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What 1s Soil Health’

The continued capacity of soil to

function as a vital living _.-;_j;

system, within ecosystem and e

land-use boundaries, to sustain N

biological productivity, promote =L

the quality of air and water Tl

environments, and maintain e

plant, animal, and human health = - =m0 Dol
(ioite s Zelss, Z000) Soil health emphasizes the role of

‘Soil Biology’
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Soil Functions

& Provide plant nutrition
& Improve soil structure
& Facilitate

¢ Maintain biodiversity

& Boost crop production

Medium for
plant growth

System for
water supply
and purification

Recycling system
- for nutrients and
organic wastes

Modifier of
the atmosphere

Habitat for

“Wsoil organisms

AN Brady and Weil (1996)



Soil Health Parameters

Soil Fertility
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Soil Fertility

The ability of the soil to provide
nutrients to plants in proper
amounts and proportions.

Physical
soil texture, structure
and resilience

SOIL
FERTILITY

Chemical
nutrient supply
and cycling

Biological
organic matter,
animals and
micro -
organisms
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Soil Health and
Soil Fertility

& Healthy soils provide optimum
plant nutrition

« Nutrient cycling and storage

< Water and air movement
& Require less chemical input

® Produce nutritious food

l@l & Less pollution; Sustainable

When the narural nutrient cycle
is not optimized, fertilizers
need to be added to soils

Export of
Crop residues Mineral nutrients

and organic fertilizer

rtizer at harvest
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Qverthe last 70 years,
the level ofvitamins and
nutrients infood has
drastically decreased.
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pH and Nutrient Availability
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Cation Exchange Capacity (CEC)

& A measure of the total negative charges within the soil

& Soil's ability to supply important plant nutrients

A schematic look at cation exchange

CEC 25 CECS5
More clay, more positions Low clay content,
to hold cations , fewer positions to hold cations

Soil
Components




Nutrient Uptake

% Plants can only uptake water-
soluble ionic forms.

& Therefore, insoluble forms should be
transformed 1nto soluble forms.

Water Film
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Nutrient Uptake:

Mycorrhizas

Arbuscular
mycorrhiza

Microbial

Interactions Cluster Roots

N, Fixation 1 molecule of N, = 16 ATP



Nutrient cycling: SOM decomposition

SOM is the reservoir of nutrients
Atmospheric CO, 0, and carbon; releases nutrients

through microbial decomposition

Soil Respiration
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Soil Respiration
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Nitrogen cycle

Atmospheric Nitrogen (N )

Nitrogen-fixing
bacteria living in
legume root nodules

| 1 Ammonium |
s 4, (NH,")

Nitrogen-fixing
soil bacteria Nitrifying bacteria



Soil Biology in Nitrogen Cycling

Assimilatory
nitrate
reduction

(Many genera) Denitrification

Pseudomonas

denitrificans
Anammox

process
Organic N

N, fixation i

(Azotobacter, Clostridium, |

(Many genera) b photosynthetic bacteria)

Dissimilation
and mineralization

N, + Mgcy -

Mitrification
(Nitrobacter,
Nitrococcus)

— (Geobacter metallireducens
Desulfovibrio
Clostridium

Mitrification
(Nitrosomaonas,
Nitrosococcus)




Phosphorus cycle

SOIL SOLUTION POOL

| Fertilizer-P I - INTERACTIONS
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Phosphorus Availability: pH

Metal complexes
Ca-P and Mg-P

F 3

Clay content, CEC, PZNC,
and CaCO,
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Range for highest
phosphorus availability @D
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Microbial Solubilization of P

» P, Solubilization
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Soil Organic Matter: C and N pools
P W

— Respiration transforms C to CO,

Total Organic Matter
* Loss-on-lgnition
Respiration

(Routine soil test) (Microbial Activity)

Active C Soil Protein

Acti ACtiVe C iS readily (Carbon Pool) (Nitrogen Pool)
* Active Car.bon :
* Soil Protein used by mlcrObCS

* Respiration



Soil Enzymes: Carbon Cycle

Vegetable waste
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Soil Enzymes: N Cycle

Vegetable waste Votatilization
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Soil enzymes: P and S Cycle

Phosphomonoesters




GOOD CONDITION V5 =2
Soil dominated by friable,
fine aggregates with

na significant clodding.
Aggregates are generally
sub-rounded (nutty) and
often quite porous

Soil Structure and Aggregation

MODERATE COMDITION V5 = 1
Soil contains significant
proportions (50%) of both coarse

clods and friable fine aggregates.

The coarse clods are firm, sub-
angular er angular in shape and
have few or no pores

PCOR CONDITION V5 =0

Soil dominated by coarse clods
with very few finer aggregates.
The coarse clods ane very firm,
angular or sub-angular in shape
and have very few or no pores

Healthy Soil

Good structure

Water infiltration into soil pores

Slows water velocity

Dark color

High organic matter

Soil surface is covered with dead vegetation

Degraded Sail

Weak structure

No water infiltration soil pores clogged
Water runs off quickly

Light color

Low organic matter

Soil surface is covered with a soil crust




Soil Health Tools: Boosting Fertility

* Soil carbon-nitrogen ratio
Biodiversity
Nitrogen fixation




Why Cover Crops and Soil Fertility

e

Livestdck
Integration




Cover Crops: ‘Catch and Release’

Bare Soils

@I Nutrient Leaching

Cover Crops Cash Crop
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® Nutrient Release Nutrient Uptake

Nutrient Uptake



Home Message

& Nutrient release and cycling, needs biology
\\, . . . .
& Soil Carbon improves nutrient storage and retention

& Cover crops can effectively cycle nutrients, preventing losses

m & Healthy soils are fertile soils




Th k ' Please feel free to contact me at:
an S o dsanyal@arizona.edu
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