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Introduction 
 

Abiotic stress has been estimated that more 

than half of the yield potential of major crops 

is mainly affected due to unfavorable growing 

environments such as drought (Cortina and 

Culianez-Macia, 2005). The problem of 

drought is increasing day by day with 

reduction in production of crops (Qayyum 

and Malik, 1988). This can be recovered to a 

certain extent with the applications of plant  

 

 

 

 

 

 

 

 

 

 

 
growth regulators (PGRs) that play an 

important role in several physiological and 

molecular processes of plants. In addition, 

PGRs used as potential tools to increase 

defense mechanisms against any stress 

conditions (Nair et al., 2009). Hence, 

different approaches were adopted to alleviate 

the effect of drought and one among those is 

the exogenous application of plant growth 

Drought is important threat limitations to plant growth and sustainable agriculture 

worldwide. Droughts have a wide range of effects on the masses in a developing country 

like India. Drought is major abiotic stress affects germination, growth and productivity of 

crops. The investigation was aimed to carry out to assess the impact of PPFM (Pink 

Pigmented Facultative Methylotroph) and PGRs on alleviating the drought stress effects in 

tomato. Pot culture experiment was carried out in tomato variety PKM 1 and foliar spray 

different plant growth regulators like brassinolide (1 ppm), salicylic acid (100 ppm), 

benzyl amino purine (100 ppm) and gibberellic acid (10 ppm) and PPFM (1%), PPFM 

(2%) and PPFM (3%) under drought condition created based on field capacity of soil. 50 

per cent field capacity was maintained throughout the growth period for induction of 

drought and 100 per cent field capacity maintained as absolute control. The study indicated 

that the PPFM and PGRs could be effectively improving drought tolerance capacity of 

tomato crop under drought. Among the PGRs and different concentrations of PPFM used, 

PPFM (2%) was found to superior in improving RWC, photosynthetic rate, SPAD value 

and proline content. The anti oxidant enzyme, catalase activity was enhanced by PPFM 

(2%) and salicylic acid (100 ppm) treatments which has the ability to protect the plant 

under abiotic stress by nullifying oxidative damage. Foliar spray of salicylic acid (100 

ppm) was found effective in improving the NR activity followed by 2 per cent PPFM. The 

soluble protein content was maintained by brassinolide followed by PPFM (2%) under 

drought. 
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regulators (Ashraf and Foolad, 2007) and 

PGPR (Plant Growth Promoting 

Rhizobacteria). Methylobacterium species are 

a group of bacteria known as pink-pigmented 

facultative methylotrophs, or PPFMs (Green 

and Bousfield, 1983) and exogenous 

application of PPFM produces some benefit 

in alleviating the adverse effects of drought 

stress and also improves germination, growth, 

development, quality and yield of crop plants 

(Hayat et al., 2010). Van Loon et al., (1998) 

reported that environmentally sustainable 

agricultural systems, the bacterial inoculants 

that provide cross protection against both 

biotic and abiotic stress would be highly 

preferable. 

 

The benefit effect of gibberellins in maize 

(Tuna et al., 2008), cytokinins in vigna 

radiata (Chakrabarti and Mukherji, 2002), 

salicylic acid in tomato (Hayat et al., 2008) 

and brassinosteroid in tomato (Vardhini and 

Rao, 2001) were documented.  

 

Exogenously applied brassinolide alleviated 

the detrimental effects of drought in maize 

and remarkably improved the chlorophyll 

contents, protein, relative leaf water contents 

(RLWC), proline, and enzymatic antioxidants 

(Anjum et al., 2011). Saruhan et al., (2012) 

reported that the exogenous salicylic acid 

reduced the adverse effects of drought stress 

in maize and might have a key role in 

providing tolerance to stress by decreasing 

water loss and inducing the antioxidant 

system in plants with leaf rolling, an 

alternative drought protection mechanism. 

Application of cytokinin improves the 

physiological traits in terms of membrane 

stability index, RWC, and photosynthetic rate 

at the vegetative stage of wheat (Dwivedi et al., 

2014). Based on this background knowledge 

available, the present investigation was 

carried out to assess the physiological basis of 

drought tolerance mediated by PPFM and 

other PGRs in tomato. 

Materials and Methods 

 

The experiment was carried out in the pot 

culture under glass house condition. Red 

sandy soil was used for pot culture 

experiment. Soil mixture was prepared by 

using red soil, vermicompost and sand in the 

ratio of 3:2:1. Pots were filled with 10 kg of 

soil. Drought was imposed at first day after 

transplanting onwards by maintaining soil 

moisture at 50 per cent field capacity for 

drought stress by weighing and watering each 

pot at regular interval. Crop was supplied 

with fertilizers (NPK) and other cultivation 

operations including plant protection 

measures as per recommended package of 

practices of Tamil Nadu Agricultural 

University, Coimbatore. The experiment was 

laid out in completely randomized block 

design with three replications. The treatments 

like absolute control (100% FC), Control 

(50% FC), PPFM (1%), PPFM (2%), PPFM 

(3%), brassinolide (1 ppm), salicylic acid 

(100 ppm), benzyl amino purine (100 ppm) 

and GA3 (10 ppm) were used for this 

experiment. PPFM and PGRs treatments were 

given as foliar spray at 25 and 45 days after 

transplanting. 

 

The relative water content (RWC) was 

estimated according to Barrs and Weatherly 

(1962) and calculated by using following 

formula and expressed as per cent. 

 

RWC = [(Fresh weight – Dry weight) / 

(Turgid weight – Dry weight)] x 100 

 

Photosynthetic rate was measured by using 

Portable Photosynthesis System (PPS) (Model 

LI-6400 of LICOR inc., Lincoln, Nebraska, 

USA) equipped with a halogen lamp (6400-

02B LED) positioned on the cuvette. Totally, 

three measurements were taken in the same 

leaf. Leaves were inserted in a 3 cm
2
 leaf 

chamber and PPFD at 1200 μmol photons m
-2 

s
-1

 and relative humidity (50-55%) were set. 
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The readings were taken between 9 am and 

11.30 am. 

 

SPAD readings were recorded using 

Chlorophyll Meter (SPAD 502) designed by 

the Soil Plant Analytical Development 

(SPAD) section, Minolta, Japan. Soluble 

protein content of the leaf was estimated at by 

using folin ciocalteau reagent by following 

the procedure described by Lowry et al., 

(1950). 250 mg of leaf sample was macerated 

with 10 ml of phosphate buffer and the 

content was centrifuged at 3000 rpm for about 

10 minutes. One ml of the supernatant and 5 

ml of alkaline copper tartarate reagent were 

mixed with 0.5 ml of folin ciocalteau reagent 

and the OD value was measured at 660 nm in 

the spectrophotometer. The soluble protein 

content was expressed as µg g
-1

 fresh weight 

by using bovine serum albumin as the 

standard.    

 

The estimation of proline content was adopted 

by using the protocol of Bates et al., (1973) 

and amount of proline in the sample is 

expressed in mg g
-1

.  0.5 g leaf sample was 

homogenized with 10 mL of 3 per cent 

sulphosalicylic acid and centrifuged at 3000 

rpm for 10 minutes. Two mL of the 

supernatant was taken and 2 mL of glacial 

acetic acid, 2 mL of ortho phosphoric acid 

and 2 mL of acid ninhydrin mixture were 

added. The contents were allowed to react at 

100
0
C for 1 hour under water bath and then it 

is incubated on ice for 10 minutes to 

terminate the reaction. The reaction mixture 

was mixed vigorously with 4 ml toluene for 

15 to 20 seconds. The chromophore 

containing toluene was aspired from the 

aqueous phase, warmed to room temperature 

and optical density was read at 520 nm.  

 

Nitrate reductase activity was estimated in 

fully expanded functional leaves following 

the method of Nicholas et al., (1976) by using 

assay medium (Phosphate buffer + KNO3 + 

Iso propanol), sulphanilamide and NEDH.  

The enzyme activity was expressed as μmol 

NO2 g
-1

 h
-1

 using KNO2 as a standard. 

Catalase activity was determined by following 

titration method using potassium 

permanganate (Gopalachari, 1963) and 

expressed as μg H2O2 g
-1

 min
-1

. The data on 

various parameters were analyzed statistically 

as per the procedure suggested by Gomez and 

Gomez (1984).  

 

Results and Discussion 

 

Impact of PPFM and PGRs on RWC and 

photosynthetic rate 

 

Relative water content (RWC)  

 

It is the important trait that reflects the tissue 

water status under stress which has direct 

relevance to photosynthetic rate through 

stomatal opening by turgid. RWC is considered 

as one of the key tool to assess drought 

tolerance. Haloi and Baldev (1986) revealed 

that the productivity of the crop may be related 

to physiological attributes like photosynthetic 

rate and relative water content. In the present 

study, RWC decreased up to 32.69 per cent in 

plants under drought compared to absolute 

control. Among the PGRs and PPFM used, 

PPFM (2%) treatment gave statistically 

superior relative water content of 64.42 per 

cent followed by brassinolide (62.66%) and 

salicylic acid (61.24%) and at 60 DAT (Table 

1).  

 

Higher RWC indicates better water status of 

plant, which in turn cause rapid early growth 

and maintenance of RWC at reasonably 

higher level during reproductive phase greatly 

influences the tolerance under water stress 

conditions. Zhang et al., (2004) reported that 

the plant growth regulators like benzyladenine 

and brassinolide significantly increased leaf 

water potential and improved chlorophyll 

content in soybean under water deficit 
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condition. From the current study, it is 

observed that foliar application of PPFM 

(2%) increased the relative water content up 

to 32.12 per cent followed by brassinolide 

(28.51%). The higher relative water content 

might be due to the osmotic adjustment as 

reported by Katerji et al., (1997). The positive 

effect of PPFM might be due to the increment 

of osmolytes like proline and enhance the 

water uptake and maintained the water status 

of the plant. The ameliorative effect of SA 

might be linked to increased photosynthetic 

apparatus which in turn considerably 

increased the biosynthesis of osmotic solutes 

under droughts stress. These osmolytes might 

increase the osmotic pressure of cytoplasm 

and enhance water flow into the different 

plant organs and tissues. The results of 

present study corroborate the findings of 

Maggio et al., (2010) and Li et al., (2009) in 

tomato.  

 

Photosynthetic rate 

 

It is the primary determinant of plant growth 

and yield. Current study showed that drought 

stress caused significant reduction in 

photosynthetic rate than normal conditions. 

The reduction in photosynthesis in drought 

stress condition was observed as 36.16 per 

cent when compared to absolute control. The 

data on the photosynthetic rate revealed 

significant difference among the treatments 

and absolute control. Absolute control 

recorded the highest photosynthetic rate 

(43.70 μmol CO2 m
-2

 s
-1

) and lowest was 

recorded in control (23.77 μmol CO2 m
-2

 s
-1

). 

The maximum photosynthetic rate was 

observed in brassinolide (36.43 μmol CO2 m
-2

 

s
-1

) followed by PPFM (2%) treatment (35.80 

μmol CO2 m
-2

 s
-1

) (Table 1).  

 

Improving the photosynthesis through 

exogenous application of PGRs and PPFM 

was extremely useful as it directly correlates 

with biomass in turn to yield. In current study 

of PGRs and PPFM tried, brassinolide 

improved the photosynthetic rate up to 30.57 

per cent under drought stress conditions over 

control. Foliar application of brassinosteroids 

might increase the light saturated net CO2 

assimilation rate (Yu et al., 2004). Increased 

CO2 assimilation rate in leaves was 

accompanied by the increase in the maximum 

carboxylation rate of rubisco and a higher 

quantum yield of PSII electron transport. The 

findings of present study is in accordance 

with the findings of Braun and Wild (1984) in 

wheat and mustard. Methylotrophs 

inoculation was found to increase the 

photosynthetic activity by enhancing the 

number of stomata, chlorophyll content and 

malic acid content in sugarcane (Cervantes-

martinez et al., 2004).  

 

McTaggart et al., (2015) reported that the 

generation of CO2 from methanol can also 

occur by PPFM. Increasing CO2 

concentration inside stomata led to accelerate 

the rate of photosynthesis and decrease the 

rate of photorespiration in C3 plants (Ramirez 

et al., 2006) because the competition between 

CO2 and O2 for rubisco enzyme. 

 

Impact of PPFM and PGRs on SPAD and 

soluble protein content 

 

Absolute control recorded highest SPAD 

value (41.87) and control recorded the lowest 

mean SPAD value (23.00). Among the 

treatments, BAP recorded the highest SPAD 

value (40.30) followed by brassinolide 

(38.72) which is on par with PPFM (37.40) 

(Table 2). SPAD chlorophyll meter permits a 

rapid and non-destructive determination of 

leaf chlorophyll content by measuring leaf 

transmittance. The SPAD value decreased 

upon increases in the duration of drought. In 

the present study, the reduction of SPAD 

value was recorded up to 45.07 per cent. The 

higher values of chlorophyll had attributed to 

an increased photosynthetic rate, resulting in 
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higher dry matter production ultimately 

drought tolerance.  

 

In the present study, foliar application of 

BAP, brassinolide and PPFM prevent the 

chlorophyll breakdown under drought leads to 

retention of chlorophyll and delay of 

senescence. This result is corroborates with 

result of Misratia et al., (2013) in rice. 

Meenakshi and Savalgi (2009) found high 

chlorophyll content in treatment, which 

received both seed inoculation and foliar 

spray of Methylobacterium. Madhaiyan et al., 

(2004) observed higher photosynthetic 

activity in rice cultivar Co-47 that received 

Methylobacterium and attributed the effect 

due to enhancement of chlorophyll 

concentration, maleic acid content and 

increased number of stomata. Using a variety 

of biochemical and cytological methods, it 

has been shown that microbes of the genus 

Methylobacterium produced cytokinin 

(Koenig et al., 2002). The “classical” 

phytohormone auxin is also produced and 

secreted by different strains of 

Methylobacterium (Hornschuh et al., 2002). 

Basile et al., (1985) found that the PPFMs 

influence plant growth by production of 

phytohormones, such as IAA, cytokinins and 

vitamins. Anurajan (2003), for the first time 

reported the production of gibberellic acid by 

Methylobacterium sp. which acted as plant 

growth regulator by modifying plant 

morphology. Jones (2010) observed zeatin 

production ranging from 0.07 to 1.84 μg / ml 

by PPFM.  

 

These results clearly indicated that the 

production and release of important growth 

promoting substances by non-pathogenic 

Methylobacteria which might have been 

involved in the regulation of plant growth and 

highly correlated with drought tolerance.  

 

Soluble protein content of the leaf, being a 

measure of RuBP carboxylase activity was 

considered as an index for photosynthetic 

efficiency. The rubisco content per unit leaf 

area was positively correlated with that of 

soluble protein content of the leaf (Diethelm 

and Shibles, 1989). The amount of rubisco in 

leaves is controlled by the rate of synthesis 

and degradation. However, abiotic stress in 

tomato (Bartholomew et al., 1991), 

arabidopsis (Williams et al., 1994) and rice 

(Vu et al., 1999) leads to a rapid decrease in 

the abundance of rubisco small subunit (rbcS) 

transcripts, which may indicate decreased 

synthesis. Absolute control recorded the 

highest soluble protein (14.12 mg g
-1

) and 

lowest was recorded in control (9.58 mg g
-1

). 

Brassinolide recorded highest soluble protein 

(12.25 mg g
-1

) followed by PPFM (2%). The 

growth regulators and PPFM irrespective of 

the dose were found to improve the soluble 

protein content significantly over control.  

 

In the present study, 32.15 per cent of soluble 

protein content was reduced due to drought 

stress. The reduction of soluble protein content 

might be due to the degradation of available 

soluble protein in plant and reduction of 

synthesis of enzyme. Among the stress 

mitigation treatments, foliar spray of 

brassinolide improved 27.87 per cent of 

soluble protein followed by 2 per cent PPFM 

(21.82%) over control (Table 2). The positive 

effect of brassinolide on soluble protein 

content might be due to its involvement in the 

expression and activation of genes responsible 

for synthesis of rubisco and rubisco activase 

(Xia et al., 2009), thereby increasing the 

capacity of CO2 assimilation in the Calvin 

cycle. The positive effect of PPFM on soluble 

protein is might be due to protection of 

soluble protein degradation under drought. 

 

Impact of PPFM and PGRs on proline 

 

Proline is believed to protect plant tissues 

against stress by acting as nitrogen storage, 

osmoregulator and protectant for enzymes and 
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cellular structure. It is one of the important 

amino acids, is known to occur widely in 

higher plants and normally accumulates in 

large quantities in response to environmental 

stress (Ali et al., 1999). From the current 

study, it was noted that the higher 

accumulation of proline was found in drought 

condition compared to absolute control.  

 

Proline accumulation is a significant response 

of plant under drought stress. According to 

Shtereva et al., (2008), PEG induced drought 

stress increases endogenous proline 

concentration in tomato. According to Anjum 

et al., (2000), proline is a scavenger of OH
*

 

radical and plays an important role in osmotic 

adjustment during oxidative stress. It reduces 

the damaging effect of ROS to the membrane 

lipid and protein, enzymes and DNA. Proline 

has an important role to sustain root growth 

under water stress condition. 

 

Among the PGRs, the foliar application of 

PPFM (2%) increased the proline content by 

11.34 per cent followed by brassinolide 

(8.34%) and salicylic acid (7.89%) to absolute 

control. This might be due to the fact that 

PGRs and PPFM reduced the impact of stress 

leading to high level of proline accumulation. 

However, the proline content is higher than 

control in all the PGRs and PPFM treated 

plants. Our results are in agreeable with the 

findings of Uyprasert et al., (2004), who stated 

that proline acts as a compatible solute and a 

protective agent for cytoplasmic enzymes and 

structures. And also they confirmed that the rice 

genotypes exhibiting high proline accumulation 

had a marked effect on the ability to maintain 

water status consequently delayed tissue death 

and leaf senescence in rice under water stress.  

 

The role of ameliorators such as PPFM and 

brassinolide was significant in increasing the 

content of proline in the stressed plants 

(Aruna et al., 1999). These bioregulators 

could increase the hydrolysis of macro-

molecules into the simpler ones like mono 

and disaccharides and amino acids especially 

proline etc. and consequently higher osmolyte 

concentration resulting in favourable 

osmoregulation process during water stress 

conditions. Ameliorants generally maintained 

higher values of RWC, LWP and proline.  

 

Impact of PPFM and PGRs on NR and 

catalase activity 

 

Nitrate reductase (NR)  

 

It is an important enzyme for nitrogen 

assimilation and protein synthesis in plant cell 

which is highly sensitive to any abiotic stress 

condition. NR activity is vital for the 

metabolic and physiological status of plants 

and can be used as a biomarker of plant stress 

including drought since, nitrate reductase 

activity decreases in plants exposed to water 

limitation (Azcon et al., 1996). In the present 

study also 40.87 per cent reduction of nitrate 

reductase activity was registered due to 50 per 

cent drought. 

 

The trend of nitrate reductase activity 

exhibited significant differences among the 

treatments are presented. Absolute control 

recorded the highest nitrate reductase activity 

(196.78 μg NO2 g
-1

 h
-1

) and lowest was 

recorded in control (122.27 μg NO2 g
-1

 h
-1

). 

Among the PGRs and PPFM used in this 

study, salicylic acid recorded highest NR 

activity (173.24 μg NO2 g
-1

 h
-1

) followed by 

PPFM (2%) treatment (172.45 μg NO2 g
-1

 h
-1

) 

and  brassinolide (171.01 μg NO2 g
-1

 h
-1

) 

(Graph 1). This shows that the enzyme 

activity is accelerated by the foliar spray of 

plant growth regulators and PPFM.  

 

According to the results obtained by the foliar 

spray of salicylic acid were found effective in 

improving the nitrate reductase activity with 

the increase of 33.51 per cent followed by 2 

per cent PPFM (31.23%). SA protects nitrate 
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reductase activity and maintains protein and 

nitrogen content and increases photosynthetic 

rate and rubisco activity of wheat plants 

subjected to water deficit as shown by 

Bhupinder and Usha (2003). The optimistic 

role of PPFM for the protection of NR 

activity under drought was observed in the 

present study. However, the physiological 

basis for the protection of NR activity by 

PPFM will be elucidated. 

 

The enzyme catalase involved in the 

detoxification of reactive oxygen species, 

especially hydrogen peroxide. In present 

study, catalase activity increased up to 27.75 

per cent due to 50 per cent drought. The 

plants in absolute control registered minimum 

enzyme activity of 10.92 μg H2O2 g
-1

 min
-1 

than control (7.89 H2O2 g
-1

 min
-1

). Hence, it 

was showed that catalase activity increased 

under stress condition. Among the PGRs and 

PPFM used, 2 per cent PPFM (5.76), 

brassinolide (6.09) and salicylic acid (6.16 μg 

H2O2 g
-1

 min
-1

) were recorded significantly 

superior catalase activity. Among the PGRs 

and PPFM, PPFM (2%) showed higher 

catalase activity with 27 per cent higher than 

control followed by brassinolide (22.81%) 

(Graph 2).  

 

Table.1 Impact of PPFM and PGRs on RWC, SPAD value and Photosynthetic rate of tomato 

under drought at 60 DAT 

 

 

Table.2 Impact of PPFM and PGRs on soluble protein and proline content of  

 tomato under drought at 60 DAT 

Treatments Soluble protein (mg g
-1

) Proline ( µg g
-1

) 

T1: Absolute control 14.12 162.66 

T2: Control  9.58 293.20 

T3: PPFM (1%) 10.79 302.33 

T4: PPFM (2%) 11.67 326.45 

T5: PPFM (3%) 10.54 312.54 

T6: Brassinolide (1 ppm) 12.25 317.64 

T7: Salicylic acid (100 ppm) 11.02 316.32 

T8: BAP (100 ppm) 10.66 301.10 

T9: GA 3 (10 ppm) 9.80 308.12 

SE (d) 0.21 6.37 

CD (P=0.05) 0.44 13.37 

Treatments RWC (%) 
Photosynthetic rate 

(µmol m
-2

 s
-1

) 
SPAD value  

T1: Absolute control 72.44 43.70 41.87 

T2: Control  48.76 27.90 23.00 

T3: PPFM (1%) 55.33 32.60 33.63 

T4: PPFM (2%) 64.42 35.80 37.40 

T5: PPFM (3%) 60.22 32.00 29.98 

T6: Brassinolide (1 ppm) 62.66 36.43 38.72 

T7: Salicylic acid (100 ppm) 61.24 33.90 30.90 

T8: BAP (100 ppm) 55.80 29.60 40.30 

T9: GA 3 (10 ppm) 58.33 28.90 27.98 

SE (d) 1.19 0.82 0.85 

CD (P=0.05) 2.50 1.72 1.78 



Int.J.Curr.Microbiol.App.Sci (2017) 6(6): 1640-1651 

1647 

 

 Graph.1 Impact of PPFM and PGRs on NR activity (µmol NO2 g
-1

 h
-1

) of tomato under drought 

at 60 DAT 

 

 
 

Graph.2 Impact of PPFM and PGRs on catalase activity (µg H2O2 g
-1

min
-1

) of tomato under 

drought at 60 DAT 

 

 
 

Peroxidases and catalases also play an 

important role in the fine regulation of 

reactive oxygen species in the cell through 

activation and deactivation of several 

apoplastic enzymes may also generate 

reactive oxygen species under normal and 

stressful conditions (Sairam et al., 2005). 

Among the enzymes, catalase (CAT) is an 

important and most powerful antioxidant 

enzyme under abiotic stress condition to nullify 

the effect of H2O2 and protects the plants under 

stress condition. This enzyme is generally 

regarded as H2O2 scavenger involved in the 

reduction of damage by oxidation function 

(Reddy et al., 2004). Abd El-Gawad et al., 

(2015) found that the antioxidant enzymes 

like catalase and SOD activity were increased 

by the PPFM in snap bean. 

 

In conclusion, agricultural production has 

been declined year by year due to many 

abiotic stresses especially drought. Of the 

various management practices available, 

mitigation through PGRs and bio-products 
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like PPFM are promising to enhance water 

status of the plant, photosynthetic rate, 

compatible osmolytes like proline and anti-

oxidant enzyme like catalase activity which 

protects the plant under any abiotic stress 

condition. Therefore, these results have 

practical field application to protect the plant 

under drought especially PPFM. Further 

studies would be required to confirm the 

effect of PPFM through molecular studies. 
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