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ABSTRACT

Plant phyllosphere, through the action of the enzyme pectin methyl esterase, which releases
methanol as a byproduct of cell wall metabolism. Methylotrophs methane or methanol as their
sole carbon source and reduce GHG emission from the atmosphere. In the present study,

Keywords phyllosphere methylotrophic microbial community (PMMC) were isolated from the
Carbon use phyllosphere of rabi season crops. Out of the 16 PMMC isolates, six crops PMMC that is -
efficiency, Chickpea (POL 01), Chickpea (PUSA 3043), Chickpea (PUSA 3057), Radish (Pusa Himani),
g[ég}{ylmmphs’ Beetroot (Crimson Globe) and Broad bean (Pusa Sumit) were selected based on their growth in
Phyllo’sphere, Soil Nitrate mineral salt medium (NMS) supplemented with 1% methanol. PMMC isolates were
enzymes screened for plant growth promoting traits namely N-fixation, P-solubilization, K-
solubilization, and Zn-solubilization. PMMC of Beetroot and Raddish performed best compared
Article Info to other PMMC in terms of their PGPR traits. The methanol use efficiency of six PMMC was
. also measured in terms of its conversion to CO> which ranged from 3.74-7.48 mg of CO,/21
g(;:coelc‘t}iﬁ:er 2024 days. Based on the mesocosm experiment results, soil amended with the PMMC of Radish
Accepted: (Pusa Himani) significantly (P< 0.05) improved the available N, P, K and Soil organic carbon
29 November 2024 percentage at 21 days of incubation as compared to non-inoculated PMMC soils. The positive
Available Online: relationship between soil enzyme activities like phenol oxidase (POX), FDA hydrolase, -
10 December 2024 glucosidase and dehydrogenase activities involved in C cycling in soil underlines the role of
PMMC of different crops in plant growth promotion and sequestration of methane in the soil as

microbial necromass.

Introduction Aerial plant surfaces, such as leaves and stems, release

met hanol, which serves as a carbon source for specific
The leaf surface or phyllosphere is inhabited by  group of phyllosphere microorganisms referred to as
microorganisms belonging to different taxonomic groups. ~ methylotrophs. Methylotrophs are obligately aerobic,
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Gram-negative bacteria and a diverse group of
microorganisms that use methane or methanol as a sole
source of carbon and energy. Methylotrophs can be
isolated from a broad range of environments and they
have a significant impact on the global carbon cycle.
Methanotrophs are subgroup of methylotrophs use
methane as carbon source. They are typically found in
methane-producing environments like submerged paddy
soils, phyllosphere of many plants (Murrell ez al., 1998).

Methane a greenhouse gas produced by both natural and
man-made processes contributes significantly to global
warming. Methanotrophs consume between 10-90% of
the CHa4 produced by methanogenic activity prior to
release into the environment. Methanotrophs are essential
for the breakdown of CH4 from the atmosphere and
therefore aid in mitigation or the reduction of greenhouse
gas (GHG) CHs (Aimen et al., 2018). The metabolic
potential of methylotrophs to assimilate methane as sole
carbon and energy source is a means to synthesize high
value products as well as they may serves as a candidate
to sequester carbon by use of CH4 into their cell biomass
(Sahoo et al., 2021). The Phyllosphere methylotrophic
bacteria, known as pink-pigmented facultative
methylotrophs (PPFMs) exhibits plant growth promotion
traits like nitrogen fixation, p-solubilization, k-
solubilization, ZnO, ZnCOs solubilization, siderophore
production, phytohormone production like auxin and
cytokinin. They also promote plant growth under
stressful environment condition due to inhibition of
ethylene  biosynthesis by  their enzyme 1-
aminocyclopropane-1-carboxylate (ACC) deaminase
which converts ACC (precursor of ethylene) to other
compounds (Yurimoto et al., 2023). They cause a plant's
systemic resistance to illnesses and pathogens because
they have ability to produce siderophore and HCN which
help to survive under biotic stress like plant pathogens
(Yurimoto and Sakai, 2023). In terrestrial ecosystems
methanotrophs qualify as a biological sink for
atmospheric methane. Methane derived carbon is thought
to have a major role in the formation of new soil organic
carbon (SOC) in soils, where methanotrophic microbial
metabolism 1is an active microbial process. This
contribution is largely influenced by the community
composition of active methanotrophs in soils. It was
proposed that a major factor in the buildup of soil organic
matter is biomass synthesis mediated by methanotrophs.
Therefore, methanotrophs play a critical biotic role in
preserving soil fertility in addition to mitigating the
greenhouse gas methane (Sultana et al, 2022).
Maintaining soil fertility is essential for long-term

sustainable agriculture. The enhancement of soil fertility
assisted by methylotrophic activity is an ecofriendly
approach towards sustainable agricultural practices by
promoting healthier and more productive soils for the
long term (Nitika et al., 2018).

The present study attempt to answer the hypothesis that
the i) Crop phyllosphere methylotrophic microbial
community differ significantly with respect to their CHy4
use efficiencies ii) Phyllosphere methylotrophs
community necromass has the potential to improve soil
carbon and other nutrients.

Materials and Methods

Isolation of phyllosphere methylotrophic
microbial community from different rabi crops

Leaf samples were collected from rabi season crops
cultivated in the field of IARI, Pusa Campus, New Delhi,
India. Leaves were randomly selected from various
sections of the crop plants to ensure representativeness
by using a sterile scissor which was rinsed with ethanol
every time when collecting different crop samples to
avoid cross contamination among the selected crop plants
and they were separately collected in a different
polythene bag and transported to the laboratory in a cold
box (4°C) and processed for further analysis. Collected
leaf samples were cut in small portion using a sterile
scissor and added into a 100ml screw cap bottle
containing 50 ml of sterile phosphate buffer saline for 3
days in shaking condition. Further, 1 ml of PBS
containing the leaf samples of different crop was added
into 10ml NMS broth supplemented with 1% methanol as
a sole carbon source. These were incubated at 30°C
under shaking condition for a period of 7 days. The same
procedure was repeated for eight times involved transfer
of 1ml of the growth culture into fresh NMS broth
supplemented with 1% methanol. The final, eight transfer
was utilized as source of PMMC (Phyllosphere
Methylotrophic Microbial Community).

Assessment of carbon use efficiency of the
PMMC

The carbon use efficiency of the PMMC obtained from
test crops was estimated by quantifying the amount of
CO; generated following the metabolism of the nutrient
carbon provided in the form of methanol. The respiratory
CO; was quantified by alkali entrapment method
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(Stotzky, 2016). Briefly, the procedure consisted of
permitting active growth of PMMC of each test crop in
NMS broth supplemented with 1% methanol in an
airtight screw cap vial, into which the sterile test tube
containing alkali (0.1 N NaOH) solution was transferred
aseptically. After 21 days static incubation the amount of
CO; respired was quantified by acid base titration using
0.1IN HCI and phenolphthalein as an indicator dye.

Study of plant growth promotion traits

Nitrogen fixation, Phosphorous (P), Potassium
(K), Zinc Oxide (ZnO) and Zinc Carbonate
(ZnCQO3) solubilization

The PMMC were streaked on modified nitrogen free
Jensen’s media (Smita and Goyal, 2017). supplemented
with 1% methanol. The streaked plates were incubated in
a BOD chamber at 30°C for 5 days (Their nitrogen-fixing
ability was ascertained by observation of the growth on
plates). For phosphorous solubilization bacterial cultures
were spot inoculated on Pikovskaya agar followed by
incubation at 30° C for 5 days as described by Ahmad et
al., (2008).

The clearing hallow zone formed around the inoculated
spot was an expression of P solubilization ability of
PMMC. For K solubilization modified Alexandrov
medium was used and for Zn solubilization NMS media
supplemented with 1% methanol and 100 pg of
ZnSQO4-7H,0 was replace by different salts of Zn such as
ZnO, ZnCOs @1 g L' to assess the solubilization
potential of PMMC in the presence of different Zn
sources. The plates were incubated at 30° C for 5 days.
The clear zone appearance around the spot inoculated
was considered as positive for the K and Zn
solubilization ability of PMMB (Rani ez al., 2021).

Study of inoculation effect of Phyllosphere
Methylotrophic Microbial Community (PMMC)
pellets on promoting soil parameters

Soil Analysis

After the 20 days of incubation of soils inoculated with
PMMC. The soil was air died and sieved and used for
further analysis. Soil organic carbon was quantified by
the method followed by Walkley and Black (1934). The
available Nitrogen was measured by  Alkali
Permanganate method by Subbiah and Asija (1956). The

available phosphorus was measured according to Bray
and Kurtz (1945). The available potassium was measured
by flame photometer (Hanway, 1952).

Quantitative estimation of different enzymes was
undertaken according to standard procedure namely,
Fluorescein diacetate (FDA) hydrolysis by was estimated
by following method by Green et al, (2006). Phenol
oxidase (Hendel et al., 2020); B-Glucosidase (Eivazi and
Zakaria, 1993); Dehydrogenase (Casida, 1977).

Statistical Analysis

The experiments were conducted in triplicate, and the
data were analyzed using WASP 2.0 (Web Agri Stat
Package, Indian Council of Agricultural Research, India).
Mean comparisons were carried out under a Completely
Randomized Design (CRD) with a significance level of P
< 0.05. Graphs were generated using Origin Pro 2024
software.

Results and Discussion

Isolation and selection of phyllosphere
methylotrophic microbial community (PMMC)
based on their methanol conversion efficiency

A total of different 16 PMMC were obtained using an
enrichment technique employing NMS medium
supplemented with 1% methanol as a sole source of
carbon from the phyllosphere of selected rabi season
crops being cultivated in the field at the IARI, PUSA
campus, New Delhi, India. These PMMC
morphologically exhibited pink coloration due to
presence of pink pigment in their cell biomass (Fig. 1).

Subsequently, the six best PMMC were selected based on
their biomass in terms of PMMC pellet protein obtained
in the NMS broth supplemented with 1% methanol. The
selected samples for further detailed analysis included
Chickpea (Cicer arietinum L.) - POL 01, Chickpea
(Cicer arietinum L.) - PUSA 3043, Chickpea (Cicer
arietinum L.) - PUSA 3057, Radish (Raphanus sativus) -
Pusa Himani, Beet Root (Beta vulgaris) - Crimson Globe
and Broad Bean (Vicia fabavar) - Pusa Sumit. Their
cumulative value of the cell respiration expressed as
carbon dioxide respired per day in a 21 days incubation
period by the PMMC originating from different crops
ranged from 3.74 + 2.44 to 7.48 + 0.44 mg/day. The
relative methanol use efficiency of the PMMC derived
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from the test crops ranged from Chickpea (POL 01)>
Broad Bean (Pusa Sumit)> Chickpea (PUSA 3043)
>Chickpea (PUSA 3057)>Radish (Pusa Himani)>Beet
Root (Crimson globe) suggesting variations in the
metabolic potentials of the microorganisms present in the
phyllosphere microbial community (Table. 1). These
results were consistent with the previous result where
distinct methanol consumption rates were observed due
to presence of different community bacteria as revealed
by stable isotope probing (SIP) and metagenome analysis
of the phyllosphere and rhizosphere of the two common
plant species (Festuca arundinacea and Taraxacum
ofcinale) in a temperate grassland (Kanukollu et al,
2022).  Further, their  corresponding  biomass
quantification which was estimated from their pellet
protein concentration revealed significant variations. The
PMMC of the Chickpea (POL 01) and Chickpea (PUSA
3057) recorded significantly higher abundance of PMMC
relative to the crop Chickpea (PUSA 3043), Radish (Pusa
Himani), Beet root (Crimson globe) and Broad bean
(Pusa Sumit) which were identical. Recently, evidence
regarding the detection of protein from phyllosphere
microbiota of soybean, clover, and Arabidopsis thaliana
plants detected the presence of predominant community
members of methylotrophs belonging to the
alphaproteobacterial ~ genera  Sphingomonas  and
Methylobacterium (Delmotte et al., 2009).

The detection of these bacteria in the phyllosphere can
likely be attributed to presence of methanol, a byproduct
of plant cell-wall metabolism, formed by pectin methyl
esterases (Galbally et al., 2002). Overall, from the results
it is clear that among the selected six crop species
PMMC of Chickpea (POL 01) was identified as an
efficient in the conversion of methanol to cell biomass
rather than its respiratory loss as CO, as compared to the
PMMC of other crops, which suggests that Chickpea
(POL 01) phyllosphere microbiota has prominent role in
reduction of GHG by its accumulation in cell biomass.

The highest microbial necromass carbon and muramic
acid content was observed by PMMC of Radish (Pusa
Himani) and Broad bean (Pusa Sumit). The phyllosphere
microbial community of Chickpea (POL 01) and
Chickpea (PUSA 3043) recorded significantly lowest
amount of necromass carbon (112.5 ug-C g and 162 nug-
C g") and muramic acid (2.5+0.26 pg g and 3.6+3.76
ug g') respectively (Table. 1). The significant
contribution of the bacterial necromass carbon and
muramic acid content to soil organic carbon pool is well
established (Liang et al., 2019).
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Plant growth promotion traits of PMMC

In the present study the contribution of methylotrophic
microbial community present in aerial parts of six
selected crop plants was assessed with respect to their
potential as plant growth promoting traits and as a
bioresource to enrich the soil nutrient (N, P, K) and Soil
organic carbon (SOC). Nitrogen fixing ability of PMMC
of all the selected six samples was positive. However,
phyllosphere microbial community of Chickpea (PUSA
3043) and Radish (Pusa Himani) was exhibited profuse
growth on N-free Jensen media as compared to other
crops studied (Table.2). Although significant differences
were recorded among the methylotrophic microbial
community colonizing the phyllosphere of different
crops. Beetroot and Radish (except K-solubilization)
were found positive with respect to all the nutrients (N,
P, K, Zn) mobilization, while leaf surfaces of Broad bean
harbored only N-fixing trait and among the Chickpea
crop genotype specific differences were noticed with
respect to their PGPR traits. Similar observations
regarding the role of Methylotrophs especially pink
pigmented group of methylotroph has been reported
(Madhaiyan et al., 2015; Vadivukkarasi et al, 2020;
Gayan et al., 2023; Gayathry et al., 2024). The ability of
ZnO solubilization was the highest in the PMMC of
Radish (Pusa Himani) and Beetroot (Crimson globe).
PMMC of the Chickpea (PUSA 3057) was moderate
while Chickpeas (PUSA 3043) and Broad bean (Pusa
Sumit) were the least with respect to ZnO solubilization.
The solubilization of ZnCOs exhibited by the PMMC of
Beetroot (Crimson Globe) was maximum followed by
Radish (Pusa Himani).

While in case of Chickpea (PUSA 3043) and Chickpea
(PUSA 3057) comparatively less ZnCOs solubilization
was recorded. Similar findings were also reported by Joel
et al., (2023), wherein the rice phyllosphere isolates
IIRRSV22-3, IIRRSV22-4, TIRRSV22-5 TIRRSV22-15
and M1 were found positive for phosphorous and Zinc
solubilization. Similar plant growth promotion potential
of PPM (Pink Pigmented Methylotrophs) is also reported
(Meena et al., 2012; Vadivukkarasi et al., 2020). As the
phyllosphere PPFM of different crops are colonized with
methylotrophic communities that are phylogenetically
different (Kanukollu et al., 2022; Solanki et al., 2024).
The observed variations among the methylotrophic
microbial community with respect to their PGPR traits
may be explained due to differences in their metabolic
potentials (Gayan et al., 2023).
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Table.1 Carbon use efficiency of phyllosphere methylotrophic microbial community colonizing the aerial
parts of the plant

Name of the crops

Chickpea (POL 01)
Chickpea (PUSA 3043)
Chickpea(PUSA 3057)
Raddish (Pusa Himani)

Beetroot (Crimsun Globe)
Broad bean (Pusa Sumit)

CO; efflux by
PMMC (mg of
Co,/21 days)

3.74 +2.44°
6.6 +0.79*
6.82 +0.58"
7.48 + 0.44°
6.23 +0.88%
4.18 +0.95%

PMMC cell

biomass protein

(ng/m

14.12 + 0.63%
2.804 + 1.75°
11.48 +3.81%
5.820+2.38"
5.026 & 2.79°
5.238 £2.37°

Muramic acid of

PMMC
(ng/g of cell
biomass)
14.12 + 0.63*
2.80 + 1.75
11.48 £3.81?
5.82+£2.39
5.03 +2.80°
5.24+237°

Microbial

Necromass C

(ng-C/g™)

2.5+0.264
3.6 = 3.76¢
4.9+ 0.51°
9.1 +£0.95*
7.0 £0.73°
8.6+0.91*

Note: For each parameter, Values within a column followed by different lowercase letters (a, b, ¢, d, ¢ and f) that treatment means
are significantly different at P<0.05 according to Duncan’s multiple-range test for separation of means

Table.2 Plant growth promoting traits of the PMMC isolated from the phyllosphere of selected crops

Name of the crops N,-fixation P- K- ZnO- ZnoCQOs-
solubilization = solubilization solubilization solubilization
Chickpea (POL 01) 4 - = - -
Chickpea (PUSA 3043) ++ + - + +
Chickpea (PUSA 3057) 4 - +* 4= +
Raddish (Pusa ++ + = +++ At
Himani)
Beetroot (Crimsun 4 4= 4= A +++
Globe)
Broad bean (Pusa 4 - = + -
Sumit)

Note: +++, Indicates more efficient in particular trait; ++, Medium; +, Less efficient; -, No activity

Table.3 Effect of PMMC necromass enrichment on soil nutrient status under mesocosm study.

Name of the crops

Chickpea (POL 01)
Chickpea (PUSA 3043)
Chickpeas (PUSA 3057)
Raddish (Pusa Himani)

Beet root (Crimsun Globe)
Broad bean (Pusa Sumit)
Control

Soil organic
carbon (%)
0.38 £ 0.03?
0.43 +0.05%
0.35 £ 0.04°
0.71 £ 0.03¢
0.53 £0.10°
0.66 +0.12¢
0.32+0.11

Available soil N

(kg ha)
202.0 £ 31.9¢
167.2 +£20.9°
278.7+12.0°
3763 +£41.8°
285.7+31.9°
418.1 £20.9%
153.2+£1184

Available soil P

(kg ha™)
7.19 £2.18®
2.08 £ 0.34%
1.53 £0.20¢

10.9 £ 498
1.76 £ 0.22¢
12.1 £4.522
1.04 + 18.40

Available soil P

(kg ha™)
691.7+31.8°
658.5 + 14.0°
534.2 £ 23.1°¢
811.2 +36.4°
564.4 £ 77.0¢
716.0 + 16.3°
543.2 £ 14.30

Note: For each parameter, Values within a column followed by different lowercase letters (a, b, c, d, e and f) that treatment means
are significantly different at P<0.05 according to Duncan’s multiple-range test for separation of means
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Figure.1 Growth of PMMC of different crop in NMS media supplemented with 1% methanol
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Figure.2 Effect of PMMC (Phyllosphere methylotrophic microbial community) necromass inoculation on
soil FDA hydrolase activity mesocosm experiment. Different lowercase letters on the top of bars indicate
that treatment means are significantly different at P<(.05 according to Duncan’s multiple-range test for
separation of means
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Figure.3 Effect of PMMC (Phyllosphere methylotrophic microbial community) necromass inoculation on
soil Phenol oxidase activity mesocosm experiment. Different lowercase letters on the top of bars indicate that
treatment means are significantly different at P<(0.05 according to Duncan’s multiple-range test for
separation of means.
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Figure.4 Effect of PMMC (Phyllosphere methylotrophic microbial community) necromass inoculation on
soil dehydrogenase activity in mesocosm experiment. Different lowercase letters on the top of bars indicate
that treatment means are significantly different at P<0.05 according to Duncan’s multiple-range test for
separation of means
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Figure.5 Effect of PMMC (Phyllosphere methylotrophic microbial community) necromass inoculation on
soil B-glucosidase activity mesocosm experiment. Different lowercase letters on the top of bars indicate that
treatment means are significantly different at P<(0.05 according to Duncan’s multiple-range test for
separation of means
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Study of Carbon dioxide efflux from the selected
PMMC inoculated mesocosm soil

In a mesocosm experiment soils amended with PMMC
necromass of different crops were assessed with respect
to their impact on C mineralization by estimating the
ccumulative CO; release after a period of 21 days of
incubation. An identical rate of soil carbon
mineralization in response to input of PMMC necromass
was recoded in all the test samples with Chickpea (POL
01) being an exception. A significant variation (P< 0.05)
was observed in CO: efflux from PMMC inoculated soil
of different crops was ranged from 0.119 - 0.353 mg CO:
/24 hrs (Fig. 2). This suggests that the chemical
composition of the necromass carbon in Chickea (POL
01) appears to be complex, while rest of the necromass
carbon samples stimulates the native heterotroph
microbial populations to mineralize C resulting in higher
loss of carbon. This is consistent with the many previous
reports that microbes transform different C sources to
microbial cell biomass C that is subsequently distributed
to various trophic levels of the soil fauna that are major
contributor of SOM (Kogel-Knabner et al., 2002).

Effect of PMMC necromass enrichment on
nutrient status of mesocosm soils.

In the mesocosm experiment, enrichment of soils with
necromass generated from PMMC caused a significant
but differential increase in the SOC (%) and exhibited a
range 0.357% to 0.720% of C (Table. 3). The maximum
and minimum SOC content was recorded in the
mesocosm soils amended with the necromass carbon
derived from the PMMC of Chickpea (PUSA 3057) and
Radish (Pusa Himani) respectively. It is also now
established that microbial biomass following their death
referred as necromass is a significant contributor of the
Soil Organic Carbon (Kodgel-Knabner ef al., 2002). There
are many published studies where inoculation of PGPR
microbial inoculants significantly improve the soil SOC
(Ju et al, 2019). PGPR can not only promote plant
growth but can also improve the soil health by improving
different physiological parameters and soil heath
indicators (Khati et al.,, 2017). Li et al., (2020) reported
that inoculation of PGPR microbial inoculants has
increased the available N, P, K and SOC of the Oat
rhizosphere by 9.51 %, 33.81 %, 7.28 %, 6.57 %, and
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respectively. The same was observed in our study where
input of PMMC has significantly improved the available
nitrogen, potassium and phosphorous in the soil as
compared to the control soils not receiving PMMC. The
levels of available N in the soil varied from 167.2 + 20.9
kg ha'to 418.1 £ 20.9 kg ha' (Table.3). The highest
concentration of available nitrogen was found due to the
Chickpea (PUSA 3043) necromass, whereas the lowest
concentration was noted due to the Broad bean (Pusa
Sumit) necromass.

The available soil ‘P’ content in the mesocosm soil
samples following amendment with PMMC necromass
exhibited wide variations (1.53 = 0.20 to 12.1 + 4.52 kg
ha-1) with the significantly lower P in Chickpea (PUSA
3057) and Beet Root (Crimson globe)and significantly
higher levels in Broad Bean (Pusa Sumit) and Radish
(Pusa Himani) (Table.3). Similar variations with respect
to soil K content in response to soil fortification with
PMMC necromass was observed. The order of soil K
content noticed was Raddish (Pusa Himani) > Broad
Bean (Pusa Sumit) > Chickpea (POL 01) > Chickpea
PUSA 3057 and the least was observed in Chickpea
(PUSA 3057) and Beet root (Crimson Globe). These
observations suggests that necromass of PMMC of
different plant species exerts a differential impact on the
soil NPK nutrient status as well as its SOC content
possibly due to differences in the chemistry of
biomolecules present in their necromass. Therefore, crop
specific ~ phyllosphere = methylotrophic ~ microbial
community differentially influence soil fertility
parameters and it is a function of the crop species.

Soil enzymes as an indicator of soil health

In the mesocosm experiment enrichment of soils with
PMMC necromass increased significantly level of, FDA
hydrolase (Fig. 2), phenol oxidase, dehydrogenase (Fig.
4) and P-Glucosidase activities as compared to
unamended control soil. Among the test crops, PMMC of
Raddish (Pusa Himani) and Broad bean (Pusa Sumit)
fortified soils exhibited the highest. This suggests that the
nature of necromass biomolecules were highly complex
which induces production of microbial extracellular POX
activity yielding relatively simpler carbonaceous
biopolymers which in turn serves as a substrate for
hydrolytic enzyme B-Glucosidase. As B-Glucosidase is
an inducible enzyme that responds to substrate
availability. Thus, a high POX  generates
oligosaccharides product that causes increased hydrolytic
enzyme [B-Glucosidase activity in Raddish and Broad

bean (Fig. 5). In contrast, the chickpea varieties with
significantly lower POX enzyme activities (Fig. 3) yields
a lower oligosaccharide product formation that elicits
reduced hydrolytic enzyme B-Glucosidase synthesis due
to lower enzyme substrate availability. It was reported
that lower addition of exogenous C inputs such as
biochar, microbial necromasss, farm yard manure and
crop plant above ground litter as well as their roots and
root exudates to soil markedly change the activities of
soil extracellular enzymes involved in C and S cycling
particularly those involving C cycling, e.g. B-glucosidase,
invertase, and dehydrogenase (Saha et al., 2008; Wang et
al., 2015; Jamir et al., 2019; Liu et al., 2023). A study by
Bai et al., (2020) showed that inoculation of bacteria P.
Sfluorescens CLW17 and B. cereus CLY07 has improved
the soil enzyme activity and the rhizosphere microbial
diversity of Taxus chinensis var. mairei.

In the mesocosm experiment enrichment of soils with
necromass generated from PMMC led to a significant but
a differential increase in the SOC (%). Similar gain in
soil nutrients (N, P, K) content of mesocosm soil
receiving PMMC necromass over the non-fortified
control soils suggests that the necromass derived from
the methylotrophs colonizing the phyllosphere of crop
species is a promising means of the improvement of soil
nutrient status and thereby serves as an ecofriendly
method to improve soil fertility.

Thus, in the present it is evident that PMMC necromass
that was derived from CH4OH as sole carbon source, aid
in reduction of net CH4 being emitted from leaf surfaces
as methanol. Therefore, it serves as an efficient means of
mitigating GHG (Green House Gas) and the necromass
originating from PMMC cell biomass so formed is a
means enabling a gain in soil fertility and improved soil
health.
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