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Abstract

Elephant foot yam (Amorphophallus paeoniifolius), a herbaceous perennial crop utilizing the C3
photosynthetic pathway and belonging to the family Araceae, is cultivated extensively across eight
Indian states. Despite its numerous agronomic and economic benefits, the crop is vulnerable to several
diseases. In recent years, symptoms such as yellowing of foliage, the appearance of various types of spots,
and eventual partial or complete wilting have been increasingly observed. This disease, provisionally
termed ‘leaf and pseudostem rot’, has been associated with the presence of more than three different
pathogens. Investigating the crop’s microbiome, particularly the phylloplane, offers potential for use
in biological disease management and may provide deeper insights into the complex etiology of the
disorder.

In the present study, two protocols were evaluated for isolating phylloplane-associated microbes to
determine which method could capture greater microbial diversity. The first protocol involved a single
wash of leaf samples, followed by serial dilution and spread plating. The second protocol employed
five successive washes of the leaf samples, after which the wash solutions were centrifuged to collect
distinct pellets for bacterial and fungal isolation. These pellets were then serially diluted and cultured
using dilutions up to 107'°. Results indicated that the second protocol was more effective, yielding
a greater number and diversity of microorganisms compared to the direct aliquot method. The
fungal and bacterial colony-forming units (CFUs) obtained using the first method were 2.0 x 10*
and 9.7 X 10°, respectively. In contrast, the five-wash protocol yielded 1.0 X 10° fungal CFUs and
1.0 X 10" bacterial CFUs. These findings suggest that the sequential washing and centrifugation
approach is more efficient for capturing the microbial diversity present on the leaf surface.
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Introduction

Tuber crops are among the major agricultural groups
that contribute significantly to sustainability and serve as
important sources of carbohydrates. In addition to their
nutritional value, they play a crucial role in ensuring
food security (Rout et al. 2025). Major tuber crops
include Manihot esculenta (cassava), Dioscorea spp. (yam),
Xanthosoma  sagittifolium (tania), Ipomoea batatas (sweet
potato), Colocasia esculenta (taro), and Amorphophallus
paeoniifolius (elephant foot yam) (Veena et al. 2021).
Among these, elephant foot yam (Amorphophallus
paconiifolius) is widely regarded as the ‘King of Tubers’
due to its diverse uses (Srivastava et al. 2022; Ilakiya et
al. 2023). A member of the Araceae family, EFY is an
underutilized crop and thrives on marginal soils, can
withstand low annual rainfall, and performs well under
stress conditions such as drought. Additionally, it yields
well with minimal chemical inputs when organic waste
is used as a supplement (Barua et al. 2022; Kumar et
al. 2023; Tlakiya et al. 2023; Remya and Suja, 2024).
EFY is also valued for its medicinal properties.
It exhibits anti-helminthic and anti-piles activity
and is used in Ayurveda to treat haemorrhoids,
rheumatism,  gastrointestinal ~ disorders, —dysentery
and diarrhoea. Elephant foot yam (EFY) is recognized
for its hepatoprotective, antioxidant, and uterus-
stimulating properties (Barua et al. 2022; Srivastava
et al. 2022; Ilakiya et al. 2023; Remya and Suja, 2024;
Veena et al. 2025). Nutritionally, EFY is rich in
carbohydrates and also contains fibre, protein, minerals,
sterols, steroids, galactose, glucose, rhamnose, flavonoids,
phenols, and tannins (Remya and Suja, 2024; Veena et al.
2025).

Although elephant foot yam (Amorphophallus paeoniifolius)
offers several agronomic advantages, it remains vulnerable
to a range of diseases. Commonly reported diseases
include collar rot, post-harvest rot, and infections caused
by Dasheen mosaic virus (Veena et al. 2025). In recent
years, a new set of symptoms, characterized by yellowing
of the foliage, development of various types of leaf
spots or blight, and eventual partial or complete wilting
has been increasingly reported from multiple regions
across India (ICAR-CTCRI, 2022). This condition is
currently referred to as ‘leaf and pseudostem rot’. The
disease typically starts with small, orangish-brown spots
encircled by a yellow halo. These lesions expand and are
often accompanied by chlorotic patches, which gradually
darken and become necrotic. As the infection progresses,
the necrotic tissue may dry out, tear, or fall off, leaving
behind characteristic shot holes. In several cases, the
merging of lesions results in partial or total drying of the
leaves or entire plants. The disease severely compromises
the plant's photosynthetic capacity, leading to significant
yield loss.
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Preliminary investigations at ICAR-CTCRI have revealed
that more than three pathogens may be involved in this
disease complex (ICAR-CTCRI, 2023). These pathogens
are capable of infecting both robust and weakened plants
atvarious growth stages, with infections being particularly
aggressive under stress conditions. Therefore, accurate
identification of the pathogens associated with the diverse
symptoms on leaves and pseudostem is essential. There
is an urgent need to develop environmentally sustainable
and effective management strategies. Exploring the
phylloplane microbiome of elephant foot yam may
provide vital insights for understanding etiology of the
disease completely and help in formulating targeted
biological control methods.

The phylloplane microbiome refers to the community
of microorganisms present on the surface of leaves.
Structures on the leaf surface, such as veins, stomata, and
trichomes (leaf hairs) influence microbial colonization
by providing physical niches and facilitating interactions
between the leaf and microorganisms (Bisht et al.
2025; Zeng et al. 2025). Both bacteria and fungi are
commonly found on the leaf surface, with bacteria being
the dominant group, typically ranging from 10° to 10°
cells per cm? (Chouhan et al. 2025). The leaf surface
is directly exposed to the atmosphere; environmental
factors such as UV radiation can significantly affect
microbial survival. Additionally, microbes can enter the
plant through natural openings like stomata or through
wounds (Gamit et al. 2025; Bisht et al. 2025).

Microbiome  contributes  significantly ~ to  plant
growth promotion, nutrient cycling, stress tolerance,
environmental detoxification and biological control.
Understanding the functional diversity of phylloplane-
associated microorganisms underscores their immense
potential in sustainable disease management, particularly
through the recruitment of beneficial microbes as natural
biocontrol agents (Saleem, 2021; Chao et al. 2024;
Lokhande et al. 2024). Many phylloplane microbes are
known to secrete compounds that inhibit pathogen
growth, while others produce substances that trigger the
plant’s immune response. Several studies have reported
the biocontrol potential of specific phylloplane bacterial
species. Pantoea, Pseudomonas and Rhizobium have exhibited
volatile-mediated antifungal activity, while Acinetobacter
and  Sphingomonas have shown effectiveness against
Magnaporthe oryzae in rice (Sahu et al. 202 1; Prajapati et al.
2025). Their ability to supress a wide range of pathogens,
make them significant hope for the development of eco-

friendly biocontrol (Saleem et al. 2021).

There are two primary protocols available for isolating
the phylloplane microbiome. The first is the leaf
imprinting method (Mounika et al. 2024; Dewada et al.
2024; Chouhan et al. 2025). The second is the saline
phosphate buffer (PBS) wash technique (Sahu et al.



2021; Madhusudhan et al. 2024; Kansara, 2023). The leaf
imprinting method is particularly useful for comparing
the microbial communities on the adaxial (upper) and
abaxial (lower) surfaces of the leaf. The commonly used
PBS wash technique involves collecting leaf samples,
washing them with PBS, and plating the aliquots
after serial dilution. An alternative and more refined
protocol involving five successive washes followed by
centrifugation to separate bacterial and fungal fractions
and then serial dilution and plating, has generally been
employed for metagenomic studies. In this study, two
PBS wash protocols for phylloplane microbial recovery
were compared to identify the method yielding greater
microbial diversity.

Materials and Methods

The variety of elephant foot yam selected for the
study was 'Gajendra’. The plants were cultivated in
the experimental fields of ICAR-Central Tuber Crops
Research Institute, Sreekariyam, Thiruvananthapuram,
Kerala, India following the recommended agronomic
practices.

Sampling and isolation for direct aliquot plating
method

Leaf sample of elephant foot yam was aseptically collected
using sterile forceps to avoid any external contamination.
From the collection, 5g of the sample was weighed with
utmost care to maintain maximum aseptic condition. The
sample was immediately transferred into a sterile 250
mL Erlenmeyer flask containing 50 mL of phosphate-
buffered saline (PBS) solution, which was supplemented
with 0.1% Tween 20 to aid in the efficient removal of
phylloplane microorganisms. The flask was placed on an
orbital shaker and agitated at a speed of 200 revolutions
per minute (rpm) for 30 minutes to ensure thorough
dislodging of microbial cells from the leaf surface.

Following agitation, the wash solution (aliquot) was
subjected to a ten-fold serial dilution up to 107
using sterile distilled water. From each dilution, 100
ML of the sample was spread onto solid media plates
to isolate and enumerate microbial populations. For
microbial isolation, Potato Dextrose Agar (PDA) was
used to culture fungi, and Nutrient Agar (NA) was
selected for bacterial growth. The prepared media were
sterilized, melted, and poured into sterile 90 mm
Petri dishes, with each plate receiving approximately
15-20 mL of medium under aseptic conditions. Each
dilution of the microbiome suspension was plated in
triplicate to ensure consistency and statistical reliability.
The inoculated plates were incubated at 28 + 2°C
in a BOD incubator to promote the development of
colony-forming units (CFUs), which were subsequently
used for both quantitative enumeration and qualitative
assessment of the phylloplane microbial community

(Sahu et al. 2021).
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Sampling and isolation for five times wash technique

As described earlier, 5g leaf sample was aseptically
transferred into a sterile flask containing 50 mL PBS
with 0.19% Tween 20 and shaken at 200 rpm for 30
minutes to dislodge phylloplane microorganisms.
Following the initial wash, the aliquot (50 mL) was
carefully collected and stored. The leaf sample was
then washed again with a fresh 50 mL volume of sterile
PBST, and the same shaking procedure was repeated.
This washing and collection process was carried out five
times in total, yielding a pooled 250 mL PBST wash
solution containing microorganisms detached from the
leaf surface. The combined wash was mixed thoroughly
to ensure uniformity. The pooled microbial suspension
was subjected to differential centrifugation to isolate
fungal and bacterial fractions. For fungal isolation, the
sample was centrifuged at 6000 rpm for 15 minutes,
while for bacterial isolation; centrifugation was carried
out at 12,000 rpm for 30 minutes. The resulting pellets
containing fungal spores and bacterial cells were collected
separately. Each pellet was resuspended in sterile distilled
water and subjected to ten-fold serial dilutions up to
107'°  As detailed in first method, from each dilution,
100 uL was spread on PDA (for fungi) and NA (for
bacteria). Media (15—20 mL) were poured into 90 mm
Petri dishes under aseptic conditions. Triplicates were
maintained and plates incubated at 28 = 2°C for CFU
analysis.

Results and Discussion

One of the major challenges in the cultivation of elephant
foot yam (EFY) is the prevalence of diseases. The crop
is predominantly affected by three major diseases: collar
rot, Dasheen mosaic virus, and post-harvest rot (Veena
et al. 2025). More recently, the emergence of a new
disease, leaf and pseudostem rot, has posed a serious
threat to the survival of EFY plants. As an initial step
toward developing a biological management strategy for
the disease utilizing the emerging field of agricultural
microbiome research, this study compared two widely
used protocols for isolating the phylloplane microbiome
(Alivisatos et al. 2015).

The colony-forming units (CFUs) of bacteria and fungi
observed at various dilutions of phylloplane microbiome
suspensions were compared using two different isolation
methods.

Isolation of microbes by direct aliquot plating
method

Bacterial colonies began to appear within 24 hours of
incubation, with colony counts recorded at 24 and 48
hours. Similarly, fungal colonies became visible after
72 hours, and their counts were recorded at 96 hours

(Table 1; Fig. 1 and 2).
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Table 1. Population of bacterial and fungal colonies Table 2. Population of fungal and bacterial colonies by
appeared on NA and PDA by using the direct aliquot adopting five times washes technique
plating method
Dilution No. of CFu No. of CFu
Dilution No. of CFU  No. of CFU fungal (100 ul™") bacterial (100 wl™)
fungal (100 ul'') bacterial (100 ulh colonies colonies
colonies colonies 10! Too Too many,
5 many, could not
10 Too Too many, could count
many, could not not
could count count
not 10 285.0 2.85x10* Too many,
count 1d not
102 165 1.65%x10* Too many, EZEM e
could not 1073 89.0 8.9%x10* Too many,
count 1d t
1073 21 2.1x10* Too many, zzﬂnt e
could not 10 150  1.5%x10° Too
count many and
properly colonies
10 2.0 2.0x10* 97 9.7 X10° merged
10_5 00 00 90 90 ><105 10-5 20 20 Xlos TOO
10° 0.0 0.0 0.0 0.0 d
many an:
colonies
merged
10°° 1.0 1.0 Xx10° Too
many and
colonies
merged
0 102 10° 1" 107 Nil 123.0 12.3 x 108
1078 Nil 19.0 19.0 x 10°®
Fig. 1. Fungal colonies on PDA by adopting the o ) 0
protocol of one-time wash and direct aliquot 10 Nil 3.0 3.0x 10
plating after serial dilution 10-10 Nil 1.0 1.0 X 10

10? 10° 104

10! 102 103 10+ 105 10°¢

Fig. 2. Bacterial colonies on NA by adopting the
protocol of 0.ne—time Waﬁh an.d d.irect aliquot Fig. 3. Fungal colonies on PDA by adopting the protocol
plating after serial dilution of five times wash followed by centrifugation
101 102 108 104 105

Isolation of microbes by adopting five times washes
technique

Bacterial growth was observed within 24 hours, with
colony counts noted at 24 and 48 hours. Fungal colonies
emerged by 72 hours, and counts were taken at 96 hours
(Table 2; Fig. 3 and 4).

The comparison of the two protocols for isolating
the phylloplane microbiome revealed that the second

protocol, which involved five successive washes, was 106 107 104 10 10
more effective than the first protocol, which used a single  Fig. 4. Bacterial colonies on NA by adopting the protocol
wash. In the direct aliquot plating method, bacterial of five times wash followed by centrifugation
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colonies were observed only up to a dilution of 10”. In
contrast, the second protocol yielded bacterial colonies
up to a 107" dilution, with distinct colony growth evident
at 107 and 10 dilutions. This indicates a significantly
higher bacterial load in the five times wash method, as
confirmed by standard serial dilution and plate-counting
techniques (Yousef and Carlstrom, 2003). Phylloplane
bacterial populations are generally reported to range
from 10° to 107 cells per cm? (Chouhan et al. 2025).
Based on colony morphology (Madigan et al. 2018),
15 morphologically distinct bacterial colonies were
identified using the five-times wash protocol, while only
7 distinct colonies were observed using the direct aliquot
method.

A similar trend was observed for fungal populations.
Fungal colonies were detectable up to 10* dilution in
the first protocol, whereas they were observed up to 10
dilution using the five-times wash method. Furthermore,
seven distinct fungal colonies were recorded in the first
protocol, compared to fourteen in the second.

Overall, the five-time wash technique significantly
improved microbial dislodgement from the leaf surface
compared to the single-wash method (Compant et al.
2010; Berg et al. 2014). Additionally, the inclusion of
Tiveen 20 enhanced microbial recovery by reducing
surface tension and facilitating the detachment of
epiphytic microbes from the leaf surface (Silva et al.
2024). Centrifugation also aided in enriching low-
abundance microbes by concentrating them into a pellet
(O’Leary et al. 2014). Overall, the phylloplane tends
to harbour a higher density of bacterial communities
compared to fungal communities.

Conclusion

This study successfully demonstrated that the refined
protocol involving five successive washes followed by
centrifugation was highly effective in dislodging microbial
populations from the leaf surface of elephant foot yam
plants. It also proved efficient in concentrating sparsely
populated microorganisms. This method yielded higher
colony-forming unit (CFU) counts and greater microbial
diversity for both bacteria and fungi.
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