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Among abiotic stresses, salinity is a significant limiting factor affecting agricultural productivity, survival, 
and production, resulting in significant economic losses. The goal of this study was to isolate the 
endophytic Kosakoniaradicincitans bacteria, characterize it and study of its plant growth-promoting 
activities (PGP) to determine the effect of its inoculation on wheat plants under salinity stress conditions. 
One endophytic bacterial isolate was obtained from root nodules of faba bean (Vicia faba) plants grown in 
the salt-affected clay soil of Egypt. The isolate was identified and characterized using 16S rRNA gene 
sequencing. This isolate phylogenetically was closely related toKosakoniaradicincitans strain DSM 16656 
with accession number OM980222.1. The isolate was evaluated for its ability to promote plant growth in 
vitro. Results revealed that the bacterial isolate of Kosakoniaradicincitans produced indole-3-acetic acid 
(40.44 µgml-1) and exopolysaccharides (14.2 g/L), fixed nitrogen and could solubilize phosphate and 
potassium (273 mg/L and 42.8 µg/ml) respectively.  In a field trial, this bacterial isolate reduced proline, 
and showed the best results for chlorophyll, grain yield, and 100-grain weight of wheat plants grown in the 
salt-affected soil as compared to the control plants. It can be concluded that wheat plants may benefit 
from the use of Kosakoniaradicincitans as biofertilizers in sustainable farming techniques. 
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1. INTRODUCTION  
 
Globally, rising salt levels are a serious concern and a significant barrier to food production [1]. Due to the rising annual 
need for food by a population that is expanding worldwide, the issue of soil salinity is critical. [2] confirmed that agriculture 
causes environmental damages, owing to large fertilizer inputs and land use practices. Living microbe cells called 
"biofertilizers" can replace artificial fertilizers because they give plants nutrition, prevent illnesses from spreading through 
the soil, and enhance the health and quality of the soil [3]. 
 
Endophytic N2-fixing bacteria are of particular interest because they spend at least part of their lives inside plants and 
cause no visible harm to the host [4]. Despite the high specificity between Rhizobia and legumes, non-rhizobia have been 
discovered inside the root nodules, including Pseudomonas fluorescence, Bacillus sp., Enterobacter sp., Klebsiella sp., 
and Paenibacillus sp. [5],[6],[7]. Many studies confirmed the diversity of bacteria other than rhizobia that are associated 
with root nodules [8], [9].  [10] proved that Enterobacter and Klebsiella, members of the family Enterobacteriaceae, are 
known to live endophytically in a variety of crops' root nodules.  
To comprehend the ecological significance of the relationship between endophytes and their host plants, studies on the 
interactions between them are crucial [11,12]. These microorganisms could serve as biocontrol agents, release 
phytohormones like indole-3-acetic acid, cytokinins, and gibberellins, fix nitrogen so that it becomes available to the plant 
via cellular degeneration or active nitrogenous compound release [12]. 
 
Kosakoniaradicincitans (DSM 16656) is a gram-negative, rod-shaped bacterium that stimulates plant growth and has 
been identified in the newly recognized genus Kosakonia of the Enterobacteriaceae [13]. Previously classified as 
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Enterobacter, the genus Kosakonia was recently separated as a new genus [14]. The 16S rRNA gene is present in almost 
all bacteria and is usually used to their identification [15]. 
 
Many Kosakonia species have been isolated from different plants and have demonstrated the ability to promote plant 
growth [16]. The isolate of K. radicincitans(DSMT 16656) from wheat has plant growth promotion (PGP) [16] and nitrogen-
fixing abilities [17]. [18] also demonstrated that K. radicincitans is capable of biologically fixing atmospheric nitrogen, 
producing hormones, and solubilizing rock phosphates. K. radicincitansDSM 16656 has shown distinct enhancement in 
growth, yield, and product quality in both glasshouse and field trials [19] [16], highlighting the strain's potential for various 
cultivation management systems. 
 
Since wheat makes up most of the Egyptian diet, it is regarded as the country's first strategic food crop. Wheat straw is 
also a significant source of fodder. [20]. This crop has been affected by water stress leading to decline in grain yield and 
quality.  Different strategies to diminish the negative effects of salt stress have been developed to improve seed quality 
and production of wheat [21] . 
 
The present work intends to isolate the endophytic bacterial strain Kosakoniaradicincitansfrom the nodules of faba bean, 
characterize it through 16S rRNA based molecular technique and study of its plant growth-promoting activities as well as 
to determine the effect of its inoculation on wheat plants under salinity stress conditions. 
 
2. MATERIAL AND METHODS 
2.1 Isolation of endophytic bacteria 
Nodules were chosen at random from roots of three faba bean plants grown in the salt-affected clay soil (Sahl El-
Hussinia, El-Sharkia Governorate, Egypt), washed with sterile distilled water to remove soil particles, and surface 
sterilized with 95% alcohol for 30 s and 0.1 % (w/v) HgCl2 for 2 min before being rinsed 6-8 times with sterile distilled 
water to completely remove HgCl2. For the isolation of endophytic bacteria, the surface sterilized nodules were crushed 
and streaked on yeast-extract-mannitol agar (YEM) as indicated by [22],[23] and defined growth medium (DM) as 
indicated by [24]. Single colonies were purified further by streaking on the same medium repeatedly for 3 days at 28°C. 
The isolates were kept at -20°C in glycerol (20% v/v). 
 
2.2 DNA isolation and 16S rRNA amplification 
Isolation and purification of DNA was carried out according to the method described in [25]. The total genomic DNA was 
extracted from bacterial species and quality was evaluated on 1% agarose gel. Isolated DNA was amplified with 16S 
rRNA gene, the PCR amplification was carried out in 20 µl reaction solution containing 27F/1492R universal primers [26] 
as shown in Table 1. The amplification was performed:  initial denaturation at 95ºC for 5 min followed by 35 cycles 
comprised of denaturation at 94ºC for 45 sec, 55º C for 60 sec for annealing, extension at 72º C for 60 sec and the final 
extension at 72ºC for 30 min. The PCR included a positive control (E. coli genomic DNA) and a negative control. The PCR 
products resolved by electrophoresis in 1.5 % agarose gel. 
 
2.3 DNA Sequencing and Phylogenetic analysis 
The PCR amplicon purification was carried out by column-based method using Montage PCR Clean-up kit (Macro gen). 
The purified PCR products were sequenced by using two primers, as described in Table 1. Sequencing was performed 
using Big Dye terminator cycle sequencing kit and the products were resolved on an Applied Biosystems model 3730XL 
automated DNA sequencing system (Applied Bio Systems, USA). Identification was performed by (GenBank) using the 
Basic Local Alignment Search Tool (BLAST). Phylogenetic analysis was done using the MEGA X program [27].   
 
                     Table 1. The primer sequences used for 16S rRNA gene amplification.   

 
 
2.4 Plant growth promoting attributes   
Indole acetic acid (IAA) production  

 Primers Sequences 
 

 
16S rRNA 
 

27F 3' AGA GTT TGA TCM TGG CTC AG 5'  
 
1492R 3' TAC GGY TAC CTT GTT ACG ACT T 5'  
 

 
Sequencing  

518F 3' CCA GCA GCC GCG GTA ATA CG 5'  
 
800R 3' TAC CAG GGT ATC TAA TCC 5'

 

 



 

 

According to the modified [28] technique, isolate was used for IAA production. The test isolate was inoculated into Luria-
Bertani (LB) broth that had been supplemented with tryptophan. In a shaker incubator, a flask was incubated at 35°C for 
three days at 150 rpm. The well-developed isolate culture was centrifuged at 8000 rpm for 20 min. Then, 2 mL of 
Salkowski reagent and three drops of orthophosphoric acid were added to 1 mL of the supernatant. For one to two hours, 
the mixture was incubated in darkness. At 530 nm, the isolate's absorbance was observed. The IAA concentration in cell-
free supernatant was determined colorimetrically using a standard curve prepared from authentic IAA (Sigma Chemical, 
USA). 
 
Exopolysaccharides (EPS) production 
The bacterial isolate was inoculated into a conical flask containing 100 ml of yeast extract mannitol (YEM) broth to 
estimate EPS production. The inoculated flasks were incubated for 72 hours at 30°C and 200 rpm on a rotary shaker. The 
culture broth was centrifuged at 3500 g after incubation, and the supernatant was mixed with two volumes of acetone. 
Centrifugation at 3500 g for 30 min was used to collect the crude polysaccharides that had developed. After being washed 
with distilled water and acetone alternately, the EPS was transferred to filter paper and weighed after being dried 
overnight at 105oC. [29]. 
 
Nitrogen fixing ability 
Nitrogen fixing ability was examined using Jensen’s medium and Bromothymol Blue (BTB) as a color indicator according 
to [30].  
 
Estimation of phosphate solubilization  
Qualitative determination of phosphate solubilization was performed on Pikovskaya’s agar plate (PVK) medium [31]. 
Isolate was spot inoculated and incubated at 28 ± 2°C, and the size of the halo corresponding to phosphate solubilization 
was measured after 3-7 days of incubation. Phosphate solubilization was expressed as solubilizing efficiency (SE%) [32], 
[33]. Quantitative estimation of tri-calcium phosphate solubilization was performed by growing the bacterial strain in 
Pikovaskya’s broth. The concentration of the soluble phosphate was determined from the culture supernatant. 
 

Phosphate solubilization efficiency (%) = Solubilization diameter (S) x100 
              growth diameter 

Estimation of potassium solubilization  
The spotting method was used to investigate potassium solubilization by bacterial isolate on Aleksandrov medium plates 
containing insoluble mica powder as a potassium source [34]. Plates were incubated for 5 days at 28°C±2. The ability of 
bacterial isolate to form solubilization zones was used to detect potassium solubilization. Quantitative estimation of 
potassium release was performed by growing bacterial isolate in Aleksandrov broth medium and incubated for 5 days at 
28°C±2. Following the incubation, the broth culture was filtered through Whatman No. 1 filter paper and centrifuged for 20 
minutes at 12,000 rpm. The soluble K content in the supernatant was measured using flame photometer [35]. 
 
2.5 Field Experiment 
A field experiment was conducted at the farm El-Rowad village in Sahl El-Hussinia, El-Sharkia Governorate, Egypt during 
the winter growing season of 2018. Wheat grains (Triticum aestivum L. cv. Sakha 93) were obtained from Field Crops 
Research Institute, Agricultural Research Centre, Giza, and were inoculated with vermiculite-based inoculants that had 
been gamma irradiated. Three treatments were tested and a randomized completed design with three replicates was used 
to determine the role of isolated bacteria in alleviating salt stress in wheat plants grown in a saline soil as compared to the 
control and Azotobacter chroococcum(a ref PGPB and nitrogen fixer for nonlegumes) that was obtained from Biofertilizers 
Production Unit, Agricultural Microbiology Research Department at Soils, Water and Environment Research Institute, 
Agricultural Research Centre, Giza. The treatments were as follow: 
 
1. Control (Recommended dose of NPK) 
2. Azotobacter chroococcum+ half dose of NPK 
3. Kosakoniaradicincitans+ half dose of NPK 
 
Proline determination 
Extraction and determination of proline in shoot of wheat plants (60 days from sowing) were performed according to the 
method of [36]. Proline content was measured by spectrophotometer at 520 nm and calculated as µ mole proline / g of 
fresh weight material using a standard curve prepared from proline.  
 
Estimation of total chlorophyll content 
The chlorophyll content was determined at 60 days after planting using portable chlorophyll meter (SPAD-502) [37].  
 
Determination of N, P, K contents and protein 
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 Total contents of nitrogen, phosphorus and potassium of the harvested wheat grains were determined according 
to [38], and the protein was calculated by multiplying total nitrogen content by 5.75 [39]. 
 
Soil analysis 
The main soil properties of the experimental soil were determined as shown in Table (2) according to the methods 
described by [40].  Soil pH and total soluble salt (EC) were measured in soil paste according to [41]. Available N was 
measured according to the modified Kjeldahel method [40]. Available P was determined colorimetrically according to 
Olsen’s method [41]. Available K was that determined using the Flame-Photometer and Available micronutrients were 
determined as described by [42]. 
 

Table (2): Physical and chemical properties of the soil sample before planting  

 
2.6 Statistical analysis 
The significance of variation in the Yield, nutrients uptake and protein contents such as N, P, K, protein, Proline and 
chlorophyll contents in relation to the different treatments were assessed using one-way analysis of variance technique 
(ANOVA). The differences were tested using Tukey test. The applications of these techniques were according to SPSS 
program ver. 20. [43]. 
 
3. RESULTS AND DISCUSSION 
3.1 Appearance of bacterial isolate 
From root nodules of faba bean plants, gram-negative, rod-shaped bacterium was isolated. When cultivated on YEMA 
containing Congo red, the isolate did not absorb the color red. 
 
3.2 Molecular characterization of the isolates by 16S rRNA gene 
Molecular characterization of the isolate Kosakoniaradicincitans strain DSM 16656 was achieved using the 16S rRNA 
gene. The amplified size designed for the 16S rRNA gene, about 1500 bp, was used (Table1). The PCR products were 
separated in gel, and the DNA bands conforming to the expected size of the gene were purified from the gel for 
sequencing. With the use of the forward and reverse primers, the product was sequenced, resulting in a 940 bp long 
sequence. This isolate's partial sequence was aligned with the partial sequences of the neighbor-joining sequences in 
GenBank and then deposited under accession number MO980222.1 and described by the phylogenetic tree (AM3) in Fig. 
1.  
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Figure 1.  Phylogenetic tree based on 16S rDNA sequence analysis indicates the phylogenetic relationship of the 

bacterial isolate. 
 
3.3 In Vitro Assessment of plant-growth-promoting activities 
Bacterial isolate of Kosakoniaradicincitanswas examined for its plant growth promoting attributes in terms of indole-3-
acetic acid (IAA) production, exopolysaccharides production, nitrogen fixation, phosphate (P) and potassium (K) 
solubilization (Table 3 and Fig. 2). Results indicated that the isolate was able to produce indole acetic acid (40.44 µg/ml) 
in the cultural filtrate. This agree with [44] who proved that K. radicincitans produced a significant IAA and the capacity to 
produce IAA suggested that the isolate could be used to regulate growth.  
 
Concerning the releasing amounts of EPS, it revealed that the bacterial isolate could produce EPS (14.2 g/L). These 
results agree with [45] who used EPS producing strain of Kosakoniacowaniifor biosynthesis of EPS by several agro-
industrial residues. 
 
Jensen’s medium, which is nitrogen-free, was created to find and grow bacteria that fix nitrogen. Several nitrogen fixing 
endophytic bacteria is acid producing and change the color of media from greenish blue to yellow. The in vitro test on 
Jensen’s nitrogen free media showed that the new bacterial isolate could grow on Jensen’s medium and was acid 
producer. This agrees with [46] who suggested that Kosakonia sp. was an associative nitrogen-fixing bacteria or 
endophytic nitrogen-fixing bacteria.  
 
It is known that microorganisms can solubilize phosphorous, making it easily accessible to plants and lowering the 
demand for phosphate fertilizers [47, 48]. In the current study, the isolate showed halo zone on the Pikovskaya’s agar 
medium that recorded solubilization efficiency up to 100%, and P liberated in the medium was 273 mg/L indicating its 
ability to solubilize tricalcium phosphate (Table 3 and Fig. 2). This agrees with [24]  who proved that osmotic stress on K. 
radicincitans cells increased their capacity to solubilize phosphate to 357.7 mg L-1 from 290.3 mg L-1 in non-stressed cells. 
 
The ability to solubilize potassium by the bacterial isolate was tested. The isolate was able to solubilize potassium 
effectively and recorded higher solubilization efficiency up to 266% as shown in (Table 3 and Fig. 2). Quantitative 
estimation of K solubilization was performed and the amount of K liberated in the broth medium was 42.8µg/ml. This may 
be happened due to the production of organic and inorganic acids during growth of bacterial isolate which is a major 
mechanism for mineral solubilization as indicated by [48], where there was a decreasing in final pH reaching a value 5.3. 
This agrees with [49] who proved that pH decrease resulting from the release of organic acids could be related to P & K 
solubilization.These PGP activities may be due to sharing the bulk of genes that involved in plant growth-promotion as 
indicated with [46] who found that there were many genes related to promoting plant growth in Enterobacter FY-07. 
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Table (3). Production of IAA, EPS, solubilization of phosphate and potassium of the isolate 

 
 

 
 

Figure (2). (a) Isolate grown on Congo red YEMA medium (b) IAA production, 
(c) Exopolysaccharides production (d)Phosphate solubilization 

(e) Potassium solubilization by bacterial isolate. 
 
 
3.4 Proline content in wheat 
 
Under salt stress, most of plant species show a striking rise in their proline content [50]. It is obvious from the present 
results that application of new isolate onto wheat plants lowered the proline accumulation in these plants as compared to 
control and inoculant of Azotobacter chroococcum a ref bacterial strain (Fig 3). These results are consistent with [51] who 
confirmed that proline content in maize increased under saline stress however it was decreased by inoculation with plant 
growth promoting bacteria. These findings may be due to the synthesis indole acetic acid or exopolysaccharides by the 
bacterial isolate as reported by [52] and [53] respectively, where foliar applications of IAA and inoculation with EPS 
producing bacteria as A. chroococcumreduced proline content in the leaves of maize plants under salt stress. 
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Figure 3.  Proline content as affected by bacterial treatments 
 
3.5 Total chlorophyll content 
Results in Fig. 4 show that maximum content of chlorophyll in wheat leaves was obtained using bacterial isolate of 
Kosakoniaradicincitans as compared to control or Azotobacter sp. In this respect [54] showed an increase in chlorophyll 
content and photosynthesis rates in barely with inoculation by phosphate solubilizing bacteria (PSB).  
 

 
Figure 4. Total chlorophyll in wheat plant as affected by treatments 
 
3.6 Yield, nutrients uptake and protein contents in wheat  
There was a significant increase over A. chroococcum and the control in grain yield of wheat by the application of the new 
isolate of K. radicincitans (Table 4) that gave the highest value (17.6 Ardab/fed). Moreover, 100-grains weight of wheat 
was significantly influenced by the application of new bacterial isolate followed by A. chroococcumas compared to the 
control but there was non-significant increase in straw yield of wheat in case of using the new isolate. These outcomes 
might be attributable to the isolate's capacity to create IAA, as suggested by [55] who found that the administration of IAA 
boosted wheat grain production. 
In terms of the concentration of the nutrients in wheat plants as a result of treatments, data in (Table 4) revealed that the 
contents of N, P, K, and protein are not significantly different by application of new bacterial isolate + half dose of NPK as 
compared to A. chroococcum+ half dose of NPK and the control treatment (Recommended dose of NPK). This could be 
due to the ability of the bacterial isolate to fix nitrogen and solubilize both phosphate, and potassium. Upon the inoculation 
of diverse plant species, [56] demonstrated that numerous Kosakonia bacterial strains could enhance plant development 
and increase yields where they could fix atmospheric nitrogen using nitrogenase that was present inside the bacteria [57]. 
[18] confirmed the capacity of K. radicincitansto synthesize hormones, physiologically fix atmospheric nitrogen, and 
dissolve rock phosphates. In this context, According to [58], K. radicincitans MUSA4 possessed a number of traits that 
aided in the promotion of plant growth, such as the production of indoleacetic acid, the solubilization of phosphate, and 
the fixation of nitrogen. Additionally, the bacterial genome contained the nif and anf gene clusters, which, respectively, 
encode the Fe-Mo and Fe-Fe nitrogenase systems. This was supported by [59], who found that K. radicincitanshad 
multiple copies of complex gene clusters that enabled it to colonize and have growth-promoting effects on a variety of 
plants. 
 
 
 



 

 

 
Table 4. Yield components, N, P, K and protein content in wheat at harvest. 
 

 
 **: P<0.01, ***: P<0.001, ns: non-significant. Means in the same column followed by the same letters are not significantly 
different (P<0.05) according to Tukey test.  
 
4. CONCLUSION 
It can be concluded that wheat plants may be benefit from the use of Kosakoniaradicincitansas biofertilizers in sustainable 
farming techniques. Additional research in this area can support our findings.  
 

    Treatments 

 
Grain 

Ardab / 
fed 

 
Straw 

Ton/fed 

 
Wt. 100 
grains N% P% K% Protein 

 Control (full dose NPK) 10.7c 1.7a 3.33b 1.08a 0.560a 0.3a 6.21a 

A. chroococcum+ half dose of 
NPK 

15.6b 1.7a 3.73ab 1.09a 0.590a 0.6a 6.26a 

K. radicincitans (AM3) + half 
dose of NPK 

17.6a 1.8a 4.02a 1.56a 0.585a 0.5a 8.97a 

F-Value 391.14*** 0.23ns 12.00** 3.98ns 0.01ns 1.75ns 3.99ns 

 



 

 

 
REFERENCES 
 
1.Alom R , Hasan  M , Islam M, Wang Q. Germination characters and early seedling growth of wheat (Triticum 
aestivumL.) genotypes under salt stress conditions. J. Crop Sci. Biotechnol. 2016; 19: 383–392.  
DOI: 10.1007/s12892-016-0052-1. 
 
2.Yang L , Deng Y, Wang X , Zhang W, Shi X, Chen X. Global direct nitrous oxide emissions from the bio energy crop 
sugarcane (Saccharum spp. inter-specific hybrids). Sci.TotalEnviorn 2021; 752:141795. 
DOI:10.1016/j.scitotenv.2020.141795. 
 
3.Kour D , Rana KL, Yadav AN, Yadav N, Kumar M, Kumar V. Microbial biofertilizers: bioresources and eco-friendly 
technologies for agricultural and environmental sustainability. Biocatal. Agric. Biotechnol .2020; 23:101487.  
DOI:10.1016/j.bcab.2019.101487. 
 
4.Ryan RP, Germaine K, Franks A , Ryan DJ, Dowling DN . Bacterial endophytes: recent developments and applications. 
FEMS Microbiol Lett, 2008;278 (1):1–9. 
DOI: 10.1111/j.1574-6968.2007.00918. 
 
5.Rajendran G, Patel MH, Joshi SJ. Isolation and characterization of nodule associated Exiguobacterium sp. from the root 
nodules of Fenugreek (Trigonella foenum-graecum) and their possible role in plant growth promotion. Int J Microbiol 
.2011;2012:1–8, 436. 
DOI:10.1155/2012/693982. 
 
6.Tariq M, Hameed S, Yasmeen T, Ali A. Non-rhizobial bacteria for improved nodulation and grain yield of mung bean 
[Vigna radiata (L.) Wilczek]. Afr J Biotechnol .2012;11(84):15012–15019. 
DOI: 10.5897/AJB11.3438. 
 
7.Pandya M, Kumar GN, Rajkumar S.  Invasion of rhizobial infection thread by non-rhizobia for colonization of Vigna 
radiata root nodules. FEMS MicrobiolLett . 2013;348 (1):58-65. 
DOI: 10.1111/1574-6968. 
 
8.Mayhood P, Mirza BS (). Soybean Root Nodule and Rhizosphere Microbiome: Distribution of Rhizobial and Nonrhizobial 
Endophytes. Appl. Environ. Microbiol. 2021;87 (10). 
DOI: 10.1128/AEM.02884-20. 
 
9.Deng, ZS, Kong ZY, Zhang BC, Zhao LF. Insights into non-symbiotic plant growth promotion bacteria associated with 
nodules of Sphaerophysasalsula growing in northwestern China, Arch. Microbiol. 2020; 202 (2):399-409. 
 DOI:10.1007/s00203-019-01752-7.  
 
10. De Meyer SE, De Beuf K, Vekeman B, Willems A. A large diversity of non-rhizobial endophytes found in legume root 
nodules in Flanders (Belgium). Soil Biol Biochem. 2015;83:1–11. 
DOI:10.1016/j.soilbio.2015.01.002. 
 
11.Hardoim PR, van Overbeek LS, van ElsasJD . Properties of bacterial endophytes and their proposed role in plant 
growth Trends Microbiol. 2008;16(10): 463-471.  
DOI: 10.1016/j.tim.2008.07.008. 
 
12.Ferrara FIS, Oliveira ZM, Gonzales HHS, Floh EIS, Barbosa HR. Endophytic and rhizospheric enterobacteria isolated 
from sugar cane have different potentials for producing plant growth-promoting substances. Plant Soil. 2012;353:409-417.  
DOI: 10.1007/s11104-011-1042-1. 
 
13.Krey T, Baum C, RuppesL ,Seydel M , Eichler Lobermann B.   Organic and inorganic P sources interacting with 
applied rhizosphere bacteria and their effects on growth and P supply of maize. Commun Soil Sci Plan. 2013 
;44(22):3205–3215. 
https://doi.org/10.1080/00103624. 
 
14. Brady C, Cleenwerck I, Venter S, Coutinho T De Vos P. Taxonomic evaluation of the genus Enterobacter based on 
multilocus sequence analysis (MLSA).  Syst. Appl. Microbiol. 2013; 36: 309–319. 
DOI: 10.1016/j.syapm.2013.03.005. 



 

 

 
15.Rosselli R ,Romoli O, Vitulo N, Vezzi A, Campanaro S, De Pascale F. Direct 16S rRNA-seq from bacterial 
communities: a PCR-independent approach to simultaneously assess microbial diversity and functional activity potential 
of each taxon. Sci. Rep. 2016; 6:32165.  
Doi:10.1038/srep32165. 
 
16.Berger B, Patz S, Ruppel S, Dietel K, Faetkeb S, Junge H, Becker M. Successful formulation and application of plant 
growth-promoting Kosakoniaradicincitans in maize cultivation. Biomed Res Int. 2018; 6439481:8. 
DOI:10.1155/2018/6439481. 
 
17.Remus R, Ruppel S, Jacob HJ, Hecht-Buchholz C, Merbach W. Colonization behaviour of two enterobacterial strains 
on cereals. Biol Fert Soils. 2000;30(5-6):550–557. 
DOI: 10.1007/s003740050035 
 
18.Brock AK, Berger B, Mewis I,  Ruppel S. Impact of the PGPB Enterobacter radicincitans DSM 16656 on growth, 
glucosinolate profile and immune responses of Arabidopsis thaliana. Microb Ecol. 2013;65:661–670.  
DOI: 10.1007/s00248-012-0146-3. 
 
19.Schreiner M, Krumbein A, and Ruppel S. Interaction between plants and bacteria: glucosinolates and phyllospheric 
colonization of cruciferous vegetables by Enterobacter radicincitans DSM 16656. J. Mol. Microbiol. Biotechnol. 2009;17: 
124–135. 
DOI: 10.1159/000226589. 
 
20.Gaballah MS, Mandour MS. Increasing drought resistance of wheat plants during grain filling by using chemical 
desiccants. J. Sci. Mansoura Univ. 2000;25: 833-841. 
DOI: 10.21608/JPP.2000.258559. 
 
21.El Sabbagh A, Hossain A, Barutcular C, Iqbal  MA , Islam MS, Fahad S. “Consequences of salinity stress on the 
quality of crops and its mitigation strategies for sustainable crop production: an outlook of arid and semi-arid regions,” 
in Environment, Climate, Plant and Vegetation Growth, eds Fahad A, Hasan uzzaman M, Alam M, Ullah H, Saeed M, 
Khan IA, Adnan M (Cham: Springer).2021;503–533. 
 
22.Vincent, J.M.. The cultivation, isolation and maintenance of rhizobia :A Manual for the Practical Study of the Root-
Nodule Bacteria  1970; 1-13. 
 
23.Baldani VLD, Baldani JI, Olivares FL, Döbereiner J. Identification and ecology of Herbaspirillumseropedicae and the 
closely related Pseudomonas rubrisubalbicans. Symbiosis. 1992;13:65–73. 
 
24.Barrera MC, Schoenwandt DJ, Gomez MI, Becker M, Patel AV, RuppeS.Salt stress and hydroxyectoine enhance 
phosphate solubilisation and plant colonisation capacity of Kosakoniaradicincitans Journal of Advanced Research, 
2019;19: 91-97. 
 
25.Sambrook J, Russell D. Molecular cloning a laboratory manual. Vol. 2, 3rd ed. Cold Spring Harbor Laboratory Press, 
New York. 2001 
 
26.Yang J, Benyamin B, McEvoy BP, Gordon S, Henders AK, Nyholt DR, Madden PA. Common SNPs explain a large 
proportion of the heritability for human height.Heath AC, Martin NG, Montgomery GW, Goddard ME, Visscher PM.Nat 
Genet. 2010;42 (7):565-9. 
 
27.Kumar S, StecherG,Tamura K. MEGA7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger datasets. 
Molecular Biology and Evolution 2016;33:1870-1874. 
DOI: 10.1093/molbev/msw054 
 
28.Khamna S, Yokota A, PeberdyJF ,Lumyong S. Indole-3-acetic acid production by Streptomyces sp. isolated from some 
Thai medicinal plant rhizosphere soils. EurAsian J. BioSci. 2010; 4:23–32. 
DOI: 10.5053/ejobios.2010.4.0.4 
 
29.ASTM. American standard for testing and materials. New York; 2001. 
 



 

 

30.Ahmad F, Ahmad I, Khan MS.  Screening of free-living rhizospheric bacteria for their multiple plant growth promoting 
activities. Microbiol Res. 2008;163(2): 173– 181. 
DOI: 10.1016/j.micres.2006.04.001.  
 
31.Pikovskaya  RI. Mobilization of phosphorous in soil connection with the vital activity of some microbial 
species”.Microbiologiya 17:362-370.. Plant Soil, 1948;287:77- 84. 
 
32.Nguyen C, Yan W, Le T Lapeyrie F. Genetic variability of phosphate solubilizing activity by monocaryotic and dicaryotic 
mycelia of the ectomycorrhizal fungus Laccaria bicolor (Maire) P.D. Orton, Plant Soil, 1992;143:193– 199. 
DOI:10.1007/PF00007873 
 
33.Srivastava S, Yadav  KR,  Kundu BS. Prospects of using phosphate solubilizing Pseudomonas as biofungicide. 
Indian.JMicrobiol., 2004;44: 91-94. 
 
34.Sindhu SS, Gupta SK, Dadarwal  KR. Antagonistic effect of Pseudomonas spp. on pathogenic fungi and enhancement 
of plant growth in green gram (Vigna radiata). Biology and Fertility of Soils, 1999;29: 62-68. 
 
35.Sugumaran B,  Janarthanam BS. Solubilization of potassium-containing minerals by bacteria and their effect on plant 
growth World J. Agric. Sci. 2007;3: 350–355. 
 
36.Bates LS, WaldrenRP ,Teare JD. Rapid determination of free proline for water stress studies Plant Soil. 1973;39:  205-
207. 
http://dx.doi.org/10.1007/BF00018060 
 
37.PetersonTA, Blackmer TM, Francis DD, Schepers JS. Using a chlorophyll meter to improve N management. Nebguide 
G93-1171A. Coop. Ext. Nebraska, Lincoln. Serv., Univ. of Nebraska, Lincoln. 1993. 
 
38.Cottenie A, Verloo M, Kiekens L, Velghe G, Camerlynck R. Chemical analysis of plant and soils. Laboratory of 
Analytical and Agrochemistry, State University of Gent, Belgium. 1982. 
 
39.AOAC. Official Methods of Analysis of Association of Official Analytical Chemists. 17th Ed. Washington, D.C. 2005. 
 
40.Black C.A. "Methods of Soil Analysis". Ser. Agron. No 9Amer. Soc. Agron., Madison, Wisconsin. Studies on growth 
characteristics and dry matter accumulation of pearl millet and sorghum hybrids. Research Report of Rural Development 
Administration, Livestock. 1965;32: 45-53. 
 
41.Jackson ML. Soil chemical analysis Constable and Co L.t.p., London  1967;371- 387. 
 
42.Soltanpour N, Schwab A. A new soil test for simultaneous extraction of macro and micronutrients in alkaline soils. 
Commun. Soil Sci. plant Anal. 1977;3: 195. 
DOI:10.1080/00103627709366714. 
 
43.SPSS. SPSS Statistics for Windows version 20.0 Chicago, IL, USA, SPSS Inc, 2011. 
 
44.Singh RK, Singh P, Li HB, Guo DJ, Song Q, Yang L, Malviya MK, Song XP, Li YR. Plant PGPR interaction study of 
plant growth promoting diazotrophs Kosakoniaradicincitans BA1 and Stenotrophomonas maltophilia COA2 to enhance 
growth and stress-related gene expression in Saccharum spp., Journal of plant interactions, 2020;15(1): 427- 445. 
DOI: 10.1080/17429145.2020.1857857. 
 
45.Gao  H, Lu  C,  Wang H, Wang L,  Yang Y, Jiang Y,  Li S, Xu D, Wu L,. Production exopolysaccharide from 
Kosakoniacowanii LT-1 through solid-state fermentation and its application as a plant growth promoter, Int J Biol 
Macromol.2020;150:955-964. 
DOI: 10.1016/j.ijbiomac.2019.10.209. 
 
46.Gao G,  Zhang Y, Niu S, Chen Y,  Wang S, Anwar N,  Chen S,  Li G,  Ma T. Reclassification of Enterobacter sp. FY-07 
as Kosakoniaoryzendophytica FY-07 and Its Potential to Promote Plant Growth, Microorganisms. 2022; 10(3): 575. 
DOI: 10.3390/microorganisms10030575 
 
47.Lavakusha JY, Verma JP, Jaiswal D, Kumar A. Evaluation of PGPR and different concentration of phosphorus level on 
plant growth: yield and nutrient content of rice Oryza sativa. Ecol Eng. 2014;62:123–128. 



 

 

 
48.Meena VS, Maurya BR, Verma JP, Aeron A, Kumar A, Kim K, Bajpai VK, Potassium solubilizing rhizobacteria (KSR): 
isolation, identification, and K-release dynamics from waste mica. Ecol Eng. 2015;81: 340–347. 
DOI: 10.1016/j.ecoleng.2015.04.065 
 
49.Fuentes B, Jorquera M, Mora ML. Dynamics of phosphorus and phytate-utilizing bacteria during aerobic degradation of 
dairy cattle dung. Chemosphere, 2009;74: 325-331. 
DOI: 10.1016/j.chemosphere.2008.08.045. 
 
50.Delauney AJ, Verma DPS. Proline biosynthesis and osmoregulation in plants. Plant Journal. 1993;4:215–223. 
DOI: 10.1046/j.1365-313X.1993.04020215.x 
 
51.Nadeem SM, Zahir ZA, Naveed M, Arshad M. Preliminary investigations on inducing salt tolerance in maize through 
inoculation with rhizobacteria containing ACC deaminase activity. Can J Microbiol 2007;53(10):1141–1149. 
 DOI: 10.1139/W07-081. 
 
52.Kaya C, Tuna AL, Okant AM. Effect of foliar applied kinetin and indole acetic acid on maize plants grown under saline 
conditions Turk J Agric For .2010;34:  529-538. 
DOI:10.3906/tar-0906-173 
 
53.Tapias DR,  Galvan AM, Diaz SP, Obando M, Rivera D, Bonilla R. Effect of inoculation with plant growth-promoting 
bacteria (PGPB) on amelioration of saline stress in maize (Zea mays).  Applied Soil Ecology. 2012 ;61 : 264– 272. 
DOI:10.1016/j.apsoil.2012.01.006 
 
54.Mehrvarz, S, Chaichi MR, Alikhani, HA. Effects of phosphate solubilizing microorganisms and phosphorus chemical 
fertilizer on yield and yield components of Barely (Hordeum vulgare L.). Am-Euras. J Agric & Environ Sci, 2008; 3(6):822-
828. 
 
55.Kamboj A, Kler DS. Growth analysis and grain yield of wheat as influenced by nitrogen, growth regulator and 
micronutrients. Environment and Ecology. 2007;25: 496-499. 
 
56.Berger B, Baldermann S, Ruppel S. The plant growth promoting bacterium Kosakoniaradicincitans improves fruit yield 
and quality of Solanum lycopersicum. J Sci Food Agri. 2017;97(14):4865–4871. 
DOI:10.1002/jsfa.8357 
 
57.Bergottini VM, Otegui MB, Sosa DA, Zapata PD, Mulot M, Rebord M. Bio-inoculation of yerba mate seedlings (Ilex 
paraguariensis St. Hill.) with native plant growth-promoting rhizobacteria: a sustainable alternative to improve crop yield. 
Biol Fertil Soils. 2015;51:749–755. 
DOI: 10.1007/s00374-015-1012-5. 
 
58.Nunes F Q, Rossi MJ,  Nascimento XF. Genomic insights into the plant-associated lifestyle of Kosakoniaradicincitans 
MUSA4, a diazotrophic plant-growth-promoting bacterium, Systematic and Applied Microbiology 2022;45(2):126303.  
DOI: 10.1016/j.syapm.2022.126303.  
 
59.Becker M, Patz S, Becker Y, Berger B, Drungowski M, Bunk B, Overmann J, Spröer C, Reetz J, Tchakounte G. 
Comparative Genomics Reveal a Flagellar System, a Type VI Secretion System and Plant Growth-Promoting Gene 
Clusters Unique to the Endophytic Bacterium Kosakoniaradicincitans. Front. Microbiol : 2018;9:1997. 
DOI: 10.3389/fmicb.2018.01997.  


