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ABOVEGROUND )
Litter C BELOWGROUND Roots

o 1

Decomposers «—— Predators ——> Pests, Pathogens

e.g., Bacteria, Fungi e.g., Predatory nematodes, e.g., Nematodes, Fungi

Mites, Ants
7 A Microbial symbionts
A AJY / e.g., Mycorrhizal fungi
Root

Microbial grazers growth
Nutrient

e.g., Bacterial and fungal
feeding nematodes, Protis Texture

CHEMICAL PHYSICAL

J of Sust Agri & Env, Volume: 3, Issue: 4, First published: 21 November 2024, DOI: (10.1002/sae2.70022)
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Soil Macroaggregates: formed by a healthy soil

5 (Large Aggregates: > 2 — 5 mm dia.)
Pl 2 Coarse Sand: 1.0 - 0.5 mm
_— Y Med. Sand: 0.5 - 0.25 mm
B ' R ) Fine Sand: 0.25 - 0.10 mm
regates: < 0.25 mm diag > P N e - Silt: 0.05 - 0.002 mm
: ‘ ; ‘ Clay: < 0.002 mm

Soil Microaggregates: consisting of silt, clay,
humus, iron & aluminum oxides, lime (i.e.,
depending on soil pH), precipitated
minerals (e.g. calcium phosphate).

The Blue
background is
water held in
the aggregate.

Root Hairs 0.01- 0.35 mm d lao. 5

Mycorrhizal furigi: ‘
(0.002 - 0.007 mm dia.) Hyphae c®
grow 5 - 15 cm from the
root. Glomalin coats &
aggreqgates the soil particles.

Fine sand

- .
Particulate

Organic

Matter

Relative Humidity

Rhizosphere

RH

= T

Bacterial Colonies

(Bacteria:
g 1 0.0005 - 0.005 mm dia.)
0/ Fine feeder root: -
> (= 0.3 mm dia.) ™3 - (Ref. NRCS Soil Quality Indicators)
\ | i | T ) rudy
Water held RRE !‘ i | i} [ ’ 1 ; { l i i il garcia
between the aggregates. (3.2 mm =1/8 inch) mm mm | “2012
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Biodiversity

Building
material

B
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Toxins i .<=f S -
o -
Pathogens Annmmnmmm

NI EEL - . Food qualit
nutritio

prepar

W
. “8" Faunaand
e # ' microbe diversity
‘.

Surface-water

Groundwater quality quality

Adopt from: Lehmann, J., Bossio, D.A., Kégel-Knabner, I. et al. The concept and future prospects of soil health. Nat Rev Earth Environ 1, 544-553 (2020)
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Medium for
plant growth

System for water
supply and purification Engineering
medium
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Scale Functions Services
Soil fertility Policy
Soilquality Global Culture
Soil health Habitat I;légj[;?
Soil security PTOVISIONING Biodiversity
National Carbon Climate
sequestration control
Recreation
Regional : Water
g Water cycling quality
Nutrient cycling Economic
Local viability
Primary
Field productivity Plant
Pedon production

Relevance to Sustainable Development Goals

Common good Private property }Rights

Multi-

alitative ) .
Qualitativ dimensional

Quantitative }Assessment

Primary
stakeholders

Global and
national
policymakers

Public

Neighbours

Farmer,
land user

Adopt from: Lehmann, J., Bossio, D.A., Kdgel-Knabner, |. et al. The concept and future prospects of soil health. Nat Rev Earth Environ 1, 544-553 (2020)



Evaluating the soil health status is an emerging scientific challenge...
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Science of the Total Environment 648 (2019) 1484-1491

Contents lists available at ScienceDirect

Science of the Total Environment

j_]_“,L\, [|_}{ journal homepage: www.elsevier.com/locate/scitotenv
Soil health assessment: A critical review of current methodologies and a L)
proposed new approach _—
Oshri Rinot **, Guy ]. Levy ?, Yosef Steinberger °, Tal Svoray 9, Gil Eshel ¢
* Institute of Soil Water and Environmental Sciences. Agricultural Research Organizntion, The Volcani Center, Israel
* The Mina & Everard Goodman Faculty of Life Sciences, Bar-llan University, Ramat Gan, Israel
¢ Department of Geography and Environmental Development, Ben-Gurion University of the Negev, Israel
4 Department of Psychology, Ben-Gurion University of the Negev, Istael
© Soil Erosion Research Station, Ministry of Agriculture and Rural Development, Israel
From 2000~ to 2024+ 20 618 anaize 21 844 ‘
Without self-citations Without self-citations

onnn 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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eathworms s =
N mineralisation
microbial biomass
soil respiration
labile C and N
micronutrients
sodicity, salinity
other macronutrients (Mg, S, Ca)
heavy metals
available N
cation exchange capacity
electrical conductivity
total N
available K
available P
pH
total organic matter/carbon
infiltration
aggregation
porosity
hydraulic conductivity
penetration resistance
soil depth
structual stability

texture
bulk density |
water storage —
6 1'0 2'0 3'0 4‘0 5'0 60 7I0 8'0 9'0

frequency of soil quality indicator (%)

Else K. Binemann et al., 2018. Soil quality —A critical review ySoil Biology and Biochemistry. Volume ,120,105-125
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e Cornell's Comprehensive Assessment of Soil Health (CASH) includes 12
indicators, most of which are assessed in the laboratory from a composite
soil sample.

* A Solvita soil health assessment is based on six indicators measured using
equipment in the field and laboratory.

* The Soil Management and Assessment Framework (proposes an MDS
based on management objectives and agroecological context. Users can
utilize or ignore the suggested MDS.

* AHDB Soil assessment methods (England and Scotland): includes 5-7 on-
site and in-lab indicators (like the VSA+)

* And many other combinations
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SOI| degradatlon is deflned as

a change in the soil health status
resulting in a diminished capacity
of the ecosystem to provide goods | . a3 . sl 0 By .
and services for its beneficiaries s ﬁ}_‘. ) §8. O ¢ | ' 0"1MY D'NN'YI DIXIN

NITAIN Y Nylan
NIN™M2 2¥N2 'N'YD
NY'AD] ARXIND Yiin
790"% yipn N0

(FAO). (nIx7NnA1 ITAN [1IA0X)



YRR NIRA2 SOIL
SOILWHEALTH HEALTH

3pRIFEelimbly bR attn P ila o mbbty

- ITAIX ,NXVIN N9'NO - N9 Vi 'TIA'YW AN NI
N12N 0NNl "ANIXK NIN

ol NN ,NAN70N N [TYYT AT O ND'R ,N'pYYn
1N

D'Y D'AYY D'P'7IN ,NI7NN NIXI9NN -NI0pnm o
71n"1Y

- D'7P'MD-NAND N UIN'Y 0T N9 T L, NII09 ITID ¢
nN1'201 Yy DIN'T

NIX'™M AXRXIAI DIV'XI 0D -NINMYANI 'N1AT7 TIY' 'N'Y °




29297 YW OMMPR DIPOWH DOWITI NINIR NN

7Y NO'DYINID'YIT IND ) V7 "MIN'T NPV 7K D'y °
DI9W IR (D7D D'y 077 T

,N'ON ,NA'YN) NVWN 19 'I2'YI NN9N NIAZYA AI7IPK DI'Y e
STIVI D'WRD 0NW2A NI7710 1M



77 A0 W LYPAR YW ONIPR 2IPOWD DWW 197
QPWH QYXI1N INIRY YRR YW 01N NTIP RO

Viiy? NNXI'AT7 D'MIIAN hwnn

'Y'yn Dian




'YU'Yn Dhian

muwnn NNTo”Y




Soil health indicators for monitoring forest
ecological restoration: a critical review

Implications for Practice:

* Practitioners and researchers should embrace soil diversity and complexity. Thus,
they must ensure that soil types in the degraded and reference sites are

comparable. Using available soil maps complemented with local observations
could aid soil identification.

* Increasing knowledge of soil biological indicators for ecosystem restoration is

essential as they can be more directly related to ecological processes and
functions.

* Developing integrative indicators that provide information and link different soil

functions could help reduce the number of indicators required for evaluation and
may help minimize monitoring costs.

* The evaluation of integrative, chemical, and biological indicators should be
Brlorltlzed during the tirst years, while the assessment of physical indicators could
e spread over extended evaluation periods (slow long-term response).

Gatica-Saavedra, et al., 2023. Soil health indicators for monitoring forest ecological restoration: a critical review. Restoration
Ecology 31, e13836. https://doi.org/10.1111/rec.13836
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Based on soil and agronomy experts’ opinions, we selected
to test 87 soil properties

Biolog lCal bbrev1at10n Description Abbreviation Description

Dissolved organic C CO, Ev CO, evolution

TDN Total dissolved N espiration 21 qCO, Microbial metabolic Quotient
ABS254nm UV absorbance (254nm) icrobial 29
SUVA Specific UV absorbance at 254nm biomass MB Microbial biomass

Soil organic TN Total N 23  Aromatic acid

atter TC Total C 24 Carboxylic acid

OC Total organic C 25 Carbohydrates
F1/Xfmax 26  Aminogroup

Fractions of fluorescent PARAFAC

1o PR ao©ONOO R WN

F2/¥fmax : Microbial community catabolic
components of water extractable organic 27 . .
F3/3¥fmax H diversity
F4/¥fmax B : : :
Vd Verticillium Dahliac 28 CLDPP Community-level physiological profile
E— Verticillium Dahliae 29 TNEM Total number of nematodes
: Rs Rhizoctonia Solani 30 BF Bacteria feeders
Soil pathogens Rs #D:ieb 4. Rhizoctonia Solani 31 FF Fungi feeders
S8 A Spongospora Subterranea 32 OpP Omnivores predators
SSS yporchals  SPONGOspora Subterranea ematodes 33 PP Plants parasites
- 18 number of colony forming units of soil 34 TFF/BF
CFU bacteria CFUB bactetia 35 (BF+FF)/PP
— 19 number of colony forming units of soil 36 TD Trophic diversity
CFU fungi CFUF fungi 37 FE/(FF+BF)

ypPap MN"A2
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Soil Chemistry 3 9

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Excangable

% Y
YpIP X1 67
SOIL 4 HEALTH HEALTH 68

IC

P Olsen
NH,-N
NO3-N
Min N
K

EC

Cl

SAR
PAR

CEC
Exchangeble Na
ESP
Exchangeble K
EPP
Exchangeble Ca
ECaP
Exchangeble Mg
EMgP

B

Fe

Zn

Mn

Mo

Cu

Co

Inorganic C

Available phosphorous
Total soil ammonium
Total soil nitrate

Total soil Mineral N
Soluble potassium
Electrical conductivity
Soluble chloride

Sodium adsorption ratio
Potassium adsorption ratio

Cation exchange capacity
Exchangeable sodium
Exchangeable sodium percent
Exchangeable potassium
Exchangeable potassium percent
Exchangeable calcium
Exchangeable calcium percent
Exchangeable magnesium
Exchangeable magnesium percent

70
71
72
73
74

75

76
77

78

79
80
81
82
83

84

85
86

87

SSA-m2

Clay

Silt

Sand

Bulk density
Aggregate stability

Alpha

Structure

Erosion

Porosity

Colour

Mottles
Earthworms
Crusting and surface
cover

Sumarry

Weeds cover
Number of weeds
species

Chemlcal bbrev1at10n Description Ph Slcal Abbreviation Description

Specific surface area

Soil texture

Depth A only

porosity

Saturated hydraulic conductivity

Semi quantitative



Soil sampling campaign

= e « We studied 2 crucial agricultural
Ry - regions of Israel that contain 3 of the
G tisols 6 main soil orders.

32.5°N

At each reign, we selected 3 sites, so

/ we sampled a total of 6 sites.
At each site, we sampled 3 land uses
" ] (perennial crops, annual crops, and
Gk o R SR non-cultivated lands)
LSSl Eadl e B « We sampled at 2 sessions (in the fall
IPIP N2 and In the spring).
SoIL 4 HEALTH ! p g )



www.nature.com/scientificreports

Conclusions:

Sampling season- Fall. R
Depth of sampling- at least 60 cm. OPEN A sensitive soil biological indicator

22 indicators, only 7 are not sensitive to depth to changes in land-use in regions
with Mediterranean climate

Yosef Steinberger’””, Alfred Stein’, Michael Dorman®, Tal Svoray’, Tirza Deniger”,
Oshri Rinot* & Eshel Gil®

scientific reports

Organic matter and Physical and
biological chemical e Geodermn

SOC Bulk density e

S UVA254 Aggregate Organic matter in aqueous soil extracts: Prediction of compositional

HH * attributes from bulk soil mid-IR spectra using partial least
stability

square regressions

Contentn liztn available at ScienceDirect

i m

F 1/2 F m aX VSA - S u m m a ry* Alla Nasonova *, Guy J. Levy®, Oshri Rinot®, Gil Eshel®, Mikhail Borisover ™

* Instinee of Foil, Wawer ond Ervironmensal Sciences, Agriculssral Research Orgenisarion, Volkoand hstnuee, P.O. Box 15159, Rishon Lafion PRS00, Loraed
* Sodl Frosion Research Staton, Minsoy of Agriculnee aud Rurel Destiopment. P.0.Bax 30, HaMaccabim Rood, Rishon LeZlon SOXN0, Irael

F3+F4/3XFmax Min. N
qCo, P Olsen
Amino group SIC
TNEM® EC

TD p H Fluorescence spectroscopy: A sensitive tool for identifying land-use and i
climatic region effects on the characteristics of water-extractable soil

F F * Ca organic matter

C LP P B * Oshri Rinot* ™, Mikhail Borisover“, Guy J. Levy“, Gil Eshel b

Contents lists available at ScienceDirect

Ecological Indicators

oo P s Y’
ELSEVIER journal homepage: www.elsevier.com/locate/ecolind

* Institute of Soil. Water and Environmental Sciences, Agricultural Research Organization, The Volcani Center, Israel
1’ b Soil Erosion Research Station, Ministry of Agriculture and Rural Development, Israet

YPIp MR°I2 . *
o W |# of weeds species’ Cu




Soil health management somr HEALTH
index

MANAGING FOR SOIL HEALTH ~ Minimize Disturbance

To minimize disturbance of your soil you can:

& o m

Limit tillage Optimize Chemical Rotate Livestock
Inputs H

To maximize soil cover year round, you can:

Soil attributes

Biological

Cover crops protect the

soil from erosion and
improve the soil’s ability
to take in and store water.

Mulch, generally used
in gardens, can also help
hold soil in place.

Measurement

Correlation, PCA,
clustering

Minimum data set (MDS)

Plant Cover Crops : Use Organic Muich

Maximize Biodiversity

To maximize the b\odlverssty of your operation, you can:

use Dlverse :
Plant Diverse Crop Rotations i Integrate Livestock
Cover Crops

(N N[N [ R > Maximize Presence of Living Roots

To maximize the presence of living roots, you can:

Providing living roots
year-round reduces soil

~ erosion and promotes the
- ) o (8 : health of valuable
: soil microbes.

Reduce Fallow : Plant Cover Crops Healthy Soil is Full of Life!

https://www.farmers.gov/conserve/soil-health y P 1 P n 1 N 9 j :
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Soil health management

MANAGING FOR SOILHEALTH ~ Minimize Disturbance

To minimize disturbance of your soil you can:

& o m

Limit tillage Optimize Chemical Rotate Livestock
Inputs

To maximize soil cover year round, you can:

Cover crops protect the

soil from erosion and
improve the soil’s ability
to take in and store water.

Mulch, generally used
in gardens, can also help

Plant Cover Crops i Use Organic Muich hold soil in place.

HEALTH » Maximize Biodiversity

Sttt

To maximize the biodiversity of your operation, you can:

¥ %

Use Diverse i
Plant Diverse Crop Rotations i Integrate Livestock
Cover Crops

(N N[N [ R > Maximize Presence of Living Roots

To maximize the presence of living roots, you can

a0

Providing living roots
year-round reduces soil
erosion and promotes the

& U ‘Ao (3 health of valuable
l : soil microbes.

Reduce Fallow : Plant Cover Crops Healthy Soil is Full of Life!

https://www.farmers.gov/conserve/soil-health

YRR NN DD pwnn

reflect local conditions and needs:

Minimum mechanical soil disturbance: Minimum soil disturbance refers
to low disturbance no-tillage and direct seeding. The disturbed area must be
less than 15 cm wide or less than 25% of the cropped area (whichever is
lower). There should be no periodic tillage that disturbs a greater area than
the aforementioned limits. Strip tillage is allowed if the disturbed area is less
than the set limits.

AN THa.

Permanent soil organic cover: Three categories are distinguished: 30-60%,
>60-90% and >90% ground cover, measured immediately after the direct
seeding operation. Area with less than 30% cover is not considered as CA.

Species diversification: Rotation/association should involve at least 3
different crops. However, repetitive wheat, maize, or rice cropping is not an
exclusion factor for the purpose of this data collection, but
rotation/association is recorded where practiced.

1090) NI V9175
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