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Soil Type
Good Structure & Aeration
Water Infiltration & Retention

Soil Health
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Physical

Biological Chemical
Diversity
Nutrient Cycling Available Nutrition
Low Pest Numbers Optimal pH
Ability to Suppress Disease Low Levels of Toxicity



Soil Health

CHEMICAL

Soil Quality

Soil Fertility
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The soil is a complex system of organic and inorganic matter.

1t consists of various layers of this material,

Microorganisms

d40% are rocks and minerals,

\\;(é V., @
d25% gases, %, ﬁ &*&m %ji
L s
Q 25% liquid, and g\z -ﬁ;k N\, {j; g
d10% organic matter. =

Soil Microorganisms( bacteria, fungi, and protozoa)
dMacro organisms (Earthworm, arthropods, mites, and

nematods)
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Burrowing animals ‘
Organisms influence the structure and fertility of soil
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Soll biota can be classified based on their sizes

Organism Size (mm)  Examples

Micro flora < Bacteria, Algae, Fungi, Actinomycetes
Micro fauna <2 Protozoa, Nematodes

Meso fauna 2-10 Collembolan, acarine

Macro fauna >10 Earthworms, termites, snails, arachimds

Source: Sharmilia et al., 2008.

Size of Soil Organisms

Macro or large Meso or mid-size
=2 mm) (2—0.2 mm)




lable 1: Typical numbers of different organisms in a healthy agricultural soil.

Organism Typical numbers

Bacteria 100 millicn - 1 billicnygram

Fungi Several metres/gram

Protozons Several thousand flagellates & amoebae
and =100 ciliates/gram

Mematades 10-20 bacterial feeders/gram

Arthropods Up to 900,/m?2

Earthworms | S0 or moredme?

N,
A teaspoon of healthy soil may consist of '
up to a billion individual organisms

M A
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|  Actinomycetes |

A form a network of threads- like
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Pseudomonas fluorescens

Burkholderia

Lo gl
Deinococcus thermus

four

Protozoa

FUN FACT

1 tsp of fertile soil contains
more microbes than people
on the planet!
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 Azotobacter is a heterotrophic, naturally occurring, nitrogen-
fixing bacterium that may be found in neutral or alkaline soil.

1 Azospirillum and Azotobacter used as a biofertilizer.

O These bacterias help plants in the production of growth

substances (hormones).
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d Fusarium wilt - Fusarium fungus, warm climates,

d Verticillium wilt - Verticillium fungus, cooler climates.
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4 to 8 mm in diameter,

1to 2.5 mm
in diameter

Anecic

Deep vertical burrows

Large size

Dark skin Epigeic

Leaf litter feeder Live on or near soil surface
Small size
Dark skin

. o Leaf litter feeder
Endogeic 2 10 4.5 mm in diameter

Horizontal burrows
Small to large size
Pale skin

Soil feeder \ "O
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What do Worms Eat?

e
N

Paper/Box

Eggshells

Py

Rotting Vegetables



Do not feed
the worms...

orange

£

dairy products
such as cheese

chillt
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Heap method

:

it method

‘Bin method
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Vermuculture or Culture of Earthworms

Raw
materials
Earthworm
Requirements of Vermicomposting
Supplements
9%
carthworms
10%
Vermicompost
Preparation
Agro-based Cogal;:"a
residues
23%

4 Layer 3 Layer

4 The layering approach to vermipit preparation *rcen tage distribution of the
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ORGANIC MANURE
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Pot with water

compost,
dung and
worms

Thin dung layer

Vermi wash

Vermiwash Preparation !



* Improves plant growth
* Increases microbial activity

* Suppresses plant disease
Vernucumpnst » * Enhances water retention and
aeration

* High content of NPK
* Improves nutrient recycling.
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OIL HEALTH
IS
ARMERS WEALTH

Healthy Soil is a Science.
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Layers of soil

Hf:::l ' Organic layer
= ' Topsoil
= ' Subsoil
— 'Parent material
Ripadencts 'Bedrock

45%
Mineral

.. One gram of topsoil may contain
ara) As many as one billion bacteria.
s, b)) Up to 100 million actinomycetes.
"¢ ¢) One million fungi.

v d) 100 nematodes.

Organic
©eschooltodaycom Matter
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The role of soil microorganisms

1. Soil microbes break down organic matter
2. Soil microbes recycle nutrients

3. Soil microbes create humus

4. Soil microbes create soil structure

5. Soil microbes fix nitrogen

6. Soil organisms promote plant growth

7. Soil microbes control pests and diseases



R

 The biological properties in the soil can be improved by
addition of crop residues, animal manure, root and cover
crops, green manure, compost, and other sources as well

as cropping systems and crop rotation.

Biological Chemical Physical
v Soil respiration :
P v Organic C and N v Soilcolor
v" Potential : :
mineralizable ¥ ::;r::ccrulalc RBAG v' Aggregate stability
mtrogen ' v" Water infiltration
7 NMicvobial Biomuss v Active carbon :
v Soil enzymes . : v' Penetration
v" Earthworms v’ Cation exchange resistance
3 capacity and base .
v Crop condition, saturation v Water-holding
root growth v Electric capacity
c - -
v Weed, pathogen, conductivity v Runoff and erosion
Al Soik et v" Heavy metals ¥ Rooting depth
pressure



7 SUSTAINABLE AGRICULTURE
PRACTICES

Agroforestry Cover Crops Recycle and compost Urban
waste material Agriculture

Crop Rotation Organic Farming IPM Methods

TF?A‘ETLO—R‘(
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THE MAIN BENEFITS OF
SUSTAINABLE AGRICULTURE

Enhancement of soil
quality/fertility and
production, and
amehoration of soil
physicochemical
characteristics

Improvement of plant

Physioclogical status and

reduction of plant di

b sease
InCidence




Covercropping - Organic soil improvers

EXAMPLES OF [l y
SUSTAINABLE &
AGRICULTURAL A

PRACTICES '

Reducing tillage Plants absorb Additional sources
limits the loss of carbon dioxide from of carbon increase
carbon through the atmosphere stocks of soil

oxidation, which enters the organic carbon
decomposition soil through

and erosion decomposing plant
matter and root
exudates
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Biological Soil Enhancements

Left: High humus Right: Poor humus
& rich in carbon content




Good Soil Structure

Helps the movement of
organisms in the soil.

Improved water
holding capacity.

Germination and the
establishment of
Crops.

Better infiltration
capacity.

Soll with good
structure has a
wide range of
pore spaces or
empty space
between the soll
particles.




s Compost
+* Bone meal
*»* Fish emulsion

ORGANIC

fertilizers

feed the soil
and the plant

PLANT NUTRIENTS

=/

$ 4
<3
.

-

|
5

ORGANIC MATTER

SOIL NUTRIENTS

«» Ammonium nitrate
% Superphosphate
"« Potassium chloride

¥ TRADITIONAL

fertilizers

feed only the plant
and damage the soil

joHnANDBOBSCOM W § P




Cow Dung

Vermicompost
Manure

Types of
Organic

Fertilizer

Bio-
Compost

Wood Ash

Peat

----------------------

Leaf Mould

§)

2



Crop Rotation Organic Manures

and Compost
Organic
Farming
Methods
Natural Pest and
Disease Management

£
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Sole Chemical
Fertilizer Use

Emission,
Volatilization

Leaching
NO;

Integrated Nutrient
Management

& recycling of

crop residues

Emission
Volatilizatio

Chemical

* Cation exchange
* pH buffer
* Nutrient
equilibrium

Physical
* Water retention
« Aeration
* Temperature
moderation
+ Aggregatio

= Source of
energy
* Improve soil
biodiversi




Biofertilizers:

d Rhizobium or Azospirillum - enhance nutrient availability.

Biopesticides:

[ Capable of suppressing harmful pests or diseases.

Biopesticides




e — |

1 Many microorganisms (fungi or bacteria) are used in agriculture .
 Microbes supply nutrients to crops, control phytopathogens, and
stimulate plant growth (nitrogen-fixing, phosphate solubilization).

1 Rhizobium, Azospirillum, Azotobacter, arbuscular mycorrhiza
fungi (AMF), Azolla, and Cyanobacteria are used as biofertilizers.
1 Bacillus is used biofertilizers and biopesticides.

1 Bacillus thuringiensis is used biopesticides worldwide.



(//;D
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v
Increase fertility of soil

Increase solubilization and
~ uptake of phosphorus

Increase the abiotic and
biotic stress resistance of the
host

Improves the growth and

"'l } N //F—\ \\\

Microbes & Interaction \/1

\.r V ~

SUSTAINABLE AGRICULTURE

Figure 1: Plant-Microbe Interactions.

Plants i)



) Bactoris Fungi Symbiotic

(Rhizobia, VAM)

| BIOFERTILIZERS INOCULATION |

Improve
soil health
_A




Beneficial Microbes

N, Fixation

Phosphate
mobilization

Nutrient
recycling

Biofertilizer
Biopesticides
Bioremediation

Decomposers

Phosphate
mobilization

Nutrient
recycling

Biofertilizer
Biopesticides
Bioremediation

i al i m

Biopestlcules

Antiviral
resistance

| Agroactlve

Compound

Biocontrol

Phytopathogen
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0,2mm ; 4 mm 80mm
- Enchytréides
Bacteries

Coléoptéres Lombrics

& Diplopodes
Acariens ,

Nématodes

Micro-algues Collemboles * Isopodes Hémiptér’,es
@ L
6o A ‘ 2 N
G  champi ¥ | ol
ampignons :
‘u Diploures Gastéropodes  Chilopodes
“ ~

: Protoures Larves d'insectes
i <L,
R Arachnides (de grosse taille)
Thysanoures ‘

5
‘ J
y

Tardigrades

etc. etc.
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Strategies for Enhancing Soil Microbial Activity

Reduced tillage: Minimising soil disturbance preserves the
microbial habitats and promotes microbial diversity.

Cover cropping: By planting cover crops in rotation with cash
crops, you can increase the soil organic matter in your soil.
Organic amendments: The application of compost, manure, or
other organic materials enriches the soil with nutrients and
fosters a diverse soil microbiome.

Microbial inoculants: mycorrhizal fungi or nitrogen-fixing
bacteria, can enhance the nutrient cycling and health of the

plant.



Macro- and Megafauna:

-Organisms with body widths larger than 2 mm.

-They consume dead plants and organic litter in the soll.
-Examples - moles, earthworms, ants, millipedes, beetles, termites.
Mesofauna:

-Organisms with body widths ranging from 0.1 mm to 2 mm.

-Microarthropods, - mites, springtails (Collembola), and pot worms

Microorganisms found in soil




R,

Microfauna: -Organisms with body widths less than 0.1 mm.
Nematodes: Nematodes, or roundworms - feeding on plant roots and
litter, bacteria, fungi, and other organisms

Protozoa:

-Free-living / parasitic- feed on bacteria, fungi, small animals.

IProtozoa /

NUTRIENT
SCAVENGING

— ‘74/
S Too-io-o =y
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< Texture: Proportion of sand, silt, and clay.

“*Structure: How soil particles group together (e.g.
granular, blocky, platy).

“Porosity & Permeability: Space between particles,
affecting water and air movement.

“Bulk Density: Mass of soil in a given volume—an
indicator of compaction.

“*Color: Often linked to organic content and mineral

composition.
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< pH Level: Acidity or alkalinity—affects nutrient availability.

% Cation Exchange Capacity (CEC): Soil's ability to hold
onto essential nutrients.

% Nutrient Content: Levels of nitrogen, phosphorus,

potassium, etc.

% Salinity: Salt content, which can affect plant growth.
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“*Organic Matter: Decomposed plant and animal material
that improves fertility.

“*Microbial Activity: Vital for nutrient cycling and soil
health.

“*Earthworms and Insects: Indicators of a biologically

active and healthy soil.



