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INTRODUCTION

e Agriculture Sector is very important to gain Food Security and Food Safety
* Food production improvement through intensive cultivation

* Fertilizers, pesticides, resistant plants etc. are applied to the agricultural
ecosystem

* Is the intensive agriculture for food production improvement always with
the consideration for food and the environment safety as well?

* One Health may involve in the implication of this matter

UGM.AC.ID

LOCALLY ROOTED, GLOBALLY RESPECTED




(LF) UNIVERSITAS GADJAH MADA

China 45.4

Consumption of fertilizers
worldwide in 2019, by
country (in milion ton)

India

United States

Brazil

Indonesia

Canada

Pakistan

Russian Federation

France

Vietham

Bangladesh
https://www.statista.com/statistics/1287852/global-consumption-fertilizer-by-country/
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Global distribution of pesticide usage on average (¢
for 1990-2018, based on data from FAO (2019)
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Antimicrobial consumption per country in 2017 and 2030.
The size of the circles corresponds to the amounts of
antimicrobials used. Dark red circles correspond to the

amounts used in 2017, and the outer blue ring corresponds
to the projected increase in consumption in 2030
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Global Trends 1i1 Antimicrobial Use in
Food Animals from 2017 to 2030

+ 7.3%

The top 10 consumers of veterinary
antimicrobials by country in 2017
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Synthetic Antibiotic/Pesticide used in Food |
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" ® Non bacterial diagnosis
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Eastern Mediterranean Western Pacific = Insect and mite +

Nutrient deficiency +

Virus +

Water mould +
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Fig. 1 Proportions of diagnoses against which antibiotics are recommended based on checkbox data. In each pair of pie charts the larger cne
represents the proportion of antibiotic recommendations made against either bacterial or non-bacterial problems. The smaller chart breaks

down the non-bacterial diagnoses into its subcomponents based the check boxes ticked. Note records that contained more than one check box
(indicating multiple problems) are marked with a “+" and this data appears more than once in the chart eq. a record that had the virus and fungus
boxes ticked would appear in the "Virus+" and the "Fungus+"categories. Data from “Insect” and "Mite” check boxes were combined and an isolated
record of "Weed"is not represented in the figure

Taylor and Reeder 2020
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Application of Home
Made Liquid Organic
% AN YR WL Pesticides by Small
Penvflm‘l;rgf;;uk ! ; EL : « Holder farmers :
o L L Ly VRN i e . v 20 ml HMLOF +51
water or 11 + 100 1 water
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applications in intensive agriculture
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C-organik % : 29,7

* Nitrogen % : 1,65
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Home Made (Small Industry) I\.f&ujld Organic Fertilizer
(HMLOF)
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Culturable Dependent Bacterial Population Density ™

in Intensive and Traditional Banana Cultivation

Traditional Banana Cultivation
R . R *
. Intensive Banana Cultivation

50 f_l_\ Lower Population

Densities of bacteria
were found in the
Intensive Cultivation
lands compared to
that in Traditional
Cultivation Lands
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Sample Name

Metagenomic Analysis of Bacterial diversity and population density of ‘
shallot cultivated land : Different Diversity and Population Densities with

Different Application of Manure and Pesticides

A and C with the application of manure fertilizers, B without application of manure fertilizer
A2, B2, C2 : 3 x pesticide applications

A6, B6, C6 : 15 x pesticide applications
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ANTI MICROBIAL AGENT (AMA) %

* Antimicrobials are substances (pesticides, antibiotics, polutants) that
inhibit or kill micro-organisms included antibacteria, antifungals,
antivirals, antiphrasists, etc.

* Antimicrobials can be natural, semi-synthetic or synthetic.

ANTI MICROBIAL RESIATANCE (AMR)
AMRs are the microbes which are resistant against AMA

ANTIMICROBIAL RESISTANT GENE (ARG)

Microbial genes responsible for the resistance against AMA
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* Antimicrobial resistance 1s the ability of a micro-organism to
withstand the inhibiting or killing action of an antimicrobial.

* In some cases, micro-organisms may be inherently resistant to
particular antimicrobials based on specific, defining
characteristics of the micro-organism itself.

 This inherent resistance 1s not caused by agricultural use of
medicines.

* Micro-organisms may acquire resistance via mutations in
their DNA, or by exchanging genetic material (genes) with
resistant micro-organisms, allowing them to survive exposure
to an antimicrobial to which they are normally susceptible
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- This preliminary study shows that the liquid fertilizer can be a good choice for agriculture.

* Our project are still progressing, and we plan to expand the sample to Java Island, Indonesia.
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Superbugs

* [f bacteria acquire resistance to multiple antimicrobial agents
they are called multi-drug resistant.

* The media often refer to bacteria with resistance to a large
number of antibiotics as "superbugs."

* When a person or animal 1s infected by multi-drug resistant
bacteria, there are fewer treatment options and recovery may
take longer.

* In the worst case, there may be no effective treatments
available
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* The large volumes of antimicrobials used 1n agricultural
systems can promote resistance.

* Antimicrobials used in agricultural production systems help to
maintain animal welfare and plant production, and control
animal and plant diseases.

* The application of antimicrobials need to be used cautiously
in agriculture, human medicine and public health.
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Thanner et al 2020
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Movement of AMA'or AMR is indicated by
overlapping circles and arrows, respectively;
different colors define different groups of
reservoirs. Stars indicate the hot spots of ARG
and ARB with high bacterial densities, nutrient
availability, and selective pressure in the digestive

tract of livestock and humans, in manure storage
¢ facilities, wastewater treatment plants, and in the
{ rhizosphere. Asterisks indicate possible hot spots

of ARG and ARB in water, sediments, and
biofilms in aquaculture, rivers, lakes, and
irrigation systems, as well as in slaughterhouse
facilities and on plant surfaces

Pathway map of AMA (anti microbial agent) and AMR
dissemination within agriculture, the environment, and
the food

hrocessing industry.
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Survellance data om the use of AMMA for animal and planat leealth

Survellance data on specific ARG in zagmotic agents and commensal
bacteria in hvestock, not only their level of ARME

Survelllance data o the amaouant of AMA, ARB. and their ARG mm manure

Eifects of different manure treatments on abundance of AMA, ARG, and
AHR, as well a5 on Frequency of HGT

Crualitative and guantnative data on sorpison and Gxation of AMA n woals

Cruamtiative data on antibiotie potency of AMMA that are sorbed and fixed in
soils and sediments

Persistence and eveniual selection for AME in AMA-containing soals

Chance of human-associated a3 well as anmmal-associated bacteria and
pathogens o acguire AMB by MGE [rom commensals and environmmenital
e

Cruamtitative data on the moculum needed 9o add an AREB to the
microbdomes of humans and anirmsals

Pathways from agricultural and wrban sources of ARMA and ARG into sewage
and the agueous envirommeni

Efficiency of wastewaler treatment regarding elimination of ARG as well as
AbdA

ASNA and ARE uptake in plants and influence of soil types on upake

Darect relationship between irmgation walter or manure containimg ARB and
ARG and the abundance amd spread of corresponding bacteria or ARG omn
Crops

Chamce of humam-associated 2 weell as anmmal-associated bacteria and
pathogens 1o scguire AME by BMGE from bacteria in the phylosphers

Effects of drying or stlaging roughage on the prevabence of ARG amd ARE
the phyllosphere

Potential influence of direct use of AMA 0 plant production on
comtaminatiom, selectson, and spread of envirommental, andmal, anad
human resistormes

Evalusation of nsk factors for selection and spread of AME in andrmals and
envirormmental reservodrs

Evalsation of rammission routes of ARME as well as human exposure daea
related o agriculiural produces

Bole of biofilms in spresd of ARG and ARB in the environment and food
processing planis

Einetics of spontaneoss removal of ARG and ARG from soil, water, anad
famged ErvirooamenLs

) UNIVERSITAS GADJAH MADA

Knowledge gaps regarding
AMR in plant and animal
agriculture and roles of these

sites as sources and sinks of
AMR

Thanner et al 2020
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Possible Resistance Mechanisms Pesticide degraders
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Contribution of pesticide application on AMR development
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in the Soil and Rhozphere
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Shaping soil- and plant-associated
bacterial genome
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Bbosa et al 2014
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Rhizosphere microbiome

Root interior
microbiome

Density and diversity of endophytic micro-organisms

Some Rhizospheric Microbes in the soil may live
as Endophytes in the plant tissues
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Schematic representation of
human pathogen (HP)
association with plants

(A) Pathogens are introduced to
soil through contaminated

(C) Root cross-section

irrigation water, fertilizers,
manure, and pesticides
(B) Stem cross-section showing
bacteria located in different
tissues (Ep, epidermis; C,
showing bacteria on the cortex; V, vascular tissue; Pi,

root surface, internalizing between the epidermal cells, pith)

and colonizing root outer and inner cortex,

endodermis (En), peric
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Melotto et al 2014

cle (P) and vascular system
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Consumption of contaminated
plant and animal material

-

ﬁ
Plant exposure to pathogen
via irrigation with contaminated
water or direct contact with

fecal material
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An emerging concept of
the ecological cycle of
human enteric
pathogens on humans,
animals, and plants

Fletcher et al 2013
Diagram by Angela Records
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Worldwide bacteria network may
readily swap beneficial genes
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HGT per 100 comparisons

Frequency of horizontal
gene transfer between
different environments
for all functional groups
(a,b) and antibiotic
resistance genes only
(c,d) (credit: Chris S.
Smillie et al./Nature)
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Conclusion

* The application of Animal Manure and Pesticide may
change the diversity and population density of soil
microbiome

* The use of Antimicrobial Agent in Agriculture for
Food Production may immerge on Antimicrobial
Resistance Microbes leading to the spread of AMR
into plant, animal and human pathogens

* One Health should be the answer for better
management of the AMR spread 1n the agricultural
ecosystem and 1n the environment
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Thank you for attention
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