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Agricultural context and challenges in Benin

»Benin is a West African country covering an

area of 114,760 km2 and with a population of
13.7 million (INSAE, 2019)

» A country with a predominantly rural
population

» Agriculture plays a crucial role in Benin's

economy and society
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Agricultural context and challenges in Benin

Plays a central role in economic
and social growth

Employs nearly 70% of the active
population

Contributes nearly 75% of export

earnings and 32% of GDP (Gross
Interior Product) (INSAE, 2019)
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Agricultural context and challenges in Benin

Traditional agriculture Economic importance
» The majority of farmers in Benin * Agriculture plays a crucial role in
use traditional farming methods Benin's economy, both in terms

« Agriculture is rain-fed of employment and food security.




Agricultural context and challenges in Benin

The main agricultural crops in Benin are:

V

Malize
Sorghum/millet
Food Cowpea

crops Peanut
Yam

Cassava

~N
Despite its Importance, agriculture in

Benin faces a number of problems



https://beninrevele.bj/article/12/filiere-coton-nouveau-record-benin-2021/
https://fraternitebj.info/societe/article/exportation-de-l-ananas-pain-de-sucre-le-benin-a-la-conquete-du-marche-chinois
https://apiex.bj/2023/02/20/bulletin-sur-le-prix-du-cajou-au-benin/
https://babylas25.mondoblog.org/2013/10/21/le-benin-peut-il-reconquerir-sa-place-dantan-au-niveau-du-palmier-a-huile/

Agricultural context and challenges in Benin

Environmental challenges

 Agricultural activities can face a number of environmental
challenges: Soil erosion, loss of biodiversity, Plant attack by
pathogens, Crop contamination etc..




Agricultural context and challenges in Benin

< Toincrease crop yields But are not without

Many farmers use mineral fertilizers, Adverse health and
which are indeed considered the most environmental consequences.
effective weapon




Agricultural context and challenges in Benin

What's more, excessive use of these fertilizers and pesticides has negative
repercussions on human and animal health, as well as on the environment:

Contamination of Groundwater Reduction in soil fertility Crop contamlnatlon
agricultural products contamination



Agricultural context and challenges in Benin

Dynamic systems containing a diversity of microorganisms

Bacteria, Fungi, Parasites, Viruses and Algae

Maintenance of the diversity of microorganisms

Soil
ustainabilit




Agricultural context and challenges in Benin

P

It IS therefore
Imperative to
move towards
sustainable
agriculture that
reduces the use of
chemical inputsj

» One solution iIs the use of Biostimulants based on soil
microorganisms and others bioproducts.
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Biostimulants : Importance and Mechanisms of action

2. Blostimulants : Importance and
Mechanisms of action




Biostimulants : Importance and Mechanisms of action

Biostimulants...?

2 3
Stimulate
e R o nawra e
appligd to PrOCESSEs, pand resisty
plants or soil or Improving their environmental

as seed coatings ability t(_) absorb stress
nutrients




Biostimulants : Importance and Mechanisms of action

Biostimulants...?

1

Integration into sustainable agricultural practices

Biostimulants can be integrated into sustainable cropping systems, reducing the need
for chemical fertilizers and other inputs.

2 Development of new formulations

3 Farmer awareness and adoption
Raising farmers' awareness of the benefits of biostimulants is essential to encourage

their adoition and imirove the sustainabiliti of airiculture.



Biostimulants : Importance and Mechanisms of action

Biostimulants




Mechanisms of action of PGPRSs?

Plant Growth Promoting Rhizobacteria (PGPR)

Rhizobacteria promote plant growth

Bacteria capable of colonizing plant roots, stimulating
growth and increasing yields.

PGPR mechanisms of action fall

Into 02 categories : l

v" Direct Mechanisms
v" Indirect Mechanisms




Mechanisms of action of PGPRSs?

IDvirect
Mechanisms
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Mechanisms of action of PGPRS (Agbodjato et al., 2024)




Mechanisms of action of AMFs ?

Biostimulants




Mechanisms of action of AMF

/>AMF =) Arbuscular Mycorrhizal Fungi

» Complex communications between plants, fungi and soil

» AMFs form vesicles, arbuscules and hyphae both in roots and
. In the rhizosphere (Begum et al., 2019).
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Mechanisms of action of AMF

Plant-AMF Association

Stress Nutrient
[ Tolerance uptake ]
' |
£
, N Regulation of
. antioxidan
The formation of a hyphal | | detesessem o ene
mitigate
network between AMFs and oxidative stress )

roots increases the latter's

Translocation )

(R on of:
access to a large volume of | [ Si\mmmve from extornal
soil for crop growth. i ey
\ s ~transcription modification of
\_factor root morphology /
Soil moisture, texture and fertility improvement
A

A

Mechanisms of action of AMF (Khaliq et al., 2022)

Improved Stress Tolerance and Enhanced Yield \




Mechanisms of action of Chitosan

Biostimulants



Mechanisms of action of Chitosan

Natural polymer derived from chitin, extracted from crustacean

Chitosan exoskeletons. Chitosan is obtained by N-deacetylation of chitin.

Crustacean exoskeletons

. hi
Chitosane Chitosan




Mechanisms of action of Chitosan

No-toxic, biocompatible and biodegradable
polysaccharide

4 Stimulate plants' innate ability to defend
themselves against pathogens

Chitosan

\ As a biostimulator, improves germination,
growth and yield.




3. Case studies: the success of
biostimulants 1n sustainable
agriculture




Activities carried out on PGPRs

Production of Biostimulant based on the best PGPR
strains in Benin




Activities carried out on PGPRs

> Isolation of rhizobacteria strains from Benin soils and characterization of thei
PGPR profiles

Antagonism between
rhizobacteria and
pathogenic fungi

Siderophore production Phosphate solubilization

Production of

ExoPolySaccharides(EPS) Hydrogen cyanide production(HCN)
Production of indole acetic Protease production Lipase production
Acid (1AA)



Activities carried out PGPR

> Production of PGPR-based biostimulants and evaluation of their effects on
maize growth and yield in farming conditions

Refreshing Preparation of Preparation of S Drying
PGPR strains bacterial inocula biostimulants biostimulants
O
Sowing Soil Ready-to-use

Biostimulant application
by the farmer

@ maizeseeds €@ preparation ~Plostimulant



Activities carried out on PGPRs

> 1. Extraction of DNA from PGPR strains

Bacterial DNAs of the strains were extracted at NWU University (South -Africa) from a 24H culture
using a commercial Miniprep Quick-DNA™ kit following the manufacturer's instructions.

(« _ )) Homogenize sample with ZR
‘ Lysis tube BashingBead ™

J
. ’ 1 Filter the lysate with Zymo-Spin™ III-F

kit commercial

24H bacterial culture

Miniprep Quick-
DNA™ <I> Bind, wash and elute DNA
i - inT™
Microbiology Lab du NWU Obtaining ultra-pure DNAY I 2YMO-SpInT lIC




Activities carried out...
> 2. Sequencing of DNA from PGPR strains

* DNA libraries were generated using a NEBNext®
Ultra™ [IDNA Library Prep Kit with commercial
supplier NOVOGEN Company in Singapour.

\ 4

* They were then sequenced with a NovaSeq PE150
sequencing strategy using the Illumina NovaSeq
6000 platform.

» Sequences were analyzed on the KBase platform.

» Removal of sequence adapters and low-quality reads with Trimmomatic v0.36
* Reads were moderately assembled with SPAdes v3.13.0 (Nurk et al., 2013).




Activities carried out on CMAS

Production of Biostimulant based on the
best AMF strains in Benin




Activities carried out on CMAS

» Isolation of CMA spores and production of native CMA-based biostimulants for maize
cultivation

Mycorrhiza spores » Propagation g  Multiplication of N Unwrought

Isolated from soils substrate (clay) efficient spores biostimulant
\ 4
_ Packaged
Collection of - Setting up tests at the - Corn S eed €= mycorrhizae-based
mycorrhization parameters Center coating biostimulant



Activities carried out on Chitosan

Production of Chitosan-based
biostimulant in Benin




Activities carried out on Chitosan

» Extraction of Chitosan from crab exoskeletons and production of Biostimulant for
corn cultivation

Grinding and Deproteinationt o hoq cetylation=

Drying Crabs® 1, ineralization . Bleaching=Chitin Chitosan

exoskeletons

 Coating p Various extracted

Sowing 4 Settinguptests & Coated seed Oreparation Chitosans

coated seeds at the Center



Results obtained ....

» Some photos of the effects of the biostimulants PGPR, AMF and Chitosan in a
controlled environment and in a farming environment.

Hydroponic Test of PGPR

= — o — Y | \
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Contl | | | PGPR field + Chitosan




Some Results obtained :PGPR ....

> lIsolation and identification of PGPR strains in rhizospheres of maize soils in
Benin

- Azospirillium lipoferum,

- Pseudomonas fluorescens,

- Pseudomonas putida

-Bacillus polymyxa, B. panthothenicus, B. anthracis,
B. thuringiensis , B. circulans.

-Pseudomonas cichorii, P. putida , P. syringae,
-Serratia marcescens



Some Results obtained :PGPR ....

» Effects of formulated biostimulants on maize growth and yield in farming conditions

Tesiisted 5= m. £ 65 = B T0:100% NPK (agricultural practice) ;
| . T1: Clay + P. putida + 50% NPK ;

o T2: Peat + P. putida 50% NPK :
T3:Clay + Peat + P. putida + %2 NPK

Induces the best yield, i.e. 15%
| ] | compared to 100% NPK (TO) at
' | Adakplame (southern Benin).).

Yields (T/ha)

> l _g' | Biostimulant PGPR+50%NPK (T1)
|

Mak;:lmi H‘.w;kp: Enu:w:r-mrnu
Experimental area




Some Results obtained :PGPR ....

In Vitro Effect of PGPR Tolerance to Different Environmental Stress Conditions

P. putida P. putida - , P. putida
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Effect of Temperature , pH and NaCl Variation on the Growth of P. putida

- P. putida reached its optimum growth at 30 °C but reduced from 40 °C. At extreme temperatures (4, 16, 48, 50 °C
- P. putida grew from pH 4 to pH 8

- P. putida was found to be salt tolerant at different concentrations (0.2 Mto 1 M




Some Results obtained :PGPR ....

Table 1: Whole Genome Sequencing characteristics of B. cereus ADO11, S. maltophilia NAA1L, A. pittii
LAMI11 and S. marcescens NSA15 (Agbodjato et al., 2022)

Genome Size (pb) 4,476,462 4,731,402 4,080,875 4,959,744
G+C (%) 354 66.42 38.8 59.8
Contigs 28 141 89 o6
Genome Coverage 290.0x 198.0x 115.0x 135.0x
N, 296,930 54,168 88,379 164,348
Ls, 4 25 14 1

Gene (total) 4616 4420 3977 4731
Protein 4467 4300 3771 4629
rRNA 11 1 5 4

tRNA 37 67 58 55
Other RNA 5 4 4 12
Pseudo Gene 96 48 139 33
BioProject number PRJNA750908 PRJINA751730 PRJINA751219 PRJINA754119
SRA accession number SRX11612109 SRX11634702 SRX11616698 SRX11727062
GenBank accession JAIRCN000000000.1. JAIUDP000000000.1. JAMQVB000000000.1 JAMQIW000000000.1
number


https://www.ncbi.nlm.nih.gov/bioproject/PRJNA750908
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA751730
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA751219
https://www.ncbi.nlm.nih.gov/bioproject/754119
https://www.ncbi.nlm.nih.gov/sra/SRX11612109%5baccn%5d
https://www.ncbi.nlm.nih.gov/sra/SRX11634702%5baccn%5d
https://www.ncbi.nlm.nih.gov/sra/SRX11616698%5baccn%5d
https://www.ncbi.nlm.nih.gov/sra/SRX11727062
https://www.ncbi.nlm.nih.gov/nuccore/JAIRCN000000000.1
https://www.ncbi.nlm.nih.gov/nuccore/JAIUDP000000000.1
https://www.ncbi.nlm.nih.gov/nuccore/JAMQVB000000000.1
https://www.ncbi.nlm.nih.gov/nuccore/JAMQIW000000000.1

Some Results obtained : AMF....

Effects of AMF biostimulants on maize grain yields

@ P.P WARGILE mTOURBE & ARGTOUR

2,5
1,5
The best grain yields were obtained
05 . with the AMF formulated with clay
. In combination with 50% NPK.
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Effect of AMF biostimulants on maize grain yield per treatment



Some Results obtained: Chitosan with PGPR

» Effects of chitosans produced from C. amnicola and C. armatum in
combination with P. putida on maize yield on station

l

w
Ul
)

« Good vyield performance In all
treatments compared to control.

=ment (T/ha)
%2} N

Rendement
Y
1

* Plants treated with the combination of
Chitosan extracted from C. armatum +
P. putida+50% NPK gave the best maize
grain yields with an increase of 51.68%.

Variation in maize grain yield



VALORIZING PGPR RESULTS from 2011 to date

[More than 40 scientific articles published and 02 technical data sheets ]
{02 scientific articles and one technical data sheet in progress ]
[Many Research Projects ]

More than 15 posters, 04 exhibitions, 1 prize (4th prize for scientific innovation at UAC) ]

< 11 PhD > 6 Masters Co@
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List of some publications
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List of some publications

Tvpe Original Research

{‘frontlers ‘ Frontiers in Plant Science ' pusushen 12 December 2022

@ Check for updates
I ——

OPEN ACCESS

EDITED BY
Waheed Akram,
University of the Punjab, Pakistan

REVIEWED BY
Hakim Manghwar,

Lushan Botanical Garden (CAS), China
Mohamed Hafez,

City of Scientific Research and
Technological Applications, Eqypt

*CORRESPONDENCE
Lamine Baba-Moussa
laminesaid@yahoo.fr

SPECIALTY SECTION
This article was submitted to
Plant Symbiotic Interactions,
a section of the journal
Frontiers in Plant Science

po! 10.3389/fpls.2022 1064710

Effect of the application or
coating of PGPR-based
biostimulant on the growth,
yield and nutritional status
of maize in Benin

Marcel Yévédo Adoko®, Agossou Damien Pacéme Noumavo™,
Nadége Adouké Agbodjato’, Olaréwadjou Amogou’,

Hafiz Adéwalé Salami’, Ricardos Mévognon Aguéqué’,

Nestor Ahoyo Adjovi®, Adolphe Adjanohoun’

and Lamine Baba-Moussa*

é AMERICAN ‘ A MiC"ObiOIOgY“’ GENOME SEQUENCES

SOCIETY FOR
MICROBIOLOGY Resource Announcementis ,.)

Draft Genome Sequences of Four Strains of Plant Growth-
Promoting Bacteria Associated with Maize Rhizosphere

(@ Olubukola Oluranti Babalola,® ©® Nadége Adouké Agbodjato,™® (@ Ayansina Segun Ayangbenro,® Adolphe Adjanohoun,®
®Lamine Baba-Moussa®

=Food Security and Safety Focus Area, Faculty of Natural and Agricultural Sciences, North-West University, Mmabatho, South Africa
blLaboratoire de Biclogie et de Typage Maoléculaire en Microbiclogie, Faculté des Sciences et Techiques, Université d'Abomey-Calavi, Calavi, Benin
sInstitut National des Recherches Agricoles du Bénin, Calavi, Benin

ABSTRACT This study presents the draft genome sequences of four strains of rhizobacteria,
namely, Bacillus cereus ADO11, Stenotrophomonas maltophilia NAA11, Acinetobacter pittii
LAM11, and Serratia marcescens NSA15, which were isolated from maize soils and have
the ability to stimulate plant growth. The genome assembly sizes for the strains were
4,476,462 bp, 4,731,402 bp, 4,080,875 bp and 4,959,744 bp, respectively.

. agronomy m\li\l’y

Article

Use of Plant Growth Promoting Rhizobacteria in Combination
with Chitosan on Maize Crop: Promising Prospects for
Sustainable, Environmentally Friendly Agriculture and
against Abiotic Stress

Nadeége Adoukeé Agbodjato 12, Toussaint Mikpon 23, Olubukola Oluranti Babalola %,
Durand Dah-Nouvlessounon 2, Olaréwadjou Amogou 2, Halfane Lehmane 2, Marcel Yévédo Adoko 2,
Adolphe Adjanohoun * and Lamine Baba-Moussa 2




An alternative for soil sustainability, reducing
» chemical fertilizers and improving crop
productivity

Benin is also able to supply growers with biostimulants to promote sustainable
agriculture...
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