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Influence of microbial priming on germination and 

seedling growth traits of compact cotton CO17 
 
 
 

ABSTRACT 

Cotton, known as “the King of fibers”, is the predominant fiber in the Indian textile industry. 

Plant growth-promoting rhizobacteria (PGPR) represent a potential sustainable alternative for the 

enhancement and protection of crops. The germination and seedling growth of cotton can be 

optimized by inoculating with PGPR. An experiment was conducted to evaluate the effect of different 

PGPR strains on seed germination and seedling establishment characters on cotton. The highest 

germination percentage, maximum vigour index and leaf area was obtained with the PPFM TNAU1 

strain inoculation. The maximum shoot and root length were observed with seeds treated with 

Azospirillum strain sp7 with an increase of 24.4 and 42.8 % over the control. Underground fresh and 

dry matter was recorded higher in the seedlings treated with Azospirillum sp7 strain compared to 

control, while the PPFM TNAU1 strain treatment increased the aerial fresh and dry matter content 

because of its larger leaf area. Seeds inoculated with individual strain of Azospirillum sp7 and PPFM 

TNAU1 outperformed the combined inoculation of PGPR strains. The increase in germination traits 

and seedling characters by PGPR strains indicates the positive influence on improving cotton 

seedling establishment traits associated to for higherbetter yield. 

Keywords: Cotton, plant growth promoting rhizobacteria, microbial priming, germination and seedling 

emergence traits. 

1. INTRODUCTION 

Cotton is one of the predominant commercial and a crops with of global significance, playing 
an important momentous role in foreign exchange and industrial economy. Current production of 
cotton fiber is not sufficient to meet the gradually increasing demand of world population which arises 
due to many limiting factors, i.e., frequent droughts, soil degradation of soils, salinity, and alkalinity. 
To date, many farming practices were employed to increase cotton production, as a consequence, 
toxic impacts were implied on water and soil resources. In additionOn top of that, a major part of the 
chemical fertilizers applied to the crops remain in the soil as insoluble inorganic compounds whichand 
promotes soil toxicity to the soil. Lately, efforts have been focused on minimizing the useage of 
chemical fertilizers in order to optimize cost of  production cost and protect the environment against 
pollution without compromising the seed cotton yield. The use of biological stimulators in Indian 
agriculture has many economic and ecological advantages. The search for alternative solutions has 
stimulated prompted researchers to take a second look at the range of microorganisms which provide 
benefits to agricultural production by stimulating plant growth and producinge a higher yield [1,2].  

Plant growth promoting rhizobacteria (PGPR) are the bacteria living in the rhizosphere region 
which interacts with plant metabolism and improving advances their growth directly or indirectly. 
Nowadays, PGPR inoculants are considered as a part of integrated nutrient management system to 
improve plant growth and development. The use of beneficial bacteria such as Azotobacter, 
Azospirillum, Acetobacter, Pseudomonas, Methylotrophs, Bacillus, pPhosphobacteria etc. colonizes 
plant root and promotes growth through by nitrogen fixation, phosphorus and potassium solubilization.  
Seed priming by the microbial inoculants favours increased germination by the activating on of 
germination related enzymes, increasing metabolism that helps in the rapid growth of radicle and 
plumules. These PGPRs helps in improve better seed germination and colonizes plant roots to 
improvinge seedling vigour, and modifies root morphology to facilitate better acquisition of nutrients 
increasing which ultimately enhances thecrop yield and quality of crop.  
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Higher production and productivity of the crop is achieved through the use of good quality 
seeds and following proper management practices in any cultivar.variety or hybrid. Good quality 
seeds impliesy vigour, uniformity and structureal soundness, in addition to besides its genetic and 
physical purity. Seed priming, identified as an effective seed invigoration method has become a 
common seed treatment to increase the rate and uniformity of germination emergence and crop 
establishments. Therefore, tTheis present study was conducted formulated with thean objective to 
evaluate the different PGPR strains on cotton seed germination, seedling emergence and growth 
traits. 

2. MATERIAL AND METHODS 

2.1. Experimental site and soil characteristics  

The field experiment was conducted at Eastern block farm, Tamil Nadu Agricultural 
University, Coimbatore, located in the Western Agro-climatic zone of Tamil Nadu (11° 02’ N latitude, 
76° 93’ E longitude, and at an altitude of 428.5 masletres above mean sea level). The experiment was 
planted laid out following in thea randomized block design with four replications. Experimental soil 
was sandy clay loam with pH 8.49 and organic matter content 0.47%. Newly released compact cotton 
seeds (CO 17 cultivarvariety) seeds were obtained collected from the Cotton Department of Cotton, 
Tamil Nadu Agricultural University, Coimbatore. Planting Sowing was done in rows by dibbing at row 
to row 90 cm apart and plant to plant 15 cm spacing by placing the seeds at each hill. Irrigation was 
given as per requiredment of crop. Standard plant protection schedule was followed to protect the 
crop from diseases and pests as per recommended package of practices of Tamil Nadu Agricultural 
University, Coimbatore.  

2.2. Seed treatment details 

Four PGPR strains included i.e., Azospirillum sp7, Phosphobacteria PS1, Potash releasing 
bacteria KRB9 and Pink pigmented facultative methylotrophs TNAU 1 were obtained collected from 
the Department of Agricultural Microbiology, Tamil Nadu Agricultural University, Coimbatore. The 
treatments include    T1 - Control, T2 - Azospirillum sp7 (50 ml/acre of seeds), T3 - Pink Pigmented 
Facultative Methylotrophs (PPFM) TNAU 1 (50 ml/acre of seeds), T4 – Azospirillum sp7 + 
Phosphobacteria PS1 + Potash releasing bacteria KRB9 (50 ml/acre of seeds), T5 – PPFM TNAU1+ 
Phosphobacteria PS1 + Potash releasing bacteria KRB9 (50 ml/acre of seeds), T6 – PPFM TNAU1+ 
Phosphobacteria PS1 + Azospirillum sp7 + Potash releasing bacteria KRB9 (50 ml/acre of seeds). 
Azospirillum, PPFM, Phosphobacteria and Potash releasing bacteria are the commercial formulations 
of biofertilizers which contains Azospirillum brasilense sp7 strain, PPFM TNAU1 strain, Bacillus 
megaterium PS1 strain and Bacillus mucilaginosus KRB9 strain, respectively. Cotton seeds were 
bioprimed using 2% CMC (Carboxymethyl Cellulose) solution and then shade dried before 

plantingprior to sowing.  

2.3. Data collection  

The efficiency of different PGPR strains as bio--inoculants as an individual and interactive 
effect on seed germination efficiency, seedling emergence and growth traits in cotton were recorded. 

2.3.1. Germination percentage - GP (%)  

Final germination percentage was calculated by dividing the number of seeds germinated by 
the total number of seeds and expressed in % [3]. 

2.3.2. Mean germination time - MGT (day) 

Mean germination time (MGT) was given by [4].  

MGT =     
     

  
  

where ni is the number of germinated seeds on germination days, ti is the number of days 
during the germination period (between 0 and 10 days) 

2.3.3. Germination rate index - GRI (Germination %/ day
-1

) 

The germination rate index was computed by the formula given by [5] 
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GRI =  
  

 
 

  

 
 

  

 
 

where G1=Germination percentage at the first day after sowing, G2= Germination percentage 
at the second day after sowing. 

2.3.4. Coefficient of velocity of germination - CVG 

The coefficient of velocity of germination was calculated by the formula given by [6] 

CVG = 
   

      
     

where ni is the number of germinated seeds on day ti; ti = the number of days during the 
germination period (between 0 and 10 days)  

2.3.5. Germination index - GI 

The germination index (GI) was calculated based on the formula of [7] 

GI =                          

where n1 = number of seedlings emerging on first day after planting; n2 = number of 
seedlings emerging on second day; n10 = number of seedlings emerging on tenth day. 

2.3.7. Seedling vigour index - SVI 

The vigour index value was obtained computed by multiplying germination of seeds in 
percentage and total seedling length in centimeter and expressed in whole number as described by 
[8]. 

2.3.8. Root length and shoot length (cm) 

Root and shoot length were measured at 10 days old seedlings and expressed in         
centimeters (cm)  

2.3.9. Leaf Area (cm
2
) 

Leaf samples collected from each replication were cleaned well and inserted into a leaf area 
meter (LICOR, Model LI 3000) and leaf area measured was expressed as cm

2
 per plant. 

2.3.10. Aerial and underground weight (g seedling
-1

) 

Fresh aerial and underground weight of 10 days old seedlings were taken and expressed in     
g seedlings

-1
. The sSeedlings used for growth measurement were placed in a paper cover and dried 

in shade for 24 hrs and then they were placed kept in a hot air oven at 65 ˚C for 48 hrs. The dried 
seedlings were weighed to estimate the aerial and underground dry matter production and the mean 
values were expressed in mg seedlings

-1
. 

2.4. Statistical analysis 

Data were analysed by using the software SPSS Statistics (version 16.0) and XLSTAT 
version 2019.2.1 (XLSTAT, 2019) and a comparison of means were done at 5 % significance level 
with Duncan’s multiple range test. The principal component analysis (PCA) [9] was performed with 
seed germination and growth traits as influenced by different PGPR inoculation in cotton. 

3. RESULTS AND DISCUSSION 

3.1. Effect of PGPR strains on Ggermination efficiency 

Inoculation with dDifferent PGPR strains inoculation significantly influenced the germination 
efficiency of cotton seeds. Experimental results in  from Table 1. revealed that seeds treated with 
PGPR strains showed significant improvement in germination percentage. Cotton seeds inoculated 
with strain of PPFM TNAU 1 (T3) showed maximum germination percentage followed by seeds 
inoculated with Azospirillum sp7 strain (T2) withi.e., 96.8 and 95.3 %, respectively. Likewise, cotton 
seeds treated with different PGPR strains positively influenced the mean germination time (day) (Fig. 
1). Mean germination time determines how faster the seed population germinates in shorter period 
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the less amount of time [10]. The mean germination time was found to be lower in the strains treated 
with PPFM TNAU1 (T3) (5.6 days) followed by Azospirillum sp7 (T2) strain (5.9 days) treated seeds 
whereas seeds co-inoculated with both Azospirillum sp7 + Phosphobacteria PS1 + Potash bacteria 
KRB9 (T4) strains resulted in recorded higher mean germination value of 6.3 d.ays. The sSeeds 
treated with individual strains of PPFM TNAU1 and Azospirillum sp7 strain had recorded about 16.2 
and 14.4 % increase, respectively, over the control. Results obtained coincide The present study is in 
corroboration with those obtained e findings ofby Prathibha and Siddalingeshwara. [11]n and ; Sirohi 
et al. [12] where that seed inoculation of Bacillus sp. and Pseudomonas significantly improved 
germination percentage and the rate of germination in sorghum and wheat seeds. Similar findings 
were reported by Nehra et al. [13],  El-Sheekh et al. [14], Gowtham et al. [15] and Roman-Ponce et al. 
[16]  

 

Fig.1. Effect of PGPR strains on mean germination time (MGT) – (days) on cotton seeds. 

Inoculation of PGPR strains showed exhibited significant improvement in germination index 
(GI), germination rate index (GRI) and coefficient of velocity of germination (CVG) (Fig. 2. and Fig. 3.). 
Cotton seeds inoculated with PPFM TNAU 1 (T3) strain showed maximum germination index (354.3) 
followed by the treatment T2, Azospirillum sp7 strain (337.3). GI accentuates both germination 
percentage and speed. Higher GI values indicates a higher germination percentage and rate at which 
germination occurs [7]. Germination rate index was recorded higher in the treatment T3, PPFM 
TNAU1 strain followed by the treatment T2 Azospirillum sp7 strain treated seedplants i.e., 17 %/ day

-1
 

and 16.2 %/ day
-1

, respectively. The GRI measures the percentage of seeds that germinate on each 
day of the germination period, with higher GRI values indicateing faster germination [5]. Similarly, the 
coefficient of velocity of germination also recorded higher in the (T3) PPFM TNAU 1 strain (17.8) 
inoculated seedsplants. The CVG indicates the speed at which seeds germinate. It increases as the 
number of germinated seeds increases whileand  the time needed for germination declines [6]. The 
inoculation of PPFM TNAU1 and Azospirillum sp7 strain had recorded about 27.1 and 21 %, 23.5 and 
18.3 %,10.7 and 4.8 % increase ment in germination index, germination rate index and coefficient of 
velocity of germination over the uninoculated control, respectively. The increased germination 
efficiency is due to the synthesis of gibbereline, the hormone, gibberellin which stimulates the activity 
of alpha-amylase, the germination-specific enzyme ands, alpha-amylase, protease and nuclease 
which is mainly involved in starch breakdown and assimilation [17], and mitochondrial enzyme 
activities [18].The present study coincides  is in corroboration with results of Xiao et al. [19], and; 
Hossain et al. [20] in which PGPR inoculation significantly improved germination percentage and 
germination rate index over the with reference to the control in rice. Similar findings were reported by 
Makhaye et al. [21], and Hamidi et al. [22], where that seed inoculation of PGPRs significantly 
improved all the germination traits such as germination percentage (GP), germination index (GI), 
germination rate index (GRI), mean germination time (MGT) and coefficient of velocity of germination 
(CVG) in maize. However, the increased germination traits were also observed in combined 
inoculants of PGPR strains. The results of the present study are similar to the findings of Anitha. [23] 
and Meena et al. [24]. 
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Fig. 2. Effect of PGPR strains on germination rate index GRI (Germination %/ day
-1

) and 
coefficient of velocity of germination ofn cotton seeds. 

      

Fig. 3. Effect of PGPR strains on germination index (GI) onf cotton seeds. 

3.2. Effect of PGPR on seedling emergence traits 

Cotton seeds treated with different PGPR strains exhibited significant improvement in the 
seedling emergence traits such as shoot and root length (Fig. 4.), and seedling vigour index (Table. 
1). The experimental rResults obtained indicated that shoot and root length of PGPR inoculated 
seedlings were significantly higher compared to the uninoculated treated control (Fig. 4). The 
treatment ,of Azospirillum sp7 strain (T2) inoculated seedsplants resulted in corded maximum shoot 
length and root length (12.0 and 6.0 cm, respectively) followed by the treatment, 3  (PPFM TNAU1) 
(T3) ( with 11.9 and 5.8 cm, respectively). The combined inoculation of PGPR strains (T4, T5 and T6) 
resulted corded in higher shoot length and root length compared to the non-inoculated control. The 
percent increment in shoot and root length was 24.4 and 42.8 % in the Azospirillum sp7 (T2) strain 
inoculated seeds plants over the uninoculated control. PGPR inoculation stimulates the production of 
the phytohormone IAA, ( Indole-3 Acetic Acid (IAA)  and acquiring es more nutrients such as nitrogen 
and phosphorus, which, in turn, increases root length and shoot length [25]. In additions of  The 
increasing e in shoot and root length, IAA  is mainly due to the primary synthesis of plant hormone, 
IAA which iis responsible for cell elongation in Azospirillum treated plants. The results present findings 
are similar to those obtained by  in accordance with Efthimiadou et al.  [26], Taha et al. [27], and  El-
Gamal et al. [28], . Similar findings were reported by Dhale et al. [29], Zamioudis et al. [30], and Pindi 
et al. [31], where plant growth promoting bacterial (PGPB) inoculation stimulates the production of 
plant growth hormones that favours root growth and alters root morphology. The plants inoculated 
with the treatment T3, PPFM TNAU1 strain documented resulted in higher seedling vigour index 
(1714.4) as it has higher germination percentage, followed by the treatment T2, Azospirillum sp7 
strain (1709.6) which as it showed higher values in shoot and root length compared to other 
treatments and control. The findingsResults obtained by  by Noumavo et al. [32] are similar in 
accordance with the results obtained in the present study. This enhanced seedling vigour index could 
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be associated with greater production and metabolism of hormones, auxin and cytokinin which 
primarily promotes the cell elongation and cell division induced by PGPR inoculation [33,34].  

     

Fig. 4. Effect of PGPR strains on shoot and root length (cm) on cotton seed. 

3.3. Effect of PGPR strains on growth traits 

Experimental rResults obtained showed revealed that cotton seeds plants treated with PGPR 
strains had showed substantial improvedment in leaf area, aerial fresh and dry weight and 
underground fresh and dry weight (Table.1). The treatment T3, PPFM TNAU1 and the treatment T2, 
Azospirillum sp7 strains inoculated seedsplants had  exhibited a higher foliage size compared to the 
combined inoculation of strains and control plants. PPFM TNAU1 strain (T3) inoculated seedsplants 
recorded maximum leaf area (17.4 cm

2
) followed by the treatment T2, Azospirillum sp7 strain 

inoculated seedsplants (16.1 cm
2
). The rate of cell division is higher in the PPFM TNAU1 inoculated 

seedsplants due to by synthesis of cytokinin, the phytohormone, cytokinin which that contributes to 
the wider leaf surface area. The inoculation of PPFM TNAU1 and Azospirillum sp7 strain resulted in 
an increase ment of 57.3 and 45.6 %, respectively, over the control. Our results are similar to those 
obtained by in corroboration with Wang et al. [35], and Namwongsa et al. [36].  

Maximum aerial fresh and dry weight were recorded in the treatment T3, PPFM TNAU1 strain 
(3.25 g seedling

-1
 and 72.8 mg seedling

-1
), respectively. Likewise, the maximum underground fresh 

and dry weight recorded was to be higher in the treatment T2, Azospirillum sp7 strain inoculated 
plants (0.40 g seedling

-1
 and 6.85 mg seedling

-1
). This increase of aerial fresh and dry weight in the 

treatment T3, PPFM TNAU1 strain, is due to the higher leaf biomass. Azospirillum sp7 (T2) strain 
inoculated treatment is found to have maximum underground fresh and dry weight due to increased 
root length by the synthesis of phytohormones that acts on cell division and cell elongation. The 
maximum leaf area obtained in the treatment T3, PPFM TNAU1 (T3) inoculated seedlings, 
contributed to the higher total dry matter production (79.6 mg seedling

-1
) compared to the (T2) 

Azospirillum sp7 (77.3 mg seedling
-1

) strain treated seedlings. The present findings are similar to 
those obtained by in line with Wang et al. [35] where that increased transcriptional levels of auxin 
biosynthesis genes enhanced the seedling growth thus improved the biomass. Our results of 
increased seedling fresh and dry weight were similar in harmony withto those reported by  Etesami 
and Alikhani. [37], Turan et al. [38], Asari et al. [39], and Egamberdieva et al. [25]. This considerable 
improvement in seedling growth parameters suggests that selective inoculation of PGPRs could be 
considered as an effective alternative biofertilizer for promoting cotton seed germination, biomass, 
and yield. 

Table 1. Effect of PGPR strains on germination percentage, seedling emergence and seedling 
growth traits 

Treatments 

Germin
ation 

Pperce
nt % 

Seedling 
vigour 
index 

Leaf 
Area 
(cm

2
) 

Fresh weight (g plant
-1

) Dry weight (mg plant
-1

) 

Aerial 
weight 

Underground 
weight 

Aerial 
weight 

Underground 
weight 

T1 – Control  83.3 1149.5 11.0 2.33 0.22 50.3 5.78 
T2 – Azospirillum 95.3 1709.6 16.1 3.19 0.40 70.5 6.85 
T3 – PPFM 96.8 1714.4 17.4 3.25 0.38 72.8 6.83 
T4 – Azospirillum + 
       PSB + KRB 

88.5 1459.4 11.7 2.75 0.30 55.5 6.60 
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T5 – PPFM + PSB 
+ 
      KRB 

88.8 1453.5 11.6 2.65 0.35 55.0 6.63 

T6 – PPFM + PSB+ 
Azospirillum + KRB 

91.3 1453.6 11.3 2.61 0.32 54.0 6.60 

Mean 90.7 1490.0 13.2 2.8 0.30 59.7 6.50 

SEd 
   1.06** 34.74** 0.63*

* 
8.28** 5.44 1.74** 0.13** 

CD (P =0.05) 2.26 74.04 1.33 0.18 0.12 3.72 0.29 
Values are mean of replicate. Vs; values followed by the same letter in each column are not significantly different from 

each other as determined by DMRT (P = 0.05). 
 

3.4. Principal component analysis (PCA) of seed germination and growth traits in 
cotton influenced by PGPR strains 

 The PCA analysis was done using the data of seed germination and growth-related variables 
such as germination percentage (GP), mean germination time (MGT), germination index (GI), 
germination rate index (GRI), seedling vigour index (SVI), leaf area (LA), aerial and underground 
fresh (AFW and UFW) and dry weight (ADW and UDW) obtained from six treatments with four 
replications (Fig. 5.). The PCA showed revealed that the variables were correlated with the principal 
component value of 96.60 % (PC1 – 87.57 % and PC2 - 9.03 %). The variables that were obtained 
from seed treatment of Azospirillum sp7 (T2) and PPFM TNAU1 (T3) strains were located in the right 
side of the scoring plot, showing positive correlation between the components. However, On the 
contrary, variables of the control treatmentt, control (T1) were located in the bottom left quarter of the 
scoring plot in PCs (Fig. 5A). In loading plot, The plant growth variables were influenced positively 
influenced  by PGPR strain inoculation, positioned at the right side of the plot (Fig. 5B). PCA results 
confirmed that PGPR strain inoculation positively influenced the germination traits and growth 
characters, while mean germination time was least correlated with the inoculation of different PGPR 
strains. Results from PCA recorded that the treatment Azospirillum sp7 (T2) strain, which is located in 
the right side of first quadrant is the best treatment followed by the treatment PPFM TNAU1 (T3),  
which is located in the right end of the second quadrant, which detailed that PGPR inoculation 
improved germination efficiency and seedling growth traits. 

 A                                                                                B 

    

Fig. 5. Principal component analysis (PCA) of cotton as influenced by different PGPR strains   
(A) Scoring plot of treatments and (B) Loading plot of variables. Variables are GP, Germination 
percentage; MGT, mean germination time; GI, Germination index; GRI, Germination rate index; 
SVI, Seedling vigour index; SL, Shoot length; RL, Root length; LA, Leaf area; AFW, Aerial fresh 
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weight; UFW, Underground fresh weight; ADW, Aerial dry weight and UDW, Underground dry 
weight. 

4. CONCLUSION 

Single and combined inoculation of PGPR strain in cotton seeds considerably improved the 
germination efficiency and plant growth during the early growth stagephase. However, seeds 
inoculated with individual strain of Azospirillum sp7 and PPFM TNAU1 outperforms the combined 
inoculation of PGPR strains. These results indicate conclude that the PPGPR strain inoculation has a 
positive stimulant effect on germination efficiency and plant growth promotion in the cotton crop. It is 
concluded Thus, the that the investigated beneficial microbes can be employed to increase the 
physiological potential of cotton to obtain achieve higher yield. 

REFERENCES 

1. Lehr P. Biopesticides: The Global Market. Report code CHM029B, BCC Research, 
Wellesley, Massachusetts; 2010. 

2. Jangral J, Hamit L. Impact of fertilizers on the environment sustainability 
development and agriculture. GE-International Journal of Management Research. 
2014;2(2):160–66. 

3. Ranal MA, Santana DGD. How and why to measure the germination process?. 
Brazilian Journal of Botany. 2006;29:1-11. 

4. Mauromicale G, Licandro P. Salinity and temperature effects on germination, 
emergence and seedling growth of globe artichoke. Agronomie. 2002;22(5):443-450. 

5. Esechie HA. Interaction of Salinity and Temperature on the Germination of Sorghum. 
Journal of Agronomy and Crop Science. 1994;72:194-199. 

6. Jones K, Sanders D. The influence of soaking pepper seed in water or potassium salt 
solutions on germination at three temperatures. Journal of Seed Technology. 
1987;11:97–102. 

7. Bench AR, Fenner M, Edwards P. Changes in germinability, ABA content and ABA 
embryonic sensitivity in developing seeds of Sorghum bicolor (L.) Moench induced by 
water stress during grain filling. New Phytologist. 1991;118:339–347. 

8. Abdul‐Baki AA, Anderson JD. Vigor determination in soybean seed by multiple 
criteria 1. Crop science. 1973;13(6), 630-633. 

9. Wold S, Esbensen K, Geladi P. Principal component analysis. Chemometrics and 
intelligent laboratory systems. 1987;2(1-3):37-52. 

10. Orchard T. Estimating the parameters of plant seedling emergence. Seed Science 
and Technology. 1977;5:61–69. 

11. Prathibha KS, Siddalingeshwara KG. Effect of plant growth promoting Bacillus 
subtilis and Pseudomonas fluorescence as Rhizobacteria on seed quality of 
sorghum. International Journal of Microbiology and Applied Science. 2013;2:11-18. 

12. Sirohi G, Upadhyay A, Srivastava PS, Srivastava S. PGPR mediated Zinc 
biofertilization of soil and its impact on growth and productivity of wheat. Journal of 
Soil Science and Plant Nutrition. 2015;15:202-216. 

13. Nehra V, Saharan BS, Choudhary M. Evaluation of Brevibacillus brevis as a potential 
plant growth promoting rhizobacteria for cotton (Gossypium hirsutum) crop. 
Springerplus. 2016;5:948-959. 

14. El-Sheekh MM, Ismail MM, Hamouda MM. Influence of some brown seaweed 
extracts on germination and cytological responses of Trigonella foenum-graecum L. 
BioTechnology: An Indian Journal. 2016;12:1-12 

15. Gowtham HG, Murali M, Singh SB, Lakshmeesha TR, Narasimha Murthy K, 
Amruthesh KN. Plant growth promoting rhizobacteria- Bacillus amyloliquefaciens 
improves plant growth and induces resistance in chilli against anthracnose disease. 
Biological Control. 2018;126:209–217.  

16. Roman-Ponce B, Reza-Vazquez DM, Gutierrez-Paredes S, De Haro-Cruz MDJ, 
Maldonado Hernandez J, Bahena-Osorio Y, Estrada-De Los Santos P, Wang ET, 
Vasquez Murrieta MS. Plant growth promoting traits in rhizobacteria of heavy metal-



 

9 
 

resistant plants and their effects on Brassica nigra seed germination. Pedosphere. 
2017;27:511-526. 

17. Gholami A, Shahsavani S, Nezarat S. The Effect of Plant Growth Promoting 
Rhizobacteria (PGPR) on Germination, Seedling Growth and Yield of Maize. World 
Academy of Science, Engineering and Technology. 2009;49:19-24. 

18. Fatima Z, Saleemi M, Zia M, Sultan T, Aslam M, Rehman R, FayyazChaudhary M. 
Antifungal Activity of Plant Growth-Promoting Rhizobacteria Isolates against 
Rhizoctonia solani in Wheat. African Journal of Biotechnology. 2009;8(2):219-225 

19. Xiao AW, Li Z, Li WC, Ye ZH. The effect of plant growth promoting rhizobacteria 
(PGPR) on arsenic accumulation and the growth of rice plants (Oryza sativa L.). 
Chemosphere. 2020;242. 

20. Hossain MM, Das KC, Yesmin S, Shahriar S. Effect of plant growth promoting 
Rhizobacteria (PGPR) in seed germination and root-shoot development of chickpea 
(Cicer arietinum L.) under diffeent salinity conditions. Research in Agriculture 
Livestock and Fisheries. 2016;3:105-113. 

21. Makhaye G, Amoo SO, Gerrano AS, Aremu AO, Tesfay S. Effect of biostimulants on 
germination of okra (Abelmoschus esculentus L.) genotypes. Combined Congress. 
University of the Free State, Bloemfontein, South Africa; 2020. 

22. Hamidi A, Asgharzadeh A, Ahmadi A, Akbari Vala S, Choukan R. Effect of Plant 
Growth Promoting Bacteria (PGPB) and Mycorrhizae Fungi on three Maize (Zea 
mays L.) hybrids some seed germination and seedling vigour trait. Journal of 
Agricultural Science and Sustainable Production. 2021;31(3):149-167. 

23. Anitha KG. Enhancing seed germination of mono and dicotyledons through IAA 
production of PPFM. Trends in Soil Science. Journal of Plant Nutrition. 2010;1:14-18. 

24. Meena KK, Kumar M, Kalyuzhnaya MG, Yandigeri MS, Singh DP, Saxena AK, Arora 
DK. Epiphytic pink-pigmented methylotrophic bacteria enhance germination and 
seedling growth of wheat (Triticum aestivum) by producing phytohormone. Antonie 
van Leeuwenhoek. 2012;101(4):777-786.  

25. Egamberdieva D, Wirth S, Jabborova D, Rasanen L, Liao H. Coordination between 
Bradyrhizobium and Pseudomonas alleviates salt stress in soybean through altering 
root system architecture. Journal of Plant Interactions. 2017:12:100–107. 

26. Efthimiadou A, Katsenios N, Chanioti S, Giannoglou M, Djordjevic N, Katsaros N. 
Effect of foliar and soil application of plant growth promoting bacteria on growth, 
physiology, yield and seed quality of maize under Mediterranean conditions. Scientifc 
Reports. 2020;10:21060. 

27. Taha RS, Alharby HF, Bamagoos AA, Medani RA, Rady MM. Elevating tolerance of 
drought stress in Ocimum basilicum using pollen grains extract; a natural 
biostimulant by regulation of plant performance and antioxidant defense system. 
South African Journal of Botany. 2020;128:42-53. 

28. El-Gamal AD, Ismail MA, Amin MA, Sayed AM. Comparative studies between 
seaweeds and commercial algae in alleviation of harmful effects of drought stress of 
faba bean (Vicia faba L.). Plants. 2020. 

29. Dhale DA, Chatte SN, Jadhav VT. Effect of Bioinoculents on Growth, Yield and Fibre 
Quality of Cotton under Irrigation. Research Journal of Agriculture and Biological 
Sciences. 2010;6(4): 542-547. 

30. Zamioudis C, Mastranesti P, Dhonukshe P, Blilou I, Pieterse CMJ. Unraveling root 
developmental programs initiated by beneficial Pseudomonas spp. bacteria. Plant 
Physiology. 2013;162:304–318.  

31. Pindi PK, Sultana T, Vootla PK. Plant growth regulation of Bt-cotton through Bacillus 
species. Biotechnology. 2014;4:305–315 

32. Noumavo PA, Kochoni E, Didagbe YO, Adjanohoun A, Allagbe M, Sikirou R, Baba-
Moussa L. Effect of different plant growth promoting rhizobacteria on maize seed 
germination and seedling development. American Journal of Plant Sciences. 
2013;4(5):1013. 



 

10 
 

33. Bharathi R, Vivekananthan R, Harish S, Ramanathan A, Samiyappan R. 
Rhizobacteria-Based Bio-Formulations for the Management of Fruit Rot Infection in 
Chillies. Crop Protection. 2004;23(6):835- 843. 

34. Anzala FJ. Controle de la Vitesse de Germination chez le Maïs (Zea mays): Etude de 
la Voie de Biosynthèse des Acides Aminésissus de l’Aspartate et Recherche de 
QTLs. Thèse de Doctorat, Université de Angers, Angers; 2006. 

35. Wang J, Zhang Y, Li Y, Wang X, Nan W, Hu Y. Endophytic microbes Bacillus sp. 
LZR216-regulated root development is dependent on polar auxin transport in 
Arabidopsis seedlings. Plant Cell Reports. 2015;34:1075–1087.  

36. Namwongsa J, Jogloy S, Vorasoot N, Boonlue S, Riddech N, Mongkolthanaruk W. 
Endophytic bacteria improve root traits, biomass and yield of Helianthus tuberosus L. 
under normal and deficit water conditions. Journal of Microbiology and 
Biotechnology. 2019;29:1777–1789.  

37. Etesami H, Alikhani HA. Co-inoculation with endophytic and rhizosphere bacteria 
allows reduced application rates of N-fertilizer for rice plant. Rhizosphere. 2016;2:5–
12.  

38. Turan M, Ekinci M, Yildirim E, Gunes A, Karagoz K, Kotan R. Plant growth-promoting 
rhizobacteria improved growth, nutrient, and hormone content of cabbage (Brassica 
oleracea) seedlings. Turkish Journal of Agriculture and Forestry. 2014;38:327–333.  

39. Asari S, Tarkowska D, Rolcik J, Novak O, Palmero DV, Bejai S. Analysis of plant 
growth-promoting properties of Bacillus amyloliquefaciens UCMB5113 using 
Arabidopsis thaliana as host plant. Planta. 2016; 245:15–30.  

 

 

 

Formatted: Spanish (Mexico)


