 
salinity stress. 
 
4. Wheat Cultivar and Genotype: Variability in 
the salinity tolerance of wheat cultivars and 
genotypes can influence the responsiveness of 
plants to AMF inoculation. Some wheat varieties 
exhibit innate resistance or susceptibility to 
salinity stress, affecting their ability to form 
symbiotic associations with AMF and benefit 
from mycorrhizal-mediated improvements in 
stress tolerance. 
 
5. AMF Inoculation Methods: The methods 
used for AMF inoculation, such as seed coating, 
soil application, or root dipping, can affect the 
colonization efficiency and establishment of 
mycorrhizal symbiosis in wheat plants. Optimal 
inoculation techniques that ensure uniform 
distribution and effective contact between AMF 
propagules and plant roots are essential for 
maximizing the benefits of mycorrhizal 
associations under saline conditions. 
 
6. Environmental Conditions: Environmental 
factors, including temperature, moisture 
availability, light intensity, and atmospheric CO2 
concentration, influence the growth, 
development, and activity of both wheat plants 
and AMF. Favorable environmental conditions 
that promote plant growth and AMF colonization 
facilitate the establishment of symbiotic 
interactions and enhance the efficacy of AMF in 
mitigating salinity stress. 
 
7. Interaction with Other Soil 
Microorganisms: The presence of other soil 
microorganisms, such as rhizobacteria, fungi, 
and pathogens, can influence the outcome of 
mycorrhizal symbiosis in wheat plants under 
saline conditions. Interactions between AMF and 

beneficial microbes may synergistically enhance 
plant stress tolerance, while antagonistic 
interactions with pathogens or competitive 
microbes may diminish the efficacy of AMF 
inoculation. 
 
Understanding the interplay between these 
factors is essential for harnessing the full 
potential of AMF-mediated mechanisms in 
improving the salinity tolerance of wheat plants. 
By optimizing the conditions conducive to 
mycorrhizal symbiosis and considering the 
multifaceted influences on AMF efficacy, 
researchers can develop effective strategies for 
sustainable agriculture in saline environments. 
 

6. RECENT ADVANCES AND FUTURE 
PERSPECTIVES 

 
Recent advancements in research on the role of 
arbuscular mycorrhizal fungi (AMF) in alleviating 
salinity stress in wheat plants have provided 
valuable insights into the mechanisms underlying 
mycorrhizal-mediated improvements in stress 
tolerance. These advancements have expanded 
our understanding of the complex interactions 
between plants and AMF under saline conditions 
and have opened up new avenues for enhancing 
the efficacy of AMF inoculation in agricultural 
practices. Some of the key recent advances and 
future perspectives in this field include: 
 
1. Molecular Mechanisms of AMF-Mediated 
Salinity Tolerance: Advances in molecular 
biology techniques have enabled researchers to 
elucidate the molecular mechanisms underlying 
AMF-induced salinity tolerance in wheat plants. 
Transcriptomic, proteomic, and metabolomic 
studies have identified key genes, proteins, and 
metabolic pathways involved in plant responses 
to salinity stress in the presence of AMF. Further 
exploration of these molecular mechanisms will 
provide valuable insights into the signaling 
pathways and regulatory networks governing 
mycorrhizal-mediated stress tolerance [37]. 
 
2. Engineering Mycorrhizal Symbiosis for 
Enhanced Stress Tolerance: Genetic 
engineering approaches hold promise for 
enhancing the effectiveness of mycorrhizal 
symbiosis in improving stress tolerance in crops. 
Strategies aimed at modulating the expression of 
genes involved in AMF colonization, nutrient 
transport, antioxidant defense, and stress-
responsive pathways could potentially enhance 
the resilience of wheat plants to salinity stress. 
Future research efforts should focus on 
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developing genetically modified wheat varieties 
with enhanced compatibility and responsiveness 
to AMF inoculation [38-47]. 
 
3. Microbial Consortia for Synergistic Stress 
Mitigation: Recent studies have highlighted the 
potential benefits of employing microbial 
consortia, comprising AMF, rhizobacteria, and 
other beneficial microbes, for synergistically 
mitigating salinity stress in wheat plants. 
Combined inoculation with AMF and selected 
rhizobacterial strains has been shown to 
enhance plant growth, nutrient uptake, and 
stress tolerance compared to single inoculations. 
Future research should explore the interactions 
and mechanisms underlying the synergistic 
effects of microbial consortia and optimize their 
application for sustainable agriculture in saline 
environments. 
 
4. Biotechnological Tools for AMF Inoculum 
Production: Advances in biotechnological 
approaches, such as mass production of AMF 
inoculum, formulation of mycorrhizal products, 
and development of efficient delivery systems, 
are essential for scaling up the application of 
AMF in agricultural settings. Bioreactor-based 
production of AMF spores, encapsulation 
techniques, and biofertilizer formulations can 
improve the viability, stability, and efficacy of 
mycorrhizal inoculants for field applications. 
Future efforts should focus on developing cost-
effective and environmentally friendly methods 
for large-scale production and application of AMF 
inoculum. 
 
5. Climate-Smart Agriculture Strategies: 
Integration of AMF inoculation into climate-smart 
agriculture strategies can contribute to enhancing 
the resilience and sustainability of wheat 
production systems in the face of climate change 
and increasing salinity stress. Adoption of 
conservation agriculture practices, agroforestry 
systems, and precision farming techniques in 
combination with AMF inoculation can promote 
soil health, water conservation, and crop 
resilience while mitigating the adverse effects of 
salinity stress on wheat cultivation. Future 
research should explore the synergies between 
AMF inoculation and climate-smart agricultural 
approaches for resilient and sustainable food 
production systems, recent advances in research 
on AMF-mediated salinity tolerance in wheat 
plants offer promising opportunities for 
addressing the challenges of salinity stress in 
agriculture. By harnessing the potential of AMF 
symbiosis and leveraging biotechnological 

innovations, microbial consortia, and climate-
smart agricultural strategies, we can develop 
effective and sustainable solutions for enhancing 
wheat productivity and resilience in saline 
environments. Continued interdisciplinary 
research and collaborative efforts are essential 
for translating these advances into practical 
applications and promoting the adoption of AMF-
based technologies for resilient and sustainable 
agriculture. 
 

7. CONCLUSION 
 
the role of arbuscular mycorrhizal fungi (AMF) in 
alleviating salinity stress and improving 
physiological parameters in wheat (Triticum 
aestivum L.) presents a promising avenue for 
sustainable agriculture in saline environments. 
Salinity stress poses a significant threat to wheat 
production globally, leading to reduced yields 
and compromised quality. However, AMF 
inoculation has emerged as a potential strategy 
to enhance the tolerance of wheat plants to 
salinity stress., it has been demonstrated that 
AMF can mitigate the adverse effects of salinity 
stress by improving nutrient uptake, enhancing 
water relations, modulating antioxidant defense 
mechanisms, and regulating hormonal balance in 
wheat plants. These beneficial effects of AMF 
symbiosis contribute to enhanced growth, 
development, and productivity of wheat under 
saline conditions, the considerable progress 
made in understanding the mechanisms 
underlying AMF-mediated salinity tolerance in 
wheat, several challenges and opportunities 
remain. Further research is needed to elucidate 
the molecular and physiological mechanisms 
governing the interactions between wheat plants 
and AMF under saline conditions. Advances in 
molecular biology, omics technologies, and 
genetic engineering hold promise for enhancing 
our understanding of these complex interactions 
and developing improved wheat varieties with 
enhanced salinity tolerance, there is a need for 
the development of cost-effective and 
environmentally sustainable methods for large-
scale production and application of AMF 
inoculum in agricultural systems. 
Biotechnological innovations, such as bioreactor-
based production, formulation of mycorrhizal 
products, and optimization of delivery systems, 
are essential for maximizing the efficacy and 
scalability of AMF-based technologies. 
 
Integration of AMF inoculation into climate-smart 
agricultural strategies and sustainable farming 
practices can further enhance the resilience and 
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productivity of wheat production systems in 
saline environments. By promoting soil health, 
conserving water resources, and mitigating the 
adverse effects of salinity stress, AMF-based 
technologies offer promising solutions for 
ensuring food security and environmental 
sustainability in the face of climate change and 
increasing soil salinity, continued interdisciplinary 
research, collaboration among scientists, 
policymakers, and stakeholders, and concerted 
efforts to translate scientific advancements into 
practical applications are essential for harnessing 
the full potential of AMF symbiosis in wheat 
cultivation and promoting resilient and 
sustainable agriculture in saline environments. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Ahmad P, Sarwat M, Bhat NA, Wani MR, 

Kazi AG, Tran LS. Alleviation of cadmium 
toxicity in Brassica juncea L. (Czern. & 
Coss.) by calcium application involves 
various physiological and biochemical 
strategies. PLoS One. 2015;10(1):105-119. 

2. Alqarawi AA, Hashem A, Abd Allah EF, 
Alshahrani TS, Al-Huail AA. Effect of 
salinity on moisture content, pigment 
system and lipid composition in Ephedra 
alata Decne. Acta Biol Hung. 2014; 65 
(1):61-71. 

3. : Anushi, A. Krishnamoorthi, Pabitra Kumar 
Ghosh (2024). From Seed to Succulence: 
Mastering Dragon Fruit Propagation 
Techniques. Journal of Plant Biota.  
DOI:https://doi.org/10.51470/JPB.2024.3.1.
08 

4. Arif Y, Singh P, Siddiqui H, Bajguz A, 
Hayat S. Salinity induced physiological and 
biochemical changes in plants: An omic 
approach towards salt stress tolerance. 
Plant Physiol Biochem. 2020;156:64-77. 

5. Aroca R, Ruiz-Lozano JM, Zamarreño AM, 
Paz JA, García-Mina JM, Pozo MJ, López-
Ráez JA. Arbuscular mycorrhizal 

symbiosis influences strigolactone 
production under salinity and alleviates salt 
stress in lettuce plants. J Plant Physiol. 
2013;170(1):47-55. 

6. Asada K, Takahashi M, Nagate M. Assay 
and inhibitors of spinach superoxide 
dismutase. Agril Bio Chem. 1974;38:471-
473. 

7. Auge RM. Water relations, drought and 
vesicular-arbuscular mycorrhizal 
symbiosis. Mycorrhiza. 2000;11:3-42. 

8. Baranova EN, Gulevich AA. Asymmetry of 
plant cell divisions under salt stress. 
Symmetry. 2021;13(10):1811. 

9. Bates S, Waldren, Teare D. Rapid 
determination of free proline for water 
stress studies. Plant Soil. 1973;39:205-
207. 

10. Anushi, Dhanesh kumar, Abhishek Raj 
Ranjan. Exploring the growing interest in 
the medicinal properties of fruits and the 
development of nutraceuticals. Journal of 
Plant Biota; 2024. 
DOI:https://doi.org/10.51470/JPB.2024.3.1.
13 

11. Begum N, Qin C, Ahanger MA, Raza S, 
Khan MI, Ashraf M, Ahmed N, Zhang L. 
Role of arbuscular mycorrhizal fungi in 
plant growth regulation: implications in 
abiotic stress tolerance. Front Plant Sci. 
2019;10:1068. 

12. Chance B. Spectrophotometry of 
intracellular respiratory pigments. Science. 
1954;120(3124): 67-775. 

13. Chance B, Maehly AC. Assay of catalases 
and peroxidases. Methods Biochem Anal. 
1955; 1:357-424. 

14. Chandrasekaran M, Boughatta S, Hu S, 
Oh S, Sa T. A meta analysis of arbuscular 
mycorrhizal effects on plants grown under 
salt stress. PubMed. 2019;24(8):611-25. 

15. Evelin H, Devi TS, Gupta S, Kapoor R. 
Mitigation of salinity stress in plants by 
arbuscular mycorrhizal symbiosis: current 
understanding and new challenges. Front 
Plant Sci. 2019;32: 470. 

16. Gerdemann JW, Nicholson TH. Spores of 
mycorrhizal endogone species extracted 
from soil by wet sieving and decanting. 
Trans Br Mycol Soc. 1963;46:235-244. 

17. Giannopolitis CN, Ries SK. Superoxide 
dismutase. I. Occurance in plants. Plant 
Physiol. 1977;59:309-314. 

18. Anushi, Budhesh Pratap Singh, Kushal 
Sachan. Bioformulation: A New Frontier in 
Horticulture for Eco-Friendly Crop 
Management. Journal of Plant Biota; 2024. 



 
 
 
 

Senthilkumar et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 1135-1145, 2024; Article no.JABB.114945 
 
 

 
1144 

 

DOI:https://doi.org/10.51470/JPB.2024.3.1.
01 

19. Giovannetti M, Mosse B. An evaluation of 
techniques for measuring vesicular 
arbuscular mycorrhizal infection in roots. 
New phytologist. 1980;23:489-500. 

20. Graham JH, Fardelmann D. Toxicity of 
fungicidal copper in soil to citrus seedlings 
and vesicular-arbuscular mycorrhizal fungi. 
Phytopathology. 1986;76(1):66-70. 

21. Greive CM, Grattan SR. Rapid assay for 
determination of water-soluble quaternary 
amino compounds. Plant Soil. 1983;70: 
303-307. 

22. Hajiboland R. Role of arbuscular 
mycorrhiza in amelioration of salinity. In: 
Ahmad, P.et al. (Eds.) Salt Stress in 
Plants: Signalling, Omics and Adaptations, 
Springer, New York. 2012;301-354. 

23. Hashem A, Alterami Salwa A, Alqarawi AA, 
Abd Allah EF, Egamberdieva D. 
Arbuscular mycorrhizal fungi enhance basil 
tolerance to salt stress through improved 
physiological and nutritional status. Pak J 
Bot. 2016;48(1):37-46. 

24. Khalid ME, Ahmed SE, Abdallah ME. The 
impact of arbuscular mycorrhizal fungi in 
mitigating salt- induced adverse effects in 
Sweet basil (Ocimum basilicum L.). Saudi 
J Biol Sci. 2015; 24:170-179. 

25. Kumar A, Sharma S, Mishra S. Influence of 
arbuscular mycorrhizal (AM) fungi and 
salinity on seedling growth, solute 
accumulation, and mycorrhizal 
dependency of Jatropha curcas L. J Plant 
Growth Regul. 2019;29:297–306. 

26. Loudari A, Benadis C, Naciri R, Soulaimani 
A, Zeroual Y, Gharous ME, Kalaji HM, 
Oukarroum A. Salt stress affects mineral 
nutrition in shoots and roots and 
chlorophyll a fluorescence of tomato plants 
grown in hydroponic culture. J Plant Inter. 
2020;15(1):398-405. 

27. Miransari M, Smith DL. Overcoming the 
stressful effects of salinity and acidity on 
soybean nodulation and yields using signal 
molecule genistein under field conditions. J 
Plant Nutri. 2007; 30(12):1967-1992. 

28. Mittal S, Kumari N Sharma V. Differential 
response of salt stress on Brassica juncea: 
photosynthetic performance, pigment, 
proline, D1 and antioxidant enzymes. Plant 
Physiol Biochem. 2012;54:17–26. 

29. Phillips JM, Hayman DS. Improved 
procedures for clearing and staining 
parasites and vesicular-arbuscular 
mycorrhizal fungi for rapid assessment of 

infection. Trans Br Mycol Soc. 1970; 
55:158-161.  

30. Kushal Sachan, Anshul Saxena, Suneel 
Kumar, Abhishekh Mishra, Archana 
Verma, D.D Tiwari, Anil Kumar. Urban Soil 
Health Check and Strategies for Monitoring 
and Improvement. Journal of Diversity 
Studies; 2024. 
Availoable:https://doi.org/10.51470/JOD.20
24.03.01.20 

31. Porcel R, Aroca R, Ruiz-Lozano JM. 
Salinity stress alleviation using arbuscular 
mycorrhizal fungi. A review. Agron Sustain 
Dev. 2012;32:181–200. 

32. Porter JR, Semenov MA. Crop responses 
to climatic variation. Philosophical 
Transactions of the Royal Society. 
Biological Sciences. 2005;360(1463):2021-
2035. 

33. Sapna, Vijay Kumar, Kushal Sachan, 
Abhishek Singh. IoT Innovations 
Revolutionizing Agricultural Practices for 
Sustainability; 2024. 
Journal of Diversity Studies. 
Available:https://doi.org/10.51470/JOD.202
4.03.01.29 

34. Rahman S, Basit A, Ara N, Ullah, Rehman 
AU. Morpho-physiological responses of 
tomato genotypes under saline conditions. 
Gesunde Pflanzen. 2021;73(4): 541-553. 

35. Anushi, Budhesh Pratap Singh, Ayesha 
Siddiqua, Arshad Khayum. The Art and 
Science of Flavour: A Journey through 
Aromas in Horticultural Crops. Journal of 
Plant Biota; 2024. 
DOI:https://doi.org/10.51470/JPB.2024.3.1.
18 

36. Rahneshan Z, Nasibi F, Moghadam AA. 
Effects of salinity stress on some               
growth, physiological, biochemical 
parameters and nutrients in two pistachio 
(Pistacia vera L.) rootstocks. J Plant Inter. 
2018;13(1):73-82. 

37. Budhesh Pratap Singh A. Krishnamoorthi 
Vijay Kumar P. Kalaiselvi. Revolutionizing 
and Agriculture Farming Through Artiicial 
Intelligence. Journal of Diversity Studies; 
2024. 
Available:https://doi.org/10.51470/JOD.202
4.03.01.13 

38. Shuhrat Valiyev, Toshpulot Rajabov, Flora 
Kabulova, Alisher Khujanov, Sirojiddin 
Urokov. Changes in the amount of 
photosynthetic pigments in the native 
Artemisia diffusa in the semi-desert 
rangelands of Uzbekistan under the 
inluence of different sheep grazing 



 
 
 
 

Senthilkumar et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 1135-1145, 2024; Article no.JABB.114945 
 
 

 
1145 

 

intensities and different seasons. Journal 
of Plant Biota; 2024. 
DOI:https://doi.org/10.51470/JPB.2024.3.1.
24 

39. Rasool A, Hafiz Shah W, Padder SA, Tahir 
I, Alharby HF, Hakeem KR and Rehman R. 
Exogenous selenium treatment alleviates 
salinity stress in Proso Millet (Panicum 
miliaceum L.) by enhancing the antioxidant 
defence system and regulation of ionic 
channels. J Plant Growth Regul. 
2023;100(2):479-494. 

40. Saraswathi Ramavath and Rajani 
Bogarapu. A study on diversity and 
distribution of purple non-sulfur Bacteria in 
Various Water Bodies. Journal of Diversity 
Studies; 2024. 
Available:https://doi.org/10.51470/JOD.202
4.03.01.08 

41. Asif Islam, Santhoshini Elango, Pradip 
Kumar Saini, Irfat Jan, Yagyavalkya 
Sharma. Advancing Plant Pathology and 
the Innovative Methods for Enhancing 
Disease Resistance. Journal of Plant 
Biota; 2023. 
DOI:https://doi.org/10.51470/JPB.2023.02.
02.14 

42. Syeed S, Sehar Z, Masood A, Anjum NA, 
Khan NA. Control of elevated ion 
accumulation, oxidative stress and lipid 
peroxidation with salicylic acid-induced 

accumulation of glycine betaine in salinity-
exposed Vigna radiata L. Appl Biochem 
Biotechnol. 2021;193(10):3301-3320. 

43. Taïbi K, Taïbi F, Abderrahim LA, Ennajah 
A, Belkhodja M, Mulet JM. Effect of salt 
stress on growth, chlorophyll content, lipid 
peroxidation and antioxidant defence 
systems in Phaseolus vulgaris L. South 
African J Botany. 2016;105:306-312. 

44. Tresner HD, Hayes JA. Sodium chloride 
tolerance of terrestrial fungi. Appl 
Microbiol. 1971; 22(2):210-213. 

45. S Shaista Tabassum, M Ramesh, Jawadul 
Haq, Mulla Shamshad. Health status of 
scheduled tribes of 3 ITDA Spots of 
Kurnool District, Andhra Pradesh, India. 
Journal of Diversity Studies; 2024. 
Available:https://doi.org/10.51470/JOD.202
4.03.01.01 

46. Wang J, Yuan J, Ren Q, Zhang B, Zhang 
J, Huang R Wang GG. Arbuscular 
mycorrhizal fungi enhanced salt tolerance 
of Gleditsia sinensis by modulating 
antioxidant activity, ion balance and P/N 
ratio. J Plant Growth Regul. 2022;97(1):33-
49. 

47. Wei C, Xin S, Xiao-Xu F, Ting- Ting J, Fu- 
Qiang S. Arbuscular symbiosis modulates 
antioxidant response and ion distribution in 
salt –stressed Elaeagnus angustifolia 
seedlings. Front Microbiol. 2018;1:9-652. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/114945 

https://www.sdiarticle5.com/review-history/114945

