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ABSTRACT 

Soil salinity is a serious problem in the coastal areas of Bangladesh. It is the main barrier to 

attain sustainability in crop production in those particular areas. Moreover, the situation is 

getting worse along with time. Therefore, an eco-friendly and sustainable approach is required to 

overcome this problem. Discovery of plant growth promoting bacteria (PGPB) and their 

application to crop plants are considered as promising and effective biotechnological approaches 

to fight against salt-stress to crop plants. The objectives of this study were to isolate and 

characterize salt tolerant PGPB from the rice plants cultivated in saline soils and evaluate their 

performances on seed germination and seedling growth of rice. The study was performed at the 

laboratories of the Institution of Biotechnology and Genetic Engineering (IBGE) in 

Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU). Rice plant samples 

were collected from salt-affected areas in Chattogram, Noakhali, Lakshmipur and Cox’s Bazar 

districts. Forty one salinity tolerant bacteria were isolated and characterized for screening in vitro 

for both salinity tolerance, and three highly salt tolerant isolates were further evaluated on seed 

germination and seedling growth of rice cv. BRRI dhan 29 (salinity susceptible) and BINA dhan 

10 (salinity tolerant). Priming of rice seeds with three highly salt tolerant (up to 12% NaCl w/v) 

isolate viz. BTCoSo2, BTCoR2 and IBGE3C promoting growth of rice seedling and the effects 

were pronounced in BINA dhan 10. Among the three bacteria, IBGE3C displayed best 

performances on seedling growth of rice under varying salinity was sequenced and the strain 

exhibited 100% 16S ribosomal RNA gene sequence homology with Brevibacterium sediminis 

IBGE3C (accession no. MZ573246) strain. Brevibacterium sediminis is a potential plant growth 

promoting bacteria and it can significantly increase the shoot and root length in plants.  Also, the 

isolation of B. sediminis from sea water and deep-sea sediments has been previously reported 
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which suggests it as a potential salt tolerant bacteria. Brevibacterium spp. are rod- shaped, non-

spore forming gram-positive bacteria. This study for the first time identified B. sediminis strain 

IBGE3C (accession no. MZ573246) as a salt tolerant PGPB from the rice cultivated in 

Lakshmipur district of Bangladesh. In addition, the collected rice variety was BRRI dhan 28 

which is also a widely cultivated variety throughout the country. However, the bacteria has been 

isolated from plant’s root sample which is required for further study for its practical application 

in the enhancement rice production in the saline soils in Southern districts of Bangladesh. 

Keywords: Soil salinity, Probiotic, Salinity stress, Plant growth promotion
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CHAPTER I 

INTRODUCTION 

Many crop plants are sensitive to high salt concentration that inhibits the productivity of plants. 

Salinity is a serious environmental hazard for plants and it is getting worse day by day because 

of global climate change. Especially in the coastal areas, farmers struggle a lot against salinity 

for the production of their crops. Also, this threat can bring food scarcity in Asian subcontinent 

where the major crops are rice (Oryza sativa) and wheat (Triticum aestivum). The coastal zone 

occupied 20% of the total land along with covering 30% of the total cultivable land in 

Bangladesh (Hasan et al., 2019). However, scientists are working to cope up with the problems 

of salinity and their strategies include resource management, developing better breeds and even 

transgenics. Since all these strategies are lengthy and cost intensive, there is a scope of more 

research on developing a sustainable and cost effective approach. In this regard, the role of 

microorganisms, especially plant growth promoting rhizobacteria (PGPR), is very effective and 

significant and there is evidence that these PGPRs have potential to decrease salt stress hazards 

in plants. Water and soil resources are the main aspects of agricultural practice, but the 21st 

century starts with global water scarcity and salinization of soil and water. Current world is 

struggling to establish sustainable development in agriculture because of increasing population 

thereby decreasing cultivable land. When the electrical conductivity (EC) of the saturation 

extract (ECe) in the root zone passes 4 dS m-1 (about 40 mM NaCl) at 25º and has an 

exchangeable sodium of 15%, then the soil is called saline soil. Jamil et al., (2011) reported that 

more than half of the total cultivable land would be saline affected by the year 2050. In addition, 

many reasons viz. irrigation with saline water and poor cultural practices are increasing the 

amount of salinized soil at a rate of 10% every year.  Along with decreasing yield, salt stress also 
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alters the quality of crops. Salinity strikes plants in various ways including abnormalities in 

flowering and fruiting pattern, delayed formation of roots and shoots etc. Although plants have 

self defense mechanisms, they cannot cope up with severe salinity. Therefore, additional 

approaches such as inoculating plants with PGPRs offers a great advantage to combat salt stress. 

PGPB have remarkable impacts to ensure normal growth and development of plants under 

salinity and so far many bacterial strains viz. Pseudomonas spp, Frankia spp, Rhizobia spp have 

been identified that are capable of aiding plants under several environmental stresses (Glick, 

2012). Also, the magnificent benefits of PGPB has developed a large trading platform; the 

commercialization of PGPB has been reported in Vessey (2003); Lucy et al. (2004).  

 

 

 

 

 

 

 

 

 

 



3 
 

Aim of the Research 

Rice (Oryza sativa) is the most extensively cultivated and staple food crop in Bangladesh. 

Salinity tolerant bacteria associated with rice plants may be exploited as natural bioagents for the 

enhancement of growth and yield of rice in salinity affected areas. Therefore, the goal of the 

current study was to identify and characterize salinity tolerant rice-associated probiotic bacteria 

and evaluate their effects on growth and salinity tolerance in rice seedlings.  

To obtain this aim, the particular objectives of the present research were to: 

1. Isolate and screen salinity tolerant probiotic bacteria from different organs of rice plant 

cultivated in saline soils. 

2. Assess the effects of salt tolerant probiotic bacteria on growth of rice seedlings. 

3. Identify the most effective salt tolerant probiotic bacteria using 16S rRNA gene 

sequencing. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 Problems of salinity 

Around 800 million hectares of cultivable land has been affected by soil salinity throughout the 

entire world (Munns & Tester, 2002). The problems and the effects offer different scenarios in 

different types of land and these limit the plant’s normal outcome (Ashraf & Harris, 2014).  For 

example, the irrigation system in desert areas is responsible for the accumulation of salt in the 

rhizosphere of plants which eventually affects the plant and the land (Qadir et al., 2014; Hussain 

et al., 2009). However, the consequence of salinity in land affects both the production of crops as 

well as employment. Studies that were performed in India show that soil salinity decreases the 

production of rice, wheat, cotton and sugarcane by 45%, 40%, 63%, 68% respectively (Tripathi, 

2009). Plants are being harmed by soil salinity in various ways as the phenomenon results in 

abnormalities in physiology especially in the pattern of flowering and fruiting.  
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Figure1: Consequences of salt stress in plants 

Also, it has adverse impacts on the production and the biomass. Study shows that root and shoot 

formation occur slowly and the flowering transition time is also affected by high salt 

concentration (150 mm NaCl) in tomatoes (Ghanem at el., 2009). A similar phenomenon has 

also shown in chickpea due to the high level of Na+ in the thin layers of expanded leaves 

(Pushpavalli et al., 2016). 

 

2.2. Mechanism of salt stress management in plants 

Plants adjust themselves to cope up with salinity in soil and the changes include physiological, 

morphological and biological. Basically, the main action of a plant’s defense system against salt 
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stress involves limiting the loss of water to keep the photosynthesis process intact (Acosta et al., 

2017). Plants are usually divided into two major groups (glycophytes and euhalophytes) and their 

reaction varies regarding different factors such as osmotic regulation, electron transport, toxic 

ion accumulation, CO2 assimilation, chlorophyll content, antioxidant defense and reactive 

oxygen species generation (Tang et al., 2015; Munns, 2005; Koyro, 2006; Stepien & Johnson, 

2009). However, most crop plants fall in the glycophytes group and they cannot tolerate high salt 

concentration and consequence is the death of plants (Hernández & Almansa, 2002). On the 

contrary, since the halophytes hold better protection to salinity they can tolerate high salt 

concentration (300-500 mM) (Parida & Das, 2005; Flowers & Colmer, 2015). Moreover, they 

usually balance their salt content through several ways such as salt exclusion, salt elimination 

and salt succulence (Acosta et al., 2017) 

 

2.2.1 Morphological adjustment 

 Munns (2005) reported that salinity does not directly affect the growth of plants, but it affects 

the photosynthesis process and the function of particular catalysts as well. The author actually 

talked about morphological adaptations of plants in response to salinity and he developed a 

representation that shows the salt-oriented impacts on plant growth in two-phase. In his model, 

growth is first inhibited by a reduction in the soil water potential and then a particular effect 

seems as salt injury in leaves. Moreover, these leaves eventually die as the vacuoles are no 

longer able to separate the incoming salt which gets accumulated in the cell walls or cytoplasm. 

He adds that this phenomenon inhibits the growth by decreasing the supply of growth hormones 

to the meristematic region. 
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Besides these, accumulation of high amounts of salt is directly related to the decrease of 

photosynthesis rate and the synthesis of particular metabolites that suppress development of 

plants (Azza et al., 2007). 

Moving on to the root morphology, the accumulation of water and nutrients in plants and the 

compensation of plant water loss is governed by the characteristics of the root system such as 

root diameter, root length etc (Passioura, 1988). Also, environmental aspects like salinity can 

generate a remarkable impact on root anatomy and the consequence is thickened and 

complicated cell walls (Shannon et al., 1994). 

 

2.2.2. Contribution of potassium 

Potassium ion is the most essential nutrient in plant cells which is crucial for many important 

enzymatic reactions. Also, it is important for ionic and pH homeostasis and it maintains adequate 

membrane potential (Maathuis, 2009; Ahmad and Maathuis, 2014). Moreover, cytosolic 

potassium is an important detector of a plant's adaptive reaction mechanism to a large spectrum 

of environmental stresses (Shabala & Pottosin, 2014). Besides these, potassium ions have more 

importance than sodium ions in many biochemical and physiological roles. In addition, salinity 

induced impacts on potassium transport depends on variety, tissue and cell. For instance, salt 

tolerant barley varieties are able to hold more potassium ions in their roots (Chen et al., 2007). 

However, several study suggest that potassium ion have significant role in cell signaling under 

salt stress and the potassium ion holding capability is an important characteristics of plants to 

salinity (Shabala 2009, 2017; Anschütz et al., 2014; Shabala and Pottosin, 2014; Wu et al., 2018) 
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2.2.3. Function of vacuole 

Plants restrict the flow of salt from cytoplasm to leaf by two mechanisms whereas salt ions can 

get assembled either in the apoplast or move to the vacuole. Because of building up salt ions in 

the apoplast, the osmotic gradient between inside and outside of the cell increases automatically. 

Eventually, this fact causes cell death as the cells get dehydrated due to the diffusion of water 

from the inside of the cell to intracellular spaces to adjust a thermodynamic equilibrium. For this 

reason, accumulation of salt ion in the vacuole is associated with the development of salt-tolerant 

varieties (Volkmar et al., 1998) 

However, storage capacity of roots and the concentration of salt ions in the soil regulate the salt 

flow and therefore, salt-tolerant traits need fully functional vacuolar accumulation capacity to 

accumulate salt ions transported from the cytoplasm (Lauchli & Apstien, 1990) 

 

2.2.4. Osmotic adaptation 

Osmotic adjustment refers to the increased synthesis of chemical and biochemical molecules in 

the cytoplasm to establish an osmotic gradient over the vacuolar membrane through the vacuolar 

compartmentalization of salt ions which is an important mechanism used by plants to reduce 

salinity stress (Pessarakli, 2014). In this mechanism, plants use conformable solutes viz. proline, 

glycine‐betaine, proline-betaine, B‐alaninebetaine, D‐sorbitol, D‐mannitol, glucose, sucrose, 

fructose, D‐pinitol, L‐quebrachitol, Myoinositol, b‐dimethylsulfone and propionate (Lauchli& 

Epstein, 1990). In addition to that, plants also use high concentrations of inorganic ions 

(Greenway & Munns, 1980). However, although the generation of osmoticum is an action of 
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plants to overcome salt stress, this mechanism has a negative impact on plant growth due to ion 

deprivation and toxicity (Munns & Tester, 2008; Volkmar et al., 1998). 

 

2.2.5. Salt exclusion and inclusion 

The quantity of salt ions in the stems and roots is usually higher than in the leaves as plants have 

a selection process for ion absorption (Hale & Orcutt, 1987). 

Accumulation of sodium ions can exhibit its toxicity within days or weeks which may cause 

early death of older leaves. However, the mechanism of roots to keep away sodium is to prevent 

toxic concentration of sodium ions in the leaves (Munns & Tester, 2008). 

Study shows that many salt-tolerant glycophytic species are able to exclude sodium ions from 

their leaves. Also, crop plants like corn, barley, wheat, bean and chickpea along with some 

halophytes have the similar mechanism (Volkmar et al., 1998) 

One of the important bases to develop salt-tolerant traits is introducing sodium excluding 

mechanisms in plants since sodium offers toxicity more rapidly than chloride ion. In contrast, 

chloride ion is referred to as more toxic in some plants like soybean. Basically, plants have some 

intracellular compartmenting mechanism to tolerate high amounts of sodium and chloride ions 

(Munns & Tester, 2008). 

There is a common phenomenon in which vacuolar volume gets increased in some dicot 

halophytes due to the accumulation of salt. Also, salt glands or bladders are also produced at the 

surface of the leaves or stems due to the excretion of sodium and chloride ions. In addition, 
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several studies showed that, the anatomical adaptation mechanism in some monocot halophytes 

is only the production of salt glands (Munns & Tester, 2008) 

 

2.2.6. Na+ /K+ inequity 

Na+/K+ discrimination is a crucial characteristic to select profit-oriented crop as plant have ion 

selection potential in which, the take up of Na+ can be replaced by K+ to favour plants to 

tolerate salinity (Volkmar et al., 1998). In contrast, this approach is not necessarily an important 

feature in glycophytes. For instance, some salt-tolerant cultivated barley strains and their wild 

types do not show the enhanced Na+/K+ discrimination trait (Munns & Tester, 2008). However, 

halophytic plants like to add Na+ as a mechanism to maintain osmotic balance. Moreover, there 

is an assertive association between Na+ inclusion and salinity tolerance in halophytes (Volkmar 

et al., 1998). 

 

2.3. Effects of plant probiotic bacteria on improvement of plants tolerance to salinity 

The involvement of salt-tolerant genes in plants to increase their tolerance to salinity has been 

found to be costly and inappropriate to sustainable agriculture. Similarly, pre-treatment of 

biological materials with some particular chemicals offers the same result. Instead, the use of 

probiotic bacteria that stimulates plant’s growth under stress conditions has been found as a 

promising strategy to increase agricultural assets in saline areas. 

Almost all the rhizospheric components such as rhizospheric bacteria, internal tissue have the 

capacity to protect plants from various hazards including soilborne pathogens (Sessitsch et al. 
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2012; Malfanova et al. 2011; Egamberdieva 2008 a, b).  Salinity in soil imparts a long-term 

effect on plants and the eventual consequence is the severe loss in yield (Al-Mutawa, 2003). 

 

However, the inoculation of wheat seeds with B. amyloliquefaciensBcA12 and B. laevolactious 

isolated from saline soil showed the increase of root length and shoot length up to 50% in 

nutrient-deficient saline soil conditions (Egamberdiyeva and Hoflich, 2003). Another study 

shows that, B. polymyxa BcP26 and B. megaterium BcM33 have potential to increase the growth 

of root and shoot of pea plant (18%) and maize (27%), the take up of N and P by 55% as well 

under dry saline soil condition (Egambardiyeva and Hoflich, 2004). Also, the salt-tolerant B. 

pumilus and Exiguobacteriumoxidotolerans induced plant growth and bacoside-A content of 

brahmi (Bacopamonnieri) (Bharti et al., 2013). 

 

Another study shows that rice seeds treated with B. pumilus stimulate plant growth under salinity 

through accelerated activity of some particular antioxidant enzymes and minimizing Na+ 

deposition in leaves (Khan et al., 2016). Salinity poses negative impacts on Bassia indica 

through various physiological parameters (Hashem et al., 2015a), whereas the inoculation of this 

species with B. subtilis under saline condition can remarkably increase shoot, root growth, total 

lipid contents along with phospholipid fractions, oleic (Cc18:1), linoleic (C18:2), and linolenic 

(C18:3) acids and chlorophyll a and b and carotenoid contents on the leaves compared to the 

control lines. Similarly, radish seeds inoculated with B. subtilis and P. fluorescens showed a 

significant increase in fresh and dry mass of leaves and roots, photosynthetic pigments, proline, 
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the amount of total free amino acids, crude protein, and the uptake of N,P,K+, Ca2+ and Mg2+ 

compared to the control plants (Mohamed and Gomaa, 2012). 

 

Table 1: Potential of Bacillus species in response to salt stress in plants: 

Bacterial strain Plant References 

B. amiloliguefaciens Wheat 

 

Egamberdiyeva and Höflich (2003) 

B. laevolactivus 

B. polymyxa Pea 

 

Egamberdiyeva and Höflich (2004) 

B. megaterium 

B. lentus Basil Golpayegani and Tilebeni (2011) 

B. pumilus Rice Khan et al. (2016) 

B. subtilis Cotton Egamberdieva and Jabborova (2013) 

B.subtilis Indian bassia Hashem et al. (2015a) 

B. subtilis Radish Mohamed and Gomaa (2012) 
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Table 2: Effects of some other PGPB on salinity tolerance improvement in plants 

Bacterial strain Plant Effect Reference 

Azospirillum, Pseudomonas 

syringae, Pseudomonas 

fluorescens, 

Enterobacteraerogenes, 

Rhizobium 

Maize Restricted uptake of 

Na+ and increased the 

uptake of K+ and Ca2+. 

Enhanced nitrate 

reductase and 

nitrogenase activity. 

Increased ACC 

deaminase activity. 

Enhanced proline 

production and 

decreased electrolyte 

leakage. Maintained 

relative water content in 

leaves and selective take 

up of K ion 

Hamida et al. (2004); 

Nadeem et al. (2007); 

Bano and Fatima, 

(2009) 

Pseudomonas fluorescens Groundnut Enhanced ACC 

deaminase activity 

Saravanakumar and 

Samiyappan (2007) 

Pseudomonas 

pseudoalcaligenes 

Rice Increased concentration 

of glycine betaine. 

Jha et al. 2011 
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Bacterial strain Plant Effect Reference 

Pseudomonas putida, 

Raoultella planticola Rs-2 

Cotton Decreased Na+ uptake 

and increased Mg2+, 

Ca2+ and K+ ions from 

soil. Increased ACC 

deaminase activity 

Yao et al. (2010), Wu 

et al. (2012) 

PGPR (Mk1,Pseudomonas 

syringae;Mk20,Pseudomons 

fluorescens; and 

Mk25,Pseudomonas 

fluorescens biotype G)and 

Rhizobium phaseoli strains 

M1, M6, and M9 

Mung bean Increased ACC 

deaminase activity and 

nodule formation 

Ahmad et al. (2011) 

Rhizobium phaseoli and 

PGPR(Pseudomonas 

syringae,Mk1;Pseudomonas 

fluorescens, Mk20 and 

Pseudomonas fluorescens 

Biotype G,Mk25) 

Mung bean Increased water use 

efficiency and ACC 

deaminase activity 

Ahmad et al. (2012) 
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Bacterial strain Plant Effect Reference 

Rhizobium and 

Pseudomonas 

Mung bean Increased IAA 

production and ACC 

deaminase activity. 

Ahmad et al. (2013) 

Pseudomonas 

pseudoalcaligenes and 

Bacillus pumilus 

Salt 

sensitive 

rice GJ-17 

Reduced lipid 

peroxidation and 

superoxide dismutase 

activity 

Jha and Subramanium, 

(2014) 

Acinetobacter spp. and 

Pseudomonas sp. 

Barley and 

oats 

Production of IAA and 

ACC deaminase 

Chang et al. (2014) 

 

2.4. Mechanism of salinity tolerance enhancement by plant probiotic bacteria 

Stress management and the availability of essential nutrients are two basic things which are 

required for the colonization of microorganisms in the rhizosphere (Matilla et al., 2007). The 

communities of microorganisms play a vital role in the osmoregulation of halophytes directly or 

indirectly to cope up with soil salinity. Interestingly, these microorganisms pass a short time or 

even their whole life-cycle inside the intracellular space of host plants without causing any 

damage or harm to the host organism (Weyens et al., 2009). However, several recent studies 

have provided mechanisms that are proved as proficient to maintain the usual maturation of 

plants in saline conditions. To add, the approaches include the generation and building up of 

osmolytes to provide a balanced osmotic cellular pressure for the effective cellular metabolism 
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(Kushwaha et al., 2020). Also, the endophytes dwell in saline soils are proved to be effective to 

enhance plant’s accumulation of osmolytes and antioxidant matters (Vaishnav et al., 2019) 

The salt tolerant PGPR (ST-PGPR) has several mechanisms that are directly or indirectly 

involved in the minimization of salinity stress in plants (Egambardieva et al., 2016; Hashem et 

al., 2016). Researches ensured that ST-PGPR synthesizes various types of phytohormones (Dodd 

et al., 2010), produce ACC deaminase (Glick et al., 2007) and also produce exopolysaccharides 

and osmolytes). In addition, they control plant’s defense system by turning on the plant’s 

antioxidative enzymes under salt stress (Hashem et al., 2016) 

However, the detail explanation of probiotic mechanisms to enhance salt tolerance in plants is as 

follows: 

2.4.1 Production of 1- Aminocyclopropane-1 Carboxylate (ACC) deaminase 

Ethylene is a gaseous growth and stress hormone that is synthesized by almost all plant species 

(Mayak et al., 2004b; Pierik et al., 2007) and the synthesis of ethylene starts with the production 

of S-adenosyl-methyonine (SAM). The production of ethylene increases in plants under salinity 

which is a threat to the plant for its growth. Also, a high level of ethylene in nodules imposes 

adverse impact on N2 fixation (Ma et al., 2002). Therefore, to minimize the harmful effects of 

ethylene, plants are usually treated with probiotic bacteria that produce ACC deaminase (Glick, 

2005; Etesami et al., 2015).  The synthesis of ACC deaminase enzyme is the most important 

mechanism for the direct enhancement of plant growth by PGPRs. Bacterial Indole-3-acetic acid 

(IAA) decrease the formation of ethylene in plants by accelerating the activity of ACC 

deaminase, catalyzing the hydrolysis of ACC (an ethylene precursor produced by plants) to 

ammonia and α-ketobutyric acid (Etesami and Beattie, 2017). 
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In addition, there is a correlation between the synthesis of ACC deaminase and Indole-3-acetic 

acid (IAA). The combination of plant produced IAA along with PGPR produced IAA enhances 

plant growth and activates the transcription of the enzyme ACC synthase. Therefore, there is an 

increased level of ethylene that feedback inhibits IAA signal transduction and thus limits IAA-

catalyzed plant growth. In addition, ACC deaminase containing PGPR decreases the feedback 

inhibition by lowering the ethylene level. Here, IAA signal transduction carries on with the 

development of the plant while avoiding the accumulation of large amounts of ethylene (Ma et 

al., 2020). 

 

 

Figure2: PGPRs mechanism in lowering plants ethylene level through producing ACC 

deaminase and IAA 
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Inoculation of plants with ACC deaminase producing bacteria result in reduced ethylene 

formation, higher root growth and enhanced resistance to salinity (Cheng et al., 2007; Etesami 

and Beattie, 2017; Mayak et al., 2004a,b; Glick et al., 2007; Nadeem et al ., 2010; Barnawal et 

al., 2012; Jha et al., 2012; Zahir et al., 2009). In addition, these PGPRs also influence the 

homeostasis of plant ethylene by changing the expression of genes that encode the ethylene 

synthesis enzyme ACC synthase and ACC oxidase (Tsukanova et al., 2017). A number of 

scientific research have emphasized on the performance of PGPR with ACC deaminase to 

minimize the harmful effects of increased ethylene level caused by salt stress. In particular, 25 of 

140 halotolerant bacterial strains isolated from the soil of coastal areas of South Korean Yellow 

Sea offer high levels of ACC deaminase function (Siddikee et al., 2010). Moreover, PGPR that 

producesACC deaminase accelerates essential nutrient uptake such as N, P and K that results in 

the increase of K+/Na+ ratios in salt stressed plants (Nadeem et al., 2009). 

 

2.4.2 Production of phytohormones 

Indole-3-acetic acid (IAA) synthesis is directly related with the growth of plants. Also, it falls in 

the auxin class and it is the most usual plant hormone. An effector molecule IAA works in 

between bacterial-bacterial interaction and bacteria and plants that produce IAA (Spaepen and 

Vanderleyden, 2011). Along with seed germination and root system development, IAA increases 

plants tolerance to salinity stress (Aeron et al., 2011). As a result, plants get a large root surface 

area that ensures higher intake of nutrients from soil (Boiero et al., 2007). Several researches 

have shown the positive impact of IAA produced by the PGPRs on plants under saline 

conditions. For instance, salt tolerant B. subtilis maintains the regular growth of Indian bassia by 
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providing adequate amounts of IAA and it also reduces the ethylene level under saline condition 

(Otlewska et al., 2020). Similarly, Abeer et al. (2015) shows that, this bacterial strain increases 

the phospholipid fraction, total lipid content, photosynthetic pigments, oleic, linoleic and 

linolenic acids in plant leaves while inoculated in plants under saline condition. 

Besides these, auxin activates the transcription of multiple genes that are known as primary 

auxin response genes in Arabidopsis, soybeans and rice (Hagen and Guilfoyle, 2002). Also, this 

hormone has an adverse impact on the control  of the expression of the rice gene adenosine 

phosphate isopentenyltransferase (OsIPT) which encodes a major enzyme in CTK biosynthesis 

in nodes and this way it inhibits the growth of tiller buds in rice (Liu et al., 2011). 

 

Cytokinins (CKs) have important functions in abiotic and biotic stress management by plants 

(Dodd et al., 2010). Production of cytokinins is an usual phenomenon by PGPRs to resist salt 

entrance in plants. The CK synthesizing capacity by PGPRs or the ability of changing plant CK 

homeostasis focuses the importance of how PGPRs protect plants from salinity stress. 

 

Gibberellic acid (GA) maintains several vital physiological characteristics in plants and GA 

signaling is a crucial factor in the inhibition of plant growth under hazardous conditions 

(Magome and Kamiya, 2016; Martínez et al., 2016). Several specific PGPRs are able to 

influence the production of GA in plants, thus the treatment of plants with these PGPRs increase 

the level of GA synthesis in shoots under salt stress (Kang et al., 2014a). 
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Abscisic acid (ABA) is usually produced in response to abiotic stresses which is an important 

plant stress hormone. Also, this hormone activates the expression of genes that are responsible 

for stress resistance (Sah et al., 2016). Along with performing an important function in plant-

PGPR association (Dodd, 2003), this hormone facilitates plants capacity to reduce salt stress by 

mediating stomatal and thereby photosynthetic responses to severe salt stress (Dodd and Pérez -

Alfocea, 2012). Usually, ABA producing PGPRs adjust the level of ABA status in plants to offer 

a strong response in terms of salt stress. Moreover, there are large numbers of PGPRs that 

synthesize ABA in vitro (Dodd et al., 2010). To add, these PGPRs increase plant growth under 

saline conditions by producing ABA (Naz et al., 2009). 

However, several researches showed that PGPRs can produce phytohormones that help plants to 

protect themselves from salinity stress, but how the PGPRs actually perform those mechanisms 

are still not fully discovered. Therefore, further study is required to reveal how PGPRs influence 

the process. 

 

2.4.3 Biological Nitrogen (N2) fixation 

Ensuring the availability of biological nitrogen by plants (especially legumes) is very important 

for productivity. In saline soils, salinity competes with nitrogen and thus makes nitrogen less 

available to the plant (Naidoo, 1987). To overcome this problem, utilization of PGPRs can be 

very useful as they can fix nitrogen by symbiotic and non-symbiotic mechanisms (Saghafi et al., 

2019). 

In symbiotic mechanisms, the symbiotic nitrogen-fixing bacteria occupy the root hairs of the host 

plant, getting higher in numbers and influence the root nodule formation and stimulate the 
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interaction between plant cell and bacteria. Also, the bacteria transform free nitrogen to ammonia 

within the nodule and the host plant uses them for its growth and development. However, to 

maintain optimum growth and nodule formation of legumes, seeds are often inoculated with 

PGPRs, especially in soils lacking the required bacterium (Encyclopedia Britannica). 

In addition, the symbiotic approach increases the level of nitrogen content up to 65% of the total 

nitrogen assimilation by plants (Razwar et al., 2013). Usually, farmers use chemical fertilizers 

that eventually result in the increase of salinity, loss of land fertility and changes in the functions 

of soil-microflora (Akhavan-Kharazian et al., 1991; Rueda-Puente et al., 2003). On the other 

hand, use of PGPRs having nitrogen-fixing capacity can be a useful alternative to the chemical 

fertilizers especially in saline areas as they impose higher osmotic tolerance through producing 

osmolytes which allow them to control their cell metabolism and turgor (Yan et al., 2015) 

Besides these, PGPRs that are salt-tolerant and have N2 fixing capacity are key sources of free 

nitrogen in saline soils. Moreover, the amount of nitrogen fixed by these bacteria has been 

estimated as 20-30 kg h-1 year-1 (Oberson et al., 2013) 

 

2.4.4 Phosphate solubilizing by the Probiotics 

Phosphorus (P) is an essential macronutrient for plants and although both organic and inorganic 

phosphorus is available in adequate amounts in soils, its access to the plants is limited because of 

its insoluble form. To add, only 0.1% (w/w) of the total P is supplied to the plants because of its 

poor fixation and solubility whereas, this compound makes up about 0.05% (w/w) of soils 

(Goldstein, 1986). Besides these, irrigation with saline water and use of inorganic fertilizers 

reduce soil nutrient and increase salt concentration. Moreover, salinity leads to depletion and 
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sedimentation of absorbable phosphorus. On the contrary, PGPRs with phosphate solubilizing 

capacity offer an opportunity to increase phosphate availability in plants without aggravating the 

salinity level (Etesami and Beattie 2018). These special probiotics use various mechanisms such 

as ion exchange, chelation and acidification by excreting low molecular weight organic acids 

(Sharma et al., 2013). For example, Myak et al., (2004a) and Upadhyay and Singh, (2015) 

reported that phosphate-solubilizing PGPRs solubilize insoluble P in saline soils. Also, 129 

bacterial strains have been identified that are able to solubilize rock phosphate through the 

screening of the mangrove A. marina (El-Tarabily and Youssef, 2010). 

 

2.4.5 Production of Siderophore 

Iron is also an essential micronutrient which is an important constituent of many enzymes that 

catalyze several vital biochemical processes including photosynthesis, respiration and N2 fixation 

(Kobayashi and Nishizawa, 2012; Abbas et al., 2015). All over the world, the soil rich with 

calcium carbonate (CaCO3) and sodium (Na) have very poor amounts of iron (Rabhi et al., 2007; 

Abbas et al., 2015). PGPRs and plant growth promoting fungus (PGPFs) can be utilized as they 

are able to produce siderophores which are small and chelate iron with higher affinity (Abbas et 

al., 2015; Etesami and Beattie, 2018). Moreover, these siderophores bind with iron, make iron-

siderophore complex and become available for plants in need (Kloepper et al., 1980). 

However, bacterial siderophores have greater attraction for iron compared to the fungal 

pathogens that need iron for several important cellular functions and plant’s infecting strategies 

(Miethke and Marahiel, 2007). Besides these, Labuschagne et al. (2010) reported the potential 



23 
 

use of bacterial strains that produce siderophores that are effective for the suppression of fungal 

pathogens of rice and wheat. 

 

2.4.6 Antioxidant activity 

When the salt concentration in soil is too high, plants produce reactive oxygen species (ROS) 

such as, hydrogen peroxide (H2O2), superoxide radical (O2
-) and hydroxyl radical (OH) and 

alkaline radicals (Otlewska et al., 2020). This phenomenon poses negative impacts on crucial 

biomolecules such as DNA, protein, lipids etc. whereas the eventual consequence is plant cell 

damage and early senescence or even necrosis (Møller et al., 2007; Miller et al., 2010; Habib et 

al., 2016; Zhang et al., 2018). Although the ROS is produced by plants at a moderate level under 

optimal growth conditions, the synthesis gets higher under stress conditions (Miller et al., 2010). 

Hossain and Dietz (2016) and Hossain et al., (2017) proved that the plasma-membrane bound 

NADPH oxidase that regulates cellular redox homeostasis under salt stress is the main system 

that is responsible for ROS production. 

There are many plant cell components which are associated in maintaining the intracellular ROS 

levels. From the components, antioxidant enzymes viz. superoxide dismutase (SOD), catalase 

(CAT), peroxidase (POD), ascorbate peroxidase (APX), dehydroascorbate reductase (DHAR), 

monodehydroascorbate reductase (MDAR), glutathione peroxidase (GPX) or glutathione s-

transferase (GST) are the key role player (Yan et al., 2013; Hossain and Dietz, 2016; 

Sukweenadhi et al., 2018). 

The consequences of oxidative stress can be minimized by the treatment of plants with 

antioxidative enzymes producing ST-PGPR (Manaf and Zayed 2015; Islam et al., 2016). Also, 
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Jha and Subramanian (2013); Sen and Chandrasekhar (2015); Ansari et al. (2019) reported that 

plant inoculation with ST-PGPRs results in higher production of antioxidant enzymes. For 

example, the increase of catalase activity in tissue of lettuce along with the decrease of oxidative 

damage has been observed (Kohler et al., 2009). Moreover, Patel and Saraf (2013) showed the 

positive impacts in Jatropha leaves through the inoculation of some ST-PGPRs such as 

Pseudomonas pseudoalcaligenes, Enterobacter cloacae and Bacillus sp. under salt stress. 

Besides these, in Tunisian saline soils, inoculation with Pseudomonas sp. and Bacillus sp. strains 

in salt tolerant plant Sulla carnosa offered improved growth and stress tolerance. Here, the 

bacterial strains reduced the plant's stomatal conductance and regulated antioxidant activities so 

that the plant can achieve optimal growth and nutrition under salt stress. (Hidri et al., 2016) 

 

Assessment of the current literature reveals the potential of halotolerant plant growth promoting 

bacteria that exhibits essential functions such as ACC deaminase production, synthesis of 

phytohormones, siderophore production, production of antioxidants, fixation of biological 

nitrogen in legumes etc. Practicing agriculture with the association of these PGPRs is a much 

more effective approach in saline areas. In Bangladesh, there is very little research regarding the 

enhancement of salinity tolerance in rice by probiotics. Therefore, conducting this research in a 

large area can ensure a sustainable agricultural system in the coastal areas over the country. 
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CHAPTER III 

MATERIALS & METHODS 

 

3.1 Collection of plant samples 

Plant samples were collected from four coastal districts of Bangladesh (Chattogram, Cox’s 

Bazar, Lakshmipur and Noakhali). Sample collection areas were selected on the basis of salinity 

in soil. The variety of plant samples collected from Chattogram and Noakhali was BRRI dhan 

29. Also, Cox’s bazar and Lakshmipur plant samples were BRRI dhan 28. All plant samples 

were salt-susceptible and the plant varieties were confirmed by corresponding field farmers. 

Seeds were collected from Bangladesh Rice Research Institute (BRRI), regional station, Cumilla 

and Bangladesh Institute of Nuclear Agriculture (BINA), substation-Cumilla. The seed samples 

were selected on the basis of salinity tolerance. Two rice varieties were selected, one is salinity 

susceptible, that is BRRI dhan 29 and the other one is salinity tolerant which is BINA dhan 10. 
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Figure 3: Plant sample collection area (along with district’s GPS coordinates) of Bangladesh  

3.2 Place of study 

The research was accomplished at the Institute of Biotechnology and Genetic Engineering 

(IBGE), Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Gazipur. 

 

3.3 Duration of study 

The study started from March 2021 and ended in July 2021. 

 

 

 

Chattogram: 22º01’09.8”N 91º53’44.0”E Cox’s Bazar: 21º28’38.7”N 91º58’57.4”E 

Lakshmipur: 22º51’51.5”N 90º54’02.1”E Noakhali: 22º33’57.4”N 91º07’55.5”E 
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3.4 Isolation of bacteria 

For the collection of potential salt tolerant bacteria, different plant parts such as leaf, root and 

rhizospheric soil were taken. However, after washing, the plant parts were surface sterilized with 

70% ethanol for 3 minutes and then 1% sodium hypochlorite for 1 minute. The plant parts were 

further sterilized with 100% ethanol for 5 minutes and then crushed with the help of mortar & 

pestle to obtain endophytic bacteria. Six-fold serial dilution was prepared in autoclaved water. Of 

them; fifty microliter aliquots from particular dilution were taken through pipette and then spread 

on nutrient broth agar (NBA) plates and then placed in the incubator for 24 hours at 26 º C±1ºC. 

After incubation, different bacterial colonies were isolated and purified on NBA medium. 
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Figure 4: Collected plant samples for probiotic isolation (A) Chattogram, (B) Cox’s Bazar,  

(C) Lakshmipur and (D) Noakhali 

 

3.5 Screening of bacteria 

For salt tolerance evaluation, the isolated bacteria were grown in NBA media with various doses 

of Sodium Chloride (NaCl) (2%, 4%, 6%, 8%, 10% and 12%). Then the development of bacteria 

in media with different concentrations of salt was observed.  

 

 

C 

D 

D 

C B 

B 

A 

A 
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3.6 NaOH test 

A NaOH test was done to identify whether the bacteria were gram positive or gram negative. To 

conduct this test, a loop full of bacteria was taken on to a glass slide and mixed with a drop of 

3% NaOH solution to make a smear. After a few moments, those isolates produced sticky 

characteristics were gram negative and the non-sticky were gram positive. 

 

3.7 Plant growth enhancing capacity of bacterial isolates 

3.7.1 Preparation of bacterial inocula 

Bacterial isolates were cultured in 250 ml conical flasks containing 200ml NB broth medium on 

a shaker at 120 rpm for 72 hours at 27ºC. To collect bacterial cells, the broth was centrifuged at 

14000 rpm for 1 minute at 4ºC and two times washed with SDW. The bacterial pellets were 

suspended in around 1 ml SDW and vortex for 45 seconds before using for the seed treatment. 

3.7.2 Seed treatment with bacteria  

One gram of surface sterilized seeds was soaked into bacterial suspension. The bacteria treated 

seeds were dried overnight at room temperature to ensure better coating of the seeds with 

bacteria. 

3.7.3 Seed germination in Petri dish 

The inoculated seeds were placed on a Petri dish containing water-soaked sterilized filter paper. 

After the germination of seeds, the seedlings were allowed to grow for one week. The seedlings 

were watered on alternate days.  
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3.8 Statistical analysis 

The statistical method includes frequency tables and graphs, whereas the graphs were prepared 

by MS Excel. 

 

3.9 Polymerase chain reaction (PCR) and Genomic DNA extraction 

For the extraction of DNA, endophytes were first cultured in nutrient broth for 24 hours. 1 ml of 

overnight culture was taken into a 1.5 ml microcentrifuge tube followed by centrifuging at 16000 

rpm for 2 minutes to pellet the cells and the supernatant was removed. Then the cells were 

resuspended thoroughly in 480 µl of 50 mM EDTA. Then 10mg/ml lysozyme was added to 

resuspend the cell pellet and mixed gently. Then the samples were incubated at 37ºC for 60 

minutes followed by centrifuging for 2 minutes at 16000 rpm and the supernatant was removed. 

600 µl of nuclei lysis solution was added and mixed gently. The samples were then incubated at 

80ºC for 5 minutes for efficient cell lysis and then cooled to room temperature. 3 µl of RNAse 

solution was added and inverted 2/3 times for mixing. Then the samples were again incubated at 

37ºC for 60 minutes followed by cooling to the room temperature. 200µl of protein precipitation 

solution was added to RNAse-treated cell lysate and vigorously vortexed for mixing. Then the 

samples were incubated on ice for 5 minutes followed by centrifuging at 16000 rpm for 3 

minutes. After that, the DNA containing supernatant was transferred to a new 1.5 ml 

microcentrifuge tube containing 600 µl of room temperature isopropanol. Then the tubes were 

gently mixed by inversion until thread-like strands of DNA formed a visible mass. Then the 

samples were centrifuged at 1600 rpm for 2 minutes. After that, the supernatant was drained and 

cleaned carefully on clear absorbent paper. Then 600 µl of 70% ethanol was added to wash the 



31 
 

DNA through inversion of tubes. After that, the samples were again centrifuged at 16000 rpm for 

2 minutes and the ethanol was removed carefully. The pellets were allowed to air dry for 15 

minutes and then 20 µl of DNA rehydration solution was added. Finally the DNA samples were 

kept in -20ºC in a low temperature freezer for further use. 

The 16S rRNA gene of the bacterial isolates was amplified using two universal primers 27F and 

1492R.                                                                                                                                                                                                                  

 

Table 3: Primer used for molecular identification of bacterial isolates 

Target gene Primer Primer sequence (5´-3´) Length (bp) 

16S rRNA 27F 

1492R 

AGAGTTTGATCCTGGCTCAG 

GGATACCTTGTTACGACTT 

20 

19 

 

Individual PCR reaction mixture contained nuclease free water, buffer, dNTPs, forward primer, 

reverse primer, Taq polymerase and sample DNA. The compositions of the PCR reaction mixer 

are given in the following table. PCR amplification was performed in the Veriti® 96-Well 

thermal cycler (Applied Biosystems, Foster City, California, United States) 
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Table 4: Composition of PCR reaction mixer 

Component Amount 

Nuclease free water 76 µl 

Buffer 12 µl 

dNTPs 4 µl 

Forward Primer 2 µl 

Reverse Primer 2 µl 

Taq polymerase 2 µl 

Template DNA 2 µl 

 

For PCR amplification, the initial denaturation, annealing and extension temperature was 95ºC, 

56ºC AND 72ºC respectively. The temperature profile used in this study is as follows: 

 

 

Table 5: Conditions for PCR amplification of the target gene: 

Target gene Initial 

denaturation 

35 cycles Final 

extension 
Denaturation Annealing Extension 

16S rRNA 95ºC, 2 min 95ºC, 30s 56ºC, 30s 72ºC, 1.25 

min 

72ºC, 5 min 
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CHAPTER IV 

RESULTS 

Two experiments were conducted (i) collection of rice plant samples from saline soils in 

different districts and isolation and purification of the salinity tolerant bacteria from rice; and (ii) 

evaluation of the performances of some saline tolerant isolates on seedling growth of rice cv. 

BRRI dhan 29 (a salinity susceptible variety) and BINA dhan 10 (a salinity tolerant variety). The 

results of these experiments are described in this chapter. 

4.1. Screening of salinity tolerant bacteria 

To identify the effective saline tolerant bacterial strain, isolated bacterial strains were cultured in 

different salt concentrations. The concentration of NaCl was 2%, 4%, 6%, 8%, 10% and 12% 

(w/v). The growth of the bacteria was recorded. 41 bacterial isolates were cultured; of them 

BTNSo1 –BTNSo8 (8 bacteria) were from saline soil of Noakhali, BTCoR1-BTCoR4, BTCoL1-

BTCoL1-BTCoL6, BTCoSo1-BTCoSo6 (16 bacteria) were from Cox’s bazar, BTChL1, 

BTChL2, BTChR1, BTChR2, BTChSo1, BTChSo2, (6 bacteria) were from Chattogram and the 

rest BTLSo1-BTLSo10 and IBGE3C (11 bacteria) were from Lakshmipur district. The initials; 

Co, Ch, L and N represents Cox’s Bazar, Chattogram, Lakshmipur and Noakhali respectively. 

Whereas, L, R and So represents leaf, root and soil accordingly. Among 41 bacterial isolates, 

only 3 bacterial isolates provided better growth in 12% NaCl. Current study involved three 

replications of each experiment. However growth of the bacteria in nutrient broth agar (NBA) 

medium with different conc. of NaCl (w/v) is presented in the following table. 
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Table 6: Growth of isolated bacterial strain in NBA media with different salt concentration 

Name of 

isolates 

% NaCl Concentration (w/v) 

Control 2% 4% 6% 8% 10% 12% 

BTNSo1 +++ +++ +++ ++ NG NG NG 

BTNSo2 +++ ++ +++ +++ NG NG NG 

BTNSo3 +++ +++ +++ +++ NG NG NG 

BTNSo4 +++ + + ++ NG NG NG 

BTNSo5 +++ +++ +++ +++ ++ ++ + 

BTNSo6 +++ +++ +++ +++ NG NG NG 

BTNSo7 +++ +++ +++ +++ NG NG NG 

BTNSo8 +++ ++ ++ + NG NG NG 

BTCoR1 +++ +++ + + NG NG NG 

BTCoR2 +++ +++ +++ ++ +++ ++ ++ 

BTCoR3 +++ ++ +++ +++ +++ ++ + 

BTCoR4 +++ +++ +++ +++ + NG NG 

BTCoL1 +++ +++ +++ +++ +++ + NG 

BTCoL2 +++ +++ +++ +++ +++ + NG 

BTCoL3 +++ +++ +++ ++ ++ + NG 

BTCoL4 +++ +++ ++ + NG NG NG 

BTCoL5 +++ +++ ++ ++ +++ + NG 

BTCoL6 +++ +++ +++ + ++ + NG 

BTCoSo1 +++ +++ +++ + + NG NG 
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Name of 

isolates 

% NaCl Concentration (w/v) 

Control 2% 4% 6% 8% 10% 12% 

BTCoSo2 +++ +++ +++ +++ +++ +++ ++ 

BTCoSo3 +++ +++ +++ +++ NG NG NG 

BTCoSo4 +++ +++ +++ + + NG NG 

BTCoSo5 +++ +++ +++ + NG NG NG 

BTCoSo6 +++ +++ +++ + NG NG NG 

BTChL1 +++ +++ +++ +++ +++ + NG 

BTChL2 +++ +++ +++ +++ +++ + NG 

BTChR1 +++ +++ ++ + + NG NG 

BTChR2 +++ +++ +++ ++ ++ + NG 

BTChSo1 +++ +++ +++ +++ NG NG NG 

BTChSo2 +++ +++ +++ ++ NG NG NG 

BTLSo1 +++ +++ ++ + NG NG NG 

BTLSo2 +++ +++ +++ + NG NG NG 

BTLSo3 +++ +++ +++ ++ NG NG NG 

BTLSo4 +++ +++ +++ +++ NG NG NG 

BTLSo5 +++ +++ +++ ++ NG NG NG 

BTLSo6 +++ +++ +++ ++ NG NG NG 

BTLSo7 +++ +++ +++ ++ + NG NG 

BTLSo8 +++ ++ +++ +++ + NG NG 

BTLSo9 +++ +++ +++ ++ + NG NG 

BTLSo10 +++ +++ +++ +++ ++ ++ + 
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Name of 

isolates 

% NaCl Concentration (w/v) 

Control 2% 4% 6% 8% 10% 12% 

IBGE3C +++ ++ +++ +++ +++ +++ ++ 

 

Note: “+++” represents high growth, “++” moderate growth, “+”low growth and “NG” no 

growth. 
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Figure 5: Growth of 3 better grown isolates (A) BTCoR2, (B) BTCoSo2 and (C) IBGE3C in 

nutrient broth agar (NBA) medium with 10% NaCl (w/v) 

 

 

Figure 6: Growth of 3 better grown isolates (A) BTCoR2, (B) BTCoSo2 and (C) IBGE3C in 

nutrient broth agar (NBA) medium with 12% NaCl (w/v) 
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4.2. NaOH test 

Among 3 isolates, BTCoSo2 was gram negative and the rest two (BTCoR2 and IBGE3C) were 

gram positive. 

   
Figure 7: NaOH test result of 3 bacterial isolates 

4.3. Colony characteristics of PGPB 

Colony characteristics along with growth patterns of the isolates were recorded. All 3 well 

performers produced mat-like structure and of them; BTCoSo2 was white and BTCoR2 & 

IBGE3C was light brownish in color. These results suggest that the bacteria collected from saline 

soil offered diverse color in NBA medium. 

Table 7: Colonial characteristics of the bacterial isolates 

Bacterial isolates Morphological character 

Colony color Margin 

BTCoSo2 White Irregular 

BTCoR2 Light brown Irregular 

IBGE3C Light brown Irregular 

 

BTCoR2 

IBGE3C BTCoSo2 
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4.4 Effect of bacterial isolates on Seedlings in Petri dish (BRRI dhan 29) 

There was a significant variation in the effect of root and shoot lengths through the effects of 

bacteria at 7 days after inoculation. Highest root length was observed in IBGE3C at 0.2% salinity 

and lowest root length was observed in control at 1% salinity. Similarly, highest shoot length 

was observed in BTCoR2 at 0.4% salinity and lowest shoot length was seen in control at 1% 

salinity. 

In addition, IBGE3C produced the highest root dry weight at 0.2% salinity and lowest root dry 

weight was found in control at 1% salinity. Also, highest shoot dry weight was produced by 

IBGE3C at 0.2% salinity and lowest shoot dry weight was recorded in control at 1% salinity.  
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Figure 8: Assessment of BRRI dhan 29 rice seedling in Petri dish (from left to right: 0%, 0.2%, 

0.4%, 0.6%, 0.8% and 1% NaCl (w/v) 
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Figure 8: Continued… 
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Figure 8: Continued… 
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Figure 8: Continued… 
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Figure 9: Root and shoot length (cm) variation of bacteria inoculated rice seeds in different 

salinity level (BRRI dhan 29) 
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Table 8: Effects of bacteria inoculation on root and shoot length of rice seedlings at seven days 

after inoculation (BRRI dhan 29) 

Treatment Salinity level (%) Seedling Growth 

Root length (cm) Shoot length (cm) 

No Bacteria 0 2.66 2.91 

0.2 3.13 2.89 

0.4 3.29 3.01 

0.6 1.98 2.43 

0.8 1.79 2.11 

1 0.87 1.21 

BTCoSo2 0 2.79 3.01 

0.2 3.75 3.79 

0.4 4.12 3.89 

0.6 1.33 2.12 

0.8 1.89 2.23 

1 1.26 1.88 

BTCoR2 0 3.17 2.97 

0.2 3.42 3.89 

0.4 4.28 5.23 

0.6 4.08 3.78 

0.8 2.31 2.89 

1 1.69 1.83 

IBGE3C 0 3.32 3.68 

0.2 4.35 4.27 

0.4 3.33 3.09 

0.6 2.54 2.71 

0.8 1.91 2.03 

1 0.92 1.89 
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Figure 10: Root and shoot dry weight (mg) variation of bacteria inoculated rice seeds in 

different salinity level (BRRI dhan 29) 
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Table 9: Effects of bacteria inoculation on root and shoot dry weight of rice seedlings at seven 

days after inoculation (BRRI dhan 29) 

Treatment Salinity level (%) Seedling Growth 

Root dry weight(mg) Shoot dry weight (mg) 

No Bacteria 0 7.65 8.55 

0.2 8.51 8.42 

0.4 9.01 8.62 

0.6 6.62 7.39 

0.8 6.29 6.93 

1 3.22 5.39 

BTCoSo2 0 6.69 7.01 

0.2 13.95 9.21 

0.4 16.81 11.22 

0.6 5.92 6.98 

0.8 7.21 8.95 

1 6.38 7.25 

BTCoR2 0 12.18 11.81 

0.2 16.25 19.11 

0.4 11.19 16.02 

0.6 15.05 14.59 

0.8 10.81 12.31 

1 7.51 8.42 

IBGE3C 0 16.95 18.89 

0.2 17.02 18.21 

0.4 14.18 14.57 

0.6 15.50 16.09 

0.8 13.82 14.23 

1 10.91 11.18 
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4.5 Effect of bacterial isolates on Seed germination in Petri dish (BINA dhan 10) 

Root and shoot length along with their respective dry weight was recorded after seven days on 

PGPB inoculation. Highest root length was observed in IBGE3C at 0.2% salinity and lowest root 

length was observed in control at 1% salinity. Similarly, highest shoot length was observed in 

BTCoR2 at 0.2% salinity and lowest shoot length was recorded in control at 1% salinity. 

In addition, IBGE3C produced the highest root dry weight at 0.2% salinity and lowest root dry 

weight was observed in control at 1% salinity. Also, highest shoot dry weight was produced by 

IBGE3C at 0.2% salinity and lowest shoot dry weight was recorded in control at 0.8% salinity.  
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Figure 11: Assessment of BINA dhan 10 rice seedling in Petri dish (from left to right: 0%, 0.2%, 

0.4%, 0.6%, 0.8% and 1% NaCl (w/v) 
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Figure 11: Continued… 
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Figure 11: Continued… 
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Figure 11: Continued… 
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Figure 12: Root and shoot length (cm) variation of bacteria inoculated rice seeds in different 

salinity level (BINA dhan 10) 
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Table 10: Effects of bacteria inoculation on root and shoot length of rice seedlings at seven days 

after inoculation (BINA dhan 10) 

Treatment Salinity level (%) Seedling Growth 

Root length (cm) Shoot length (cm) 

No Bacteria 0 3.91 3.78 

0.2 3.12 3.43 

0.4 3.39 3.87 

0.6 3.71 4.16 

0.8 2.98 3.26 

1 1.92 2.23 

BTCoSo2 0 2.92 3.97 

0.2 3.27 3.76 

0.4 3.32 3.43 

0.6 3.41 3.65 

0.8 2.87 3.01 

1 2.02 2.31 

BTCoR2 0 3.31 5.21 

0.2 2.49 3.22 

0.4 3.95 4.21 

0.6 3.91 4.14 

0.8 3.66 3.87 

1 2.19 2.43 

IBGE3C 0 5.08 6.89 

0.2 6.67 7.22 

0.4 3.91 4.43 

0.6 3.98 4.39 

0.8 2.97 3.41 

1 2.77 2.93 
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Figure 13: Root and shoot dry weight (mg) variation of bacteria inoculated rice seeds in 

different salinity level (BINA dhan 10) 
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Table 11: Effects of bacteria inoculation on root and shoot dry weight of rice seedlings at seven 

days after inoculation (BINA dhan 10) 

Treatment Salinity level (%) Seedling Growth 

Root dry weight(mg) Shoot dry weight(mg) 

No Bacteria 0 17.15 16.97 

0.2 16.29 16.88 

0.4 17.21 18.93 

0.6 18.25 20.21 

0.8 12.39 11.93 

1 10.82 13.32 

BTCoSo2 0 13.33 15.02 

0.2 14.95 14.21 

0.4 15.01 16.18 

0.6 20.18 21.92 

0.8 17.93 19.25 

1 13.91 14.21 

BTCoR2 0 20.92 22.52 

0.2 19.91 21.23 

0.4 15.21 22.23 

0.6 18.94 21.18 

0.8 12.21 14.37 

1 11.18 12.29 

IBGE3C 0 24.02 27.01 

0.2 26.18 27.21 

0.4 14.16 23.93 

0.6 16.21 21.17 

0.8 15.34 23.19 

1 13.92 12.24 

 



57 
 

4.6. DNA extraction and PCR product purification 

DNA extraction and PCR product purification of three bacterial isolates, BTCoSo2, BTCoR2 

and IBGE3C were done for 16SrRNA gene sequencing for the identification and phylogenetic 

analysis of those bacteria. 

 

 

Figure 14: Gel electrophoresis photograph of purified PCR products of bacterial isolates 

(10µl/lane, 1% agarose, 0.05% TBE, electrophoresis time: 50 minutes; 1=ladder, 2=BTCoSo2, 

3=BTCoR2, 4=IBGE3C, 5=ladder) 

 

4.7. DNA sequencing and molecular characterization 

IBGE3C bacteria showed comparatively better results and the PCR product was then sequenced. 

The strain exhibited 100% sequence homology with Brevibacterium sediminis IBGE3C strain 

and the sequence ID IS MZ573246.1  
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Figure 15: The Phylogenetic tree of Brevibacterium sediminis strain IBGE3C 16S ribosomal 

RNA gene 
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CHAPTER V 

DISCUSSIONS 

To ensure higher crop productivity by an environment-friendly salinity management, application 

of the PGPR is a promising biotechnological approach. This study aimed to isolate, identify and 

evaluate the novel rice probiotic bacteria, and evaluate their performances on seed germination 

and seedling growth of rice. A total of 41 bacteria isolated from the rice plants cultivated in the 

saline soils of Bangladesh and they were screened for salinity tolerance. Among them, three 

isolates viz. BTCoSo2, BTCoR2 and IBGE3C displayed higher tolerance to salinity up to 12% of 

NaCl (w/v) in the culture medium. These bacterial isolates further investigated for their effects 

on seedling growth of two popular varieties of rice differing from salinity tolerance. The findings 

of the research are discussed in this section with relevant literature. 

 

5.1 Isolation and salinity tolerance performances of rice probiotics 

Salinity is a big problem in crop production in the Southern districts of Bangladesh. The situation 

is aggravating due to the impacts of climate change. Salinity poses a serious threat to future food 

security of the country. This study isolated 41 rice-associated bacteria collected from salt 

affected areas in Chattogram, Noakhali, Lakshmipur and Cox’s Bazar districts of Bangladesh. 

Bioassay revealed that these bacteria highly differed in salinity tolerance in vitro. Interestingly, 

three of them BTCoSo2, BTCoR2 and IBGE3C displayed tolerance up to 12% of salinity. 

Salinity tolerant bacteria from the salt adapted plants and soils have previously been reported in 

Kearl et al., (2019); Ansari et al., (2019); Sharma et al., (2021). However, this study for the first 

time isolated very high salinity tolerant bacteria associated with rice cultivated in the salinity 
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affected areas of Bangladesh. Enhancement of salinity tolerance in crop plants by the application 

of the PGPB has been reported earlier. To be effective in enhancing salinity tolerance by the 

plant probiotic bacteria, the isolate must be salinity tolerant. Therefore, the findings of this 

experiment of isolation of salinity tolerant PGPB from rice is encouraging for their evaluation in 

growth performances in rice. The mechanisms of salinity tolerance in bacteria have been 

reported in Kumar et al., (2020).  

5.2 Effects of bacteria on rice seedling in Petri dish 

Three salt stress tolerant PGPB isolated from rice remarkably improved the root and shoot 

growth of rice. Among two varieties tested, the PGPB isolates showed better performances in 

seedling growth of salt-tolerant rice variety BINA dhan 10 (Figure 11, 12 & 13) compared to 

salt-susceptible rice variety BRRI dhan 29 (Figure 8, 9 & 10). Enhancement of salt tolerance in 

rice and other crop plants by the application of the PGPB have been reported in Nakbanpote et 

al., (2014); Shultana et al., (2020); Wang et al. (2021); Chopra et al. (2020). Also, the growth of 

Brevibacterium sediminis in nutrient agar medium with up to 20% of NaCl (w/v) along with the 

optimum growth at 3.3% NaCl (w/v) have been previously reported in Chen at al. (2016).  In the 

current study, we observed the optimum growth of IBGE3C at 10% NaCl (w/v) (Figure 5) and 

salinity tolerance level up to 12% of NaCl (w/v) (Figure 6) on nutrient broth agar medium. To 

add, improvement on rice seedlings by the inoculation of isolated PGPB through several physical 

parameters has been achieved through our research. In salt-susceptible BRRI dhan 29 at 1% 

salinity, inoculation with highly salt tolerant IBGE3C displayed 1.06% and 1.56% increase in the 

root length and shoot length respectively compared to the control line. Similarly, root dry weight 

and shoot dry weight was increased by 3.38% and 2.07% respectively by the treatment of the 

same isolate compared to control. Moreover, in salt-tolerant BINA dhan 10 at 1% salinity, 
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IBGE3C offered 1.44% and 1.31% increase in root and shoot length respectively. To add, 

although root dry weight was increased by 1.28%, shoot dry weight was decreased by 1.08% in 

the same condition. This study for the first time demonstrated that very high salt tolerant PGPB 

isolates native to rice plants cultivated in salt affected areas enhanced seedling growth of rice 

under varying levels of salinity. These findings are interesting clues for further investigation on 

performances and mode of action of these bacterial isolates in promoting growth and salt 

tolerance in rice in the field conditions in the salinity affected regions of Bangladesh. Although 

the mechanisms of salinity tolerance and growth promotion of plants by the application of the 

PGPB have not precisely been elucidated, however, a large body of literature is available on this 

aspect (Chopra et al., 2020; Chatterjee et al., 2018; Wang et al., 2021). Singh & Jha (2016); 

Vurukonda et al. (2016) has been previously demonstrated that PGPB minimize the effects of 

salinity by retaining required ratio of Na+/ K+ through excreting exopolysaccharides (EPS) that 

consequently secure their survival under salt stress. Similar to other PGPB, Brevibacterium sp. 

are able to produce high amounts of ACC deaminase and it has been found that inoculation of 

plants with ACC deaminase producing bacteria produce longer roots (Belimov et al., 2007). Kim 

et al. (2005) showed that high production of antioxidant enzymes reduces the generation of 

hydrogen peroxide under salt stress. Qin et al. (2016) reported that PGPB directly helps plant 

growth by producing IAA. Moreover, the sodium ion (Na+) binding capacity of PGPB maintains 

cellular turgidity and defends chloroplast from adverse impacts of salinity and thus increase 

photosynthesis, chlorophyll synthesis and plant growth under salt stress (Kang et al., 2014; Del 

et al., 2011). In this study, the isolate IBGE3C displayed the best performances in terms of 

salinity tolerance and seedling growth of rice.  
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5.3 DNA sequencing and molecular identification of the bacteria 

The 16S rRNA is a gold standard and convenient molecular method for molecular identification 

of the bacteria. Therefore, best performer rice probiotic bacterial isolate, IBGE3C was identified 

as Brevibacterium sediminis as it showed 100% sequence homology to the reference genome 

published in the NCBI database (accession no. MZ573246). Although salinity tolerant 

Brevibacterium spp. have been discovered as salinity tolerant bacteria from some soils (Chen et 

al., 2016; Ansari et al., 2018: Wang et al., 2021) and plant sources (Chopra et al., 2020; Siddikee 

et al., 2010), this study for the first time discovered a highly salinity (12% NaCl w/v) tolerant B. 

sediminis strain IBGE3C from rice plants cultivated in the salt affected area (Lakshmipur) of 

Bangladesh. Further in silico and laboratory analyses of the whole-genome sequence of this 

salinity tolerant bacteria would result in interesting insights of its plant growth promoting and 

salinity tolerance mechanism that are needed for its practical application in rice. 
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CHAPTER VI 

SUMMARY 

 

The PGP bacteria are capable of enhancing plant growth under salt-stress. This study aimed to 

isolate, screen, and characterize rice growth promoting bacteria from rice plants cultivated in 

saline soils of Chattogram, Noakhali, Lakshmipur and Cox’s Bazar districts of Bangladesh. A 

total of 41 bacteria were isolated and screened for their salinity tolerance. Three highly salinity 

tolerant rice associated bacteria were evaluated for their growth promoting effects on two 

cultivars of rice (BRRI dhan 29 and BINA dhan 10) under varying levels of salinity tolerance. 

Although both bacteria improved seedling growth of rice, these isolates showed better 

performances on BINA dhan 10 compared to BRRI dhan 29. The best performing salinity 

tolerant bacterium IBGE3C was identified as B. sediminis strain IBGE3C using 16S rRNA gene 

sequencing. This novel isolate needs further molecular and field studies for judging its suitability 

as a bioinoculant for production of rice in the saline soils of Bangladesh. 
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CONCLUSION 

This study discovered three highly salinity tolerant bacteria viz. BTCoSo2, BTCoR2 and 

IBGE3C from the rice cultivated in salinity affected soils of Bangladesh. They generally 

improved seedling growth of rice varieties with varying levels of salinity tolerance, BRRI dhan 

29 and BINA dhan 10. However, the effects of the bacteria were more pronounced in BINA dhan 

10. Among the bacterial isolates, the best performing one, IBGE3C were subjected to molecular 

identification using 16S rRNA gene sequencing. Interestingly, 16S rRNA gene sequencing of 

IBGE3C displayed 100% sequence homology with B. sediminis. Discovery of an isolate of 

salinity tolerant and rice growth promoting B. sediminis is the first evidence in Bangladesh. A 

further study is needed for field evaluation of the performances of B. sediminis IBGE3C on rice 

in the saline soils of Bangladesh 

 

 

 

 

 

 

 

 

 

 



65 
 

CHAPTER VII 

REFERENCES 

[1].   Abbas, G., Saqib, M., Akhtar, J., & Haq, M. A. U. (2015). Interactive effects of 

salinity and iron deficiency on different rice genotypes. Journal of Plant Nutrition and 

Soil Science, 178(2), 306-311. 

[2].   Abeer, H., Abdallah, E. F., Alqarawi, A. A., Al-Huqail, A. A., Alshalawi, S. R. 

M., Wirth, S., & Dilfuza, E. (2015). Impact of plant growth promoting Bacillus subtilis 

on growth and physiological parameters of Bassia indica (Indian bassia) grown under salt 

stress. Pak J Bot, 47(5), 1735-1741. 

[3].   Acosta-Motos, J. R., Ortuño, M. F., Bernal-Vicente, A., Diaz-Vivancos, P., 

Sanchez-Blanco, M.  J., & Hernandez, J. A. (2017). Plant responses to salt stress: 

adaptive mechanisms. Agronomy, 7(1), 18. 

[4].   Aeron, A., Kumar, S., Pandey, P., & Maheshwari, D. K. (2011).Emerging role of 

plant growth promoting rhizobacteria in agrobiology. In Bacteria in Agrobiology: Crop 

Ecosystems (pp. 1-36). Springer, Berlin, Heidelberg. 

[5].   Ahmad, I., & Maathuis, F. J. (2014). Cellular and tissue distribution of potassium: 

physiological relevance, mechanisms and regulation. Journal of Plant Physiology, 

171(9), 708-714. 

[6].   Ahmad, M., Zahir, Z. A., Asghar, H. N., & Arshad, M. (2012). The combined 

application of rhizobial strains and plant growth promoting rhizobacteria improves 

growth and productivity of mung bean (Vigna radiata L.) under salt-stressed conditions. 

Annals of Microbiology, 62(3), 1321-1330. 



66 
 

[7].   Ahmad, M., Zahir, Z. A., Asghar, H. N., & Asghar, M. (2011).Inducing salt 

tolerance in mung bean through coinoculation with rhizobia and plant-growth-promoting 

rhizobacteria containing 1-aminocyclopropane-1-carboxylate deaminase. Canadian 

Journal of Microbiology, 57(7), 578-589. 

[8].   Ahmad, M., Zahir, Z. A., Nazli, F., Akram, F., Arshad, M., & Khalid, M. (2013). 

Effectiveness of halo-tolerant, auxin producing Pseudomonas and Rhizobium strains to 

improve osmotic stress tolerance in mung bean (Vigna radiata L.). Brazilian Journal of 

Microbiology, 44(4), 1341-1348. 

[9].   Akhavan‐Kharazian, M., Campbell, W. F., Jurinak, J. J., & Dudley, L. M. (1991). 

Effects of CaSO4, CaCl2, and NaCl on leaf nitrogen, nodule weight, and acetylene 

reduction activity in Phaseolus vulgaris L. Arid land research and management, 5(2), 97-

103. 

[10]. Al-Mutawa, M. M. (2003). Effect of salinity on germination and seedling growth 

of chick pea (Cier arietinum L.) genotypes. International Journal of Agronomy and 

Biology, 5, 227–229. 

[11]. Ansari, F. A., & Ahmad, I. (2018). Plant growth promoting attributes and 

alleviation of salinity stress to wheat by biofilm forming Brevibacterium sp. FAB3 

isolated from rhizospheric soil. Saudi Journal of Biological Sciences. 

[12]. Ansari, M., Shekari, F., Mohammadi, M. H., Juhos, K., Végvári, G., & Biró, B. 

(2019). Salt-tolerant plant growth-promoting bacteria enhanced salinity tolerance of salt-

tolerant alfalfa (Medicago sativa L.) cultivars at high salinity. Acta Physiologiae 

Plantarum, 41(12), 1-13. 



67 
 

[13]. Anschütz, U., Becker, D., & Shabala, S. (2014). Going beyond nutrition: 

regulation of potassium homoeostasis as a common denominator of plant adaptive 

responses to environment. Journal of Plant Physiology, 171(9), 670-687. 

[14]. Ashraf, M. (2004).Some important physiological selection criteria for salt 

tolerance in plants. Flora-Morphology, Distribution, Functional Ecology of Plants, 

199(5), 361-376 

[15]. Ashraf, M. P. J. C., and P. J. C. Harris."Potential biochemical indicators of 

salinity tolerance in plants." Plant science 166.1 (2004): 3-16. 

[16]. Azza, M., Fatma, A. M., EL-Quensi, E. M., & Farahat, M. M. (2007).Responses 

of ornamental plants and woody trees to salinity. World J. Agric. Sci, 3(3), 386-395. 

[17]. Bano, A., & Fatima, M. (2009).Salt tolerance in Zea mays (L).following 

inoculation with Rhizobium and Pseudomonas. Biology and Fertility of Soils, 45(4), 405-

413. 

[18]. Barnawal, D., Bharti, N., Maji, D., Chanotiya, C. S., & Kalra, A. (2012). 1-

Aminocyclopropane-1-carboxylic acid (ACC) deaminase-containing rhizobacteria protect 

Ocimum sanctum plants during waterlogging stress via reduced ethylene generation. 

Plant Physiology and Biochemistry, 58, 227-235. 

[19]. Belimov, A. A., Dodd, I. C., Safronova, V. I., Hontzeas, N., & Davies, W. J. 

(2007). Pseudomonas brassicacearum strain Am3 containing 1-aminocyclopropane-1-

carboxylate deaminase can show both pathogenic and growth-promoting properties in its 

interaction with tomato. Journal of Experimental Botany, 58(6), 1485-1495. 

 



68 
 

[20]. Bharti, N., Yadav, D., Barnawal, D., Maji, D., & Kalra, A. (2013). 

Exiguobacterium oxidotolerans, a halotolerant plant growth promoting rhizobacteria, 

improves yield and content of secondary metabolites in Bacopa monnieri (L.) Pennell 

under primary and secondary salt stress. World Journal of Microbiology and 

Biotechnology, 29(2), 379–387 

[21]. Boiero, L., Perrig, D., Masciarelli, O., Penna, C., Cassán, F., & Luna, V. 

(2007).Phytohormone production by three strains of Bradyrhizobium japonicum and 

possible physiological and technological implications. Applied Microbiology and 

Biotechnology, 74(4), 874-880. 

[22]. Chang, P., Gerhardt, K. E., Huang, X. D., Yu, X. M., Glick, B. R., Gerwing, P. 

D., & Greenberg, B. M. (2014). Plant growth-promoting bacteria facilitate the growth of 

barley and oats in salt-impacted soil: implications for phytoremediation of saline soils.  

International Journal of Phytoremediation, 16(11), 1133-1147. 

[23]. Chen, P., Zhang, L., Wang, J., Ruan, J., Han, X., & Huang, Y. (2016). 

Brevibacterium sediminis sp. nov., isolated from deep-sea sediments from the Carlsberg 

and Southwest Indian Ridges. International Journal of Systematic and Evolutionary 

Microbiology, 66(12), 5268-5274. 

[24]. Chen, Z., Pottosin, I. I., Cuin, T. A., Fuglsang, A. T., Tester, M., Jha, D., ...& 

Shabala, S. (2007). Root plasma membrane transporters controlling K+/Na+ homeostasis 

in salt-stressed barley. Plant Physiology, 145(4), 1714-1725. 

[25]. Cheng, Z., Park, E., & Glick, B. R. (2007). 1-Aminocyclopropane-1-carboxylate 

deaminase from Pseudomonas putida UW4 facilitates the growth of canola in the 

presence of salt. Canadian Journal of Microbiology, 53(7), 912-918. 



69 
 

[26]. Chopra, A., Vandana, U. K., Rahi, P., Satpute, S., & Mazumder, P. B. (2020). 

Plant growth promoting potential of Brevibacterium sediminis A6 isolated from the tea 

rhizosphere of Assam, India. Biocatalysis and Agricultural Biotechnology, 27, 101610. 

[27]. Del Amor, F. M., & Cuadra-Crespo, P. (2011). Plant growth-promoting bacteria 

as a tool to improve salinity tolerance in sweet pepper. Functional Plant Biology, 39(1), 

82-90. 

[28]. Del Carmen Orozco-Mosqueda, M., Glick, B. R., & Santoyo, G. (2020). ACC 

deaminase in plant growth-promoting bacteria (PGPB): An efficient mechanism to 

counter salt stress in crops. Microbiological Research, 235, 126439. 

[29]. Dodd, I. C. (2003).Hormonal interactions and stomatal responses. Journal of 

plant growth regulation, 22(1), 32-46. 

[30]. Dodd, I. C., & Pérez-Alfocea, F. (2012).Microbial amelioration of crop salinity 

stress. Journal of Experimental Botany, 63(9), 3415-3428. 

[31]. Dodd, I. C., Zinovkina, N. Y., Safronova, V. I., & Belimov, A. A. 

(2010).Rhizobacterial mediation of plant hormone status. Annals of Applied Biology, 

157(3), 361-379. 

[32]. Egamberdieva, D. (2008a). Alleviation of salinity stress in radishes with 

phytohormone producing rhizobacteria. Journal of Biotechnology, 136 S, 262. 

[33]. Egamberdieva, D. (2008b). Plant growth promoting properties of bacteria isolated 

from wheat and pea grown in loamy sand soil. Turkish Journal of Biology, 32, 9–15. 

[34]. Egamberdieva, D., & Jabborova, D. (2013).Biocontrol of cotton damping-off 

caused by rhizoctonia solani in salinated soil with rhizosphere bacteria. Asian and 

Australasian Journal of Plant Science and Biotechnology, 7(2), 31–38. 



70 
 

[35]. Egamberdieva, D., Jabborova, D., & Berg, G. (2016).Synergistic interactions 

between Bradyrhizobium japonicum and the endophyte Stenotrophomonas rhizophila and 

their effects on growth, and nodulation of soybean under salt stress. Plant and Soil, 

405(1-2), 35-45. 

[36]. Egamberdiyeva, D., & Hoflich, G. (2003). Influence of growth promoting bacteria 

on the growth of wheat at different soils and temperatures. Soil Biology and 

Biochemistry, 35, 973–978. 

[37]. Egamberdiyeva, D., & Höflich, G. (2004).Importance of plant growth promoting 

bacteria on growth and nutrient uptake of cotton and pea in semi-arid region Uzbekistan. 

Journal of Arid Environments, 56, 293–301. 

[38]. El-Tarabily, K. A., & Youssef, T. (2010). Enhancement of morphological, 

anatomical and physiological characteristics of seedlings of the mangrove Avicennia 

marina inoculated with a native phosphate-solubilizing isolate of Oceanobacillus 

picturae under greenhouse conditions. Plant and Soil, 332(1-2), 147-162. 

[39]. Etesami, H., & Beattie, G. A. (2017). Plant-microbe interactions in adaptation of 

agricultural crops to abiotic stress conditions. In Probiotics and Plant Health (pp. 163-

200). Springer, Singapore. 

[40]. Etesami, H., & Beattie, G. A. (2018).Mining halophytes for plant growth-

promoting halotolerant bacteria to enhance the salinity tolerance of non-halophytic 

crops.Frontiers in microbiology, 9, 148. 

[41]. Flowers, T. J., & Colmer, T. D. (2015). Plant salt tolerance: adaptations in 

halophytes. Annals of Botany, 115(3), 327-331. 



71 
 

[42]. Ghanem, M. E., van Elteren, J., Albacete, A., Quinet, M., Martínez-Andújar, C., 

Kinet, J. M., ...& Lutts, S. (2009). Impact of salinity on early reproductive physiology of 

tomato (Solanum lycopersicum) in relation to a heterogeneous distribution of toxic ions in 

flower organs. Functional Plant Biology, 36(2), 125-136 

[43]. Glick, B. R. (2005). Modulation of plant ethylene levels by the bacterial enzyme 

ACC deaminase. FEMS Microbiology Letters, 251(1), 1-7. 

[44]. Glick, B. R. (2012). Plant growth-promoting bacteria: mechanisms and 

applications. Scientifica, 2012. 

[45]. Goldstein, A. H. (1986). Bacterial solubilization of mineral phosphates: historical 

perspective and future prospects. American Journal of Alternative Agriculture, 51-57. 

[46]. Golpayegani, A., & Tilebeni, H. G. (2011).Effect of biological fertilizers on 

biochemical and physiological parameters of basil (Ociumum basilicum L.) medicine 

plant. American-Eurasian Journal of Agricultural & Environmental Sciences, 11(3), 

411–416. 

[47]. Greenway, H., & Munns, R. (1980).Mechanisms of salt tolerance in 

nonhalophytes.Annual Review of Plant Physiology, 31(1), 149-190. 

[48]. Habib, S. H., Kausar, H., & Saud, H. M. (2016). Plant growth-promoting 

rhizobacteria enhance salinity stress tolerance in okra through ROS-scavenging enzymes. 

BioMed Research International, 2016. 

[49]. Hagen, G., & Guilfoyle, T. (2002). Auxin-responsive gene expression: genes, 

promoters and regulatory factors. Plant Molecular Biology, 49(3-4), 373-385. 

[50]. Hale, M. G., & Orcutt, D. M. (1987). The Physiology of Plants Under Stress. John 

Wiley & Sons. 



72 
 

[51]. Hamdia, M.AS., Shaddad, M. & Doaa, M. Mechanisms of salt tolerance and 

interactive effects of Azospirillum brasilense inoculation on maize cultivars grown under 

salt stress conditions. Plant Growth Regul 44, 165–174 (2004). 

[52]. Hasan, M. H., Rahman, M. R., Haque, A., & Hossain, T. (2019). “Soil salinity 

hazard assessment in bangladesh coastal zone”. 

 

 

[53]. Hashem, A., Abd_Allah, E. F., Alqarawi, A. A., Al-Huqail, A. A., Wirth, S., & 

Egamberdieva, D. (2016). The interaction between arbuscular mycorrhizal fungi and 

endophytic bacteria enhances plant growth of Acacia gerrardii under salt stress. 

Frontiers in Microbiology, 7, 1089. 

[54]. Hashem, A., Abd-Allah, E. F., Alqarawi, A. A., Al-Huqail Asma, A., Alshalawi, 

S. R. M., Wirth, S., & Egamberdieva, D. (2015a). Salt tolerant PGPR Bacillus subtilis 

improved growth and physiological parameters of Indian bassia (Bassia indica) under salt 

stress condition. Pakistan Journal of Botany, 47(5), 1735–1741. 

[55]. Hernández, J. A., & Almansa, M. S. (2002). Short‐term effects of salt stress on 

antioxidant systems and leaf water relations of pea leaves. Physiologia Plantarum, 

115(2), 251-257. 

[56]. Hidri, R., Barea, J. M., Mahmoud, O. M. B., Abdelly, C., & Azcón, R. 

(2016).Impact of microbial inoculation on biomass accumulation by Sulla carnosa 

provenances, and in regulating nutrition, physiological and antioxidant activities of this 

species under non-saline and saline conditions.Journal of Plant Physiology, 201, 28-41. 



73 
 

[57]. Hossain, M. S., & Dietz, K. J. (2016).Tuning of redox regulatory mechanisms, 

reactive oxygen species and redox homeostasis under salinity stress.Frontiers in Plant 

Science, 7, 548. 

[58]. Hossain, M. S., ElSayed, A. I., Moore, M., & Dietz, K. J. (2017). Redox and 

reactive oxygen species network in acclimation for salinity tolerance in sugar beet. 

Journal of Experimental Botany, 68(5), 1283-1298. 

[59]. Hussain, K., Majeed, A., Nawaz, K., & Nisar, M. F. (2009). Effect of different 

levels of salinity on growth and ion contents of black seeds (Nigella sativa L.). Current 

Research Journal of Biological Sciences, 1(3), 135-138. 

 

[60]. Islam, F., Yasmeen, T., Arif, M. S., Ali, S., Ali, B., Hameed, S., & Zhou, W. 

(2016). Plant growth promoting bacteria confer salt tolerance in Vigna radiata by up-

regulating antioxidant defense and biological soil fertility. Plant Growth Regulation, 

80(1), 23-36. 

[61]. Jamil, A., Riaz, S., Ashraf, M., & Foolad, M. R. (2011).Gene expression profiling 

of plants under salt stress. Critical Reviews in Plant Sciences, 30(5), 435-458. 

[62]. Jha, B., Gontia, I., & Hartmann, A. (2012). The roots of the halophyte Salicornia 

brachiata are a source of new halotolerant diazotrophic bacteria with plant growth-

promoting potential. Plant and Soil, 356(1-2), 265-277. 

[63]. Jha, Y., & Subramanian, R. B. (2014). PGPR regulate caspase-like activity, 

programmed cell death, and antioxidant enzyme activity in paddy under salinity. 

Physiology and Molecular Biology of Plants, 20(2), 201-207. 



74 
 

[64]. Jha, Y., Subramanian, R. B., & Patel, S. (2011). Combination of endophytic and 

rhizospheric plant growth promoting rhizobacteria in Oryza sativa shows higher 

accumulation of osmoprotectant against saline stress. Acta Physiologiae Plantarum, 

33(3), 797-802. 

 

[65]. Kang, S. M., Khan, A. L., Waqas, M., You, Y. H., Kim, J. H., Kim, J. G., ... & 

Lee, I. J. (2014). Plant growth-promoting rhizobacteria reduce adverse effects of salinity 

and osmotic stress by regulating phytohormones and antioxidants in Cucumis 

sativus. Journal of Plant Interactions, 9(1), 673-682. 

[66]. Kang, S. M., Khan, A. L., You, Y. H., Kim, J. G., Kamran, M., & Lee, I. J. 

(2014). Gibberellin production by newly isolated strain Leifsonia soli SE134 and its 

potential to promote plant growth. Journal of Microbiology and Biotechnology, 24(1), 

106-112. 

[67]. Kearl, J., McNary, C., Lowman, J. S., Mei, C., Aanderud, Z. T., Smith, S. T., ... & 

Nielsen, B. L. (2019). Salt-tolerant halophyte rhizosphere bacteria stimulate growth of 

alfalfa in salty soil. Frontiers in Microbiology, 10, 1849. 

[68]. Khan, A., Zhao, X. Q., Javed, M. T., Khan, K. S., Bano, A., Shen, R. F., & 

Masood, S. (2016). Bacillus pumilus enhances tolerance in rice (Oryza sativa L.) to 

combined stresses of NaCl and high boron due to limited uptake of Na+. Environmental 

and Experimental Botany, 124, 120-129. 

[69]. Kim, S. Y., Lim, J. H., Park, M. R., Kim, Y. J., Park, T. I., Seo, Y. W., ... & Yun, 

S. J. (2005). Enhanced antioxidant enzymes are associated with reduced hydrogen 

peroxide in barley roots under saline stress. BMB Reports, 38(2), 218-224. 



75 
 

[70]. Kloepper, J. W., Leong, J., Teintze, M., & Schroth, M. N. (1980). Enhanced plant 

growth by siderophores produced by plant growth-promoting rhizobacteria. Nature, 

286(5776), 885-886. 

[71]. Kobayashi, T., & Nishizawa, N. K. (2012). Iron uptake, translocation, and 

regulation in higher plants. Annual Review of Plant Biology, 63, 131-152. 

[72]. Kohler, J., Hernández, J. A., Caravaca, F., & Roldán, A. (2009). Induction of 

antioxidant enzymes is involved in the greater effectiveness of a PGPR versus AM fungi 

with respect to increasing the tolerance of lettuce to severe salt stress. Environmental and 

Experimental Botany, 65(2-3), 245-252. 

[73]. Koyro, H. W. (2006). Effect of salinity on growth, photosynthesis, water relations 

and solute composition of the potential cash crop halophyte Plantago coronopus (L.). 

Environmental and Experimental Botany, 56(2), 136-146. 

[74]. Kumar, A., Singh, S., Gaurav, A. K., Srivastava, S., & Verma, J. P. (2020). Plant 

growth-promoting bacteria: biological tools for the mitigation of salinity stress in 

plants. Frontiers in Microbiology, 11, 1216. 

[75]. Kushwaha, P., Kashyap, P. L., Bhardwaj, A. K., Kuppusamy, P., Srivastava, A. 

K., & Tiwari, R. K. (2020). Bacterial endophyte mediated plant tolerance to salinity: 

growth responses and mechanisms of action. World Journal of Microbiology and 

Biotechnology, 36(2), 26. 

[76]. Labuschagne, N., Pretorius, T., & Idris, A. H. (2010).Plant growth promoting 

rhizobacteria as biocontrol agents against soil-borne plant diseases. In Plant Growth and 

Health Promoting Bacteria (pp. 211-230). Springer, Berlin, Heidelberg. 



76 
 

[77]. Läuchli, A., & Epstein, E. (1990).Plant responses to saline and sodic 

conditions.Agricultural Salinity Assessment and Management, 71, 113-137. 

[78]. Liu, Y., Xu, J., Ding, Y., Wang, Q., Li, G., & Wang, S. (2011). Auxin inhibits the 

outgrowth of tiller buds in rice (Oryza sativa L.) by downregulating OsIPT expression 

and cytokinin biosynthesis in nodes. Australian Journal of Crop Science, 5(2), 169. 

[79]. Lucy, M., Reed, E., & Glick, B. R. (2004). Applications of free living plant 

growth-promoting rhizobacteria. Antonie Van Leeuwenhoek, 86(1), 1-25. 

[80]. Ma, W., Penrose, D. M., & Glick, B. R. (2002). Strategies used by rhizobia to 

lower plant ethylene levels and increase nodulation. Canadian Journal of Microbiology, 

48(11), 947-954. 

[81]. Magome, H., & Kamiya, Y. (2018). Inactivation processes. Annual Plant Reviews 

online, 73-93. 

[82]. Malfanova, N., Kamilova, F., Validov, S., Shcherbakov, A., Chebotar, V., 

Tikhonovich, I., & Lugtenberg, B. (2011).Characterization of Bacillus subtilis HC8, a 

novel plant-beneficial endophytic strain from giant hogweed. Microbial Biotechnology, 

4(4), 523–553. 

[83]. Manaf, H. H., & Zayed, M. S. (2015). Productivity of cowpea as affected by salt 

stress in presence of endomycorrhizae and Pseudomonas fluorescens. Annals of 

Agricultural Sciences, 60(2), 219-226. 

[84]. Martínez, C., Espinosa‐Ruiz, A., & Prat, S. (2018). Gibberellins and plant 

vegetative growth. Annual Plant Reviews online, 285-322. 



77 
 

[85]. Matilla, M. A., Espinosa-Urgel, M., Rodríguez-Herva, J. J., Ramos, J. L., & 

Ramos-González, M. I. (2007). Genomic analysis reveals the major driving forces of 

bacterial life in the rhizosphere. Genome Biology, 8(9), R179. 

[86]. Mayak, S., Tirosh, T., & Glick, B. R. (2004a). Plant growth-promoting bacteria 

confer resistance in tomato plants to salt stress. Plant Physiology and Biochemistry, 

42(6), 565-572. 

[87]. Mayak, S., Tirosh, T., & Glick, B. R. (2004b). Plant growth-promoting bacteria 

that confer resistance to water stress in tomatoes and peppers. Plant Science, 166(2), 525-

530. 

[88]. Miethke, M., & Marahiel, M. A. (2007). Siderophore-based iron acquisition and 

pathogen control. Microbiology and Molecular Biology Reviews, 71(3), 413-451. 

[89]. Miller, G. A. D., Suzuki, N., Ciftci‐Yilmaz, S. U. L. T. A. N., & Mittler, R. O. N. 

(2010). Reactive oxygen species homeostasis and signalling during drought and salinity 

stresses. Plant, Cell & Environment, 33(4), 453-467. 

[90]. Mohamed, H. I., & Gomaa, E. Z. (2012).Effect of plant growth promoting 

Bacillus subtilis and Pseudomonas fluorescens on growth and pigment composition of 

radish plants (Raphanus sativus) under NaCl stress. Photosynthetica, 50(2), 263–272. 

[91]. Møller, I. M., Jensen, P. E., & Hansson, A. (2007).Oxidative modifications to 

cellular components in plants.Annual Review of Plant Biology, 58, 459-481. 

[92]. Munns, R. (2005). Genes and salt tolerance: bringing them together. New 

Phytologist, 167(3), 645-663. 

[93]. Munns, R., & Tester, M. (2008).Mechanisms of salinity tolerance. Annual Review 

of Plant Biology, 59, 651-681. 



78 
 

[94]. Nadeem, S. M., Zahir, Z. A., Naveed, M., & Arshad, M. (2007).Preliminary 

investigations on inducing salt tolerance in maize through inoculation with rhizobacteria 

containing ACC deaminase activity. Canadian Journal of Microbiology, 53(10), 1141-

1149. 

[95]. Nadeem, S. M., Zahir, Z. A., Naveed, M., & Arshad, M. (2009). Rhizobacteria 

containing ACC-deaminase confer salt tolerance in maize grown on salt-affected fields. 

Canadian Journal of Microbiology, 55(11), 1302-1309. 

[96]. Nadeem, S. M., Zahir, Z. A., Naveed, M., & Nawaz, S. (2013).Mitigation of 

salinity-induced negative impact on the growth and yield of wheat by plant growth-

promoting rhizobacteria in naturally saline conditions. Annals of Microbiology, 63(1), 

225-232. 

[97]. Nadeem, S. M., Zahir, Z. A., Naveed, M., & Ashraf, M. (2010). Microbial ACC-

deaminase: prospects and applications for inducing salt tolerance in plants. Critical 

Reviews in Plant Sciences, 29(6), 360-393. 

[98]. Naidoo, G. (1987). Effects of salinity and nitrogen on growth and water relations 

in the mangrove, Avicennia marina (Forsk.)Vierh. New Phytologist, 107(2), 317-325. 

[99]. Nakbanpote, W., Panitlurtumpai, N., Sangdee, A., Sakulpone, N., Sirisom, P., & 

Pimthong, A. (2014). Salt-tolerant and plant growth-promoting bacteria isolated from 

Zn/Cd contaminated soil: identification and effect on rice under saline 

conditions. Journal of Plant Interactions, 9(1), 379-387. 

 



79 
 

[100]. Naz, I., Bano, A., & Ul-Hassan, T. (2009). Isolation of phytohormones producing 

plant growth promoting rhizobacteria from weeds growing in Khewra salt range, Pakistan 

and their implication in providing salt tolerance to Glycine max L. African Journal of 

Biotechnology, 8(21). 

[101]. Nitrogen-fixing bacteria.Encyclopedia Britannica.(2020, January13). Available at:  

<https://www.britannica.com/science/nitrogen-fixing-bacteria> Access date: April 27, 

2021 

[102]. Oberson, A., Frossard, E., Bühlmann, C., Mayer, J., Mäder, P., & Lüscher, A. 

(2013). Nitrogen fixation and transfer in grass-clover leys under organic and conventional 

cropping systems. Plant and Soil, 371(1-2), 237-255. 

[103]. Otlewska, A., Migliore, M., Dybka-Stępień, K., Manfredini, A., Struszczyk-

Świta, K., Napoli, R., ...& Pinzari, F. (2020). When Salt Meddles Between Plant, Soil, 

and Microorganisms. Frontiers in Plant Science, 11, 1429. 

[104]. Parida, A. K., & Das, A. B. (2005). Salt tolerance and salinity effects on plants: a 

review. Ecotoxicology and Environmental Safety, 60(3), 324-349. 

[105]. Passioura, J. B. (1988). Water transport in and to roots. Annual Review of Plant 

Physiology and Plant Molecular Biology, 39(1), 245-265. 

[106]. Patel, D., & Saraf, M. (2013). Influence of soil ameliorants and microflora on 

induction of antioxidant enzymes and growth promotion of Jatropha curcas L. under 

saline condition. European Journal of Soil Biology, 55, 47-54. 

 

 



80 
 

[107]. Pei, S., Xie, F., Niu, S., Ma, L., Zhang, R., & Zhang, G. (2020). Brevibacterium 

profundi sp. nov., isolated from deep-sea sediment of the Western Pacific 

Ocean. International Journal of Systematic and Evolutionary Microbiology, 70(11), 

5818-5823. 

[108]. Pessarakli, M. (2014). Handbook of Plant and Crop Physiology.CRC Press. 

[109]. Pierik, R., Sasidharan, R., & Voesenek, L. A. (2007). Growth control by ethylene: 

adjusting phenotypes to the environment. Journal of Plant Growth Regulation, 26(2), 

188-200. 

[110]. Pushpavalli, R., Quealy, J., Colmer, T. D., Turner, N. C., Siddique, K. H., Rao, 

M. V., & Vadez, V. (2016). Salt stress delayed flowering and reduced reproductive 

success of chickpea (Cicer arietinum L.), a response associated with Na+ accumulation in 

leaves. Journal of Agronomy and Crop Science, 202(2), 125-138. 

[111]. Qadir, M., Quillérou, E., Nangia, V., Murtaza, G., Singh, M., Thomas, R. J., ...& 

Noble, A. D. (2014, November). Economics of salt‐induced land degradation and 

restoration. In Natural Resources Forum (Vol. 38, No. 4, pp. 282-295). 

[112]. Qin, Yuan, Irina S. Druzhinina, Xueyu Pan, and Zhilin Yuan. "Microbially 

mediated plant salt tolerance and microbiome-based solutions for saline 

agriculture." Biotechnology Advances 34, no. 7 (2016): 1245-1259. 

[113]. Rabhi, M., Barhoumi, Z., Ksouri, R., Abdelly, C., & Gharsalli, M. 

(2007).Interactive effects of salinity and iron deficiency in Medicago ciliaris. Comptes 

Rendus Biologies, 330(11), 779-788. 



81 
 

[114]. Rajwar, A., Sahgal, M., & Johri, B. N. (2013).Legume–rhizobia symbiosis and 

interactions in agroecosystems. In Plant Microbe Symbiosis: Fundamentals and 

Advances (pp. 233-265). Springer, New Delhi. 

[115]. Rueda‐Puente, E., Castellanos, T., Troyo‐Diéguez, E., Díaz de León‐Alvarez, J. 

L., & Murillo‐Amador, B. (2003).Effects of a Nitrogen‐Fixing Indigenous Bacterium 

(Klebsiella pneumoniae) on the Growth and Development of the Halophyte Salicornia 

bigelovii as a New Crop for Saline Environments. Journal of Agronomy and Crop 

Science, 189(5), 323-332. 

[116]. Saghafi, D., Delangiz, N., Lajayer, B. A., & Ghorbanpour, M. (2019).An 

overview on improvement of crop productivity in saline soils by halotolerant and 

halophilic PGPRs. 3 Biotech, 9(7), 261. 

[117]. Saravanakumar, D., & Samiyappan, R. (2007). ACC deaminase from 

Pseudomonas fluorescens mediated saline resistance in groundnut (Arachis hypogea) 

plants. Journal of Applied Microbiology, 102(5), 1283-1292. 

[118]. Sessitsch, A., Hardoim, P., Doring, J., Weilharter, A., Krause, A., Woyke, T., et 

al. (2012). Functional characteristics of an endophyte community colonizing rice roots as 

revealed by metagenomic analysis. Molecular Plant-Microbe Interactions, 25, 28–36. 

[119]. Shabala, S. (2009). Salinity and programmed cell death: unravelling mechanisms 

for ion specific signalling. Journal of Experimental Botany, 60(3), 709-712. 

[120]. Shabala, S. (2017). Signalling by potassium: another second messenger to add to 

the list? Journal of Experimental Botany, 68(15), 4003-4007. 



82 
 

[121]. Shabala, S., & Pottosin, I. (2014). Regulation of potassium transport in plants 

under hostile conditions: implications for abiotic and biotic stress tolerance. Physiologia 

Plantarum, 151(3), 257-279. 

[122]. Shannon, M. C. (1994). Whole-plant response to salinity. Plant Environment 

Interactions, 199-244. 

[123]. Sharma, A., Dev, K., Sourirajan, A., & Choudhary, M. (2021). Isolation and 

characterization of salt-tolerant bacteria with plant growth-promoting activities from 

saline agricultural fields of Haryana, India. Journal of Genetic Engineering and 

Biotechnology, 19(1), 1-10. 

[124]. Sharma, S. B., Sayyed, R. Z., Trivedi, M. H., & Gobi, T. A. (2013). Phosphate 

solubilizing microbes: sustainable approach for managing phosphorus deficiency in 

agricultural soils. SpringerPlus, 2(1), 587. 

[125]. Shultana, R., Kee Zuan, A. T., Yusop, M. R., & Saud, H. M. (2020). 

Characterization of salt-tolerant plant growth-promoting rhizobacteria and the effect on 

growth and yield of saline-affected rice. Plos One, 15(9), e0238537. 

[126]. Siddikee, M. A., Chauhan, P. S., Anandham, R., Han, G. H., &Sa, T. (2010). 

Isolation, characterization, and use for plant growth promotion under salt stress, of ACC 

deaminase-producing halotolerant bacteria derived from coastal soil. Journal of 

Microbiology and  Biotechnology, 20(11), 1577-1584. 

[127]. Singh, R. P., & Jha, P. N. (2016). The multifarious PGPR Serratia marcescens 

CDP-13 augments induced systemic resistance and enhanced salinity tolerance of wheat 

(Triticum aestivum L.). PLos One, 11(6), e0155026. 



83 
 

[128]. Spaepen, S., & Vanderleyden, J. (2011). Auxin and plant-microbe 

interactions. Cold Spring Harbor Perspectives in Biology, 3(4), a001438. 

[129]. Stepien, P., & Johnson, G. N. (2009). Contrasting responses of photosynthesis to 

salt stress in the glycophyte Arabidopsis and the halophyte Thellungiella: role of the 

plastid terminal oxidase as an alternative electron sink. Plant Physiology, 149(2), 1154-

1165. 

[130]. Sukweenadhi, J., Balusamy, S. R., Kim, Y. J., Lee, C. H., Kim, Y. J., Koh, S. C., 

& Yang, D. C. (2018). A growth-promoting bacteria, Paenibacillus yonginensis DCY84T 

enhanced salt stress tolerance by activating defense-related systems in Panax ginseng. 

Frontiers in Plant Science, 9, 813. 

[131]. Tang, X., Mu, X., Shao, H., Wang, H., & Brestic, M. (2015). Global plant-

responding mechanisms to salt stress: physiological and molecular levels and 

implications in biotechnology. Critical Reviews in Biotechnology, 35(4), 425-437. 

[132]. Tripathi, R. S. (2009). Alkali Land Reclamation. Mittal Publications. 

[133]. Tsukanova, K. A., Meyer, J. J. M., & Bibikova, T. N. (2017).Effect of plant 

growth-promoting Rhizobacteria on plant hormone homeostasis. South African Journal of 

Botany, 113, 91-102. 

[134]. Upadhyay, S. K., & Singh, D. P. (2015).Effect of salt‐tolerant plant 

growth‐promoting rhizobacteria on wheat plants and soil health in a saline environment. 

Plant Biology, 17(1), 288-293. 

[135]. Vaishnav, A., Shukla, A. K., Sharma, A., Kumar, R., & Choudhary, D. K. (2019). 

Endophytic bacteria in plant salt stress tolerance: current and future prospects. Journal of 

Plant Growth Regulation, 38(2), 650-668. 



84 
 

[136]. Vessey, J. K. (2003). Plant growth promoting rhizobacteria as biofertilizers. Plant 

and Soil, 255(2), 571-586. 

[137]. Volkmar, K. M., Hu, Y., & Steppuhn, H. (1998). Physiological responses of 

plants to salinity: a review. Canadian Journal of Plant Science, 78(1), 19-27. 

[138]. Vurukonda, S. S. K. P., Vardharajula, S., Shrivastava, M., & SkZ, A. (2016). 

Enhancement of drought stress tolerance in crops by plant growth promoting 

rhizobacteria. Microbiological Research, 184, 13-24. 

[139]. Wang, R., Wang, C., Feng, Q., Liou, R. M., & Lin, Y. F. (2021). Biological 

Inoculant of Salt-Tolerant Bacteria for Plant Growth Stimulation under Different Saline 

Soil Conditions. Journal of Microbiology and Biotechnology,31(3), 398-407 

[140]. Weyens, N., van der Lelie, D., Taghavi, S., Newman, L., & Vangronsveld, J. 

(2009).Exploiting plant–microbe partnerships to improve biomass production and 

remediation. Trends in Biotechnology, 27(10), 591-598. 

[141]. Wu, H., Zhang, X., Giraldo, J. P., & Shabala, S. (2018). It is not all about sodium: 

revealing tissue specificity and signalling roles of potassium in plant responses to salt 

stress. Plant and Soil, 431(1-2), 1-17. 

[142]. Wu, Z., Yue, H., Lu, J., & Li, C. (2012). Characterization of rhizobacterial strain 

Rs-2 with ACC deaminase activity and its performance in promoting cotton growth under 

salinity stress. World Journal of Microbiology and Biotechnology, 28(6), 2383-2393. 

[143]. Yan, K., Shao, H., Shao, C., Chen, P., Zhao, S., Brestic, M., & Chen, X. 

(2013).Physiological adaptive mechanisms of plants grown in saline soil and implications 

for sustainable saline agriculture in coastal zone. Acta Physiologiae Plantarum, 35(10), 

2867-2878. 



85 
 

[144]. Yan, N., Marschner, P., Cao, W., Zuo, C., & Qin, W. (2015). Influence of salinity 

and water content on soil microorganisms. International Soil and Water Conservation 

Research, 3(4), 316-323. 

[145]. Yao, L., Wu, Z., Zheng, Y., Kaleem, I., & Li, C. (2010).Growth promotion and 

protection against salt stress by Pseudomonas putida Rs-198 on cotton. European 

Journal of Soil Biology, 46(1), 49-54. 

[146]. Zahir, Z. A., Ghani, U., Naveed, M., Nadeem, S. M., & Asghar, H. N. 

(2009).Comparative effectiveness of Pseudomonas and Serratia sp. containing ACC-

deaminase for improving growth and yield of wheat (Triticum aestivum L.) under salt-

stressed conditions. Archives of Microbiology, 191(5), 415-424. 

[147]. Zhang, X., Chen, L., Wang, J., Wang, M., Yang, S., & Zhao, C. (2018). 

Photosynthetic acclimation to long-term high temperature and soil drought stress in two 

spruce species (Picea crassifolia and P. wilsonii) used for afforestation. Journal of 

Forestry Research, 29(2), 363-372. 

 

 

 

 

 

 

 

 



86 
 

APPENDIX 

APPENDIX A: Brevibacterium_sediminis IBGE3C sequence 

The sequence is: >Brevibacterium_sediminis IBGE3C 

CTACACATGCAGTCGAACGCTGAGCCGACAGCTTGCTGTTGGTGGATGAGTGGCGAACGGG

TGAGTAACACGTGAGTAACCTGCCCCTGATTTCGGGATAAGCCTGGGAAACTGGGTCTAATA

CCGGATAYGACCAATCCTCGCATGAGGGTTGGTGGAAAGTTTTTCGATCGGGGATGGGCTCG

CGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTG

AGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT

GGGGAATATTGCACAATGGGGGAAACCCTGATGCAGCGACGCAGCGTGCGGGATGACGGCC

TTCGGGTTGTAAACCGCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAG

TACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTACGAGCGTTGTCCGGAATT

ATTGGGCGTAAAGAGCTCGTAGGTGGTTGGTCACGTCTGCTGTGGAAACGCAACGCTTAACG

TTGCGCGTGCAGTGGGTACGGGCTGACTAGAGTGCAGTAGGGGAGTCTGGAATTCCTGGTGT

AGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGACTCTGGGCTGT

AACTGACACTGAGGAGCGAAAGCATGGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCA

TGCCGTAAACGTTGGGCACTAGGTGTGGGGGACATTCCACGTTCTCCGCGCCGTAGCTAACG

CATTAAGTGCCCCGCCTGGGGAGTACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGG

GCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGAAGAACCTTACCAAGG

CTTGACATACACTGGACCGTTCTGGAAACAGTTCTTCTCTTTGGAGCTGGTGTACAGGTGGT

GCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCC

TCGTTCTATGTTGCCAGCACGTGATGGTGGGAACTCATAGGAGACTGCCGGGGTCAACTCGG

AGGAAGGTGGGGATGACGTCAAATCATCATGCCCTTTATGTCTTGGGCTTCACGCATGCTAC

AATGGCTGGTACAGAGAGAGGCGAACCCGTGAGGGTAAGCGAATCCCTTAAAGCCAGTCTC

AGTTCGGATCGTAGTCTGCAATTCGACTACGTGAAGTCGGAGTCGCTAGTAATCGCAGATCA

GCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCTCAAGTCACGAAAGTCG

GTAACACCCGAAGCCGGTGTCCCAACCCTTGGGACGGGCCTC 
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APPENDIX B: Growth of bacterial isolates at different salt concentration in nutrient broth 

agar medium 

   

      

 

           

Figure B1: Growth of bacterial isolates in nutrient broth agar (NBA) medium with 2% NaCl 

(w/v) 
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Figure B2: Growth of bacterial isolates in nutrient broth agar (NBA) medium with 4% NaCl 

(w/v) 
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Figure B3: Growth of bacterial isolates in nutrient broth agar (NBA) medium with 6% NaCl 

(w/v) 
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Figure B4: Growth of bacterial isolates in nutrient broth agar (NBA) medium with 8% NaCl 

(w/v) 
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