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1.1 Introduction z '

@
Green revolution has prompted significant incréases in agricultural i)th%tYEbtained
: -\
hemica

via the use of genetically improved crop types, ¢ | hegbicide andVQertiIisers. Yet
Y

\‘ncluc@g?t.he deterioration

that success is tainted by a number of unsus inabz pl’ﬁtl

of soil and human health (Sharma and@ 2017; el e@& 2023), soil erosion

and degradation (Hossain et al., Zozzasundway\cw% @on (Srivastav, 2020), and
N,

loss of soil biodiversity (Tong et%g). (!?)nse emtlyég.i ising specialised strategies,
plant microbiome exploitatior%ctt
food industries. These ir% incc‘);

practices in ensurin%{wﬁc cli|na\onditio or increased productivity and quality;

(ii) implementin thre dly
chemical pest@ge y
Steand e

(iii) givin Wt to astute a ﬁ@ﬂve approaches for implementing natural resources
. ; N
a

(i.e. sm’\ ater); and (iv) pch'du'u)cing higher-quality goods (Singh and Trivedi, 2017).
Re% on environmentally acceptable alternatives of plant growth-promoting

hemicals has been sparked by rising concerns about the detrimental impacts of excessive



chemical usage in agriculture (Padmini et al., 2017; Wang et al., 2017; Behera et al.,
2022; Ye et al.,, 2022). Under such unique environmental conditions, @grove
habitat contains abundant and characteristic of microbial resources whic g@ mangrove
known to host diverse microbial communities. Microbial resources ?%Ie to produce
enzyme, bioactive compounds, antibiotic and other value substances (Selim et al., 2021,
Danquah et al., 2022; Janatiningrum and Lestari, 2022). The Wx and unique habitat
of mangrove forests supports the growth of a wid e of bacterigp with diverse

metabolic capabilities. This biodiversity increases @ihood fdi \ierf@)sEvel and
S

potentially useful bacteria (Liu et al., 2019). 2 \ &
Y
\\ g

iquﬁaptaﬁons to thrive in

@conditions include high

the challenging conditions of the ma@sle env w
- - - - -, \ - - - - -
salinity, fluctuating tidal conditi 0X 8 I , ar\ciﬁjtrlent limitations. Bacteria

health and st b'!' ft
ealth and sta ||N e ¢
decompose cw rganic c

W W‘g&: ir@echnological applications (Nimnoi and Pongsilp,

capabiliti n be ha
)
2022).4\M11 es serve as a sour?g%f biotechnologically valuable and important products

an ute to biogeochemical cycles and serve as a primary nutrition source to plants.
@)f these studies have isolated and identified microbial strains with the potential for

biotechnological resources such as microbial cellulase, endophytes and thermostable and



salinity-tolerant glucanase enzyme (Behera et al., 2016; Castro et al., 2018; Paix&o et al.,
2021). Selecting mangrove soil as a source of bacteria offers the opportur%w into
the diverse microbial communities that have adapted to the challengin@ons of this
unique ecosystem. The exploration of these bacteria holds promise for discovering novel

traits and potential applications in various fields, while also pramoting the conservation

and understanding of mangrove habitats. Y'
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Duckweeds are among the world's tiniest free<floating aquatic ts DEEkweeds
15
3

are members of the family Lemnaceae, which inclu ive genefa apd 36 Qecies divided
Y
XE (21 ég‘ies). Duckweed

ly, h daughter fronds

into two subfamilies: Lemnoidea (15 specie%

species reproduce genetically identi\%@es veg
sprouting from mother fronds (Baek@sl., 202 \‘Bq%w eﬁ\are abundant in protein,
N

essential amino acids, and micr ients (A?;pen th et @017). Duckweed can be a

useful biological model for g[ t- 'crotgj~ eractions due to its ease of

inoculation. Because of % sizg' angi'd(?elopment, duckweed can alter the

genetic of the rhiﬂn@ ([@dam%( al., 2022). Therefore, studying the
&
'

dan%@d from mangroves and duckweed not only
4

provides valu knowledge for usta’kﬁable agriculture, but also opens up possibilities

for adva Wtechngl all use%é\mproving our comprehension of the symbiotic
N

reIauo%

complex relations betwgen
¢

tween plants and microorganisms in unique ecosystems.



1.2 Problem Statement

It's undeniable that widespread use of chemical fertilisers andc%;‘; has
increased agricultural output and moved the world closer to its food sa%v and poverty
reduction goals. In any case, their uncontrolled and excessive use hawa’o contaminated
food, negative environmental effects, and disease resistance,_all hich pose serious
risks to human health and food security (Singh and YZOF). The long-term
viability of today's agricultural sector is also under ques du t.o\cheﬁiges%r_ead and

. . . . >l
often immoral usage of chemical fertilisers and p . As a resuit, fJod\cs?curlty and

d
safety become more of an uphill battle as farmsts ar the‘z@v%;age farmer's

income drops (Kapari et al., 2023). c\/ 0\ é\
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Constant reliance on chemi er Iis%rs%v Iopcgg iculture is associated to
7] C&

severe soil quality decline, llutio conﬁﬁination hazards, and overall

N
economic stagnation (Bitt and C auh'n, 2 J]). hree most widely grown cereal

grains (corn, rice, and whea accou( arG. 57% of global agricultural calorific
consumption, althow yid@ bee\ t or declining for quite some time now,
according to th@j ble sfud rgﬁsnem et al., 2022). Increasing environmental
factors suc@ht, ‘h vy, :e al @htion, soil salinity, and heat stress exacerbate the

Y’

problen@m and Sandhi, ZO@It Is estimated that biotic stressors, such as those
ANg
cal@ests and pathogens, reduce agricultural output by a further 30%, costing the

6 onomy $40 billion annually (Syed Ab Rahman et al., 2018).
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On the other hand, research has shown that only 0.1% of chemical pesticides

successfully kill the target pests, while the rest leach into the soil and {R nearby,

polluting the ecosystem (Sathish Kumar et al., 2024). Moreover, ges‘@ modified
a

(GM) plants provide a promising option for low-input and sustaina riculture, but the
expense and time required for creating new varieties is dauntin edAb Rahman et al.,
2018). High yields can be reached through the use of sust 'naWricultural approaches
that prevent depletion of soil nutrients by prioritisi ir bs@a’n plant cells

(Sankar et al., 2017). Therefore, natural resourc %as phytomi bio' “and their

utilisation are generally considered as an efficient re emen}f g rante?ng long-term

agricultural production and food quality, hengce su ortgﬁg envir ental and social

goals (Singh and Trivedi, 2017). In ge s’@)loglca ntﬁgrlculture refers to a

broad manufacturing and managemeén syste s and increases agro-

ecosystem features such as robun%lodl\ﬂe rsit b.tolo cycles and biological soil
activity. Aj §
Z N
v &

1.3 Aimand O |vs ? | \
j was evelop a biofertilizer by combining specific

mangro e-goélted bacteria t hance the growth rate and protein contents of

dui@vlants
S
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Hence, the objectives of this study were:

1. To identify a wide range of microbial species and function of gen q@u three soil
samples collected at the freshwater riverine mangrove at ai Lukut, Negeri
Sembilan, Malaysia using metagenomic Whole Genome Sequencing (mWGS).

2. To isolate and identify selected bacterial specie i rowlective media

which are nitrogen-fixing bacteria, potassium s@lubilizing bacte ixnaép)ﬁ)'sphorus
A
solubilizing bacteria by using Polymerase Chaifsgeaction (PC and?equencing of
\ N
the 16s rRNA gene. E\T

%
O

3. To determine the selected bacter%ecies \sa%af @uckweed plants through
N,

growth rate and protein conte%yses'.‘ “« Q-
N A""
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