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ABSTRACT 
The agricultural output is nevertheless impacted by elements including improper mechanisation, a shortage of arable land, 
and harmful abiotic stressors. Drought has a significant negative impact on agricultural output and may endanger 
sustainable farming practices. The global trend towards organic farming is expanding. The natural organic formulation 
known as fermented panchagavya, which is formed from five cow products (dung, urine, milk, curd, and ghee), is abundant 
in plant growth-promoting microbes (PGPM). PGPMs produce various plant growth-promoting substances even in the 
presence of drought stress. 64 bacteria were isolated from fermented panchagvaya. Their plant growth promoting 
activities were checked in drought stress. Selected PG-33 bacterial isolate showed various plant growth promoting activity 
even in the presence of PEG-6000 (drought stress). PG-33 showed 19.92 µg/ml IAA production in control and 18.72 µg/ml 
in the presence of PEG. The highest GA production by PG-33 was 6.11 mg/ml in control and 5.58 mg/ml in the presence of 
PEG. Ammonia production was 2.14 µmol/ml in the control and at 1.68 µmol/ml in the presence of PEG. The phosphate 
solubilization in PG-33 was 168.2 µg/ml in the control and 148.6 µg/ml in the presence of PEG. The seed germination index 
of Sorghum bicolor was observed 127.5 in the presence of PEG-6000 and PG-33. On the 15th day, PG-33 treated plants 
showed an increase in root (10%) and shoot (47%) length as well as an increase in leaf length (60%). The treated plants 
were longer than the untreated control plants in terms of their roots and shoots. 
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INTRODUCTION 
Drought stress 
Agriculture has been a vital part of human civilisation, supplying food, fibre, and other resources. People 
are dependent on agriculture to provide for their basic needs and to maintain their societies from the 
beginning of the history of humanity. Agriculture gained importance as human populations increased, 
allowing communities to maintain greater populations and create more complex economies (17). 
Agriculture is under a lot of stress worldwide because of rising population and corresponding rises in food 
demand (29). However, several issues, including improper mechanisation, a shortage of arable land, and 
the presence of numerous biotic and abiotic stresses, continue to have an impact on agricultural output 
(12). There will be over 9.7 billion people on earth (more than 65%) which rely completely on agriculture 
for their living by 2050. According to (10), this ratio could rise to 90% in developing countries.  Agriculture 
will consequently be crucial to a nation's economy and food supply. Drought is a severe destructive abiotic 
stress that reduces agricultural output significantly and may be the biggest danger to sustainable 
agriculture. Food security is threatened by drought, one of the most destructive and detrimental abiotic 
forces (47). Drought stress has a negative impact on social, economic, and environmental systems as well 
as on grasslands, shrubs, and trees. According to recent findings, droughts appear to have a significant 
impact on the pools, processes, and fluxes of the terrestrial carbon and nitrogen cycles in ecosystem (14). 
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Drought is a major issue that farmers deal with every year. According to, (18), a drought is reportedly 
affecting 42% of the agricultural land in India (159.7 million hectares). 
Drought stress on plant growth and development 
Drought alters the physiological and morphological characteristics of plants by changing their water 
potential and turgor to the point that it interferes with normal activities (23). Numerous crops, including 
barley (48), maize (25), rice (31), and wheat, have been examined for growth reduction under drought 
stress (45).  Drought reduces soil organic carbon decomposition, lowers microbial biomass, and causes less 
CO2 production. It is one of the major agricultural problems reducing crop yield in arid and semiarid regions 
in the world. Drought stress causes several physiological and biochemical changes that may affect organ 
function and limit plant development (5). The scavenging of reactive oxygen species (ROS), signalling of 
kinase cascade, hormonal imbalance, regulation of gene expression, production of osmolytes, changes in 
cell structure, activation of ion channels, metabolism of carbohydrates and energy, metabolism of amino 
acids and fatty acids, assimilation of nitrogen, and other specific drought-regulating mechanisms are 
involved (24). High concentrations of reactive oxygen species may have a negative impact on the 
biochemical and physiological processes at various stages of molecular and cellular organisation during the 
plant's growth (50,22,37). Bark and twig cracking, branch dieback, thinning tree and shrub canopy, 
necrosis, and poor and stunted growth are also unusual symptoms. Lastly, plant death occurs under 
extreme conditions (15,49)     
Role of plant growth promoting bacteria (PGPB) in growth of plants under drought Stress 
Organic farming depends mainly on cow-based manure. Several crops have benefited from the use of 
panchagavya, a mixture of five cow-derived products, including dung, urine, milk, curd, and ghee (29). 
Agricultural activities (biocontrol, biofertilizer, plant growth enhancer, etc.), pharmaceutical value, 
probiotic and antibacterial potential, and pharmacological value have all been associated with panchagavya 
(38). South Indian farmers utilise Panchagavya for organic farming (39). The fermented panchagavya 
contains so many beneficial microbes (plant growth-promoting bacteria) that it is plant growth-promoting. 
The enzymes secreted by bacteria break down the intricate, soluble chemical molecules into simpler ones. 
This might make it easier for plants to acquire nutrients through microbial activities. Plants are assisted in 
growing by the compounds that microbes secrete that encourage plant growth. The fermented 
Panchagavya mixture contains macronutrients, micronutrients, amino acids, and substances that 
encourage plant growth, such as indole acetic acid, gibberellic acid, exopolysaccharides, and ammonia. 
Panchagavya is a biofertilizer that may be used in the field and is certain to have a population of bacteria 
that is helpful to the plant. This panchagavya isolate bacteria is helpful for plants to survive adverse 
conditions like drought stress. 
In drought stress, PGPB shows induced systemic tolerance (IST), which generates chemical and physical 
changes in plants at the physical, biochemical, and molecular level (57). PGPBs can induce IST by releasing 
a variety of chemicals, including as lipopolysaccharides from their outer membranes, volatile organic 
compounds (VOC), biosurfactants, siderophores, antibiotics, along with other metabolites (16,56). This 
process also modifies the profile of phytohormones, activates an antioxidant defence system, generates 
osmoprotectants, and switches on stress-response proteins. The synthesis of the enzyme ACC deaminase 
by PGPBs to offset the negative effects of ethylene is one of the most common IST mechanisms (11). 
In the present study, PG-33 bacteria were isolated from fermented panchagvaya, which shows tolerance 
towards drought stress. We are aiming to find out the effect of PG-33 on a Sorghum bicolor plant under 
drought stress. 
  
MATERIAL AND METHODS 
Isolation of bacterial isolates for fermented panchagavya 
64 bacterial cultures were isolated from fermented panchagavya (19). Various plant growth promoting 
traits like IAA production, GA production, ammonia production, phosphate solubilization, EPS production 
were checked in drought stress condition. PG-33 bacterial isolate showed better survival in the presence 
of PEG-6000.   
Inoculum preparation 
The bacterial cultures from slants were inoculated in sterile nutrient broth and incubated at 30°C for 24 h. 
Cells were separated by centrifugation at 5000 rpm for 10 min and the supernatant was removed. The cell 
pellet was resuspended in sterile normal saline to get optical density of 1.0. The prepared culture 
suspension was used as a 1.0% (v/v) inoculum to study the plant growth-promoting parameters like IAA, 
GA, NH3, EPS production and phosphate solubilization. 
The absorbance was measured in spectrophotometer at 600nm after 24 hours. The standard calibration 
curve of BaCl2 ( 1 O.D ∼ 8×108 cells/ml) was prepared to calculate the number of cells. 
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Drought stress response of PG-33 
The drought tolerance ability of PG-33 bacterial isolate was checked by observing their growth on the 
nutrient broth medium supplemented with different polyethylene glycol (PEG-6000) concentrations (1, 3, 
5, 7, 10 and 15%; w/v). PG-33 was inoculated on nutrient broth and incubated at 28°C for 24 h.  
Plant growth promoting traits 
The selected bacterial cultures were tested qualitatively and quantitatively for multiple plant growth 
promoting activities like indole-3-acetic acid production (IAA), gibberellic acid production (GA), ammonia 
production (NH3), phosphate solubilization (P). 
 Indole-3-acetic acid production  
For IAA production, 50.0 ml of Luria-Bertani broth (pH 7.5) containing 0.1% (w/v) L-tryptophan in 250 ml 
flask was inoculated with 1.0% (v/v) inoculum and incubated at 30°C in the dark (as IAA is light sensitive), 
120 rpm on an orbital shaker. IAA production was estimated from samples withdrawn at 24-h intervals up 
to 24–144 h until production was decreased. 
The spectrophotometric estimation of IAA was done according to (8). Culture supernatant (1 ml) was mixed 
with 2.0 ml of Salkowski reagent and incubated at room temperature (RT) in the dark for 30 min. 
Development of pink colour shows the production of IAA and absorbance was recorded at 530 nm. The 
standard calibration curve of IAA (100 µg/ml) was prepared to calculate the IAA production. 
 Gibberellic acid production  
Gibberellic acid production was carried out in 50.0 ml nutrient broth (pH 7.4) in 250 ml flask, 1.0% (v/v) 
inoculum, at 30°C, 120 rpm on an orbital shaker for 96 h. GA production was estimated from samples 
withdrawn at 24 h intervals up to 24–96 h until it was decreased. 
An equal volume of cell-free supernatant and ethyl acetate (EA) was taken in a test tube and shook 
vigorously. The EA extract was collected separately in a glass beaker, and the extraction was repeated three 
times. The separated EA extract was evaporated by rotary evaporator at 45ْC. The residues were dissolved 
in 2.0 ml methanol. To this, 1.0 ml DNPH (2, 4 – dinitrophenylhydrazine) was added and incubated in a 
boiling water bath for 5 min. After incubation, it was cooled in an ice-water bath, and 5.0 ml of 10% (w/v) 
alcoholic potassium hydroxide was added, allowed to stand for 10 min at RT. To this, 15.0 ml of sterile 
distilled water was added, and the intensity of the color (red wine) produced was measured at 430 nm (21). 
A standard calibration curve of GA (0.8 mg/ml) was prepared. 
 Ammonia production  
Ammonia production was determined in a 50-ml flask containing 20.0 ml sterile peptone water, pH  7.2. It 
was inoculated with 1.0% (v/v) inoculum and incubated at 30°C, 120 rpm on an orbital shaker for 144 h. 
The amount of NH3 produced was estimated from samples withdrawn at 24 h intervals up to 24–144 h until 
it was decreased. 
Spectrophotometric estimation of ammonia was done as described by (9). Culture supernatant (1 ml) was 
mixed with 0.1 ml Nessler’s reagent, and the final volume was made to 5.0 ml by adding ammonia-free 
distilled water. NH3 production is indicated by a change in color from yellow to brown, and absorbance was 
measured at 425 nm. The NH3 produced was calculated using the ammonium hydroxide (0.2 µmol/ml) 
standard calibration curve. 
 Phosphate solubilization  
The qualitative phosphate solubilization test was carried out using spot inoculation technique on an agar 
plate containing an insoluble tricalcium phosphate (TCP) and incubated at 30°C for 120 h (44). A zone 
develops surrounding the colony because of phosphate solubilization. The phosphate solubilization index 
(PSI) was calculated using the formula below. 
 

PSI =
Colony diameter + Zone of clearance

Colony diameter  

 
For quantitative phosphate solubilization, 100 ml nutrient broth in 250 ml flasks were inoculated and 
incubated at 30°C, at 120 rpm on an orbital shaker for 15 days. The amount of phosphate solubilization was 
measured at 5 days interval for up to 15 days. A 2.0 ml sample was centrifuged at 10,000 rpm for 20 min to 
separate the cells. To 0.1 ml supernatant, 0.9 ml double distilled water and 1.0 ml chloromolybdic acid was 
added. Contents were diluted by adding 4.0 ml double distilled water. To this, 25.0 µL chlorostannous acid 
reagent was added, and the test tubes were mixed well till blue color developed. Absorbance was measured 
at 600 nm. The amount of phosphate solubilized was calculated against K2HPO4 (100.0µg/ml) standard 
calibration curve. 
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Seed germination test 
For the germination test, seeds were first surface sterilized by gently shaking in 70% methanol for 2 
minutes, then the seeds were washed with sterile distilled water. The seeds were dipped in 0.1%(v/v) 
HgCl2 for 1 minute and again seeds were washed twice with sterile distilled water. After surface 
sterilization, the seeds were placed on sterile cotton in a sterile Petri plate. The experiment was performed 
in 2 sets. 
1) Sorghum bicolor seeds plus distilled water 
2) Sorghum bicolor seeds plus PEG (5%w/v) + PG-33 
After 48 hours, germinated seeds were counted and the germination percent, seed vigour index was 
calculated by the following formula: 
 

Seed vigour index = seedling length × germination perecent 
 

Germination percentage =
Number of germinated seeds × 100

Number of seeds  
Pot study 
Pot study was carried out in plastic bags having 18×18 cm size in the month of February to March 2023, 
when the average temperature was below 30°C. For preparation of pots, collected farm soil was sun dried 
for 5 days. Approximately 4.0 kilograms of sun-dried soil was filled in the pots. Drought tolerance of the 
PG-33 was tested at 5%w/v PEG-6000. The seeds were surface sterilized by gently shaking them in 70% 
methanol for 2 minutes, then the seeds were washed with sterile distilled water, next the seeds were dipped 
in 0.1% HgCl2; for 1 minute, then the seeds were again washed twice with sterile distilled water. The 10 
numbers of seeds were sown in the pot at 1 cm depth. Irrigation was done with tap water. For preparation 
of bacterial suspension for pot treatment, the PG-33 was scraped from preserved slant and inoculated in 
100ml sterile nutrient broth, incubated at 30°C, 120 rpm for 24 hours. After 20 days, plants were uprooted 
and vegetative parameters like root length, shoot length, total plant length, wet weight, dry weight was 
measured. Table-1 includes pot design on Sorghum bicolor plant. 
 
RESULTS AND DISCUSSION 
PG-33 was studied for their drought stress tolerance. PG-33 shows better growth in the presence of 
different polyethylene glycol (%w/v) concentrations. PG-33 shows better growth in the presence of 
different PEG-6000 (%w/v) concentrations. PG-33 shows plant growth promoting characteristics like 
indole-3-acetic acid production, gibberellic acid production, ammonia production, phosphate solubilization 
etc. in the presence of adverse conditions. Qualitative plant growth promoting characteristics of PG-33 
were checked for further study. 
Drought stress tolerance ability  
  PG-33 has grown well in nutrient medium with 1.0 to 15.0% (w/v) PEG concentrations (Table-1). It was 
observed that the number of bacteria decreased with increasing PEG concentration, but it could survive at 
higher PEG concentrations. PG-33 showed the best growth (about 50%) up to 5% PEG concentration. PGPB 
(plant growth-promoting bacteria) B. amyloliquefaciens 5113 showed higher than 40 % drought tolerance 
(up to 5% w/v PEG) even after 7 days without water (26). 
Plant growth promoting traits 
PG-33 show various plant growth promoting activities like IAA production, GA production, NH3 production, 
phosphate solubilization in the presence of PEG concentration. All the plant growth promoting activities 
were done with 2%w/v PEG concentration and 1%v/v inoculum.  
Screening of PG-33 for plant growth promoting parameters 
The PG-33 was screened for plant growth promoting activities like indole acetic acid (IAA), gibberellic acid 
(GA), ammonia production, exopolysaccharide production (EPS) and phosphate solubilization. (Table 2). 
Qualitative analysis of PG-33 was done for its various plant growth promoting activities. PG-33 shows 
positive results for IAA production, GA production, ammonia production and phosphate solubilization. PG-
33 shows negative result for exopolysaccharide (EPS) production.  
 IAA production  
Figure-1 shows IAA production of PG-33 at different time intervals in PEG concentration. PG-33 shows the 
maximum IAA production (19.92 µg/ml) at 96 hours in control. While it shows higher production (18.72 
µg/ml) after 96 hours with 5% PEG concentration. (36) observed potent IAA production in P. simiae strain 
AU in drought stress (up to 10% w/v PEG concentration). Indole acetic acid production is very common 
among the PGPB because it helps in root expansion and uptake of nutrients. (13) reported two isolates from 
rhizosphere which were able to produce 12.0 µg/mL and 7.0 µg/mL IAA after 72 hours. (41) reported the 
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bacteria isolated from panchagavya producing 75.86 µg/mL IAA after 72 hours. (53) reported a wide range 
of IAA, 35-217 µg/mL produced by bacteria. Rhizobacteria strain 23-B produced 22.8 µg/mL IAA after 72 
hours in drought stress (51). IAA formation with Bacillus strains Cha43 (29.4 µg/mL), ZM39 (28.7 µg/mL) 
and Cha21 (26.9 µg/mL) (7). 
 GA production  
Figure-2 shows GA production of PG-33 at different time intervals in PEG concentration. Gibberellic acid is 
a phytohormone that helps in seed germination and plant growth (35).  
PG-33 showed GA production (6.11 mg/ml) in control and 5.58 mg/ml in the presence of PEG after 48 
hours. DS9 strain which is plant growth promoting rhizobacteria (PGPR) shows potent GA production even 
in drought stress (6). Rhizospheric isolate Bacillus siamensis produced 0.24 mg/ml GA after 96 h in broth 
(4). Bacillus cereus isolated from the rhizosphere produced 0.39 mg/ml GA in a nutrient broth after 216 h 
(43). (33) reported drought-stressed strains produced significantly higher amounts of GA which is Cha41 
(0.0943 mg/mL), Haw20 (0.0867 mg/mL) and ZM39 (0.0854 mg/mL). 
 NH3 production  
Figure-3 shows ammonia production of PG-33 at different time intervals in the presence of  PEG 
concentration. Ammonia production is the most common mechanism of PGPB.  Abiotic stress may restrict 
the ability of plants to reduce and assimilate nitrogen through the inhibition of enzymes implicated in 
nitrogen metabolism, such as Nitrite Reductase. Use of PGPB that produces ammonia may provide a 
biological alternative for fixing atmospheric N2. 
PG-33 shows higher production (2.14 µmol/ml) and 1.68 µmol/ml in the presence of PEG after 72 hours. 
A. brasilense NO40 and S. maltophilia show potent ammonia production in drought stress (40). Ammonia 
production was reported 15.21 µg/mL after 72 hours by a bacterial culture isolated from chickpea 
rhizosphere (3,34). 
 Phosphate solubilization 
Figure-4 shows phosphate solubilization of PG-33 at different time intervals in the presence of PEG 
concentration, respectively. The phosphate-solubilizing microorganisms (PSMs) such as phosphate-
solubilizing bacteria (PSB) present in most soils which can solubilize these insoluble forms of phosphates. 
PG-33 shows higher production (168.2 µg/ml) in control and 148.6 µg/ml in the presence of PEG 
concentration  after 10 days. Pseudomonas koreensis strain AK-1 shows phosphate solubilization in the 
presence of different PEG (%w/v) concentrations (27). (42) reported 2 bacterial isolates C1 and H6, which 
were able to solubilize 305.49 µg/mL and 282.38 µg/mL tri calcium phosphate after 8 days. (30) isolated 
5 isolates from the rhizosphere of French bean plants growing at different sites at Solan and Shimla of 
Himachal Pradesh in India, which were able to solubilize tri calcium phosphate in the range of 15 µg/mL to 
60 µg/mL. According to (1) the maximum amount 98.3 ± 3.5 µg/mL of solubilized phosphate was recorded 
at a high PEG concentration 15.0%. At 5.0% PEG concentration it produced 81.6± 3.2 µg/mL phosphate 
after 7 days. 
Seed germination test 
Table-6 shows seed germination percentage, seedling length (cm) and seed vigour index of Sorghum 
bicolor. One of the most crucial stages of the plant growth cycle is seed germination. 
The percentage germination ability of PG-33 is shown in Table-4 and figure-5. Klebsiella sp. PG-64 treated  
Vigna radiata seedling showed 92% seed germination (20). 
Sorghum bicolor seeds were treated with distilled water showed 100% seed germination with 150 seed 
vigor index. Seeds treated with PEG-6000 showed 50% seed germination with 25 seed vigor index. When 
seeds treated with PEG-6000 along with PG-33 bacterial culture it showed 75% seed germination with 
127.5 seed vigor index.  
Bacillus licheniformis culture-treated Arachis hypogea seedlings showed 85% germination (52). Biofuel 
crop Pongamia pinnata seeds were soaked in 2% and 5% panchagavya solution for 8h showed germination 
percentage 88% and 70% respectively while in control 68% (54). Seed germination is a parameter of prime 
significance and fundamental to total biomass and yield production. (55) reported effect of the potential 
drought-tolerant bacterial strains isolated from the rhizosphere of S.acmella Murr. on Triticum aestivum L. 
The germination of wheat seedlings (Triticum aestivum L.) was reduced under 60% PEG compared to 
without PEG (control). A maximum of 1.28-fold rise in shoot length was found in the seedlings treated with 
H3S3A bacteria (Pantoea sp.). Similarly, the root length was increased by ~ 1.23 to 2.8-fold compared to 
control. Around 2.8-fold rise in the root, the length was found in seedlings treated with C3S3E strain 
(Burkholderia sp.) and a minimum 1.23-fold increase in the case of Pa2S2E bacteria (Klebsiella sp.). 
According to, (2) the efficiency of V. radiata seed germination in pot soils amended with different doses of 
PEG and inoculated with PAB19 was recorded at 6 DAS. Almost all seeds planted in untreated soil 
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germinated, whereas PEG at 15% maximally retarded germination efficiency and SVI by 50 and 56%, 
respectively, over non-treated controls. 
Pot study on Sorghum bicolor  
Table-5 shows physico-vegetative parameters of Sorghum bicolor. The biological contribution of PG-33 on 
the growth of Sorghum bicolor was investigated in the presence of PEG concentration. 
The results were recorded with positive and negative control. An increase in root length and shoot length 
was observed on 15th day along with increase in leaf length.  It was observed that treated plants had longer 
roots (10%) and shoots (47%) than the untreated control plants (Figure-6). In addition, treated plants had 
a higher fresh weight and dry weight.  
Bacillus species, such as Bacillus subtilis, Bacillus amyloliquoefaciens, Bacillus cereus, Bacillus pumilus, and 
Bacillus polymyxa, are well known for their plant growth and development abilities because they produce 
antibiotics and produce phytohormones and phosphate solubilization in drought stress (46). Inoculation 
of soil or crops with PGPB is a potential technique for boosting plant growth, thus reducing the usage of 
environmentally harmful chemical fertilizers (32). 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure-1: IAA production by PG-33 in drought stress along with control 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-2: GA production by PG-33 in drought stress along with control 
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Figure-3: Ammonia production by PG-33 in drought stress along with control 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure-4: Phosphate solubilization by PG-33 in drought stress along with control 
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a)  Control                                                                                               b) Treated 
Figure-5: Sorghum bicolor seed germination a) Only seeds (distilled water) b) seeds+PEG+PG-33 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-6: Sorghum bicolor plant growth after 15 days a) control (only seeds) b) positive control 
(seeds+PG-33) c) negative control (seeds+PEG) d) seeds+PEG+PG-33 

 
Table-1: Pot study experiment design 

Plant Pot number Pot design 
 

    Sorghum bicolor 
Pot-1 Only seeds 
Pot-2 Seeds+PEG 
Pot-3 Seeds+PG-33 
Pot-4 Seeds+PEG+PG-33 

 

a) b) c) d) 
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Table-2: The growth of PG-33 in drought stress condition 
PEG-6000 
(%W/V) 

Number of 
cells 

Percent growth 
(%) 

Control 4.97×108 100 
1% 3.99×108 80.0 
3% 2.99×108 60.1 
5% 2.43×108 48.9 
7% 2.42×108 48.7 

10% 2.07×108 41.6 
15% 1.45×108 29.2 

 
Table 3: Qualitative analysis for plant growth promoting traits 

PGP trait Result 
IAA Production Positive 
GA Production Positive 
NH3 Production Positive 

EPS Production Negative 
Phosphate solubilization Positive 

 
Table-4: Seed germination for Sorghum bicolor 

Treatment Number 
of seeds 

sown 

Number of 
germinated 

seeds 

Germination % Seedling 
length (cm) 

Seed 
vigour 
index 

Only seeds(distilled water) 100 100 100 1.5 150.0 
Seeds + 5% PEG 100 50 50 0.5 25.00 

Seeds+5%  PEG + PG-33 100 75 75 1.7 127.5 
 

Table-5: Physico-vegetative parameters of Sorghum bicolor 
Plant parameters of 

Sorghum bicolor after 15 
days  

Control  PEG-6000 
(Negative 
control) 

PG-33 
(Positive 
Control) 

PEG+PG-33 

Shoot length (cm) 3.400 3.000 5.000 1.900 
Root length (cm) 5.000 4.500 5.500 2.300 
Leaf length (cm) 11.50 10.20 18.50 10.00 

Fresh weight (gm) 0.162 0.122 0.155 0.134 
Dry weight (gm) 0.040 0.024 0.033 0.029 

 
CONCLUSION 
The current study indicates the importance of plant growth promoting bacteria isolated from fermented 
panchagavya. PG-33 helps plants to survive in drought condition because it shows many plant growth 
promoting activities (IAA production, GA production, ammonia production, phosphate solubilization etc.) 
even in the presence of drought conditions. The application of PG-33 on plants improved the plant growth 
with PEG. PG-33 may be used as biofertilizer. This study can be further explored far application of PG-33 in 
the field study. 
 
ACKNOWLEDGEMENT 
The authors duly acknowledge the Department of Microbiology and Biotechnology, Gujarat University, 
Ahmedabad, Gujarat for providing the laboratory and infrastructure facilities. 
 
COMPETING INTERESTS 
The authors have declared that no competing interest exists. 
  
 
 



ABR Vol Spl Issue 1, 2023                                                                           179 | P a g e                          © 2023 Author 

REFERENCES 
1. Ahmad, I., Ahmad, M., Hussain, A., & Jamil, M. (2021). Integrated use of phosphate-solubilizing Bacillus subtilis strain 

IA6 and zinc-solubilizing Bacillus sp. strain IA16: a promising approach for improving cotton growth. Folia 
Microbiologica, 66, 115-125. 

2. Ahmed, B., Shahid, M., Syed, A., Rajput, V. D., Elgorban, A. M., Minkina, T., ... & Lee, J. (2021). Drought tolerant 
Enterobacter sp./Leclercia adecarboxylata secretes indole-3-acetic acid and other biomolecules and enhances the 
biological attributes of Vigna radiata (L.) R. Wilczek in water deficit conditions. Biology, 10(11), 1149. 

3. Al-Ansari, T., Korre, A., Nie, Z., & Shah, N. (2015). Development of a life cycle assessment tool for the assessment of 
food production systems within the energy, water and food nexus. Sustainable production and consumption, 2, 52-
66. 

4. Ambawade, M. S., & Pathade, G. R. (2015). Production of gibberellic acid by Bacillus siamensis BE 76 isolated from 
banana plant (Musa spp.). Int J Sci Res, 4(7), 394-398. 

5. Anjum, S. A., Xie, X., Wang, L. C., Saleem, M. F., Man, C., & Lei, W. (2011). Morphological, physiological and biochemical 
responses of plants to drought stress. African journal of agricultural research, 6(9), 2026-2032. 

6. Ashry, N. M., Alaidaroos, B. A., Mohamed, S. A., Badr, O. A., El-Saadony, M. T., & Esmael, A. (2022). Utilization of 
drought-tolerant bacterial strains isolated from harsh soils as a plant growth-promoting rhizobacteria 
(PGPR). Saudi Journal of Biological Sciences, 29(3), 1760-1769. 

7. Beneduzi, A., Peres, D., Vargas, L. K., Bodanese-Zanettini, M. H., & Passaglia, L. M. P. (2008). Evaluation of genetic 
diversity and plant growth promoting activities of nitrogen-fixing bacilli isolated from rice fields in South 
Brazil. Applied Soil Ecology, 39(3), 311-320. 

8. Bric, J. M., Bostock, R. M., & Silverstone, S. E. (1991). Rapid in situ assay for indoleacetic acid production by bacteria 
immobilized on a nitrocellulose membrane. Applied and environmental Microbiology, 57(2), 535-538. 

9. Cappuccino, J. G., & Sherman, N. (1992). Biochemical activities of  microorganisms. Microbiology, A Laboratory 
Manual. The Benjamin/Cummings Publishing Co. California, USA, 76. 

10. Castañeda-Álvarez, N. P., Khoury, C. K., Achicanoy, H. A., Bernau, V., Dempewolf, H., Eastwood, R. J., ... & Toll, J. (2016). 
Global conservation priorities for crop wild relatives. Nature plants, 2(4), 1-6. 

11. Chandra, D., Srivastava, R., Gupta, V. V., Franco, C. M., & Sharma, A. K. (2019). Evaluation of ACC-deaminase-
producing rhizobacteria to alleviate water-stress impacts in wheat (Triticum aestivum L.) plants. Canadian journal 
of microbiology, 65(5), 387-403. 

12. Daryanto, S., Wang, L., & Jacinthe, P. A. (2015). Global synthesis of drought effects on food legume production. PloS 
one, 10(6), e0127401. 

13. Das, S., Nurunnabi, T. R., Parveen, R., Mou, A. N., Islam, M. E., Islam, K. M. D., & Rahman, S. M. (2019). Isolation and 
characterization of indole acetic acid producing bacteria from rhizosphere soil and their effect on seed 
germination. International Journal of Current Microbiology Applications in Science, 8(3), 1237-1245. 

14. Deng, L., Peng, C., Kim, D. G., Li, J., Liu, Y., Hai, X., ... & Kuzyakov, Y. (2021). Drought effects on soil carbon and nitrogen 
dynamics in global natural ecosystems. Earth-Science Reviews, 214, 103501. 

15. Ding, Y., Tao, Y., & Zhu, C. (2013). Emerging roles of microRNAs in the mediation of drought stress response in 
plants. Journal of experimental botany, 64(11), 3077-3086. 

16. Etesami, H., & Maheshwari, D. K. (2018). Use of plant growth promoting rhizobacteria (PGPRs) with multiple plant 
growth promoting traits in stress agriculture: Action mechanisms and future prospects. Ecotoxicology and 
environmental safety, 156, 225-246. 

17. Fadiji, A. E., Santoyo, G., Yadav, A. N., & Babalola, O. O. (2022). Efforts towards overcoming drought stress in crops: 
Revisiting the mechanisms employed by plant growth-promoting bacteria. Frontiers in Microbiology, 13. 

18. Gogoi, A., & Tripathi, B. (2019). 42% of India’s Land Area under Drought, 500 mn People Severely Affected.’. Business 
Standard, 14. 

19. Gohil, R. B., Patel, K., Shah H., Vyas, S., Desai, M., Rajput, K., (2020). Isolation and Screening of Plant Growth 
Promoting Bacteria from Fermented Panchagavya. Biosc.Biotech.Res.Comm, 13(1), 42-48. 

20. Gohil, R. B., Raval, V. H., Panchal, R. R., & Rajput, K. N. (2023). Plant growth promoting activities and effect of 
fermented panchagavya isolate Klebsiella sp. PG-64 on Vigna radiata. World Journal of Microbiology and 
Biotechnology, 39(2), 41. 

21. Graham, H. D., & Thomas, L. B. (1961). Rapid, simple colorimetrie method for the determination of micro quantities 
of gibberellic acid. Journal of Pharmaceutical Sciences, 50(1), 44-48. 

22. Hendry, G. A. (1993). Oxygen, free radical processes and seed longevity. Seed Science Research, 3(3), 141-153. 
23. Hsiao, T. C. (2000). Leaf and root growth in relation to water status. HortScience, 35(6), 1051-1057. 
24. Johnová, P., Skalák, J., Saiz-Fernández, I., & Brzobohatý, B. (2016). Plant responses to ambient temperature 

fluctuations and water-limiting conditions: A proteome-wide perspective. Biochimica et Biophysica Acta (BBA)-
Proteins and Proteomics, 1864(8), 916-931. 

25. Kamara, A. Y., Menkir, A., Badu-Apraku, B., & Ibikunle, O. (2003). The influence of drought stress on growth, yield 
and yield components of selected maize genotypes. The journal of agricultural science, 141(1), 43-50. 

26. Kasim, W. A., Hamada, E. A., El-Din, N. S., & Eskander, S. (2015). Influence of seaweed extracts on the growth, some 
metabolic activities and yield of wheat grown under drought stress. Int. J. Agron. Agric. Res, 7(2), 173-189. 

27. Kasotia, A., & Choudhary, D. K. (2016). Induced Inorganic Phosphate Solubilization Through N-Methyl-N-Nitro-N-
Nitrosoguanidine Treated Mutants of Pseudomonas koreensis Strain AK-1 (MTCC Number 12058) under 



ABR Vol Spl Issue 1, 2023                                                                           180 | P a g e                          © 2023 Author 

Polyethylene Glycol. Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 86, 115-
123. 

28. Khan, M. R., Haque, M. I., Zeeshan, Khatoon, N., Kaushik, I., & Shree, K. (2021). Caste, land ownership and agricultural 
productivity in India: evidence from a large-scale survey of farm households. Development in Practice, 31(4), 421-
431 

29. Khan, M. S., Pandey, M. K., & Hemalatha, S. (2018). Comparative studies on the role of organic biostimulant in 
resistant and susceptible cultivars of rice grown under saline stress-organic biostimulant alleviate saline stress in 
tolerant and susceptible cultivars of rice. Journal of Crop Science and Biotechnology, 21(5), 459-467. 

30. Kumar, A., Kumar, A., Devi, S., Patil, S., Payal, C., & Negi, S. (2012). Isolation, screening and characterization of 
bacteria from Rhizospheric soils for different plant growth promotion (PGP) activities: an in vitro study. Recent 
research in science and technology, 4(1), 1-5. 

31. Lafitte, H. R., Yongsheng, G., Yan, S., & Li, Z. K. (2007). Whole plant responses, key processes, and adaptation to 
drought stress: the case of rice. Journal of experimental botany, 58(2), 169-175. 

32. Lichtfouse, E. (Ed.). (2016). Sustainable Agriculture Reviews: Volume 19 (Vol. 19). Springer. 
33. Lotfi, N., Soleimani, A., Çakmakçı, R., Vahdati, K., & Mohammadi, P. (2022). Characterization of plant growth-

promoting rhizobacteria (PGPR) in Persian walnut associated with drought stress tolerance. Scientific 
Reports, 12(1), 12725. 

34. Mazumdar, D., Saha, S. P., & Ghosh, S. (2018). Klebsiella pneumoniae rs26 as a potent PGPR isolated from chickpea 
(Cicer arietinum) rhizosphere. Pharm. Innovat. Int. J, 7, 56-62. 

35. Miceli, A., Vetrano, F., Sabatino, L., D’Anna, F., & Moncada, A. (2019). Influence of preharvest gibberellic acid 
treatments on postharvest quality of minimally processed leaf lettuce and rocket. Horticulturae, 5(3), 63. 

36. Nagar, G. B. (2016). In vitro screening for salinity and drought stress tolerance in plant growth promoting bacterial 
strains. 

37. Nair, P. R. (2008). Agroecosystem management in the 21st century: it is time for a paradigm shift. Journal of Tropical 
Agriculture, 46, 1-12. 

38. Natarajan K (2002). Panchagavya- a manual. Other India Press, Mapusa, Goa, India, 13-27 
39. Nayagam G (2001). Indigenous paddy cultivation – Experiences of a farmer. Pestic. Post. 9. 
40. Omar, M. N., Osman, M. E., Kasim, W. A., & Salama, S. (2017). Characterization of two drought-tolerant PGPB. 

Azospirillum brasilense NO40 and Stenotrophomonas maltophilia. Journal of Environmental Sciences, 46(2), 121-136. 
41. Panchal VV (2016). Agriculturally beneficial bacterial isolates from panchagavya and establishing their PGP role in 

chilli (Capsicum annuum L.) (Doctoral dissertation, Anand Agricultural University, Anand). 
42. Pande, A., Pandey, P., Mehra, S., Singh, M., & Kaushik, S. (2017). Phenotypic and genotypic characterization of 

phosphate solubilizing bacteria and their efficiency on the growth of maize. Journal of Genetic Engineering and 
Biotechnology, 15(2), 379-391. 

43. Pandya, N., & Desai, P. (2013). Gibberellic acid production by Bacillus cereus isolated from the rhizosphere of 
sugarcane. J. Pure Appl. Microbiol, 7, 3239-3242. 

44. Pikovskaya, R. I. (1948). Mobilization of phosphorus in soil in connection with vital activity of some microbial 
species. Mikrobiologiya, 17, 362-370. 

45. Rampino, P., Pataleo, S., Gerardi, C., Mita, G., & Perrotta, C. (2006). Drought stress response in wheat: physiological 
and molecular analysis of resistant and sensitive genotypes. Plant, cell & environment, 29(12), 2143-2152. 

46. Saha, S. P., & Mazumdar, D. (2022). Potential of Plant Growth Promoting Rhizobacteria for Enhancement of Plant 
Growth and Its Role in Improving Soil Health Under Abiotic Stress. In Plant Stress: Challenges and Management in 
the New Decade (pp. 311-320). Cham: Springer International Publishing. 

47. Salehi-Lisar, S. Y., & Bakhshayeshan-Agdam, H. (2016). Drought stress in plants causes, consequences, and 
tolerance. Drought Stress Tolerance in Plants, Vol 1: Physiology and Biochemistry, 1-16. 

48. Samarah, N. H. (2005). Effects of drought stress on growth and yield of barley. Agronomy for sustainable 
development, 25(1), 145-149. 

49. Sapeta, H., Costa, J. M., Lourenco, T., Maroco, J., Van der Linde, P., & Oliveira, M. M. (2013). Drought stress response 
in Jatropha curcas: growth and physiology. Environmental and Experimental Botany, 85, 76-84. 

50. Sgherri, C. L. M., Maffei, M., & Navari-Izzo, F. (2000). Antioxidative enzymes in wheat subjected to increasing water 
deficit and rewatering. Journal of Plant Physiology, 157(3), 273-279. 

51. Sharma, P., Khanna, V., & Kumari, P. (2013). Efficacy of aminocyclopropane-1-carboxylic acid (ACC)-deaminase-
producing rhizobacteria in ameliorating water stress in chickpea under axenic conditions. Afr. J. Microbiol. 
Res, 7(50), 5749-5757. 

52. Shifa, H., Gopalakrishnan, C., & Velazhahan, R. (2015). Efficacy of Bacillus subtilis G-1 in suppression of stem rot 
caused by Sclerotium rolfsii and growth promotion of groundnut. International Journal of Agriculture, Environment 
and Biotechnology, 8(1), 111-118. 

53. Shobha, G., & Kumudini, B. S. (2012). Antagonistic effect of the newly isolated PGPR Bacillus spp. on Fusarium 
oxysporum. Int J Appl Sci Eng Res, 1(3), 463-474. 

54. Srimathi, P., Mariappan, N., Sundaramoorthy, L., & Paramathma, M. (2013). Efficacy of Panchagavya on seed 
invigoration of biofuel crops. Scientific Research and Essays, 8(41), 2031-2037. 

55. Thakur, M., Mittal, D., Khosla, P. K., Saini, V., Saini, R. V., & Saini, A. K. (2021). Rhizobacteria associated with Spilanthes 
acmella Murr. confer drought-tolerance and plant growth promotion. Biointer. Res. Appl. Chem, 11, 13155-13170. 



ABR Vol Spl Issue 1, 2023                                                                           181 | P a g e                          © 2023 Author 

56. Vílchez, J. I., Tang, Q., Kaushal, R., Wang, W., Lv, S., He, D., ... & Zhang, H. (2018). Genome sequence of Bacillus 
megaterium strain YC4-R4, a plant growth-promoting rhizobacterium isolated from a high-salinity 
environment. Genome announcements, 6(25), e00527-18. 

57. Yang, F., & Miao, L. F. (2010). Adaptive responses to progressive drought stress in two poplar species originating 
from different altitudes. Silva Fennica, 44(1), 23-37. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright: © 2023 Author. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
cited.     


