
Middle East Journal of Agriculture Research 
 Volume: 10 | Issue: 01| Jan. - March| 2021 

EISSN: 2706-7955   ISSN: 2077-4605 
DOI: 10.36632/mejar/2021.10.1.11  
Journal  homepage: www.curresweb.com 
Pages: 188-206 

 
 

Corresponding Author: Sona S. El-Nwehy, Fertilization Technology Department, Agricultural and Biological 
Research Division, National Research Centre, 33 El Buhouth St., Dokki, Giza, Egypt. 
P.O. 12622.     E-mail: sona_aymen @yahoo.com 

188 

Role of bio-stimulants in crop production under salinity stress. A review 
 

Sona S. El-Nwehy, A.I. Rezk and A.B. El-Nasharty 
 

Fertilization Technology Dept., Agricultural & Biological Research Division, National Research 
Centre (NRC), 33 El-Buhouth St., 12622 Dokki, Giza, Egypt. 

Received: 25 November 2020 Accepted: 30 January 2021 Published: 15 February 2021 
 
ABSTRACT 
 
Bio-stimulants are defined as products that are capable of enhancing plant growth, productivity and 
mitigating the adverse effects of abiotic stresses such as salinity stress, derived from various organic or 
inorganic substances and/or micro-organisms. Mineral elements, vitamins, amino acids, poly and 
oligosaccharides, and plant hormones are the most well-known components. Bio-stimulants play an 
important role in reducing the use of fertilizers, increasing plant growth, resisting water shortage and 
various environmental stresses, and these materials are effective when used in low concentrations as 
they improve biological processes inside the plant and increase the productivity and quality of different 
crops. In addition, it increases the efficiency of using nutrients under conditions of different 
environmental stresses, regardless of the content of these nutrients. Hence, bio-stimulants were 
proposed as one of the sources of agricultural additives to increase the resistance of plants to different 
types of stresses, especially salt stress, because of its negative effects on the growth of the products, 
which are ultimately reflected in the crop and its quality. Therefore, these products contain biologically 
active compounds that have beneficial effects on plants and improve their ability to face harmful 
environmental conditions, as these compounds play an important role in the various biological processes 
within the plant. Numerous studies have proven the role of different bio-stimulants in improving the 
growth of plants exposed to salt stress, as different materials have been used from these bio-stimulators, 
such as: algae extracts, humic acids, yeast extracts, amino acids, microorganisms and growth regulators, 
in addition to nano-materials, as well as some residues of different manufacturing processes. It was 
found that spraying algae extract on sunflower plants under saline conditions led to an increase in the 
seed yield by 23% and an increase in the oil yield by 37%. Also, spraying with yeast extract on tomato 
plants increased yield by 12%. Whereas, spraying with amino acids increased the grape yield by 63%. 
From the above, adding these bio-stimulants enable the plant to face the negative effects unfavorable to 
growth resulting from increased salinity, which retard growth and reduce productivity and quality. 
Therefore, the use of growth stimulants immediately before, during or after exposure to this condition 
enables the plant to withstand salt stress and resist its effects. 
 
Keywords: Salinity stress, Bio-stimulants, Algae extracts, humic substances, Yeast extracts, Amino 

acids, Microorganisms and Nano-materials. 

 
1. Introduction 

Bio-stimulants are natural or synthetic substances which can be applied to crops, plants, and soil.  
Such substances induce modifications in essential and systemic processes in order to affect the growth 
of plants through increased tolerance to abiotic stresses and increased yield and quality of seeds and/or 
grain.  Additionally, the bio-stimulants decrease the Requirements for fertilizers. 

Bio-stimulants may be categorized based on the origin of the active ingredient and mode of 
action. Bio-stimulants can also be categorized on the basis of their action in plants, rather than their 
structure, or on the physiological responses of plants. In addition, the significance of the final impact 
on plant productivity indicates that any notion of bio-stimulants should focus on the role of bio-
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stimulants in agriculture, either on the nature of their components or on their modes of action (Yakhin 
et al., 2017).  

Therefore the following definition of a bio-stimulant was proposed as a formulated product of 
biological origin which by virtue of the novel or evolving properties of the constituent complex, 
improves the productivity of plants and not solely by reason of the presence of known essential plant 
nutrients, plant growth regulators or compounds for plant defense. These substances, regardless of their 
nutrient content, are effective at small concentrations, enhancing nutrition efficiency, abiotic stress 
tolerance, and/or crop yield and quality characteristics. 

Biotic stress is a matter of concern for the development and quality of plants in modern times. 
The main crop losses are due to abiotic stresses such as salinity. With the intention of altering 
physiological processes in plants to improve productivity, bio-stimulants are increasingly being 
introduced into production systems (Yakhin et al., 2017). 

In order to promote growth, minimize limitations caused by stress, and increase yield, bio-
stimulants provide a potentially new approach to regulating and/or altering physiological processes in 
plants. They can act as a direct reaction of plants or soils to the application of bio-stimulants or as an 
indirect reaction of bio-stimulants to the productivity of soils and plant microbiomes, thereby affecting 
the productivity of plants. Several research studies have been developed to test the use of bio-stimulants 
in improving plant growth exposed to abiotic stresses such as salinity stress. In addition, in bio-stimulant 
formulations, various raw materials, such as humic acids, hormones, algae extracts, yeast and bacteria 
that promote plant growth, have been used (Yakhin et al., 2017). The aim of this review is in this sense, 
to discuss the use of bio-stimulants in salinity-stressed crops and their effect on plant growth, yield and 
quality. 

 
2. Types of stresses  

Plants, from seed germination through to the entire life cycle, are continually exposed to a 
multitude of stressful events. Typically, these stresses are split into two categories: biotic and abiotic 
stresses, depending on the trigger factor being present. Biotic stresses are caused by other living 
organisms, including insects, bacteria, fungi, and weeds, that affect plant growth and productivity. In 
general, abiotic stresses are related to the climatic, edaphic, and physiographic components of the 
environment as they restrict plant growth and survival factors.  

 
3. Abiotic Stresses  

Drought, salinity, non-optimal temperatures, and low soil fertility are the most significant abiotic 
stresses restricting agricultural production, almost worldwide. Abiotic stresses influence not only the 
yield but also the quality of these products, causing changes in morphology, physiology and 
biochemistry that can alter the visual appearance and/or nutraceutical value in a way that can make the 
product unmarketable (Rao et al., 2016).  

Oxidative stress is a normal phenomenon caused by many adverse conditions; it usually occurs 
when a traumatic incident disrupts the equilibrium between the manufacture of reactive oxygen species 
(ROS) and the quenching activity. During physiological metabolisms such as photosynthesis or 
respiration, low ROS levels are typically created by different reactions, and they play an important 
signalling role in plant growth and development. Under conditions of abiotic stress, their quantity 
increases dramatically and can result in cell damage and death if not regulated, as shown in Fig. (1). 
The increased production of ROS under stressful conditions, in addition to its toxicity to proteins, lipids 
or nucleic acids, plays a key role in the complex plant stress response signalling network. Their 
concentration through the intervention of the antioxidant system is recorded at non-toxic levels. A large 
range of enzymatic or non-enzymatic antioxidant molecules are accumulated in plant tissues to quench 
stress-induced ROS. Plants also increase the biosynthesis and aggregation of sugars and proline as 
compatible solutes with an osmo-protective function, in addition to producing ROS scavenging 
compounds. (Rao et al., 2016).  



Middle East J. Agric. Res., 10(1): 188-206, 2021 
EISSN: 2706-7955   ISSN: 2077-4605                                           DOI: 10.36632/mejar/2021.10.1.11  

190 

 
Fig. 1: Localization and processes for the generation of ROS in plant cells. 

ROS: Reactive Oxygen Species 
Source: Rao et al.2016 

 
4. Salinity Stress  

Salinity is one of the environmental stress factors that decreases agricultural crop productivity, 
as it has negative effects on seed germination and leaf production, contributing to plant growth and 
yield. (Paul and Lade, 2014). The term salinity in agriculture refers to the presence of a high 
concentration of soluble salts across the root zone; a concentration above its usual limit causes high 
osmotic pressures and by reducing water absorption and affecting the absorption balance of important 
root nutritional ions, affects plant growth. 

Salinity affects plants in various ways, including osmotic effects, toxicity of particular ions, 
and/or nutritional disorders, as shown in Fig. (2). the ability of bio-stimulants to induce salt tolerance 
in plants was documented by several workers.  

 
 

Fig. 2: Schematic diagram interpreting the hazardous impacts of soil salinity stress in crop plants. 
Source: Kamran et al. (2019). 

 
5. Bio-stimulants  

Products derived from various organic or inorganic substances and/or micro-organisms capable 
of improving the growth, productivity and mitigation of the adverse effects of abiotic stresses, such as 
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salinity stress, are known as plant bio-stimulants. The most well-known components are mineral 
elements, vitamins, amino acids, poly- and oligosaccharides, and natural plant hormones. It is important 
to emphasise, however that the activity of bio-revitalization should not be dependent on the nutrients or 
the content of natural plant hormones in the product. By improving soil conditions, they can directly 
act upon plant physiology and metabolism. They can modify certain molecular processes that allow 
crop efficiency to improve water and nutrient usage, stimulate plant growth, and counteract abiotic 
stresses by enhancing primary and secondary metabolism (Rouphael and Colla, 2018).  
 
6. Classification of Bio-stimulants in Categories 

During the years, several categorizations of bio-stimulant products have been suggested by 
various researchers Centered on their principal component or mode of operation. The established 
classification is based on the raw material source. Thus, bio-stimulants are classified as these major 
groups: 

 
 6.1. Natural derivatives 
A. Algae extracts:  

Algae are a broad, multicellular, macroscopic community that can be brown, red and green. They 
are a major source of nutrients from organic matter and fertiliser. Extracts of algae have been used as 
soil conditioners or plant stimulators in agriculture.  They are used as a foliar spray and can increase 
plant growth, abiotic stress tolerance, photosynthetic activity, fungi, bacteria and virus resistance, and 
increase the yield and productivity of many crops. Cytokinins and auxins or other hormone-like 
compounds are present in marine algae used for the production of bio-stimulants. It also contains many 
active mineral and organic compounds that contribute to plant growth, Comprehensive polysaccharides 
such as Laminarin Fucoidan Alginates and plant hormones, including (Chiaiese et al., 2018).  

 
B. Humic substances (HSs):  

It contains humic acid, fulvic acid, and humin. HSs are natural constituents of soil organic matter 
resulting from the processes of decomposition of plant, animal and microbial residues, but also from 
the metabolic activity of soil microbes. Humic material therapy was found to encourage root growth 
and plant growth. This is expressed in improved nutrient and water absorption and increased tolerance 
to environmental stresses. This is due to the molecular complexity of these compounds and their 
application has altered the quantity and variety of responses of plants. Furthermore a close relationship 
between the medium properties and the bioactivity of HSs was established. Both the hormone-like 
activity of some of their components and IAA-independent mechanisms can be due to the positive 
effects of these complex aggregates. For instance, HSs are able to encourage plant growth and induce 
plasma membrane activity of H+ATPase, such as auxins (Nardi et al., 2016). 

 
C. Yeast extracts 

Yeast extract is a natural source of thiamine - riboflavin - niacin - pyridoxine and vitamins B1, 
B2, B3, B12, cytokinin and many nutrients and organic compounds that promote cell division and 
enlargement, i.e. protein, carbohydrates, nucleic acid and lipids. These species promote plant growth 
by enhancing the absorption of nutrients and the development of certain phytohormones and 
transforming insoluble phosphorous form into soluble one that improves the availability of phosphorous 
to plants (Rafiee et al., 2016).  

 
D. Hydrolyzed proteins and amino acids containing products:  

Hydrolyzed proteins are a combination of amino acids, peptides, polypeptides and denatured 
proteins that can be derived from both plant and animal sources by chemical, enzymatic and thermal 
hydrolysis of proteins (or by combining these various forms of hydrolysis). Generally, they may induce 
plant defence responses and increase plant tolerance to several abiotic stresses, as reported by several 
writers. Glutamine, glutamate, aspartate, and asparagine amino acids act as reservoirs and forms of 
nitrogen transport and to change the proportion of carbon/nitrogen. By acting as precursors to secondary 
compounds and hormones, other amino acids such as tryptophan, methionine, proline and arginine 
cause more resistance in plants to biotic and abiotic stress conditions, either directly or indirectly 
(Trevisan et al., 2019).  
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E. Microorganisms:  
In this group, bacteria, filamentous fungi and micro-algae are included. They are isolated from 

composted seeds, soil, water, and manure or other organic materials. They are added to soils by 
metabolic activities to improve crop productivity. By means of nitrogen fixation and nutrient 
solubilization, they increase the absorption of nutrients, alter the hormonal status by inducing plant 
hormone biosynthesis such as auxins, cytokinins, etc.; they also increase resistance to abiotic stress and 
generate volatile organic compounds (VOCs) that can also have a direct impact on plants.  Plant growth 
promoting rhizobacteria (PGPR) are able to promote physical, chemical and biological activities by 
enhancing plant responses to abiotic stresses. Microorganisms that build a protective biofilm on the root 
surface that increases the absorption of nutrients and water have beneficial effects (Turan et al., 2017).  

 
F. Phytohormones 

Organic phytohormone compounds are labelled bio-stimulants or bio-inhibitors, with the 
exception of nutrients. They control the physiological processes of plants and activate or inhibit 
particular enzymes within the cells and alter low concentrations of plant metabolism. Phytohormones, 
or "classical five" such as auxin, gibberellin (GA), ethylene, cytokinin, and abscisic acid (ABA) (Rafiee 
et al., 2016).  

 
 6.2. Synthetic bio-stimulants 

They include but are not limited to, phenolic compounds, plant growth regulators (synthetic 
hormones), basic elements, inorganic salts and various substances with stimulating plant properties. 

 
A. Phosphite  

Over the past three decades, phosphite (Phi; H2PO3) or its conjugate phosphorous acid (H3PO3), 
a reduced form of Pi and inorganic salt Fig (3), has been widely used as a pesticide, supplementary 
fertiliser and plant bio-stimulant. Phi has been shown to enhance nutrient absorption and assimilation, 
abiotic stress tolerance and product consistency as a plant bio-stimulant. In addition, Phi enhances root 
growth, yield, and Horticultural crops have nutritional value (Thao and Yamakawa, 2019). 

  

 
Fig. 3: Three-dimensional chemical structures of phosphate (H2PO4

-; Pi) and phosphite (H2PO3-; Phi) 
forming tetrahedral structures. Source: Thao and Yamakawa, 2019 

 
B. Plant growth Promoting Products (Synthetic hormones)  

 Favourable effects on crop growth and yield are extended to a broad category of plant growth 
promotion. Indole butyric acid, Adenine, AMP and cyclic AMP, Dinoseb, Polyethylene glycol, 
Carboxylic and phenolic acids are the ingredients in these products (Rafiee et al., 2016). 

 
6.3. Another category of bio-stimulants includes:- 

Those extracted from, among others, extracts of food waste or industrial waste sources, extracts 
of compost and compost manure, compost of vermin, aquaculture and waste stream residues, and 
treatment of wastewater. It has been stated that bio-stimulants derived from agro-industrial by-products 
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are successful in improving the productivity of plants, growing the synthesis of secondary compounds 
involved in multiple plant physiological responses and improving the function of the ammonia lyase 
enzyme phenylalanine. The use of by-products as raw materials that can be converted into fertilising 
products is the idea behind the new fertiliser legislation and the Circular Economy Action Plan, which 
focuses on achieving sustainable agriculture. Guidelines for fertiliser management, the need to produce 
good crop yield and quality in a more environmentally friendly method of cultivation, the increase in 
the price of synthetic fertilisers, the absence of many agrochemicals and the multi-faceted effects of 
bio-stimulants on plants or soil facilitate the expansion of this market (Xu and Geelen, 2018).  

 
 6.4. A new category of bio-stimulant products, including nano-particles and nano-materials: 

Nano-particles and nano-materials are typically known as particles with dimensions ranging from 
about 1 nm to 100 nm that show properties that are not present in their bulk form. When used as a foliar 
spray or in nutrient solution in small quantities, they are able to alter the production efficiency and 
resistance to abiotic stresses. Their bio-stimulant properties tend to be related to the materials' structure. 
Interaction between surfaces of plants and nano-particles and nano-materials may have a positive effect 
on the transport of ions and metabolites and on the operation of receptors by changing the environment 
in terms of energy and charges. For this activity, the chemical composition is not dependent on. In 
addition, nano-particles and nano-materials release chemical elements that could be useful for plants 
when metabolized, such as iron or carbon (Khan, 2016). 

 
7. Role of Bio-stimulants in Alleviating Salinity Stress 

Goswami et al. (2016) found that bio-stimulants help in decrease the effects of salinity stress by 
Production of: 

 
a. Phytohormones 

As well as some other growth regulators, most bio-stimulants Induce plants to generate hormones 
such as indole acetic acid, gibberellin, cytokinin, and abscisic acid. 

 
b. ACC Deaminase 

Recently, several plant-growth-promoting rhizobacteria (PGPR) have been found to possess the 
1-aminocyclopropane-1-carboxylic acid (ACC) deaminase enzyme to be capable to separate alpha-
ketobutyrate and ammonia into the ethylene precursor ACC. 

 
c. Conserving homeostasis of ions  

Homeostasis simply means "same state"; thus, ion homeostasis can be characterized as the power 
of the plant or cell internal systems, even in the presence of any environmental stresses, to keep the 
concentrations of its internal ions stable to remain very nearly constant." For all the physiological 
functions of living cells, preservation of intracellular ionic homeostasis is very important.  

 
d. Osmolytes Accumulation   

Osmolytes are compounds that play an important role in cell adaptation to various abiotic stress 
conditions by helping to regulate the osmotic pressure of the cytoplasm and preserve proteins and cell 
membranes when water, salt, or temperatures are un-favourable for the growth or survival of plants. 

 
e. Proline Production 

Proline is an amino acid that is essential. It accumulates under many abiotic stresses in plant 
tissues, as well as other plant stresses, such as drought, salt stress and temperature. It helps greatly in 
the alteration of cytoplasmic osmotic agents. Currently it is known as a molecule with stress markers.  

 
f. Glycine betaine   

It is a quaternary ammonium compound and is also a derivative of amino acids that are N-
methylated. It typically accumulates in various species of plants that are subject to various abiotic 
stresses, such as salt, drought and extreme temperatures. It can stabilise the structures and the cellular 
activities of enzymes.  
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g. Soluble sugars  
The role of sugars in the cell during stress is not limited to being osmo-protectants, but they also 

serve as plant growth substrates and as gene expression regulators. There are various kinds of osmolyte-
acting sugars, such as sucrose, fructose, maltose, rhamnose, and trehalose.  

 
h. Production of Microbial Exo-polysaccharides  

Exopolysaccharides are polymeric extracellular substances formed by rhizosphere-inhabiting 
PGPRs, such as Pseudomonas spp., Bacillus spp., Sinorhizobium spp., Escherichia spp., Acetobacter 
spp., Halomonas spp., Geobacillus thermodenitrificans, Halococcus sp., Bacillus licheniformis, and 
Halobacterium sp. To act as an interface between root cells and the surrounding environment, the 
exopolysaccharides form a sheath or biofilm between roots and soil. It serves as a defensive shield 
against desiccation, UV radiation, and salt tension. It also binds soil particles to produce 
microaggregates and macroaggregates that strengthen the rhizosphere's macropores and soil structure, 
resulting in improved water availability for inoculated plants. 

 
i.  Antioxidative Enzymes Biosynthesis 

Limited quantities of reactive oxygen species (ROS) are released by normal plant cellular 
metabolisms, such as respiration and photosynthesis, as by-products such as superoxide O2-, hydrogen 
peroxide H2O2, hydroxyl radical oxide OH-, nitric oxide NO-, hydroperoxide radical oxide HOO-, lipid 
peroxide radical oxide ROO-, nitric oxide NO-, hydroperoxide radical oxide ROO-, peroxynitrite 
ONOO- and singlet oxygen, each of which has definite signalling roles during development and growth.  

Increases in the concentration of reactive oxygen species make them toxic to plant cells during 
various abiotic stresses, often salt stress. An inhibitor of cellular metabolism, since it damages cell 
components such as proteins, lipids and nucleic acids. Plants have developed various effective 
antioxidant mechanisms, called antioxidant enzymes or ROS scavenging enzymes, to reduce the impact 
of reactive oxygen species, which can protect them from harm. 

 
j. Improvement of the Nutritional Status of Plants  

As plant growth, development and yield are impeded by nutritional imbalances, the nutritional 
status of plants significantly affects their ability to respond to adverse environmental stress conditions. 
The imbalances in the supply of nutrients are basically the product of In particular, salinity is due to the 
effects of adverse abiotic stress.  

 
8. Role of Some bio-Stimulants in Crop Production under Salinity Stress 

Numerous authors have categorized the effects of various types of bio-stimulants on plants under 
salt stress into direct and indirect influences. Indirect impacts are related to improvements in the 
physical, chemical and biological properties of soils, while direct impacts are due to improvements in 
germination and plant growth (root and shoot) as an increase in plant resistance to salt stress. As one 
can see, several authors see the application of bio-stimulants as a sustainable plant production method 
and a meaningful approach to counteracting plant salt stress. In this context, the application of bio-
stimulants in agriculture under saline conditions has shown the ability of different categories of bio-
stimulants to enhance crop production and to minimize salinity stress (Yakhin et al., 2017). 

  
8. 1. Role of Algae extracts  

Algae extracts as bio-stimulants are emerging as commercial formulations for use as factors that 
promote plant growth and as a method to boost salinity tolerance. To improve tolerance under stress, 
algal extracts target a variety of pathways (Fig. (4) and (5)). 

Bioactive compounds in algae extracts can improve plant tolerance to a biotic stress (Table 1).  
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Fig. 4:    Summary of main key mechanisms targeted by algal-based bio-stimulants 

         Source: Van Oosten et al. (2017). 

 

 

 
Fig. 5: The positive impact of seaweed extracts on the whole soil–plant system under a biotic stress. 
Source: El- Boukhari et al. (2020). 
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Table 1:  a, b and c: Chemical composition of mineral content, Amino acids content and HPLC 
chromatogram hormones of algae extract. 

% ppm 
N P K Mg Na Ca Fe Mn Zn Cu 

13.30 2.22 2.13 0.22 0.01 0.33 1936 68 21 18 
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1.85 0.83 0.70 2.24 0.67 1.07 1.55 1.11 0.33 0.71 0.29 0.53 0.87 0.24 0.70 0.98 0.22 15.89 

Source: El-Nwehy, et al. (2020) 

 
Two seaweed-based plant bio-stimulants containing Ascophyllum nodosum were added to 

lettuce and strawberry respectively and, considering the adverse salinity situation, were correlated with 
a substantial increase in yield and root dry weight (Guinan et al. 2018).  

In tomato plants, sulfur exogenous polysaccharides extracted from the microalgae Dunaliella 
salina were applied to study their potential effect on mitigating the effects of salt stress. The results 
obtained showed that the treatment improves plant growth, the function of antioxidant enzymes, 
multiple jasmonic acid pathway-related metabolic mechanisms, as well as productivity and quality. (EL 
Arroussi, 2018 et al.). The application of seaweed extracts Sargassum muticum and Jania rubens 
significantly reduced the harmful effects of the salt by controlling amino acid metabolism, balancing 
the ion content and improving the antioxidant safety of the chickpea plant. Roots define amino acids 
such as serine, threonine, proline, and aspartic acid as responsible for the improvement of salt stress 
(Abdel Latef, 2017).  

El-Nwehy et al. (2018) there was a significant increase in the yield of sunflower seeds, oil 
percentage, and oil yield as a foliar spray of algae extract under soil and water salinity stress. The 
relative increases were 37% for oil yield, 23% for seed yield, and 12% for oil as shown in Fig. (6). The 
treatment of algae extracts gave the highest net yield value (6927 LE feddan -1) as well as economic 
efficiency (net yield / total cost = 1.7). This is due to the increase in seed yield under the algae extract 
treatment (1469.7 kg seeds feddan -1) compared to the other treatments. 

 

 
Fig. 6: Effect of algae extract on sunflower seed yield, percent oil content, and oil yield under water 

and soil salinity stress. Source: El- Nwehy et al. (2018) 

Mg/g 
Indole acetic acid Indole butyric acid Gibberllic acid 
13.66 3.25 1.19 
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Dalia Nawar and Sabreen (2014) found that all studied yield parameters (i.e. number of pods, 
total yield/plant and total yield per feddan) were significantly increased by spraying pea plants with 
algae extract at different concentrations under soil salinity; (Table 2). Since pea plants received 10 or 
15 percent algae extract, the highest values of pods number, total yield/plant and per feddan were 
described as opposed to the lower value of these characteristics obtained with control plants. 

 
Table 2: Effect of algae extract rates on total green pod yield and its components of pea plants during 

winter seasons under soil salinity stress.  
Character Total yield 

(Ton/fed.) 
Yield 

(g/plant) 
No. of 

pods/plant 
Total yield 
(Ton/fed.) 

Yield 
(g/plant) 

No. of 
pods/plant 

 First season Second Season 
Algae extract rates (W/V) 

0% 2.83b 29.52c 4.98b 2.85b 29.37b 4.52b 
5% 3.200b 33.75b 4.82b 3.17.b 32.75b 4.64b 
10% 3.76a 39.52a 5.77a 3.79a 39.47a 5.44a 
15% 3.93a 41.32a 6.01a 3.90a 40.48a 5.67a 

Source: Dalia Nawar and Sabreen (2014) 

 
8. 2. Role of Humic substances  

The main organic components of lignite, soil and peat are humic and fulvic. Biological 
degradation of organic matter, which results in a mixture of acids containing phenolic and carboxyl 
groups, produces humic acid and fulvic. Low molecular weight, high oxygen content humic acids are 
fulvic acids. There are a number of examples which show the ability of these substances to increase the 
abiotic stress tolerance of plants (Fig. (7). 
 

 

Fig. 7: Summary of main key mechanisms targeted by humic- and fulvic acid-based bio stimulants. 
Source: Van Oosten et al. (2017). 

 
Treatment with humic acid and phosphorus of bell pepper (Capsicum annuum L. cv. Demre) 

gave plants with reduced Na content and high levels of N, P, K, Ca, Fe, Mg, S ions. , Mn and Cu in 
roots and shoots, which were associated with a general protective effect under moderate salinity stress 
(Çimrin, et al. 2015). 

The application of humic acids under high salinity (120 mM NaCl) to kidney beans (Phaseolus 
vulgaris L.) increased endogenous proline levels and decreased membrane leakage, two indicators of 
better tolerance to saline environments (Aydin and Turan, 2018). 

Rice administered vermicompost extracts (Oryza sativa L.) played a role in activating anti-
oxidant enzyme activity and increasing ROS trapping enzymes. These enzymes are needed to inactivate 
toxic free oxygen radicals produced in plants subjected to drought and salt stress (García, et al. 2017). 
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El-Nwehy et al. (2018) found a significant increase in sunflower seed yield, oil percentage, and 
oil yield as foliar sprays with potassium humate. The relative increases were 10%, 4% and 14%, 
respectively, as shown in (Table 3). 
 
Table 3: Effect of potassium humate on sunflower seed yield, percent oil content, and oil yield under 

salinity stress.  
% 

increase 
Oil Yield 
 kg fed.-1 

% 
increase 

Percent Oil 
content  % 

% 
increase 

Yield 
kg fed.-1 

Treatments 

100 269.8 100 22.6 100 1193.7 Control 

114 307.2 104 23.4 110 1312.8 
Potassium 
Humate 

- 5.2 - 0.3 - 8.2 LSD at 5 % 
Source: El- Nwehy et al. (2018). 
 

8. 3. Role of yeast extracts  
Yeast (Saccharomyces cerevisiae) is well-recognized to have several bioactive compounds that 

can help boost the efficiency of crop plant growth and yield characteristics in hostile conditions such as 
salinity. Yeast extract is enriched with vitamins such as thiamine, riboflavin, niacin (vitamin B3) and 
pyridoxine, as well as compatible solutes such as sugars and amino acids, as shown in the Table (4), 
which have been reported to have beneficial effects on the improvement of plant-induced abiotic stress.  

 
Table 4: Chemical analysis of yeast extract 

Growth regulators ppm Vitamins (mg/100 g DW) Amino acid  (%)  
31  
56 

Adenine 
Betaines 

23.33 
21.04 
20.67 
19.17 
23.21 

27 29  
20.43 
20.04 
73.92 
38.43 
29.49 

26 22  
22.09 
 

Vit.B1 
Vit.B2 
Vit.B6 
Vit.B12 
Thiamin 
Riboflavin 
Inositol 
Biotin 
Nicotinic acid 
Panthothenic  acid 
P amino benzoic  acid 
Folic acid 
Pyridoxine 
 

1.69 
1.49 
2.32 
0.63 
3.76 
1.45 
0.71 
0.85 
1.91 
1.13 
1.18 
1.29 
1.98 
1.54 
0.25 
0.99 
1.4 
0.4 

Alanine 
Arginine 
Aspartic  acid 
Cystine 
Glutamic  acid 
Glycine 
Histidine 
isoleucine 
Leucine 
Lysine 
Phenyl alanine 
Proline 
Serine 
Threonine 
Tryptophan 
Tyrosine 
Valine 
Methionine 
 

Minerals 
6.88% 
0.66 % 
0.95%  
0.19% 
0.17% 
0.48% 
107 ppm 
77 ppm 
5 ppm 
13 ppm 

Nitrogen 
Phosphorus 
Potassium 
Magnesium 
Calcium 
Sulfur 
Iron 
Zinc 
Copper 
Manganese 
Others  (%)  

43.00 
2.20 
33.21 
7.20 
3.80 

Crude Protein 
Crude Fat 
Carbohydrates 
Crude Fiber 
Ash 

Source: Abdel Latef et al. (2019) 

 
It was found in a study carry on Java oranges that all cropping and fruit quality measurements 

reacted positively to all yeast extract treatments applied compared to the control. Yeast extract has 
statistically exceeded other therapies at 200 ml/L treatment. In addition, compared to the control, all 
applied yeast extract treatments increased the content of leaf N, P, K, Ca, Fe, Mn and Zn as well as the 
content of leaf photosynthetic pigments (Bakry, 2017).  

Extension raising fruit weight, length and volume, spraying Naval orange trees with 0.4 percent 
yeast extract combined with 1.0 percent zinc sulphate has been effective in improving total yield and 
fruit numbers. The highest fruit quality values, similar to increasing total soluble solids, ascorbic acid 
and decreasing fruit acidity, have also been reported (Khafagy, et al. 2016).  

 Another study found that papaya had the highest values of germination percentage, germination 
rate and germination value when treated with yeast extract. Although the most important findings of 
this study were the number of branches per plant, the number of female flowers per plant and the fertility 
of pollen grains improved substantially, and in the case of yeast extract treatments, there was also a 
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decrease in the time needed to achieve flowering. Yeast extract treatments have given the highest values 
for various quality characteristics in terms of yield and physical and chemical fruit quality (Ismaeil and 
Bakry, 2015).  

Increased plant growth, chlorophyll in leaf tissues, NPK uptake and increased pod setting as well 
as total yield (Table 5), average fruit weight and TSS were reported in tomato spraying plants with yeast 
(Alali, et al. 2017). 
 
Table 5: Effect of foliar spray by yeast extract on total yield of two tomato varieties under salinity 

stress. 
Treatments Var. (A) Var. (B) 

Yield ( Tons/ha) 
Control 85.38 48.96 
20 g/l 102.16 62.28 
40 g/l 96.88 56.67 
60 g/l 96.46 49.16 
Mean 95.22 54.27 
LSD 5% 0.206 0.291 
LSD 5%  B*A 0.411 

Source: Alali et al. (2017) 

 
8. 4. Role of Hydrolyzed proteins and amino acids containing- products  

Mixtures of polypeptides, oligopeptides and free amino acids derived from partial hydrolysis of 
agricultural by-products of animals and plants are aqueous proteins. In various ways, carbohydrates, 
proteins, amino acids and fats can increase stress tolerance (Fig.10). The effects of amino acids on ionic 
fluxes across membranes have been clearly identified, with the majority having a positive effect on 
reducing potassium flux induced by NaCl. - There are 22 acids. Naturally occurring amino acids, which 
are determined by a specific structure containing nitrogen, oxygen, carbon and hydrogen are the 
"building blocks" of proteins and are present in all living things. Fig. (8) Enter the simplest amino acid, 
glycine. One atom of magnesium is extracted with two molecules of Glycine shown in Fig. (9). 

 

 
Fig. 8: The simplest amino acid, glycine. 

 

Fig.9: Magnesium chelated by two molecules of glycine. 
Source: Van Oosten et al. (2017). 
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Fig. 10:  Summary of main key mechanisms targeted by carbohydrate, protein, amino acid, and lipid-

based bio-stimulants.  
Source: Van Oosten et al. (2017). 

 
The covering effects were enhanced when hydrolysate-based bio-stimulants of alfalfa (Medicago 

sativa L.), containing triacontanol (TRIA) and indole-3-acetic acid (IAA), were added to maize plants 
under salt stress. In salt stress conditions, treated plants had greater flavonoid, proline, and potassium 
content compared to untreated controls (Ertani, et al. 2015). 

The exogenous application to barley roots of small amounts of compatible solutes such as proline 
and betaine resulted in an immediate reduction in the efflux of K + induced by NaCl, efflux, suggesting 
that relatively low concentrations of compatible solutes would influence ion fluxes across the membrane 
(Cuin and Shabala, 2015).  

 El-Sese et al. (2020) found that, as shown in the table during the three study seasons, all of the 
amino acid treatments tested on grapes significantly exceeded the yield/vine control with no major 
variations between them under salinity stress. Tyrosine at 500 ppm reported during the 1st season (9.47 
kg/vine) was the most successful treatment in this regard. During the second season, the same table 
indicated that the mixture of amino acids glycine, lysine and tyrosine had the highest values during the 
3rd season as shown in Table (6). 

 
Table 6: Effect of foliar application with some amino acids on Yield / Vine (kg) of three grape cultivars 

during 2017, 2018 and 2019 seasons under salinity stress. 
        Cultivars(C)            
Treatments 

Bez 
El-Anza 

Thompson 
Seedless 

Red   
Roomy 

Mean (T) 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 
Amino acid mix 

(500 ppm) 
3.56 2.92 2.92 7.63 7.80 6.98 14.58 15.02 12.46 8.59 8.58 7.45 

Glycin (500 ppm) 3.28 2.13 2.20 6.51 7.03 7.22 11.32 15.72 16.50 7.04 8.29 8.64 
Mithionin (500 ppm) 3.36 2.08 2.43 6.47 6.66 7.36 12.51 12.76 13.09 7.45 7.17 7.63 
Lysin (500 ppm) 3.75 2.12 1.82 6.76 8.29 7.36 13.69 14.64 14.24 8.07 8.35 7.81 
Tyrosin (500 ppm) 3.59 2.56 2.30 7.97 7.88 7.60 16.85 16.10 13.82 9.47 8.85 7.91 
Control (water only) 2.23 1.77 1.27 5.26 5.81 6.09 9.98 8.86 9.82 5.82 5.48 5.72 
Mean (C) 3.32 2.37 2.33 6.85 7.11 7.12 13.03 13.6 13.42 7.74 7.69 7.62 

Season 2017 2018 2019 
LSD' (C*T) 1.03 1.10 1.20 

Source: El-Sese et al., (2020). 
 
8. 5. Role of Microorganisms  

Some of the targets of microorganisms that increase tolerance to abiotic stress have been 
identified (Fig.11).  
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Fig. 11: Summary of main key mechanisms targeted by microorganism-based bio-stimulants. Source: 

Van Oosten et al. (2017). 
 
Soils inoculated with rhizobacteria (PGPR) may improve the response of plants to abiotic stress. 

The defensive effects of Rhizobium against abiotic stress in plants have been extensively covered in a 
number of recent studies. The elevated level of IAA, which has been shown to alleviate salt stress and 
EPS production, correlates with the most reported growth enhancement determined by these bacteria, 
which may help maintain a moisturizing film around the roots and / or helping to restore favorable 
water. potential gradients below water limits. These functions have been shown to be useful under salt 
stress, temperature extremes, pH levels, salinity and drought (Gopalakrishnan, et al. 2015). 

When pea (Pisum sativum) and broad bean (Vicia faba) are two legumes, Two distinct strains of 
Rhizobium leguminosarum, salt tolerant (GRA19) and salt sensitive (GRL19) inoculated with salt 
tolerant (ST) have been inoculated. Under moderate salt stress, Strain performed better. The authors 
also found that pea plants when inoculated with GRA19, the salt-resistant strain of R., showed great 
nodules and a high degree of nitrogen fixation under salt stress. Leguminosarum. Similar findings for 
non-symbiotic free-living soil bacteria that are capable of nitrogen fixation have been observed. 
Azospirillum brasilense is closely related to the rhizosphere of plants and can colonies the roots' surface 
(Del Pilar et al. 2016).  

In barley, under saline conditions, Hartmannibacter diazotrophicus E19 (T) is capable of 
colonizing roots. Root inoculation in saline soil, the mass of roots and shoots increased considerably, 
308 percent and 189 percent respectively. The inoculated roots also increased the relative water content 
by about three and a half times that of the control plants (Suarez et al. 2015). 

Inoculation of lettuce seeds (Lactuca sativa L., cv Mantecosa) with A.brasilense In the presence 
of salt, increased germination and tolerance demonstrated thanks to a higher total fresh and dry weight 
of the plants during harvest. Increased chlorophyll, ascorbic acid content, antioxidant content and shelf 
life after exposure to salt stress (Barassi et al. (2016). 

 Triticum aestivum cv. inoculated with A. brasilense sp. 245 and salt stress (320 mM NaCl) and 
osmotic stress (20 and 30% PEG 6000) had higher FW, DW and RWC than non-vaccination. Analysis 
of phospholipids and fatty acid composition in inoculated wheat revealed that inoculated plants altered 
the distribution profiles of major root phospholipids, possibly leading to increased tolerance. The same 
results were obtained during inoculation with B. Subtilis by Wheat. below the level of NaCl (150 mM 
and 200 mM),as shown in Fig.(12)  (Jabborova, et al. 2020). 
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Fig. 12: Root and shoot lengths and total fresh weight of wheat inoculated with B. subtilis 1 strain under 

level of NaCl (150 mM and 200 mM). Source: Jabborova, D.P. et al. (2020) 
Various experiments have been carried out using different Plant Growth Promoting bacteria that 

are able to enhance abiotic stress tolerance such as salinity stress as shown in Table 7. 
 
Table 7: Various roles of PGPB (Plant growth promoting bacteria) in enhancing yield and growth of 

different plants/crops under salt stress. 
Crops PGPB Na Cl (mm) Beneficial Effects 

Lettuce Azotolcter chroococcum 50  and 100 
Enhanced the radicle lengths and plumule of 
germinated seeds 

Sunflowers 
Pseudomonas fluorescens 

CECT 378T 
100 

Fresh weight significantly improved by more 
than 10% K+/Na- proportion 

Strawberry Bacillus sp. 35 
Ameliorated fruit productivity, Teaf water 
amount, ionie constitution, and membrane 
permeability 

Wheat Serratia  sp.  SL-12 200-150  

Improvement in plant increase, as determined 
by factors like root shoot length, dry/fresh 
weight, and augmentation of photosynthetic 
pigment 
 

Maize 
Trichoderma harzianum 

Th-6 
150-50  

Improves water composition and stomatal 
conductance، elevated pigment amounts, and 
increases photosynthetic Performance 
 

Barkey 
Azospirillum brasilense 

NO40 
350 and 250 

Mitigate photosynthetic pigments in the roots 
and shoots, photosynthetic electiveness, 
transpiration level, stomatal conductance, 
agglomeration of Mg, P, K, Fe, and Ca 
 

Source: Mokrani, et al. (2020). 

 
8.6. Role of nano-materials  

Excessive chemical fertilizer application is toxic to human health, animals, plants and the 
environment. The addition of nano-fertilizer may be a promising way to address these issues. One of 
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the appropriate methods for increasing the productivity of resource usage, plant production and 
environmental pollution mitigation is the application of nano-fertilizers. Nano-fertilizers may substitute 
conventional fertilizers and provide a solution to increasing the enormous quantity of agricultural 
products added to the soil that can increase problems with salinity stress.  

The response of cotton plants to foliar application of nano-zinc under salinity stress was studied 
by Hussein and Abou-Baker (2018). It's evident from Fig. (13) The salt stress reduced the mineral 
content and vice versa for treatment with nano-zinc. S2 *NZn1 produced the lowest N, P and K content 
values, while S2 * NZn0.0 produced the lowest Ca, Na and Zn content values. 

  

 
Fig. 13: Element contents in cotton leaves irrigated with diluted seawater (10 and 20%) as affected by 

nano-zinc (100 and 200 PPm) application. 
Source: Hussein and Abou-Baker (2018). 

 
Badran and Savin (2018) found that the germination rate of bitter almond seeds under salinity 

stress was significantly influenced by the form and doses of fertilizers, as shown in Fig. (14). Due to 50 
and 100 percent of nano-fertilizers relative to urea and ammonium sulphate treatments, the highest 
pronounced increment was obtained.  

 

 
Fig. 14: Effect of fertilization treatments on germination rate of bitter almond seeds under saline 

conditions.  Source: Badran and Savin (2018). 
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10. Conclusion 
From the current review, it can be concluded that development of bio-stimulant products with 

particular emphasis on their effects, improving tolerance to abiotic stress in crops. During their life 
cycle, plants are often subjected to abiotic stresses which act alone or in combination and can drastically 
reduce productivity and quality of products. Bio-stimulants, it can be an effective and probable tool for 
improving plant growth and productivity, and improving tolerance to abiotic stress. In fact, bio-
stimulants have been applied successfully for: improving nutrients and water use efficiency in crops; 
improve tolerance to saline stress; increase the yield and quality of agricultural crops. 
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