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Root-associated Microbiome: Critical Component for Plant Growth and Health
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Beneficial effects of the plant-associated

microbiome
® growth promotion

T e ® nutrient acquisition

® chemical antagonism

® nutrient cycling

Nature reviews microbiology, 2020, 18, 607—621
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Engineered Nanomaterials (ENMs) as Critical Tools for Microbiome Modulation
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Harnessing Carbon Nanosol for Plant Growth Enhancement
o [
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Synthesis of Carbon Nanosols
via Pulse Electrodeposition
Method Using Graphite

® Definition:

jun.pdf
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Carbon nanosol (CNS) as a carbon-based nanomaterial,

1 ——————— synthesized through a electrolysis of graphite in water.

® Characteristics:

CNS surfaces are rich in abundant functional groups, rendering

them remarkably stable, well-dispersed, and biocompatible.

® Potential for Enhancing Crop Growth:

Carbon nanomaterials exhibit promising potential in regulating nutrient
absorption, stimulating plant growth, and enhancing biomass accumulation in crops.

This underscores their promising application prospects.

(Chen et.al, 2020)
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Application of carbon nanosol

10 days after transplanting

300 ml/L CNS, twice

Concentrations

T T2
(2h:d 0.6 mg/mi 1.2 mg/mi

Duration after twice treatments

5d 10d 25d

Experiment design

Sample collection and processing

Soil Rhizosphere Rhizoplane Endosphere

v

Culture-independent method Culture-dependent method

DNA extraction W’

Y

—
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r ~

Metagenome

!

Metagenomic
sequencing

High positive
correlation

o Diversity B Diversity

barcode

Y Y \
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Relative abundance
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v Understanding CNS managing
the microbiome
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Microbe isolation Sample collection, processing
and analysis
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Microbial intervention in
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1. Effects of CNS on Tobacco Flowering and Growth Dynamics c
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Growth Phenomenon: T1(600 mg/L)
CNS application leads to significant
growth enhancement, with T1 exhibiting
substantial height increase

(28.82% 1=8.54%)

Flowering Dynamics: CNS-treated

plants exhibit diverse flowering patterns,
PR S with T1 promoting twofold increase in

B Treaiment M) © CK_ ® T1 @ T2 flowering, while T2 shows absence of

e " . flowering.

w
&

Flowering and Growth Nexus: Dose-
. U dependent impact of CNS on tobacco
y “ } ) plants observed.

7 3
5d 10d 25d 5d 10d 25d 5d 10d 25d 5d 10d 25d 5d 10d 25d 5d 10d 25d

Internode Length (cm)
o > ~
Leaf Length(cm)

Height (cm)
Stem Thickness (cm)
Leaf Num
Leaf width (cm)
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2~ Impact of CNS on Soil Nutrients and Enzyme Activity
P ERE
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A _ _ B
RN e ‘I N 35— Environmental Effects: The effects of
R S 12] 83 . : : -
B & % o s e ~— 3 ] p— CNS on soil nutrient availability and
S | 4 ¥ reimen e Bl enzyme activity were concentration-
= CK z2 =
= o 35 o] g | =3 A dependent.
&h @ 12 Z§'CK OE,
0 e I 50 75 100 Soil Nutrients:
’=® o 3\ =) % . .
LR T @ @ S 5 ;3.—#" s 79% CNS Iimproves nutrient content
2 IIIILIE- 0 R SR E—— R .
AN EEREEE oy | 050 055 080 60 8 100 120 Enzyme Activity Assessment: CNS
loooc :EQ; arik 13| M | 2w | decrease several enzyme activities,
2l nmmm-ln [« ° E ck = . . .
| 5_ e N — ———— !nmhpgltnognpossmle extracellular enzyme
w_ = .D E CBH. N Bacteria = h = Q I 101 .
’-% :l. L b » Partial Manttel'sp f") ¥$ 5%) . . . - . . g
5§ mmE e, -, X ok{ === N £ | i Microbial Associations: Significant
8 O ron 2 e o 12 ol correlations link potassium content
o E iy inwi i rund! Pn'”lnr\:Su' = ‘ = o p
T e 3 B | £F < (TK), cellobiohydrolase (CBH), and
| — 02-04 £ CK £ c 5 e
— oo A A 5 0x 05 06 o7 microbial communities.

TN, total nitrogen. NO3-N, nitrate nitrogen. TP, total phosphorus. AvK, Available potassium. TK, total potassium. AvK, Available potassium.

CBH, B-D-cellobiosidase. BG, B-glucosidase. SC, Sucrase. LAP, leucine aminopeptidase. Apase, Phosphatase. POD,peroxidase. PPO,
Polyphenoloxidase 8 /18
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3. Effect of CNS on root-associated microbial community structure
and diversit
A CK ®T1 @ T2 N:22.0% D:91% T:d1% Root Microbial Diversity Shifts:
: : acteria .
Bactona Fungi 2~ S CNS treatment induces
2500 a [ 600 g 0.1 OQO% . o - . e
. LT b Py & significant alterations in root
g ) b 5 Y = Nere ) endophytic microbial diversity.
é1500 3 a% 40 5:2:; E@ﬁ :-';‘: 8 EP 1 Y
iC i
© P -0.2 : 0.2 0.4 0.6 A RS . .
. 200 “pcoat(atson) < BS Ecological Niche Impact:
: _ fEesH RO Tpiﬁg/. Date (D) PCoA results highlight significant
L s [ 1, 5 il differences between bacterial
B BT = S&.| ®»¢  communities across distinct
S ° 4 A o® . . .
£ °; $ 3 [ ecological niches, while
% 4 ' , i developmental stages effectively
o5 om 0w differentiate fungal samples.

root

soil

root

soil

PCoA 1 (12.56%)

Bulk soil (BS). Rhizosphere soil (RS). Rhizoplane soil (RP) and Root endosphere (R)
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3. Effect of CNS on root-associated microbial community

structure and diversity hERE

CHINA TOBACCO

Ecological Niche Impact: CNS influences microbial communities across various
ecological niches, notably root endophytic bacteria.

Enduring effects: The impact of CNS on community structure initially increases
and then decreases, reaching its peak at 10 days.
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4. CNS Effects on Root-associated Microbial Taxonomy Composition c
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\ N fungi like Penicillium.

Bulk soil (BS). Rhizosphere soil (RS). Rhizoplane soil (RP) and Root endosphere (R) 11 /18
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5. CNS Impact on Root-Associated Microbial Inter-Kingdom Co-occurrence

Networks B
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6. EXxploring Functional Traits of Root-Associated Microbial Communities c
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7~ Isolation of culturable microorganisms
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Culturable Microbes Isolated: A total of 392 bacterial strains and 54 fungal strains were

isolated, and identified through 16S rRNA and ITS RNA gene analysis.

Map to sequencing data: Among these isolates, 12 bacterial strains and two fungal strains

enriched after CNS treatment.
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Enhance Plant Growth

o

Multiple Fungal and Bacterial Isolates Significantly
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9. Two Fungi might Promote Plant Growth via Volatile Organic
Compounds (VOCs)
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Cladosporium sp. F119

Cladosporium herbarum
Cladosporium pseudiridis
Cladosporium tenuissimum

Cladosporium flabelliforme

Cladosporium aciculare

Cladosporium cycadicola
Promotion of

tobacco growth
through VOCs
emitted by fungi
belonging to

Cladosporium sphaerospermum | (&

Talaromyces stipitatus

Talaromyces funiculosus
5.04

Talaromyces sp. F126 = 0.30-

i 30
Clados porium Talaromyces pinophilus b ae Tas b
and Talaromyces marneffei 0251 a a = b a
Talaromyces. Talaromyces helicus

0.204
Talaromyces viridis

Talaromyces aerugineus 0.15+

I— Trichoderma harzianum

0.104

Aboveground fresh weight
W)
Root length (cm)
%{ vl
Leaf width
W)
Leaf length(cm)
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» Impact on Plant Growth and Soil Dynamics: CNS has demonstrated significant
iInfluence on tobacco growth, soil nutrient availability, and enzyme activities, with effects

correlated to concentration.

» Microbiota Diversity and Community Structure: CNS concentrations have significant
Impacts on root endophytic microbial diversity, community structure, microbiota

iInteractions and functional profile.

» Beneficial Microbial Interactions: Isolation of growth-promoting PGPR strains from
CNS-enriched communities highlights the potential of CNS to enhance crop yield by

targeting specific beneficial microbiomes.
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