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 کیدهچ

 شینفلزن  یهلا  ن  یا   کل ینس .  اف می شینفزن یم صولات کشاای  یبگن  جهان یتقاضا گانخ یها  ی سال  مقدمه:مقدمه:

نس . هدف ن  مطالعم حاضلگ    س ی  ینس  ا   ن  کو ها ،ی اایاش یکاهش مصگف کو ها هیگن  با لاتم صو مازن 

 .نس  PT میسو دناسو اموناس یوتشد  ن   تهام  س ین  کو    نمیهز فگمول ک  کی داتول

فسل گ،   یسلا   ماننلد م هلول   PT میسلو  دنال سلو اموناس یوت  ا امخ هف م گک یشد س یها  ژسیا  ها:ها:  مواد و روشمواد و روش

(، معلگف سالکوفسلک  ا   PVK) Pikovskaya’sبلا نسل  ا   ن  م لا      دانسل  کانسل  -3-ندالین داا تول نا گاژ   اتثب

ا    یگال س بلا ننلدن     یل  انی ن  ق  سل  یکو    ماته یبگن نمیهز ک  یهاسوبس گن . نثگشدندسنجش م ا  فاقد نا گاژ  

بلا نسل  ا   ن      سهدنن های شیشد ا آ ما ماب:ی ته یای بم یا  غوطم  س ی. کو   شد لاا ت ه میتجز یخشک باک گ

مخ هف بگ یشلد ا   ییایهاا. نثگ تندننجام شد ی غ:ن یهاا مکیلPT  میسو دناسو اموناس یوت شد  ن  ماته  س یکو   

 ا  ا  ی هلون  هلای  ا   تگ ننلدنم  ،ی هون های ا نندنم شمیطول ی یگاس ( با نندن   ا ی)ی Ocimum basilicum ا انیو س

 شد.  ابینی  ی هون های خشک نندنم
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ا  IAA (OD530nm = 0.86) دال تول(، OD430nm = 1.1سا ی فس ات ) م هول  اقابه PT میسو دناسو اموناس یوت  نتایج:نتایج:

بلا  یجلم بلگیک      ا بم  نبلال آ  مل س   گا ی حضوی آب ین ی ایتو   باک گ س ی  نیین نشا   ن . بالاتگنا گاژ    اثبت

نسل  ا   بلا فسل ات     یت ی صلو  ژ یا بم یباک گ نیشد  ن  ن ماته  س یمشاهد  شد. کو   آموناوم سول ات  هیگن  با 9/2

 شیبا ل  نفلزن   بال تگت ا فس ات نام هول بلم   س ی ن . نفزا   کو    شینفزن چشیگاگیطوی  ین بم ا انام هول، یشد س

بلم  نسلب    ی هلون  هلای  ا ا   خشک ننلدنم  ی هون های ا   تگ نندنم ،ی هون های طول نندنم ی یصد 29ا  7/83، 6/40

 .نشد  شدیایاشاهد ت اها اس

  سل  یکلو     مال ته یتوننلد بلگن    مل  PT میسلو  دنال سلو اموناس یوت  دنل  ه  نشلا  مل   جین لا   گیاری: گیاری:  بحث و نتیجاه بحث و نتیجاه 

 شو .نس  ا    ا ایشد س شینفزن منظوی بمصگفم  بم مقگا 

های م لگک یشلد    باک گی، تثبا  نا گاژ ، نن  ل فس ات، دانس کانس -3-ندالینکو   یس  ،   های کلیدی:های کلیدی:  واژهواژه

 ساا 
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Abstract 

Introduction: In recent years, the global demand for agricultural products has increased. 

One of the methods to increase crop yield, along with the decreased use of chemical 

fertilizers, is to apply biofertilizers. The purpose of the present study is to produce a low-

cost formulation of biofertilizer synthesized from Pseudomonas putida PT. 

Materials and Methods: Various plant growth-promoting characteristics of P. putida PT 

such as P-solubilization, N- fixation, and Indole-3-acetic acid (IAA) production were 

assayed  using Pikovskaya’s (PVK) medium, Salkowski reagent, and N-free medium, 

respectively. The effects of low-cost substrates to prepare inexpensive biofertilizers were 

analyzed by measuring the bacterial dry weight. The biofertilizer was prepared by the seed 

immersion method, and pot experiments were performed by using prepared biofertilizer 

from P. putida PT and nutritional supplements. The effect of various treatments on the 

growth and development of Ocimum basilicum (basil) was evaluated by measuring the root 

and shoot lengths, fresh weight of aerial parts, and dry weight of aerial parts. 

Results: P. putida PT exhibited capability of P-solubilization (OD430nm=1.1), IAA 

production (OD530nm=0.86), and N-fixation. The highest bacterial biomass was observed in 

https://creativecommons.org/licenses%20by-nc-nd/4.0/
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the presence of cheese whey, followed by 2.5 °Bx molasses plus (NH4)2SO4. The prepared 

biofertilizer from this bacterium increased significantly plant growth, especially when it 

was used along with insoluble phosphate. The addition of biofertilizer and insoluble 

phosphate increased shoot length, fresh weight of aerial parts, and dry weight of aerial 

parts by 41.6%, 83.7%, and 25% compared to the untreated control plants, respectively. 

Discussion and Conclusion: The results of the study signify that P. putida PT can be used 

to prepare a cost-effective biofertilizer for the enhancement of plant growth. 

Key words: Biofertilizer, Indole Acetic Acid, N-Fixation, P-Solubilization, Plant Growth-

Promoting Bacteria 

 

Introduction  

In recent years, the global demand for 

agricultural products has increased due to 

the increasing world population (1). The use 

of chemical fertilizers, therefore, has raised 

to enhance crop yields. The excessive use of 

chemical fertilizers in agriculture has 

caused the large-scale release of heavy 

metals into the environment because some 

fertilizers contain high concentrations of 

these elements (2). Heavy metals can arrive 

into the human food chain through 

contaminated crops as a result of their 

uptake by plants (3). Some heavy metals 

like lead and cadmium have no role in 

biological reactions. They are toxic and 

threaten serious human health, even at low 

concentrations (4). Continuous application 

of chemical fertilizers gradually increases 

heavy metal content in the soil, because 

heavy metals are non-biodegradable (5). 

Soil degradation, salt burns, excessive 

growth, and high expenses are other 

disadvantages of chemical fertilizers (6). 

Basil (Ocimum basilicum) is an aromatic 

plant that is commercially cultivated 

worldwide. This plant is frequently 

consumed in the food, pharmaceutical, and 

cosmetic industries. Basil is generally 

cultivated in urban and peri-urban fields, 

thereby it is subjected to numerous 

pollutants related to the development of 

urbanization and industrialization processes. 

The consumption of contaminated 

vegetables causes a risk to human health. 

Thus, the employing an easy and effective 

approach is vital for rising crop yields and 

safety (7). Plant growth-promoting bacteria 

(PGPBs) are a beneficial group of 

microorganisms that exist in the 

rhizosphere, on the surface of roots, or 

associated with plant roots. They can 

stimulate plant growth by increasing the 

availability of nutrients (phosphate 

solubilization, nitrogen fixation, potassium 

solubilization, and siderophore production). 

Also, these bacteria can protect plants 

against phytopathogens through the 

production of antibiotics and lytic enzymes 

(8, 9). In other words, PGPBs can be used 

as biofertilizers to reduce the need for 

chemical fertilizers (10). Plant roots release 

a wide range of compounds as root 

exudates, including carbohydrates, organic 

acids, amino acids, fatty acids, and 

vitamins. 

Plant root exudates can provide carbon 

and energy sources for PGPBs. Therefore, 

plant root exudates can serve as a suitable 

source for the isolation of these bacteria. 

Designing effective formulation plays a key 

role in the development of PGPB as a 

biofertilizer. Two main strategies are 

presently being used for biofertilizer 

preparation: (1) seed inoculation (by coating 

the seed with inoculant) and (2) soil 

inoculation (by delivering the inoculant 

directly into the soil) (11). The use of agro-

industrial wastes as renewable and 

inexpensive sources of nutrients for 

microbial growth not only has 

environmental benefits but also reduces the 

costs of microbial biomass production. 

Cheese whey is a by-product of the dairy 



 

 
The Effects of Low-cost Formulation of Biofertilizer Prepared from Pseudomonas Putida PT and Nutritional …/ Zahra Etemadifar* et al 53 

 

 

industry and because it is generated in large 

quantities, its disposal causes serious 

environmental pollution. Another by-

product used for microbial growth is sugar 

beet molasses (12, 13). The purpose of the 

present study is to produce a low-cost 

formulation of biofertilizer synthesized 

from Pseudomonas putida PT. Therefore, 

the objectives of this study are (1) to 

evaluate the ability of this strain to enhance 

plant growth, (2) to examine the effect of 

low-cost carbon sources on the production 

of bacterial biomass, and (3) to clarify 

differences between synthetic compounds 

and the bacterial strain on the growth of O . 
basilicum. 

 

Materials and Methods 

Source of Bacterial Strain: The bacterial 

strain was previously isolated from 

agricultural soils, sited in Talkhooncheh 

village (32.2307° N, 51.5360° E), and 

identified as P. putida PT based on 16S 

rRNA gene sequence analysis (GenBank 

accession number: KX963368) (14). 
Evaluation of Plant Growth Promoting 

Traits  
Screening and Quantification of P-

solubilization: Screening of P-solubilization 

ability was done on Pikovskaya’s (PVK) 

agar medium containing: 10 g/l glucose, 5 

g/l Ca3(PO4)2, 0.5 g/l (NH4)2SO4, 0.2 g/l 

NaCl, 0.1 g/l MgSO4·7H2O, 0.2 g/l KCl, 

0.5 g/l yeast extract, 0.002 g/l 

MnSO4·2H2O, 0.002 g/l FeSO4·7H2O, and 

15g/l agar. Briefly, 0.1ml of overnight 

bacterial culture was spread on PVK agar 

medium and incubated at 30 °C for 5 days 

leading to the formation of a clear zone 

around the bacterial colony. Quantitative 

analysis of phosphate solubilizing activity 

was carried out in the PVK liquid medium. 

Next, 0.1ml of fresh bacterial culture was 

inoculated to 10ml of PVK liquid medium 

and incubated at 30 °C on a rotatory shaker 

at 180 rpm for 4 days. The supernatant was 

obtained by centrifugation at 8000 rpm for 

10. Then, 0.5 ml of the supernatant was 

added to 2.5 ml of Barton’s reagent and the 

final volume was adjusted to 50 ml with 

deionized water. After 10 min, the intensity 

of the yellow color (due to the formation of 

phosphomolybdate complex) was measured 

by the microtiter plate reader at 430 nm 

(15). 

Indole-3-acetic acid (IAA) production: 

An overnight bacterial culture in a liquid 

Luria Bertani (LB) medium was inoculated 

to LB medium supplemented with 0.1% L-

tryptophan. After 3 days of incubation at 30 

°C in darkness on a rotary shaker, the pellet 

was discarded by centrifugation (5000 rpm 

for 20 min). One ml of supernatant was 

mixed with 2ml of Salkowski reagent and 

OD was read at 530nm after 30min. The 

development of the pink color indicated the 

production of IAA (16, 17). 

Nitrogen Fixation: Bacterial culture was 

streaked on N-free medium comprising 20 

g/l glucose, 3 g CaCO3, 0.4 g/l FeSO4, 0.25 

g/l KH2PO4, 0.75 g/l K2HPO4, 0.5 g/l 

MgSO4, 0.005 g/l FeSO4, 0.02 g/l 

Na2MoO4, and 15 g/l agar (18) and 

incubated at 30 °C for 2 weeks. The growth 

of bacterial colonies on the surface of the 

N-free medium revealed the ability of the 

bacterial cells for nitrogen fixation. 
Detection of Bacterial Growth in the 

Presence of Cost-effective Substrates: 
Cheese whey (6%) and sugar beet molasses 

(2.5, 5, and 10 °Bx) with or without 

supplementation of ammonium sulfate 

(0.2%) were selected as low-cost media. A 

volume of 1ml overnight bacterial culture 

was inoculated into Erlenmeyer flasks 

which contained 100 ml of selected media. 

The culture media containing sugar beet 

molasses were incubated on a rotary shaker 

at 180 rpm at temperatures of 30, 37, and 

42 °C. The flasks containing cheese whey 

medium were incubated under the same 

conditions described previously, but at a 

temperature of 30 °C. The pellets were 

obtained after 15, 24, and 48 h of 

cultivation by centrifugation at 6000rpm for 

15 min, washed three times with normal 

saline and dried. Finally, the amount of 

bacterial biomass was determined by dry 
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weight measurement. Experiments were 

carried out in duplicates (19-21). 

Biofertilizer Preparation: Biofertilizer 

was prepared by the seed immersion 

method. For this purpose, an overnight 

bacterial culture was diluted 1:100 (v/v) 

into fresh tryptic soy broth (TSB) medium 

and incubated at 30° C for 24 h on a rotary 

shaker at 100 rpm. The pellet was obtained 

by centrifugation at 3000 rpm, washed 

three times, and re-suspended in normal 

saline (~1 0
11

 CFU/ml). Then, bacterial 

suspension (3 ml of bacterial inoculants per 

1 seed) was added to the surface of basil 

seeds (22).  

Pot Experiments: Pot experiments were 

conducted to investigate the effects of the 

biofertilizer and chemical supplements on 

the growth of O. basilicum under 

greenhouse conditions (air temperatures 

ranged between 45°C (day) and 30°C 

(night)). The various treatments and 

combinations in each pot are listed in Table 

1 (Appendix). Fifteen seeds treated with 

bacterial inoculum were planted in each 

pot. After 30 days of germination, the 

plants were harvested and different growth 

parameters including root and shoot 

lengths, fresh weight of aerial parts, and dry 

weight of aerial parts were recorded. All 

experiments were performed in triplicates 

(23). 

Statistical Analysis: The obtained data 

were subjected to the one-way analysis of 

variance (ANOVA) followed by Duncan's 

tests. The results were considered 

statistically significant when P < 0.05. All 

statistics were performed using the 

Statistical Package for the Social Sciences 

(SPSS) program (Version 16.0) (11).  

 
Table 1- Combinations and amounts of Compounds used in the Pot Experiments (values are grams per pot) 

Soil mix 5 (control) Soil mix 4 Soil mix 3 Soil mix 2 Soil mix 1 

Soil (1000) Inoculant + Soil (1000) 
NH3 (0.5)+Soil 

Soil (1000) 

Inoculant+Ca3PO4 (2) + 

Soil (1000) 

K2HPO4 

(1)+KH2PO4 
(1)+Soil (1000) 

 

Results 
Evaluation of Plant Growth Promoting 

Traits: After 5 days of incubation, P. putida 

PT showed a considerable transparent zone 

on PVK agar medium. To further analyze 

the quantitative P-solubilization activity, 

the soluble P content was evaluated in the 

PVK liquid medium ..  Under the conditions 

tested, the strain was able to release soluble 

phosphate to the culture  medium 

(OD430nm=1.1). IAA production was also 

evaluated in the present study with the use 

of the Salkowski reagent. Color 

development was first visible within 

minutes and continued to increase in 

intensity for 30 min (OD530nm=0.86). Then, 

nitrogen fixation ability was detected in the 

N-free medium. After 2 weeks of 

incubation at 30 °C, the growth of P. putida 

PT on this medium indicated its ability to 

fix nitrogen.  

.Detection of Bacterial Growth in the 

Presence of Cost-effective Substrates: The 

growth of P. putida PT in the presence of 

sugar beet molasses (2.5, 5, and 10 °Bx) 

with or without supplementation of 

ammonium sulfate (0.2%) was investigated 

at different temperatures (30, 37, and 42 

°C) within three-time points (15, 24, and 48 

h). The highest dry biomass (6.9 g/l) was 

observed in the presence of 2.5 °Bx 

molasses and ammonium sulfate at 30 °C 

after 48 h. The lowest dry biomass (0.01 

g/ml) was obtained in the presence of 10 

°Bx molasses (with or without (NH4)2SO44) 

at temperatures of 37 °C and 42 °C after 15 

h (Figure 1). Also, cheese whey (6%) was 

used as another low-cost substrate for 

bacterial growth. In this case, bacterial dry 

weight was increased up to 51 g/l. 
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Fig. 1- Effects of time and different concentrations of sugar beet molasses in the absences or presence of 0.2% 

ammonium sulfate (N) on P. putida PT biomass at (a) 30°C, (b) 37°C, and (c) 42°C 
Pot experiments: Root and shoot lengths, 

fresh weight of aerial parts, and dry weight 

of aerial parts of O. basilicum were 

measured to compare the effects of each 

treatment on plant growth. The addition of 

the biofertilizer increased significantly root 

length (P<0.05) and the highest root length 

(15 cm, 53.3% increase compared to the 

control) was observed in the pots, which 

contained bacterial inoculation (Figure 2A). 

The highest shoot length (12 cm), fresh 

weight of aerial parts (1.6 g), and dry 

weight of aerial parts (0.2 g) were observed 

in the pots which were treated with 

bacterial inoculant and insoluble phosphate, 

due to the ability of P. putida PT to release 

phosphate from insoluble phosphate 

compounds (data is shown in Figure 2). 

According to the results, the addition of the 

biofertilizer and insoluble phosphate 

increased shoot length, fresh weight of 

aerial parts, and dry weight of aerial parts 

by 41.6%, 83.7%, and 25% compared to the 

untreated control plants, respectively. 
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Fig. 2- Effects of different treatments on (A) root length, (B) shoot length, (C) fresh weight of aerial arts and (D) 

dry weight of aerial parts of Ocimum basilicum. Similar letters on each bar denote no significant difference 

between matrices within the same temperature (P ≤ 0.05). (I: Inoculant, N: NH3, O: Soil without ant treatment, sP: 

soluble Phosphate, isP: insoluble Phosphate) 

 

Discussion and Conclusion  

Chemical fertilizers are commercial 

products composed of known amounts of 

nutrients such as nitrogen, phosphorus, and 

potassium. In the last decades, the overuse 

of chemical fertilizers, due to the growing 

demand for food, has led to environmental 

problems like air, soil, and groundwater 

pollution (6). Therefore, recent efforts have 

focused on the production of biological-

based fertilizers (24). The present study 

focused on the preparation of an efficient 

biofertilizer, which can improve plant 

growth. In the first step, we endeavored to 

identify plant growth-promoting traits of P. 

putida PT as a promising agent for 

biofertilizer preparation by evaluating IAA 

production, P-solubilization, and N-fixation 

abilities. 

Nitrogen is the most essential nutrient 

for plant life. It is a major component of 

chlorophyll, amino acids, nucleic acids, and 

energy-transfer compounds, such as ATP 

(25). Also, phosphorus plays a significant 

role as the second most important 

macronutrient in vital plant reactions such 

as photosynthesis, development of roots, 

stems, flowers, and seeds, crop quality, and 

resistance to plant diseases (26). Indole-3-

acetic acid is the most common plant 

growth hormone of the auxin category 

which is produced naturally by plants, 

fungi, and bacteria. IAA plays a key role in 

regulating many important physiological 

processes in plant growth and development, 

such as cell enlargement and division, 
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tissue differentiation, and responses to light 

and gravity (25-27). It enhances plant 

growth by creating a mutual 

communication between plants and 

microorganisms as a chemical signal (26). 

According to the results of the study, P. 

putida PT can be considered a plant 

growth-promoting bacterial strain because 

it exhibited the capability of P-

solubilization, IAA production, and N-

fixation. Similarly, some bacterial species 

that have the potential for IAA production, 

P-solubilization, and N-fixation, such as 

Rhizobium daejeonense, Pseudomonas 

brassicacearum, and Enterobacter ludwigii 

have been described as PGPBs in previous 

studies (14, 27, 28). The effects of sugar 

beet molasses and cheese whey in bacterial 

biomass production were compared to 

prepare the biofertilizer at a large scale with 

low production cost. Using low-cost 

substrates such as industrial wastes in 

biotechnological processes plays a key role 

to convert a product from lab scale to 

industrial scale. 

Cheese whey and sugar beet molasses are 

byproducts of the dairy industry and sucrose 

production, respectively, which are 

produced in large amounts as industrial 

wastes (11). Therefore, we used these 

substrates as low-cost carbon sources to 

grow P. putida PT. The highest bacterial 

biomass was observed in the presence of 

cheese whey (6%) followed by 2.5 °Bx 

molasses plus ammonium sulfate (0.2%). 

These differences in the effects of each 

substrate on the bacterial growth may be due 

to the inhibitory effects of high sugar 

concentration in sugar beet molasses. O. 

basilicum (basil) is a commercial plant that 

is used extensively as an important food 

additive and a natural source for the 

production of phenylpropanoids and 

terpenoids in traditional medicine (29, 30). 

Therefore, we investigated the effects of 

different treatments on basil growth. 

Biofertilizer was prepared by the seed 

immersion method in this study. Seed 

immersion is one of the most frequently 

applied methods in the production of 

biofertilizers because it is easy to use and 

requires a relatively small volume of 

inoculant (31). This strain had positive 

effects on the growth parameters of O. 

basilicum such as root and shoot lengths, 

and fresh and dry weights of aerial parts 

especially when it was used along with 

insoluble phosphate. Thus, P. putida PT can 

be used to prepare a cost-effective 

biofertilizer for the enhancement of plant 

growth. 

 

References  

(1) Edgerton M. D. Increasing crop productivity 

to meet global needs for feed, food, and fuel. 

Journal of Plant Physiology 2009; 149 (1): 

7-13. 

(2) Atafar Z., Mesdaghinia A., Nouri J., 

Homaee M., Yunesian M., 

Ahmadimoghaddam M, et al. Effect of 

fertilizer application on soil heavy metal 

concentration. Journal of Environmental 

Monitoring and Assessment 2010; 160 (1): 

83-9. 

(3) Khashei S., Etemadifar Z., Rahmani H. R. 

Immobilization of Pseudomonas putida PT 

in resistant matrices to environmental 

stresses: a strategy for continuous removal 

of heavy metals under extreme conditions. 

Annals of Microbiology 2018; 68 (12): 931-

42. 

(4) Hussain A., Priyadarshi M., Dubey S. 

Experimental study on accumulation of 

heavy metals in vegetables irrigated with 

treated wastewater. Journal of Applied 

Water Science 2019; 9 (5): 1-11. 

(5) Wuana R. A., Okieimen F. E. Heavy metals 

in contaminated soils: a review of sources, 

chemistry, risks and best available strategies 

for remediation. Isrn Ecology 2011; 2011: 1-

20. 

(6) Savci S. Investigation of effect of chemical 

fertilizers on environment. Apcbee Procedia 

2012; 1: 287-92. 



 

 

58 Biological Journal of Microorganism, 11th Year, Vol. 11, No. 44, Winter 2023 

 

 

(7) Gheshlaghpour J., Asghari B., Khademian 

R., Sedaghati B. Silicon alleviates cadmium 

stress in basil (Ocimum basilicum L.) 

through alteration of phytochemical and 

physiological characteristics. Journal of 

Industrial Crops and Products 2021; 163: 

113338. 

(8) Gao J., Luo Y., Wei Y., Huang Y., Zhang 

H., He W., et al. Screening of plant growth 

promoting bacteria (PGPB) from 

rhizosphere and bulk soil of Caragana 

microphylla in different habitats and their 

effects on the growth of Arabidopsis 

seedlings. Journal of Biotechnology and 

Biotechnological Equipment 2019; 33 (1): 

921-30. 

(9) Souza Rd, Ambrosini A., Passaglia L. M. 

Plant growth-promoting bacteria as 

inoculants in agricultural soils. Journal of 

Genetics and Molecular Biology 2015; 38 

(4): 401-19. 

(10) Di Benedetto N. A., Corbo M. R., 

Campaniello D., Cataldi M. P., Bevilacqua 

A., Sinigaglia M., et al. The role of plant 

growth promoting bacteria in improving 

nitrogen use efficiency for sustainable crop 

production: a focus on wheat. AIMS 

Microbiology 2017; 3 (3): 413. 

(11) Khashei S., Etemadifar Z., Rahmani H. 

R. Multifunctional biofertilizer from 

Pseudomonas putida PT: A potential 

approach for simultaneous improving maize 

growth and bioremediation of cadmium-

polluted soils. Biological Journal of 

Microorganism 2019; 8 (32): 117-29. 

(12) Akbas M. Y., Sar T., Ozcelik B. 

Improved ethanol production from cheese 

whey, whey powder, and sugar beet 

molasses by “Vitreoscilla hemoglobin 

expressing” Escherichia coli. Journal of 

Bioscience, Biotechnology, and 

Biochemistry 2014; 78 (4): 687-94. 

(13) Zikmanis P., Kolesovs S., Semjonovs P. 

Production of biodegradable microbial 

polymers from whey. Journal of 

Bioresources and Bioprocessing 2020; 7 (1): 

1-15. 

(14) Habibi S., Djedidi S., Ohkama-Ohtsu N., 

Sarhadi W. A, Kojima K., Rallos R. V., et 

al. Isolation and screening of indigenous 

plant growth-promoting rhizobacteria from 

different rice cultivars in Afghanistan soils. 

Journal of Microbes and Environments 

2019: 34 (4): 347–355. 

(15) Walpola B. C., Yoon M. H. In vitro 

solubilization of inorganic phosphates by 

phosphate solubilizing microorganisms. 

African Journal of Microbiology Research 

2013; 7 (27): 3534-41. 

(16) Mohite B. Isolation and characterization 

of indole acetic acid (IAA) producing 

bacteria from rhizospheric soil and its effect 

on plant growth. Journal of Soil Science and 

Plant Nutrition 2013; 13 (3): 638-49. 

(17) Ahmad F., Ahmad I., Khan M. S. Indole 

acetic acid production by the indigenous 

isolates of Azotobacter and fluorescent 

Pseudomonas in the presence and absence 

of tryptophan. Turkish Journal of Biology 

2005; 29 (1): 29-34. 

(18) Atlas R. M. Nitrate Agar. Handbook of 

Microbiological Media, CRC Press. 

Washington. 2010: 1289. 

(19) Joshi S., Bharucha C., Jha S., Yadav S., 

Nerurkar A., Desai A. J. Biosurfactant 

production using molasses and whey under 

thermophilic conditions. Journal of 

Bioresource Technology 2008; 99 (1): 195-

9. 

(20) Teclu D., Tivchev G., Laing M., Wallis 

M. Determination of the elemental 

composition of molasses and its suitability 

as carbon source for growth of sulphate-

reducing bacteria. Journal of Hazardous 

Materials 2009; 161 (2-3): 1157-65. 

(21) 21. Drgalic I., Tratnik L., Bozanic R. 

Growth and survival of probiotic bacteria in 

reconstituted whey. Le Lait 2005; 85 (3): 

171-9. 

(22) Adediran G. A, Ngwenya B. T, 

Mosselmans JFW, Heal K. V., Harvie B. A. 

Mechanisms behind bacteria induced plant 

growth promotion and Zn accumulation in 

Brassica juncea. Journal of Hazardous 

Materials 2015; 283: 490-9. 

(23) Bhagobaty R., Joshi S. Promotion of 

seed germination of Green gram and Chick 

pea by Penicillium verruculosum RS7PF, a 



 

 
The Effects of Low-cost Formulation of Biofertilizer Prepared from Pseudomonas Putida PT and Nutritional …/ Zahra Etemadifar* et al 59 

 

 

root endophytic fungus of Potentilla fulgens 

L. Journal of Advanced Biotech 2009; 8 (7): 

16-18. 

(24) Bhardwaj D., Ansari M. W., Sahoo R. 

K., Tuteja N. Biofertilizers function as key 

player in sustainable agriculture by 

improving soil fertility, plant tolerance and 

crop productivity. Journal of Microbial cell 

Factories 2014; 13 (1): 1-10. 

(25) Maathuis F. J. Physiological functions of 

mineral macronutrients. Journal of Current 

Opinion in Plant Biology 2009; 12 (3): 250-

8. 

(26) Kalayu G. Phosphate Solubilizing 

Microorganisms: Promising Approach as 

Biofertilizers. International Journal of 

Agronomy 2019; 2019: 1-7. 

(27) de Melo Pereira G. V., Magalhães K. T., 

Lorenzetii E. R., Souza T. P., Schwan RF. A 

multiphasic approach for the identification 

of endophytic bacterial in strawberry fruit 

and their potential for plant growth 

promotion. Journal of Microbial Ecology 

2012; 63 (2): 405-17. 

(28) La Torre-Ruiz D., Ruiz-Valdiviezo V. 

M., Rincón-Molina C. I., Rodríguez-

Mendiola M, Arias-Castro C, Gutiérrez-

Miceli FA, et al. Effect of plant growth-

promoting bacteria on the growth and 

fructan production of Agave americana L. 

Brazilian Journal of Microbiology 2016; 47: 

587-96. 

(29) Adamczyk-Szabela D., Romanowska-

Duda Z., Lisowska K., Wolf W. M. Heavy 

Metal Uptake by Herbs. V. Metal 

Accumulation and Physiological Effects 

Induced by Thiuram in Ocimum basilicum 

L. Water, Air, and Soil Pollution 2017; 228 

(9): 1-14. 

(30) Singh P., Kalunke R. M., Giri A. P. 

Towards comprehension of complex 

chemical evolution and diversification of 

terpene and phenylpropanoid pathways in 

Ocimum species. RSC Advances 2015; 5 

(129): 106886-904. 

(31) 31. Bashan Y., de-Bashan L. E, Prabhu 

S., Hernandez J. P. Advances in plant 

growth-promoting bacterial inoculant 

technology: formulations and practical 

perspectives (1998–2013). Journal of Plant 

and Soil 2014; 378 (1-2): 1-33. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


