
 

 

MORPHOLOGICAL AND BIOCHEMICAL CHARACTERIZATION OF 

PHYLLOSPHERE BACTERIA  

 

Abstract 

Phyllosphere bacteria, residing on the surfaces of plant leaves, play crucial roles in 

plant health and environmental processes. Understanding their morphological and 

biochemical characteristics is fundamental for comprehending their ecological functions. This 

study aimed to investigate the morphological and biochemical traits of phyllosphere bacteria 

isolated from cereal plant species.Isolates were collected from the leaves of different cereal 

plants and subjected to morphological and biochemical assays were performed to characterize 

their metabolic capabilities. Results revealed a diverse array of morphotypes, including 

cocciamdbacilli, indicating the presence of varied bacterial species in the phyllosphere. 

Furthermore, biochemical analyses highlighted metabolic versatility among isolates, with 

varying abilities to utilize different carbon sources and produce enzymes.These findings 

underscore the heterogeneity and metabolic diversity of phyllosphere bacteria, suggesting 

their potential roles in nutrient cycling, plant growth promotion and disease suppression. 

Further exploration of these characteristics could elucidate the mechanisms underlying plant-

microbe interactions in the phyllosphere and inform strategies for sustainable agriculture and 

environmental management. 
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Introduction 

The phyllosphere, the aerial parts of plants, represents a dynamic ecological niche 

teeming with microbial life, particularly bacteria. These phyllosphere bacteria, by residing on 

leaf surfaces, play pivotal roles in plant health, growth and ecological processes. 

Understanding the morphological and biochemical characteristics of these bacteria is 

essential for elucidating their ecological functions and their potential applications in 

agriculture and environmental management (Vorholt., 2012). 

The phyllosphereharbors a diverse microbial community, including bacteria, fungi, 

and viruses, which interact with each other and with the plant host. Phyllosphere bacteria 

colonize leaf surfaces through various mechanisms, including aerial dispersal, rain splash, 

and insect vectors. Once established, they engage in complex interactions with the plant and 



 

 

other microorganisms, influencing nutrient cycling, plant growth, and defense mechanisms 

(Bulgarelli et al., 2013). 

Studies have shown that phyllosphere bacteria can promote plant growth through 

mechanisms such as nitrogen fixation, phosphate solubilization, and production of 

phytohormones. Additionally, they can enhance plant defense against pathogens by 

competing for space and nutrients, producing antimicrobial compounds, and inducing 

systemic resistance. Moreover, phyllosphere bacteria contribute to environmental processes 

such as carbon cycling and atmospheric nitrogen fixation. 

Phyllosphere bacteria exhibit remarkable morphological diversity, reflecting the 

multitude of species occupying this niche. Microscopic examination of leaf samples reveals a 

wide range of morphotypes, including cocci, bacilli, spirilla, and filamentous forms. This 

diversity suggests the presence of numerous bacterial taxa adapted to the specific 

microenvironments offered by different plant species and leaf structures. 

The morphology of phyllosphere bacteria is influenced by various factors, including 

nutrient availability, humidity, UV radiation, and interactions with other microorganisms. For 

instance, certain bacteria may form aggregates or biofilms on leaf surfaces, providing 

protection against desiccation and predation. Moreover, the morphology of phyllosphere 

bacteria can undergo changes in response to environmental stressors, such as nutrient 

depletion or exposure to antimicrobial compounds. 

In addition to morphological diversity, phyllosphere bacteria exhibit a wide range of 

biochemical characteristics, reflecting their metabolic versatility and adaptation to diverse 

ecological niches. Biochemical assays provide insights into the metabolic capabilities of these 

bacteria, including their ability to utilize different carbon and nitrogen sources, produce 

enzymes, and tolerate environmental stresses (Leveau and Lindow., 2001). 

Phyllosphere bacteria are known to employ various metabolic pathways to thrive on 

leaf surfaces. For instance, they may utilize plant-derived organic compounds, such as sugars 

and organic acids, as carbon sources for growth. Additionally, some bacteria possess enzymes 

capable of degrading complex polymers present in leaf litter, contributing to the 

decomposition of plant material and nutrient recycling. 

Materials and Methods 

Morphological Characterization phyllosphere isolates 



 

 

The morphological and biochemical characteristics of phyllosphere bacteria provide 

valuable insights into their taxonomy, physiology, and potential ecological functions within 

plant ecosystems. Understanding these characteristics is essential for accurate identification 

and classification of bacterial isolates, as well as for assessing their roles in plant health and 

development. In this section, we outline the procedures employed to investigate the 

morphological and biochemical properties of phyllosphere bacteria isolated from cereal 

samples.  

All the forty isolates were checked for their purity and then studied for the colony 

morphology and pigmentation. The cell shape and Gram reaction were also recorded as per 

the standard procedures given by Barthalomew and Mittewar (1950). 

3.5.1 Shape 

Simple staining allowed for the observation of the cell shape. Every isolate was made 

into a smear, allowed to air dryand then stained for 30 seconds with crystal violet. After that, 

the stained smear was cleaned, allowed to air dry and examined under an oil immersion 

compound microscope (Barthalomew and Mittewer, 1950). 

3.5.2 Gram’s staining 

A sterile distilled water drop was positioned in the centre of the slide, and an 

inoculum loopful from a culture that was 24 hours old was taken and combined with it. The 

inoculation needle tip was used to spread the suspension out on a slide to create a thin 

suspension. The smear was fixed by making three or four passes over the flame on the lower 

side of the slide for gentle heating after being left to dry in the air. Each slide was quickly 

cleaned with distilled water after 30 seconds of crystal violet application. The slides were 

drained and cleaned using distilled water, 95% ethyl alcohol, and water after being covered 

with Gram's iodine solution for 60 seconds. After using safranin for 30 seconds, the area was 

cleaned with distilled water and allowed to air dry.According to Aneja (2003), bacteria were 

classified as Gram-positive or purple and Gram-negative or pink. 

3.5.3 Motility test 

The sterile motility agar medium was used to stably inoculate each test culture. The 

cultures were then incubated for 48 hours at 37 ℃ to monitor bacterial motility. 



 

 

3.5.4 Endospore staining 

The organisms to be tested for endospores were prepared and heat-fixed into smears. 

A piece of absorbent paper that was cut to fit the slide was used to cover the smear, and it was 

set on a wire mesh on a ring stand. After saturating the paper with malachite green, the slide 

was heated until steam emerged from the top. To maintain the slide's steam for roughly three 

minutes, reheating was done as needed. Malachite green was gradually added to the paper as 

it started to dry in order to keep it moist and prevent a noticeable drop in temperature. 

Afterwards, the slide was carefully cleaned with tap water after the paper was taken off with 

tweezers. After draining and counterstaining the slide for 45 seconds with 0.5 percent 

safranin, the slide was cleaned with tap water, pat dried, and scrutinized. The spores will 

appear green, and the vegetative cells will appear red (Aneja, 2003; Harley and Prescott, 

2002). 

3.6 Biochemical characterization and tentative identification of phyllosphereisolates 

Biochemical characterization of phyllosphere bacteria involves a series of tests aimed 

at identifying specific enzymatic activities and metabolic pathways exhibited by these 

microorganisms. The following are the key biochemical tests used for characterization: 

3.6.1 Catalase test 

A small amount of bacterial growth from each isolate is transferred onto a glass slide 

or into a test tube using a sterile loop or inoculation needle. A few drops of 3% hydrogen 

peroxide solution are added to each bacterial growth. Observations are made for the presence 

of bubbles, indicating positive catalase activity(Blazevic and Ederer, 1975).  

3.6.2 Oxidasetest(Cappuccino andSherman,1996) 

A small amount of bacterial growth is transferred onto an oxidase test strip or disk. 

Color changes are observed according to the manufacturer's instructions within a specified 

time period, indicating positive or negative oxidase activity. 

3.6.3 Starch Hydrolysis 

Bacterial isolates are streaked onto starch agar plates. Plates are incubated at the 

appropriate temperature for the given bacteria. After incubation, plates are flooded with 



 

 

iodine solution and observed for the presence of clear zones around bacterial growth, 

indicating starch hydrolysis. 

3.6.4 Hydrogen Sulphide production 

Bacterial isolates are inoculated into SIM agar tubes.Tubes are incubated at the 

appropriate temperature for the given bacteria.After incubation, tubes are observed for the 

presence of black precipitates, indicating positive hydrogen sulfide production. (Blazevic and 

Ederer, 1975). 

3.6.5 Methylredtest(SeeleyandVandemark,1981) 

Bacterial isolates are cultured in MR-VP broth tubes. Methyl red indicator is added to 

the tubes. After incubation, tubes are observed for the development of a red color, indicating 

positive methyl red test. 

3.6.6 Urease test 

Bacterial isolates are streaked onto urea agar plates. Plates are incubated at the 

appropriate temperature for the given bacteria.After incubation, plates are observed for a pink 

color change, indicating positive urease activity.(James and Sherman, 1992). 

3.6.7  Gelatin liquefaction 

Bacterial isolates are inoculated into gelatin tubes. Tubes are incubated at the 

appropriate temperature for the given bacteria. After incubation, tubes are chilled to assess for 

solidification or liquefaction of gelatin. A liquid consistency indicates positive gelatin 

liquefaction.(Blazevic and Ederer, 1975). 

3.6.8 Nitrate reduction test 

The pre-sterilized nitrate broth was used to inoculate the isolates, and they were then 

incubated for 48 hours at 37°C. A porcelain dish was filled with one drop of culture, one drop 

of sulphuric acid, and three drops of the nitrate test reagent. The test will be deemed 

successful if the colour cherish red forms.(Beishir, 1987). 

3.6.9 Indole production (Venantet al., 2013) 



 

 

Bacterial isolates are cultured in tryptone broth tubes. Kovac's reagent is added to the 

tubes. After incubation, tubes are observed for a red coloration in the reagent layer, indicating 

positive indole production. 

3.6.10 Citrate Utilization  

Bacterial isolates are streaked onto citrate agar slants. Slants are incubated at the 

appropriate temperature for the given bacteria. After incubation, slants are observed for 

growth and color change of the medium from green to blue, indicating positive citrate 

utilization. 

3.6.11 Voges-Proskauer Reaction 

Test tubes were filled with sterilized V-P broth (pH 6.5) and incubated for 3, 5, and 7 

days. Following incubation, 3 ml of 40% (w/v) NaOH was mixed with cultures, and 0.5 mg 

of creatine was added. The test tubes were then checked for the production of acetyl methyl 

carbinol. At room temperature for half an hour, the tubes were checked to see if any red 

colour was produced. 

Casein Hydrolysis (Smibert and Kreig, 1981) 

Skim milk agar plates were streaked with the isolates, and they were then allowed to 

incubate at room temperature. The creation of clear zones surrounding the colonies, a sign of 

casein hydrolysis, was regarded as a positive reaction. 

Result and Discussion 

Morphological characterization of rhizosphere and phyllosphere isolates 

Based on the morphological and microscopic characterization, the bacterial colonies 

were identified upto generic level. The bacterial isolates were examined for variations in 

colony morphology, shape, gram reaction, and motility. The morphological characteristics of 

all the forty phyllosphere were represented in the Table 1. 

The bacteria that were isolated for the study were identified as Bacillus subtilis and 

Bacillus pumilus based on their morphological and biochemical characteristics (Awais et al., 

2007).  



 

 

Colony Morphology 

The colony morphology of all the 40 isolates varied from creamish to white, yellow, 

pinkish to red color and smooth circular small size to raised irregular large size colonies 

(Table 1) (Plate 1). 

Meena et al. (2012) distinguished between the methylotrophic isolates using their 

colony morphology and growth characteristics. Vinod et al. (2017) used morphological and 

cultural characteristics, such as colony morphology and pigmentation, to isolate and identify 

24 PSB from maize. Of these, eight were Pseudomonas and sixteen were Bacillus. 

Shape 

All the forty phyllosphere isolated bacteria were rod shaped and were represented in 

the Table 1. Dhruveet al. isolsated 41 distinct phosphate-solubilizing bacteria in 2017. 

Gram reaction and Motility 

Among forty phyllosphere bacterial isolates, 19 isolates were Gram positive as they 

shows crystal violet by gram reaction process includes CPRMS 4, CPRMS 5, CPRMS 7, 

CPRMS 8, CPRMS 10, CPRMS 11, CPRMS 14, CPRMS 15, CPRMS 19, CPRMS 21, 

CPRMS 23, CPRMS 25, CPRMS 27, CPRMS 29, CPRMS 31, CPRMS 32, CPRMS 34, 

CPRMS 38, CPRMS 40 and 21 of 40 isolates were confirmed as gram negative as they 

produces pink color on gram reaction viz. CPRMS 1, CPRMS 2, CPRMS 3, CPRMS 6, 

CPRMS 9, CPRMS 12, CPRMS 13, CPRMS 16, CPRMS 17, CPRMS 18, CPRMS 20, 

CPRMS 22, CPRMS 24, CPRMS 26, CPRMS 28, CPRMS 30, CPRMS 33, CPRMS 35, 

CPRMS 36, CPRMS 37, CPRMS 39 (Plate 2)and All the isolated rhizosphere bacteria were 

motile. 

A study was carried out to isolate Bacillus species from the rhizosphere of soybean 

plants. According to Wahyudi et al. (2011), every single one of these isolates had positive 

Gram reaction and endospore appearance results. 

 

 

Table 1:Morphological characterization of phyllosphere bacteria 



 

 

Sl.       

No. 

     Isolates                                                              Morphological characters  

                      Colony 

morphology 

Shape Gram 

reaction 

Spore 

formation 

Motility 

1 CPRMS 1 Creamy, white, raised Rod -ve -ve Motile 

2 CPRMS 2  White, small, smooth Rod -ve +ve Motile 

3 CPRMS 3  Irregular, flat, creamy whitish Rod -ve -ve Motile 

4 CPRMS 4 Light cream, flat, irregular Rod +ve +ve Motile 

5 CPRMS 5 Irregular, reddish, flat Rod -ve -ve Motile 

6 CPRMS 6 Whitish, small, irregular Rod -ve -ve Motile 

7 CPRMS 7 Irregular, small, light cream Rod +ve -ve Motile 

8 CPRMS 8 Small, white, circular, flat Rod +ve +ve Motile 

9 CPRMS 9 Small white, slimy, flat Rod -ve -ve Motile 

10 CPRMS 10 Cream, small, regular Rod +ve -ve Motile 

11 CPRMS 11 Creamy whitish, large, 

irregular 

Rod +ve +ve Motile 

12 CPRMS 12 Whitish, large, irregular, flat Rod -ve -ve Motile 

13 CPRMS 13 Small yellowish, raised Rod -ve +ve Motile 

14 CPRMS 14 Irregular white smooth Rod +ve +ve Motile 

15 CPRMS 15 Irregular, creamy, wrinkled Rod +ve -ve Motile 

16 CPRMS 16 Large, whitish, flat Rod -ve -ve Motile 

17 CPRMS 17 White, small, flat, irregular Rod -ve +ve Motile 

18 CPRMS 18 Irregular, whitish, medium, 

flat 

Rod -ve +ve Motile 

19 CPRMS 19 Small, white, flat Rod +ve -ve Motile 

20 CPRMS 20 Irregular, white, smooth Rod -ve -ve Motile 

 

Sl.       

No. 

     Isolates                                                              Morphological characters  

Colony morphology Shape Gram 

reaction 

Spore 

formation 

         Motility  

21 CPRMS 21 White, smooth, small, 

flat 

Rod +ve +ve           Motile 

22 CPRMS 22 White, large, irregular Rod -ve -ve           Motile 

23 CPRMS 23 Irregular, dull white, 

dry 

Rod +ve -ve           Motile 

24 CPRMS 24 Cream, small, regular Rod -ve +ve           Motile 

25 CPRMS 25 Small, orange, circular, 

white 

Rod +ve +ve           Motile 



 

 

26 CPRMS 26 Small, white, flat Rod -ve -ve           Motile 

27 CPRMS 27 Creamy white, raised Rod +ve -ve           Motile 

28 CPRMS 28 Light cream, regular, 

flat 

Rod -ve +ve           Motile 

29 CPRMS 29 Small yellowish, raised Rod +ve -ve           Motile 

30 CPRMS 30 White, slimy, flat Rod -ve +ve           Motile 

31 CPRMS 31 White, smooth, 

irregular 

Rod +ve +ve           Motile 

32 CPRMS 32 White, large, flat Rod +ve -ve           Motile 

33 CPRMS 33 Small, white irregular Rod -ve +ve           Motile 

34 CPRMS 34 Cream yellow, flat, 

circular 

Rod +ve +ve           Motile 

35 CPRMS 35 Red, raised, regular Rod -ve -ve           Motile 

36 CPRMS 36 Creamy, wrinkled, 

irregular 

Rod -ve -ve           Motile 

37 CPRMS 37 Whitish, medium, flat, 

irregular 

Rod -ve +ve           Motile 

38 CPRMS 38 Large, whitish, flat Rod +ve -ve           Motile 

39 CPRMS 39 Yellow, slimy, raised Rod -ve +ve           Motile 

40 CPRMS 40 Cream, irregular, flat Rod +ve -ve           Motile 

 

 



 

 

Plate 1: Morphological characterization of phyllosphere bacteria 

 

 

 

Plate 2: Gram Staining of phyllosphere bacteria 

Endospore staining  

Among forty phyllosphere isolates 19 isolates produces endospores, whereas 21 

isolates shows negative result for the endospore staining test. The production of endospores 

and a Gram-positive reaction characterize members of the genus Bacillus, which are 

commonly found in soil (Baumann, 2004). 

Biochemical characterization and tentative identification of rhizosphere and 

phyllosphere isolates 

All the forty phyllosphere isolates were undergone for the biochemical test with 

respect to chemical reaction. Based on the result of biochemical tests the isolates were 

tentatively identified up to generic level. The results of all the biochemical tests were 

described in the Table 2. 

Catalase test 

All the forty phyllosphere isolates showed positive result for the catalase test (Plate 



 

 

3). It means all the isolates are aerobic in nature.  

 

Oxidase test 

Thirty  of forty phyllosphere isolates were positive for oxidase test. 

Starch hydrolysis 

Thirty three isolates of forty rhizosphere strains and 28 isolates of forty phyllopshere 

strains showed positive result for the starch hydrolysis. 

Hydrogen sulphide test 

Eighteen of forty phyllopshere isolates were showed positive result for the hydrogen 

sulphide test. 

Methyl red test 

All the forty isolates showed positive results for the methyl red test (Plate 4). 

Urease Test 

Fifteen isolates of forty phyllosphere strains were positive for the urease test.  

4.5.7  Gelatin Liquefaction 

All the phyllosphere isolates showed positive result for the gelatin liquefaction test. 

4.5.8  Nitrate reduction test  

Thirty six of 40 rhizosphere isolates and 28 of 40 phyllosphere isolates showed 

positive result for the nitrate reduction test. 

4.5.9  Indole test 

None of the phyllosphere isolates showed positive result for the Indole test. 

4.5.10 Citrate Utilization 

Thirty eight of forty phyllosphere isolates were showed positive result for the citrate 



 

 

utilization test (Plate 5). 

4.5.11 Voges-Proskauer Reaction 

All most all the phyllosphere isolates showed positive result for the Voges-Proskauer 

reaction. 

4.5.12 Casein Hydrolysis 

Among forty phyllosphereisolates 22 isolates showed positive result for the casein 

hydrolysis. 

Mondal et al. (2016) obtained comparable outcomes by isolating and analyzing nine 

putative phosphate-solubilizing bacterial isolates using Pikovskaya's liquid medium. 

Biochemical tests revealed they tested positive for obligate aerobes, starch hydrolysis, and 

catalase. 

 

Plate 3: Catalase test                                                Plate 4: Methyl red test 



 

 

 

Plate 5: Citrate Utilization test 

Table 2: Biochemical characterization and tentative identification of 

phyllospherebacteria from different cereals sample 

Sl.  

No. 
Isolates 

Biochemical characterization 

SH CAT HSP OXD CH MR VP CU UR GL NR IN Tentative genus 

1 
CPRMS 

1 
+ + + - + + + + - + + - Pseudomonasspp 

2 
CPRMS 

2 
+ + + + + + + + + + + - Pseudomonasspp 

3 
CPRMS 

3 
+ + + + + + + + + + + - Serratiaspp 

4 
CPRMS 

4 
+ + - + - + + + + + + - Bacillusspp 

5 
CPRMS 

5 
+ + - + - + + + + + + - Serratia marcesence 

6 
CPRMS 

6 
+ + + - + + + + - + + - Pseudomonas spp 

7 
CPRMS 

7 
+ + + - + + + + - + + - Bacillusspp 

8 
CPRMS 

8 
+ + - + - + + + + + + - Bacillusspp 

9 
CPRMS 

9 
+ + + + + + + + + + + - Serratiaspp 

10 
CPRMS 

10 
+ + + - + + + + - + + - Bacillusspp 

11 
CPRMS 

11 
+ + + - + + + + - + + - Bacillusspp 

12 
CPRMS 

12 
+ + + - + + + + - + + - Pseudomonasspp 

13 CPRMS + + - + - + + + + + + - Serratiaspp 



 

 

13 

14 
CPRMS 

14 
+ + - + - + + + + + + - Bacillusspp 

15 
CPRMS 

15 
+ + - + - + + + + + + - Bacillusspp 

16 
CPRMS 

16 
+ + - + - + + + + + + - Pseudomonasspp 

17 
CPRMS 

17 
+ + + + + + + + + + + - Methylobacteriumspp 

18 
CPRMS 

18 
+ + + + + + + + + + + - Pseudomonasspp 

19 
CPRMS 

19 
+ + + - + + + + - + + - Bacillusspp 

20 
CPRMS 

20 
+ + - - - + + + - + + - Pseudomonasspp 

Sl.  

No. 
Isolates 

Biochemical characterization 

SH CAT 
HS

P 

OX

D 

C

H 

M

R 
VP CU UR GL 

N

R 
IN Tentative genus 

21 
CPRMS 

21 
+ + + - + + + + + + + - Bacillusspp 

22 
CPRMS 

22 
+ + + + + + + + + + + - 

Pseudomonassp

p 

23 
CPRMS 

23 
+ + + + + + + + + + + - Bacillusspp 

24 
CPRMS 

24 
+ + + + - + + + + + + - Serratiaspp 

25 
CPRMS 

25 
+ + - + - + + + - + + - Bacillusspp 

26 
CPRMS 

26 
+ + + - + + + + - + + - 

Pseudomonassp

p 

27 
CPRMS 

27 
+ + + - + + + + - + + - Bacillusspp 

28 
CPRMS 

28 
+ + + + - + + + + + + - 

Pseudomonassp

p 

29 
CPRMS 

29 
+ + + + + + + + - + + - Bacillusspp 

30 
CPRMS 

30 
+ + - - + + + + - + + - 

Methylobacteriu

mspp 

31 
CPRMS 

31 
+ + - - + + + + - + + - Bacillusspp 

32 
CPRMS 

32 
+ + - - + + + + - + + - Bacillusspp 

33 
CPRMS 

33 
+ + + + - + + + - + + - 

Pseudomonassp

p 

34 
CPRMS 

34 
+ + - + - + + + + + + - Bacillusspp 



 

 

 

Conclusion 

In conclusion, our research on the morphological and biochemical characteristics of 

phyllosphere bacteria isolated from cereal samples has provided valuable insights into the 

diversity and metabolic potential of these microorganisms within plant ecosystems. Through 

a comprehensive analysis of colony morphology and biochemical tests, including catalase, 

oxidase, starch hydrolysis, gelatin liquefaction, hydrogen sulfide production, methyl red 

test, urease activity, indole production, and citrate utilization, we have elucidated the 

metabolic capabilities of the isolated bacteria. Our findings demonstrate the presence of 

diverse metabolic pathways among phyllosphere bacteria, reflecting their adaptation to the 

unique environmental conditions of plant surfaces. These metabolic traits play significant 

roles in nutrient cycling, plant-microbe interactions, and ecosystem functioning within the 

phyllosphere environment. Overall, our study contributes to the understanding of the 

phyllosphere microbiome and its significance in agricultural ecosystems. Future research 

may further explore the ecological roles and applications of phyllosphere bacteria, 

ultimately contributing to the development of sustainable agricultural practices. 
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