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ABSTRACT 

 
The phylloplane is considered as the hostile 
environment for microbial growth. Phylloplane 
microflora plays important role affecting the plant-
microbe interactions in leaf surface and thereby 
contribute significantly for beneficial plant growth 
and disease suppression. Qualitative and quantita-
tive composition of phylloplane microflora depends 
on change in various parameters such as host 
characteristics, leaf architecture, chemical environ-
ment of the corresponding leaf surface and altering 
micro and macro climatic conditions. In the present 
investigation, the qualitative and quantitative 
estimation of fungi and quantitative estimation of 
bacteria and actinomycetes were carried out in the 
phylloplane of certain tea cultivars of Assam like 
TV 1, TV 18, TV 25, Teenali 17, T.3E/3, S.3A/1, 
S.3A/3 and Clone 663 using a culture-based 
approach. The study revealed the existence of more 
bacterial populations over fungi irrespective of the 
tea clones.  Quantitatively the density of bacteria in 
young leaves (3rd leaf) ranged between 7.0x104 

cfu/ml to 90x104 cfu/ml while the fungal population 
ranged from 1.0x104 cfu/ml to 37x104 cfu/ml 
respectively. Irrespective of the methods used, the 
actinomycetes population was found to be scarce. 
Microbial density was maximum in February and 
minimum in June. Leaf surface of TV 1 showed 
maximum microbial occurrence. Qualitatively a 
total of 10 fungal genera were isolated throughout 
the investigation of which Aspergillus and Penicil-
lium were recorded as the dominant mycoflora. 
  
Keywords: Culture dependent method; Microbial 
density; Phylloplane; Plant-microbe interactions; 
Tea cultivars. 
 
1. INTRODUCTION 
  
 Plant leaf surface serves as a suitable 
environment inhabitating a larger proportion of 
microbial resources. The leaf surface environment is 
under the direct influence of fluctuating temperature 
and relative humidity, as well as repeated alternation 
between the presence or absence of free moisture 

Received: 23 September 2016; Revised submission: 31 October 2016; Accepted: 10 November 2016 
Copyright:  © The Author(s) 2016. European Journal of Biological Research © T.M.Karpiński 2016. This is an open access article  

licensed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits  
unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

DOI : http://dx.doi.org/10.5281/zenodo.166266 



288 | Tanti et al.   Phylloplane microflora in certain tea cultivars of Assam 

European Journal of Biological Research 2016; 6 (4): 287-292 

 

caused due to rainfall and dew factors [1]. Thus,    
the phylloplane represents an important terrestrial 
habitat that harbors a wide range of microbial 
populations [1]. Deposition of thin film of nutrients 
on leaf surface is the sole reason here. Studies on 
phylloplane microflora are essential to understand 
the microbial diversity and their distribution patterns 
as the microbial associations are reported for their 
immense potentiality in enhancing the plant growth 
and productivity. Bacteria (without actinomyctes), 
actinomyctes and filamentous fungi are the 
microbial categories that are known for their ability 
in influencing the growth and development of 
terrestrial plants and regulation of phytopathogens 
as well [2]. However, the leaf surface microbiology 
is under the regular influence of a large number of 
external and internal factors such as nutrient 
availability, humidity, temperature, rainfall patterns, 
topography, leaf architecture, age and presence of 
growth inhibitors etc. [3]. 
 Tea [Camellia sinensis (L.) O. Kuntze] is an 
economically important aromatic beverage yielding 
perennial crop, extensively cultivated in Assam, 
North-East India [4] covering a geographical area of 
about 3.85 lakh hectares [5]. This crop is being 
cultivated in India in a wide amplitude of climatic 
variables (8° 12/ N in Nagercoil in Tamilnadu to 32° 
13/E in Kangra in Himachal Pradesh (Source: Limca 
Book of Records) [6]. Phylloplane microflora in tea 
can be considered as one of the important niche for 
diverse microflora of varying ecological functions. 
Uses of agrochemicals in tea plantations have 
indirect influence on phylloplane microflora as the 
former is known for their ability to restrict the 
growth and occurrence of microflora in the aerial 
part of the plant. 
 Since, studies on phylloplane microbiology in 
tea is still in scarce [5, 7, 8] an attempt has been 
made in the present investigation to isolate, and 
characterize the dominant leaf surface microflora in 
certain tea cultivars. Records on the qualitative and 
quantitative estimation of microbial associations in 
the tea phylloplane are also essential to generate 
data on microbial interactions and overall phyllo-
plane ecology. As far as microbial conservation   
and resource utilization is concerned, the present 
investigation provides potential scope for studying 
the microbial abundance and species richness and 
diversity associated with this economically impor-

tant perennial crop.  
 
2. MATERIALS AND METHODS 
 
2.1. Description of the study area and sample 
collection 
 
 The study was conducted at the experimental 
area of Tocklai Tea Research Institute (TTRI) 
(Latitude 26°47/N and longitude 94°12/E), Tea 
Research Association (TRA), Jorhat, Assam, India. 
The experimental area is characterized by a moist 
climate with maximum rainfall during the summer 
months (May-July) and relatively little or scanty 
rainfall in the winter months (November-January). 
The meteorological data of the study area pertaining 
to relative humidity, average annual rainfall and 
mean minimum and maximum temperature are 
represented in Fig. 1. Different tea cultivars such as 
TV1, TV18, TV25, Clone 663, Teenali 17, S.3A/1, 
T.3E/3 and S.3A/3 were selected in the present 
investi-gation for analyzing the phylloplane 
microbiological parameters. Of the tea cultivars 
TV1, Clone 663, Teenali 17 serves as standard 
clone, TV18, TV25 as yield clone and S.3A/1, 
T.3E/3 and S.3A/3 as quality clone. Variations in the 
selection of planting material are based on 
characteristics such as yield and quality etc. For the 
analysis of phylloplane microbiology, tea samples 
consisting of the third leaf [9] of each selected tea 
cultivar were plucked and collected using sterile 
polythene bag. The polythene bags were labeled 
accordingly. Sampling of the phylloplane was made 
at monthly intervals for three consecutive seasons 
(winter, spring and summer) respectively. 
 
2.2. Microbiological analysis   
 
 A cultivation-based approach was used in the 
present investigation for qualitative and quantita-
tive estimation of microfloral associations in the         
tea phylloplane. A number of culture-dependent 
methods such as serial dilution plate technique 
(SDT), leaf impression method (LIM) and leaf disc 
dilution method (LDDM) were used to isolate and 
estimate the phylloplane microflora of tea.  
 For SDT [10], 10.0 g leaves of each tea clone 
were taken in 250 ml conical flask containing 100 
ml sterile distilled water (SDW) and agitated for 10-
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15 minutes. 10 fold series dilutions were prepared 
and the dilution was made up to 104 dilutions. 1.0 
ml of the suspension was plated in petriplates with 
specific media for isolation of microbes like 
bacteria, actinomycetes and fungi. Three different 
media such as Nutrient agar, Rose bengal chloram-
phenical agar and Kenknight & Munaier’s medium 
were used to isolate the three major groups of 
microorganisms. Bacterial plates were incubated at 
28±1°C for 2 days while the cultures of actimycetes 
and fungi were observed at 25±1°C after 5 days of 
incubation period. The plates were measured for the 
viable colonies and estimated. Pure colonies were 
transferred to PDA slants and stored at 4°C in the 
culture collection laboratory (CCL) for further 
identification.  
 In LIM [11], a sterile forecep is used to hold 
the entire tea leaf and accordingly to place both the 
dorsal and ventral side separately on media. The leaf 
was pressed evenly throughout using a sterile 
spreader. Three replications were maintained in 
each case.  
 A modified leaf washing technique [12] was 
also adopted to maximize the recovery of phyllo-
plane microflora of the selected tea cultivars. For 
this, discs of 1.0 cm diameter were cut randomly 
from five leaves of the same cultivar with sterile 
cork borer. Ten discs were placed in a conical    
flask containing 100 ml of SDW and shaken for   
10-15 minutes to get a homogenous suspension of 
the microbial propagules. 1.0 ml suspension was 
pipetted out into sterilized petriplates and specific 
medium was poured into them and mixed 
thoroughly. The plates were incubated for standard 
periods and temperature as mentioned above for the 
isolation and quantitative estimation of micro-
organisms. The bacterial colonies were counted, sub 
cultured and subsequently purified by streak plate 
method [13]. Fungal isolates were characterized 
based on cultural and morphological characteristics 
of spores and hyphae mounted in lactophenol       
and identified by consulting standard taxonomic 
monographs [14, 15]. Total microbial population per 
square cm of the leaf surface was calculated using 
the following formula. 
Total no. of microbes = 

 x 100
 

(Area of 1 disc, where r is the radius of the disc in cm) 

 All the media for isolation of fungi were 
procured from HiMedia Laboratories, Mumbai, 
India. Data analysis was done using Microsoft excel 
2007 and SPSS 16.0 package. 
 
3. RESULTS AND DISCUSSION 
 
 The phylloplane microflora of tea cultivars 
were analyzed quantitatively as well as qualitatively 
using a cultivation based approach. During the 
present survey, the 3rd leaf (young one) of the tea 
plants were collected and assessed for examining 
the microbial parameters as the 3rd leaf gets 
maximum exposure by a rising level of nutrients 
available for microbes inhabiting the specific niche 
[16] due to continuous plucking of the top two 
leaves along with the juvenile bud. The present 
investigation showed the existence of diverse 
microbial population in the tea phylloplane inclu-
ding various species of bacteria and microfungal 
populations. Table 1 represents the clone-wise 
distributions of microbial populations using diffe-
rent culture-based approach. SDT was observed as 
superior method in isolating maximum microbial 
colonies with distinct cell characteristics. Variations 
in microbial isolation and subsequent maintenance 
thereof, are indication of colonization frequencies 
from the surrounding airspace [17, 18] and to 
specificity [19] respectively. Leaf surface of TV 1 
showed maximum dominance of microorganisms. 
Quantitative analysis showed that bacteria was 
dominant than fungi in all the samples irrespective 
of the isolation methods and time of survey 
conducted and sample collection. Quantitatively the 
bacterial population ranged between 7.0x104 cfu/ml 
to 90x104 cfu/ml. On the other hand, the fungal 
population ranged from 1.0x 104 cfu/ml to 37x104 
cfu/ml. Considerable variations in microbial occur-
rence might be attributed to large fluctuations in the 
physical and nutritional conditions characteristic to 
selected tea cultivars [1]. Gram-negative bacteria 
were more frequent over Gram-positive bacteria in 
the present investigation, which is in accordance 
with Bhattacharyya and Jha [20]. This might be       
due to the ability of Gram-negative bacteria to 
efficiently use the nutrients [21] from culture media. 
Quantitatively yellow and white colored bacteria 
dominated more among the bacterial microflora. 
Actinomycetes population was found to be scanty. 



290 | Tanti et al.   Phylloplane microflora in certain tea cultivars of Assam 

European Journal of Biological Research 2016; 6 (4): 287-292 

 

The study site also showed marked variations         
in microfungal composition. The fungal population 
comprised of 75% Phycomycetes, 21% Mucor-
mycetes, 3.6% Ascomycetes and 0.4% sterile 
mycelia. Distribution of fungal species in the study 
area with respect to clonal variations are shown in 
Table 2. Altogether 10 fungal genera were isolated 
throughout the investigation of which Aspergillus 
and Penicillium were recorded as the dominating 
microflora while species of other fungi such as 
Chaetomium, Curvularia, Rhizopus and Tricho-
derma showed their restricted distributions to 
particular TV clones.  
 
 

 
Figure 1. Monthly variation in sunshine (ºC), mean 
minimum and maximum temperatures (ºC), relative 
humidity (%) and rainfall (mm) of the study area. 

 
Table 1. Variations in the distribution of phylloplane microbial populations in selected clones using a culture-based 
approach. 

Tea 
Clones 

Methods used 

SDT LIM LDDM 

Bacteria 
(104 

cfu/ml) 

Actino- 
mycetes 

(104 cfu/ml) 

Fungi 
(104 

cfu/ml) 

Bacteria 
(cfu/ 

sample) 

Actino- 
mycetes 

(cfu/sample) 

Fungi 
(cfu/ 

sample) 

Bacteria 
(propagules/ 

100 cm2) 

Actino- 
mycetes 

(propagules/ 
100 cm2) 

Fungi 
(propagules/ 

100 cm2) 

TV 1 58±1.3 3.0±0.6 9.0±1.3 90±0.7 2.0±0.4 37±1.2 57±1.4 1.0±0.4 2.0±0.4 

TV 25 28±0.9 2.0±1.1 4.0±1.1 57±1.4 3.0±1.4 15±1.4 10±0.6 ND 5.0±0.7 

TV 18 10±1.4 2.0±0.7 7.0±0.3 53±0.9 1.0±0.6 12±0.9 16±0.9 1.0±0.6 10±0.9 

Teenali 17 38±0.6 1.0±1.2 5.0±1.2 23±0.7 ND 9.0±1.1 7.0±1.1 1.0±0.2 1.0±0.2 

T.3E/3 26±1.1 2.0±1.8 10.0±0.2 26±0.9 1.0±0.4 6.0±0.7 28±0.7 ND 7.0±1.1 

S.3A/1 46±0.4 2.0±0.7 4.0±1.1 40±0.4 8.0±0.9 32±0.9 20±1.4 1.0±0.4 2.0±0.9 

S.3A/3 53±1.2 1.0±1.1 7.0±0.7 35±1.2 1.0±0.9 9.0±1.1 10±0.9 ND 4.0±1.1 

Clone 663 17±0.9 2.0±1.6 8.0±1.1 26±1.4 ND 12±0.9 40±0.6 ND 10±0.6 

*SDT: Serial dilution technique; LIM: Leaf impression method; LDDM: Leaf disc dilution method; ND: Not detected. 
 
 
Table 2. Frequency of phylloplane micro fungal populations in different TV clones. 

Fungal genera 
TV Clones 

TV 1 TV 25 TV 18 Teenali 17 T3E3 S3A1 S3A3 Clone 663 

Alternaria spp. ++ + - + + ++ + - 

Aspergillus spp. +++ ++ ++ ++ + + ++ + 

Botrytis sp. + + + - - - - + 

Chaetomium spp. ++ + - + + + + + 

Curvularia spp. ++ - - ++ + - + - 

Rhizopus spp. + + + - - + + + 

Mucor sp. ++ - + + + + + + 

Penicillium spp. +++ + + ++ + ++ ++ ++ 

Pestalozia sp. ++ + ++ ++ + + + - 

Trichoderma spp. ++ + + + + - - + 

- = Absent, + = Low microbial population density (1-5 isolates), ++ = Moderate microbial population density (6-15 
isolates), +++ = High microbial population density (16-35 isolates) 
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 Dominance of one or a few fungal species are 
in accordance with Jha et al. [22] and Bhattacharyya 
and Jha [23] who, too, pointed out that for a given 
community only a few species might be numerically 
predominant that strongly affect the environmental 
conditions for the others. Highest population and 
relative abundance throughout the survey was 
exhibited by Aspergillus flavus (21.4%) followed by 
Penicillium chrysogenum (16.1%). Dominance of 
Aspergillus and Penicillium might be due to their 
greater rate of spore production and dispersal as 
well as their resistance in existing environmental 
condition [24]. Maximum microbial populations 
were observed in the leaf samples collected in the 
month of February and minimum were recorded in 
June. Micro-climatic variations prevailing in the 
sampling area might play an important role affecting 
the population densities of microorganism. Low 
microbial population numbers on phylloplane 
surface collected during summer (April-June) might 
be due to increased precipitation and high tempe-
rature which might have direct influence on 
quantitative estimation of phylloplane microflora. 
The result of the present investigation corroborates 
the findings of Tanti et al. [5] and Chauhan et          
al. [25]. 
 
4. CONCLUSION 
 
 The present investigation indicates the 
significance of tea leaf surface as one of the ideal 
niches for the existence of diverse microbial 
populations. We have chosen cultivation-based 
approach to isolate and characterize the phylloplane 
microflora in tea since this approach is observed     
as suitable in laboratory cultivation of microbial 
isolates from natural environments like leaf surfa-
ces and characterize them through analysis of 
morphology and physiological characteristics. There 
is need for further research on the microbial 
interactions, ecology and functions in the tea 
phylloplane to understand the microbial mecha-
nisms of action in nutrient management and disease 
control. 
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