
Saline Soil-Based Crop Cultivations by Applying
Halophyte-Associated Bacteria
Subjects: Agriculture, Dairy & Animal Science

Contributor: Teo Meng

Using the biological approach of halotolerant plant growth-promoting bacteria (HT-PGPB) as bio-inoculants provides a

promising crop enhancement strategy. HT-PGPB has been proven capable of forming a symbiotic relationship with the

host plant by instilling induced salinity tolerance (IST) and multiple plant growth-promoting traits (PGP). 
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1. Introduction

Generally, soil salinization occurs by the localised increment of soluble salt in the surface layer of the soil, which leads to

increased soil electrical conductivity (exceeding 4 dS/m) and salinity level. It also implies soils where natural leaching is

no longer sufficient to remove the excess salts from the soil profile . The process of land salinization can be classified

into primary and secondary salinization. Primary salinization is due to natural causes and mainly originates from two

sources, the weathering mineral rocks of the lithosphere and salts from seawater . On the other hand, anthropogenic

activities such as agricultural use and rapid urbanisation are responsible for secondary salinization .

The varying degree of soil salinity issues significantly impacts the agricultural industries by reducing the economic returns

of cultivated land, leading the land to be barren and ultimately to mass land abandonment problems . Hence, saline soil-

based cultivation may be an alternate solution to mitigate such issues and cope with the ever-expanding salinity problems,

and salt-tolerant crops are the key to this strategy. Previous development trials on salinity and water-deficit stress-tolerant

crops were solely through selective breeding and high-tech genetic engineering . Nonetheless, the progress of

successful outcomes is mediocre, as proven by the limited number of effective salinity-tolerant genotypes made available

so far .

Therefore, the biotechnological approach of utilizing beneficial bacteria to improve soil health is vital to ensure global food

sustainability. In the natural environment, the interactions of intracellular and extracellular microorganisms are crucial in

sustaining and promoting plant growth. Accordingly, multiple types of research and experiments have been undertaken

over the years on such microbes, which have proven that these beneficial microbes do indeed qualify to act as bio-

fertilizers, bio-stimulants, as well as bio-pesticides.

2. Salinization Effects on Plants

A salinized soil is defined as soil with electrical conductivity (EC) value of or exceeding 4 dS/m (40 mM sodium chloride,

NaCl) in the root zone at 25 °C, with 15% exchangeable sodium, and a pH value less than 8.5 . Various soluble salt

ions contribute to soil salinization, and the varying concentration of these soluble salts depends on soil traits and the

salinization process . Despite that, sodium ion (Na ) and chloride (Cl ) are the most prominent and showed the

most phytotoxicities . Another variant of soil salinity is soil alkalinity. It occurs when the soil is primarily saturated in

sodium carbonate, causing the soil pH to rise, and its effects are more devastating than normal salinized soils .

Salinized soils are notoriously known to restrain salt intolerant plant growth worldwide by inducing salinity stress. This

abiotic factor significantly affects almost every agricultural development aspect, including lowered productivity and yield

potential, disrupting local ecological balance, impairing economic returns, and the precursor of soil degradations and

erosions . Typically, the adverse effects of salinity stress are depicted as two consecutive stages. Firstly, the excessive

presence of salt reservoirs in the root zones will disrupt the regular water uptakes due to the altered osmotic pressure.

This is known as the water-deficit effects of salinity stress, and the symptoms shown include stunted growth and

developments due to reduced cell division and differentiation. Moreover, cell deaths will occur due to osmotic stress if

there are excessive accumulations of salt ions in the cell walls .
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3. Salinity Alleviation Attempts

The standard methods on soil reclamations comprise of physical means (such as breaking down and disturbing the soil

surface layer, scraping away the soil surface salt build-ups, and flooding and leaching), chemical amendments (including

gypsum, calcium chloride, and lime), and some agricultural managements such as proper soil amendments, irrigation

methods, doing crop rotations, intercropping, or precision farming .

Apart from soil reclamations, crop modifications via traditional selective breeding, primming agent applications, genetic

engineering, and induced mutant breeding were also carried out by researchers aiming to augment crops with new

potential qualities, such as heightened salt tolerance . However, it has proven to be a difficult task as salinity

stress is complex. It affects multiple facets of plant physiology, not to mention the time, effort, and costs needed .

Ironically, to counteract the low productivity and yield of salt-sensitive crops such as rice on salinized soils, farmers usually

opted to apply chemical fertilizer to mitigate the problems because of convenience. Furthermore, due to the vulnerability

of salinity-stressed plants to pests and disease, excessive usage of pesticides is usually involved. These temporary

solutions will eventually lead to even more build-ups of soluble salts from the chemical amendments, hastening or

worsening the salinity problems  Moreover, some pesticides such as parathion can attain further stability and

become more structurally non-degradable under saline conditions, causing long-term soil contamination .

Hence, the biotechnological approach of bio-inoculants, namely HT-PGPB, is demonstrated to be an effective alternate

measure of mitigating salinity stress effects and overall crop improvements . Naturally, these beneficial microbes

possess considerable growth-promoting and salinity-defensive traits that improve the inoculated host’s tolerance towards

salinity and even biotic stresses . The HT-PGPB alleviates salinity stress through various mechanisms evoking

multipronged physiological, biochemical, and molecular plant responses to promote plant growth, as shown in Figure 1.

Figure 1. The roles of potential halotolerant plant growth-promoting bacteria (HT-PGPB) with plant growth (PGP) and

salinity defense mechanisms to alleviate salinity stress in glycophytic crops. The depicted plates are potential HT-PGPB

(rhizobacteria and endophytes, respectively) isolated from native halophytes.

4. Halophytes and Halotolerant Plant Growth-Promoting Bacteria (HT-
PGPB)

The salinity tolerance revolves around a complex of physiological, morphological, and molecular processes, alongside the

determined factors of intensity and duration of exposures. To illustrate, the capability of a plant to limit toxic salt intake and

accumulations, regulate cells’ ionic and osmotic balance, and control leaf development and the onset of senescence are

examples of salinity-tolerant mechanisms . For instance, halophytes are plants that thrive and complete their life cycle

in an environment with elevated salinity (up to 1 M sodium chloride, NaCl) without suffering from any sign of salinity

distress . Additionally, some coastal region halophytes can even reach optimum growth at 5 to 25% salinity level of

standard seawater. Nevertheless, their growths can still be affected by either absence or over accumulations of salt .
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Consequently, halophytes are equipped with diverse natural strategies to combat the adverse effects of excessive salt

accumulations. The halophyte’s primary mechanisms are involved in their morphological (thickened leaves, foliar salt

glands), physiological (salt elimination mechanisms), biochemical (accumulation or synthesizing compatible solutes), and

salt-responsive genet characteristics such as senescence-associated genes (SAG), homeostasis genes (SOS), molecular

chaperones (HSP), and dehydration-related transcription factors (DREB) .

5. Plant Growth-Promoting Mechanisms by HT-PGPB

5.1. HT-PGPB Mediated Soil Nutrient Bio-Availabilities

Deficiencies of plant-available soil nutrients are critical, especially for plants under salinity stress. The physicochemical

properties of salinized soil reduces various nutrient bioavailability, and thus symptoms of deficiencies are common among

salinity-stressed plants . To prevent such problems, temporary solutions of continuous and unregulated

applications of chemical fertilizer are practiced, which will lead to environmental hazards, soil health deterioration and,

ironically, further increase the soil salinity level . On that account, the applications of beneficial microorganisms to

increase nutrient bio-availability rather than chemical amendments are stated to be more sustainable and greener

solutions for crop production systems. 

Nitrogen (N) is one of the macronutrients that plays multiple essential roles in plant growth and productivity, mainly

involved in the cellular synthesis of proteins, enzymes, DNA, and RNA. Although there is an abundance of atmospheric N

(78% of the atmosphere), plants cannot utilize it in such form. Therefore, bacteria with nitrogen-fixing ability are crucial in

metabolizing and conversion of atmospheric N into plant-available ammonium (NH ) and nitrate (NO ) forms .

Moreover, the high Cl  uptake from the saline soil significantly reduced the absorption of nitrogen and sulfur . 

Application of HT-PGPB with phosphate-solubilizing capability, also known as phosphate-solubilizing bacteria (PSB), can

significantly aid in increasing bio-availabilities of soil P . It is proven that the application of PSB in a field can reduce the

required P-type fertilizers usage by approximately 50 % without affecting the final yield .

The mechanisms of PSB involve mineralizing organic P (tricalcium phosphate, aluminium phosphate, rock phosphate,

etc.) in the soil by solubilizing their complex structure, releasing P as inorganic form. The multiple solubilizing mechanisms

that PSB utilizes include chelation, acidification, ion-exchange reactions, and organic acid productions . Primarily, the

PSB secretes low molecular organic acids, which are the by-product of metabolized sugars from the root exudates .

Examples of these low molecular weight organic acids are gluconic acid, citric acid, succinic acid, propionic acid, and

lactic acid . These acids act as chelators of divalent calcium cations (Ca ), thus releasing the insoluble bonded P ions

in inorganic forms. The secreted acids also help lower the surrounding soil pH to maintain the mobilisation of available P

. Besides, some PSB directly lowers soil pH by directly releasing hydrogen ions. Furthermore, PSB also synthesis

phosphatases or phytase enzymes that hydrolyses organic P in the soil . Additionally, HT-PGPB possesses the ability

to solubilize organic potassium (K) and zinc (Zn) in the soil similarly via organic acid secretions and altering the

surrounding soil pH .

5.2. HT-PGPB Mediated Indole-3-Acetic Acid (IAA) Production

Generation of phytohormones is not exclusive to plants as plant-accompanied HT-PGPB possess the ability to alter plant

phytohormone levels by producing exogenously . Under normal circumstances, IAA is involved in cellular division and

enlargement, translating into seed germination, shoot growth, and root initiation. However, plants will generally suffer from

a drastic drop in IAA concentrations under salinity stress. For example, IAA cumulation of tomato is affected at 100 mM

NaCl and further diminishes at 300 mM and above . Consequently, such a decline will reduce germination rate,

retarded root formations, and stunt plant growth and development . Rice plants are no exceptions, as the stated

symptoms are also shown on studied rice seedlings under simulated saline conditions.

Therefore, the application of HT-PGPB with IAA synthesizing ability can mitigate the low cumulation by producing

exogenously to be taken up by the host plant . The production of exogenous bacterial IAA involved utilizing L-

tryptophan (L-Trp amino) secreted among root exudates or decaying cells as precursors . There are currently five L-

tryptophan-dependent pathways documented. The biosynthesis process is subject to root exudate contents and

environmental factors such as soil salinity level, pH, and osmotic or matrix stress .
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6. Salinity Mitigating Mechanisms by HT-PGPB

6.1. HT-PGPB Modulations of Stress Ethylene

Ethylene is one of the stress-signalling phytohormones that, at a low amount, initiates various response mechanisms to

counteract biotic or abiotic stress effects, including salinity stress . However, prolonged and severe stress will lead to

the second peak synthesis of ethylene, also known as excessive or stress ethylene. The deleterious effect of stress

ethylene includes stunted root development, which subsequently impairs root functioning, reduces vegetative growths,

and eventually affects productivity and yields .

Ethylene synthesis in plants begins with its precursor, 1-amino-cyclopropane-1-carboxylic acid (ACC) that is converted by

the enzyme ACC oxidase to the final product of ethylene. Due to that, some HT-PGPB with the possession of acdS genes

can metabolise ACC, which is secreted among root exudates into ammonia and α-ketobutyrate via the production of

enzyme ACC deaminase (ACC-D). These bacteria then utilize the end products as their unique C and N source .

6.2. HT-PGPB Modulations of Exopolysaccharides

Under undesirable conditions, soil bacteria secrete polysaccharides to promote adherence to available environmental

surfaces and form an organo-mineral sheath, also known as a biofilm. These polysaccharides consist of complex mixtures

of polymers with high molecular weight (MW ≥ 10,000) that provide both physical and functional protection against

desiccating conditions and constraints of high salinity . These extracellular polysaccharides are vital components of

biofilm formations and effectively alleviate salinity stress . Furthermore, a rhizosheath is a form of EPS that layers

around the root surface. The rhizosheath serves as a barrier against toxic ions, site of nutrient cycling, cation uptakes,

symbiotic reactions, and maintaining osmotic equilibrium . EPS productions are typical for bacteria under heavy

metal and high salinity stresses . However, high-quality EPS can only be produced by halo- or drought-tolerant

rhizobacteria to tolerate and survive under harsh conditions .

6.3. HT-PGPB Modulation of Antioxidant Defences

Oxidative stress is the follow-up secondary effect of salinity stress. The reduced photosynthetic activity caused by salinity

stress effects led to the over-reduction of photosynthetic electrons, thus generating reactive oxygen species (ROS) .

The generated ROS such as hydrogen peroxide (H O ), superoxide ions (O ), singlet oxygen ( O ), and hydroxyl radical

(OH ) are toxic molecules that are highly reactive . They tend to cause oxidative damage to plant biomolecules such as

membranous lipids and proteins and nucleic acids, which results in disrupted metabolic enzyme activities and cell

homeostasis . Kim et al. reported that membrane deterioration due to ROS, which leads to cellular toxicity, has

been discovered in salinity-stressed rice, citrus, and tomato plants .

6.4. HT-PGPB Modulations of Osmotic Balance Regulation

Homeostasis of ion concentration is crucial in plant cells under salinity stress. The excessive uptake of toxic salt ions like

Na  and Cl  can upset the balances of other vital ion intakes, namely vital potassium ion (K ) accumulations. Choudhary

stated that the chemical physiological properties of K  are highly similar to Na , meaning that Na  can compete with

K  binding sites of various crucial enzymatic reactions, protein synthesis, and ribosome functions. By improving the plant’s

selective uptake of K , the accumulation of toxic Na  ions diminish significantly, thereby maintaining an optimal high

K /Na  ratio . The high K /Na  ratio is able to suppress the osmotic stress of the plant by preserving higher stomatal

conductance as well as photosynthetic processes .

7. Future Developments and Challenges

Overall, the plant growth-promoting traits and salinity defence conferred by inoculated HT-PGPB have been proven

capable of instilling IST among targeted glycophytic crops. In some cases, the isolated HT-PGPB has been proven to be

non-specific to the original host or source.

Notwithstanding this, there are observed cases when a control HT-PGPB has no significant effect on other crops, showing

that certain factors such as rhizospheric environment, root exudate content, or root morphology need to be fulfilled before

successful colonization, and thus inoculation is achievable . Kamilova and others discovered that the disparity in the

efficacy of an HT-PGPB could also be due to the multiplicity of climatic and environmental factors that vary from one farm

to another or even within fields .

[52]

[53][54]

[55]

[56]

[57]

[58][59]

[60]

[61]

[62][63]

2 2
2− 1

2
− [64]

[57][65][66]

[67]

+ − +

+ + +

+

+ +

+ + [53] + +

[47]

[68]

[69]



Hence, the discoveries of more rice plant-compatible HT-PGPB from native halophyte plants as bio-inoculants can

potentially provide breakthroughs in future sustainable agriculture prospects and mitigate the ongoing salinization issues.

Lastly, the guideline states that an ideal PGPB should be an aggressive colonizer, possess multiple PGP traits with non-

host specificity, not be antagonistic to local microbes, be isolated from indigenous salt-affected soils, and be compatible

with inoculant carriers . Moreover, the PGPB should not benefit nearby wild or invasive plants and be stabilized enough

to not further genetically evolve with undesirable traits . Thus, the success of HT-PGPB helps to determine an

alternative strategy of saline soil-based rice cultivation, aiming to preserve future food security.

8. Conclusions

Soil salinity has become a menace to soil that poses a significant threat to worldwide agricultural industries, and the go-to

unsustainable chemical treatments exacerbate the situation. Moreover, Malaysia’s rice-producing sectors are at a

stagnant level, with land salinization as part of the problem while waiting for any scientific breakthroughs. Thus, the

exploration of HT-PGPB as bio-inoculants would make significant advancements toward sustainable agriculture. The

benefits of HT-PGPB have gained great interest in past decades, with multiple studies having demonstrated the

capabilities, mechanisms involved, and potentials of HT-PGPB as an optimal and eco-friendly alternative to remediate

salinity stress and growth enhancements among salt-sensitive crops. Even so, further in-depth research is required to

elucidate and illustrate the varying plant–microbe interactions under complex stresses elicited by soil salinity. A better

understanding could set the plausible prospects of advanced saline soil-based cultivation, developing a novel market-

available HT-PGPB-based biofertilizer, or even genetically engineering HT-PGPB to obtain the ideal strains.
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