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'impatto del cambiamento climatico sulle caratteristiche fisico-chimiche
e biologiche dei suoli e sulle malattie della vite

Effetti sul bioma del suolo e sull’attivita
vegetoproduttiva della vite




Topics:

« Climate change agents

 Rhizosphere soil in relation to the concept thermodynamics vs
Kinetics

* Impact of temperature

* Impact of CO, concentrations

« Impact od soil moisture

« Agronomic practices in a climate changed environment: is it possible
to preserve soil fertility in a climate changed environment?
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Impact of climate change on soil properties
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Definition of climate change

"Climate change is defined by high atmospheric carbon dioxide (CO2)
concentrations (> 400 ppm); increasing air temperatures (2-4 > °C or
greater); significant and/or abrupt changes in daily, seasonal, and interannual
temperature; changes in the wet/dry cycles; intensive rainfall and/or heavy
storms; extended periods of drought; extreme frost; and heat waves and
increased fire frequency, is expected to significantly impact terrestrial
systems, soil properties, surface water, and streamflow; groundwater

quality, water supplies, and tferrestrial hydrologic cycle; and, as a

consequence, food security and environmental quality”

Climate-Change Effects on Soils:
Accelerated Weathering, Soil
Carbon, and Elemental Cycling

Micolla P. Qafoku’
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Definition of climate change

high atmospheric carbon dioxide (CO2)

increasing air temperatures

changes in the wet/dry cycles

Climate-Change Effects on Soils:
Accelerated Weathering, Soil
Carbon, and Elemental Cycling

Micolla P. Qafoku’
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Climate Change in the Underworld: Impacts
for Soil-Dwelling Invertebrates

Climate Change in the Underworld: Impacts for Soil-Dwelling
Invertebrates
Ivan Hiltpold'?, Scott N. Johnson', Renéde-Claire Le Bayon® and Uffe N. Nielsen'

' Hawkesbury Institute for the Environment, Western Sydney Univarsity, Australia
?Department of Entomalogy and Wildlife Ecology, University of Delaware, USA
*Functional Ecology Laboratory, University of Neuchdtel, Switzerland
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— mostly negative

== mostly indirect
changes in soil
properties

3 shifts in comm.

— mostly negative

== indiract
changes in plant
quality (figher C:N)

+ shifts in comm.

+ varable
== mostly direct

£ shifts in comm.

+ variable

= liract

3 shifts in comm.

¥ shifts in comm.
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+ variable

= mostly direct

+ variable

= mostly direct

+ positive
== indirect

changes in soil
propertias

+ positive
== indiract

changes in
rhizodepositon

+ mostly positive
= mostly direct

£ shifts in comm.

Table 11.1 Summary of the Impact of Climate Change on Nematodes, Insects and Earthworms.

CLIMATE CHANGE

earthworm
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The Rhizosphere

Rhizosphere: soil surrounding the root where highly complex relationships are
established between soil, plants and soil biota (Hiltner, 1904)

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Pebble ROCK  Water Gas Concentration
0, CO,

Decreases
Increases

https://public.ornl.gov/site/galler
y/originals/SusBio-

Jo% P3¢ = Bacteria

rhizosphere.jpg _<_= Filamentous fungi
E?@ = Protozoans

L . = Nematode
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REVIEW PAPER

The holistic rhizosphere: integrating zones, processes, and
semantics in the soil influenced by roots

Larry M. Yark'*, Andrea Canménati’, Sacha J. Mooney', Karl Ritz' and Maloolm J. Bennett” rE ."I;.‘l-lug-\.l
Research review
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The Rhizosphere

exudates

<
Microorganisms >

direct
mechanisms

nutrients

metabolic organic litter

activity

: o fondazione banfi

f.'
PS SANGUIS JOVIS
[}



The Rhizosphere

Socema of Expenimanda! Botary, Vol 67, No. 12 pp. 3520-0643, 2018
oo 10 1 0eE bvarw 108 Achanos Acoesa pubicaton 14 Mach 2016

‘e fondazione banfi

REVIEW PAPER
‘; o SANGUIS JOVIS The holistic rhizosphere: integrating zones, processes, and
[ ]

semantics in the soil influenced by roots

Larry M. York"*, Andrea Carminati’, Sacha J. Moaney', Karl Ritz’ and Malcolm J. Bennett’



The Rhizosphere

....... how does the complexity of the system
and the dynamics influence the
thermodynamics of the single process? Can
chemical equilibria be really reached in the
rhizosphere? ........

Kinetics vs thermodynamics

Plant Sol (20015) 386:399-406
DOL 10, 1007751 1104-004-2308-1

COMMENTARY

Dynamics, thermodynamics and Kkinetics of exudates: crucial
issues in understanding rhizosphere processes

. Roberto Terzano « Stefano Cesco - Tanja Mimmao
. fondazione banfi
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The Rhizosphere

soll fertility
b %;.iimilﬂ

“b‘r V. A

It is the capaciTy
to receive, store
and fransmit
energy to support
plant growth

. fondazione banfi

http://www.fao.org/tc/exact/sustainable-agriculture-platform-pilot-
website/nutrients-and-soil-fertility-management/en/

SANGUIS JOVIS

...b °



The Rhizosphere

200 kg N/ha

H* uptake (or H* release
OH'. release) during NH,*
during NO;- assimilation
assimilation

Romheld 1986



The Rhizosphere

Soil nitrate concentration & rhizosphere pH of maize

Rhizosphere pH of chickpea with NH,*
supply in soil and different CaCO,
addition

NO;-N (kg/ha)

% CaCO, 1.5 3.0 6.0

Romheld 1986 Increasing soil pH & buffering



The Rhizosphere

exudates
- - {
Microorganisms >
direct

How can climate change impact on
it???

activity
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:Change vs rhizosphere
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https://vinepair.com/wine-blog/climate-change-sours-grapes-for-some-but-new-yorks-future-looks-pretty-sweet/
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Global warming™
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Temperature

Global warming and soil temperature
Increase

In spite of comprehensive studies to investigate responses of various
ecosystem processes to rising air temperatures under global warming, much
less is known about changes in soil temperatures and their impact on below-
ground processes, particularly deep in the soil profile. Temperature change
can affect most soil processes, including decomposition and formation of soil
organic matter, mineralisation/immobilization of nutrients (N, P, K, etc.), and
the subsequent nitrogen transformation (nitrification and denitrification)

Processes.

Published: 21 October 2016
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Temperature

Global warming and soil temperature

INCrease

Figure 5. (a) Changes in the annual mean Ta during the
twentieth century. (b) Changes in the annual mean Ts at
20 cm depth during the twentieth century. (c) Difference
between the changes of Ts and Ta during the twentieth
century. The changes in Ts and Ta were calculated as the
difference between the averages in 19861995 and in
1901-1910.
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Soil temperature in Canada during the twenticth century:
Complex responses to atmospheric climate change

Yu Fhang and Wenjun Chen
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Temperature

Issues...
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_ 251 Effect of summer soil moisture and temperature on the vertical
k] distribution of Tuber magnatum mycelium in soil
'E‘ 201 a s 1 Mirco lotti” - Pamels Leonardi” - Glullan Vitali* () - Alessandra Zamborelli’
£ 134
£ 101
e .
® o5l b The optimal temperature (20
. < () and water potential (~ 0
0,0-
0-10 em 1020 cm 2030 cm kPa) for growth of T. magnatum
Soil depth

mycelium in soil

Fig. 4 Mean amount of extra-radical soil mycelium of T. magnatum in
the different soil layers (010, 10-20, and 20-30 cm). Error bars represent
standard error (n=32). ANOVA was carried out on log-transformed
values [v=log(x+ 1)]. Different letters indicate significant differences
between soil layers (p <0,036)

Py fondazione banfi The model developed in this work predicted . magnatum
° dynamics in summer, the most critical season because of
P SANGUIS JOVIS . : :
. high soil temperatures and water scarcity.
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Elevated temperature reduces survival of peak populations
of root-lesion nematodes (Pratylenchus thornei) after wheat
growth in a vertisal

L P Thompsan' « H. E. Rostad” - B ). Macdonald® . L P M. Whish?
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Temperature

Field capacity
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Elevated temperature of itself plus faster
soil desiccation with increasing temperature
are the likely causes of the faster decline in
P.thornei population abundances in the topsoil
than in the subsoil



Temperature
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Apical hook phenotypes in etiolated seedlings
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Temperature

Issues...

...Due to global warming, tfemperatures
will increase in coming years and it is
important for the citriculture to find
rootstocks not only tolerant to high

Citrus Tifoliate Rootstock

temperatures, but also capable of
withstanding other co-occurring
stress conditions such as soil toxicity
or mechanical wounding...

http://www.justfruitsandexotics.com/JFE/olym
pus-digital-camera-39/#lightbox/0/

Physiologia Plantarum

Special lssue Article @ Full Access

High temperatures change the perspective: integrating
hormonal responses in citrus plants under co-occurring abiotic
stress conditions
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Temperature

Mineral component

Accelerated weathering of the rocks and minerals in soils can be promoted by

temperature which increases the extent and rates of weathering

.......

http://html.scirp.org/file/8-1210395x24.png
http://dx.doi.org/10.4236/0jg.2015.511071
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Temperature

Organic component

As the temperature increases, microbial community
structures are altered and processes like respiration

are also accelerated

NOBLE
RESEARCH
INSTITUTE
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Comparison of temperature effects on soil respiration and

bacterial and fungal growth rates

Janna Pietikiinen ™, Marie Pettersson *, Erland Badth **
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Influence of temperature and soil drying on respiration of
individual roots in citrus: integrating greenhouse
observations into a predictive model for the field

L BREYLA, T @ BOUAEA™ LI HARTMOND' & [ M. EBRSENSTAT

Thr Promnplednsa Staw [aiur i, Dlmiwernits Pard, FA JAREDY. USA snd = Citvan Brweasch and Pt T

Ordinarily, plant respiration increases
exponentially as a function of
temperature under normal growing
conditions, suggesting that respiratory

costs are higher in warmer soils

The main outcome of root

respiration is the evolution of CO,
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Temperature

Root respiration

increase of CO, -
acidification and, thus,
alteration of rhizosphere

minerals

CO,(9) + H20 < H,CO3 < HCO37(aq) + H* (aq)

CO, map displaying pCO, distribution around V.
juncea root (white line), taken from a 72 h pCO,
monitoring; blue colors indicate low pCO,, yellow @ PreSens
colors high pCO,. (Image: ©® Forschungszentrum
Jiilich)

Imaging Rhizosphere pH and CO»
Dynamics

Plant Root - Soil Interactions Quantified with
Frototype VisiSens Systems

. @ fondazione banfi s it i
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o https://www.presens.de/knowledge/publications/application-note/imaging-

rhizosphere-ph-and-co2-dynamics-645.html



Temperature

Root respiration
decrease of pH modifies the availability of

nutrients and/or trace metals in the rhizosphere

40 pH 4.5 50 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0 85 pH 10

Very Very Very
Extreme | strong | Strong | Medium | Siight | slight Iam Moderate | strong
acidity | acidty | acidity | acidity | acdity | acidty | Shghtalkalinity | alkalinity | Strong alkalinity | alkalinity

Phosphorus
This can also lead to Potassium
toxicity and/or
deficiency phenomena  IRSRECCINNN ...
: o fondazione banfi

(redrawn for PDA from Truog, E. (1946). Soil reaction influence on availability of plant nutrients.
SANGUIS JOVIS Soil Science Society of America Proceedings 11, 305-308.)
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Soil contents of Cu in EU

...b

Infezioni da Plasmopara viticola
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Heavy metals in European soils: A geostatistical analysis of the FOREGS
Geochemical database

Luis Rodriguez Lado **, Tomislav Hengl *, Hannes | Reuter *

* Parnperas (omeriuon, [Wercusts Gl [ sty for Pevirmsre osf Sessnabiics. TP 291 Via & Frosw 8 b7 R0 i (VA Buly
* ettty for Badtorrary and Eooniem Cyasminn, Lty of Amnondees, Minse Acdtergrachl B, R0 W Amtrreka, The Rerhrsiosd

Cu

50.0
42.0
34.0
26.0
180 T
10.0,




TR T T b Tl | i

ORIGINAL PAPER

Nutrient accumulation in leaves of Fe-deficient cucumber plants
treated with natural Fe complexes

Nicols Temasd » Tanjs Mimmo - Hoberto Terzano -
Maithiss Aleld - Koen Janssens « Lasrs £anin
Raberio Pinton « Lemo Varandsl - Siefano Ceseo

nutrients interaction

Fig.3 Distnbutionof K, Ca, Mn,
Cuw. and Zn ona 3% 2-mm" area of
a leaf imaged by 2D-scanning p-
XRF after 5 days of treatment. All
the XRF intensitics are calculated
relatively 1o the signal of Br, used
as an infermnal standard. Different
images for the same element can
be visually compared
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Growth condition
~C F £ EF

Crntirfitn lta available s

Journal of Cereal Science

t:. |
5

sl homapagn

Does Fe accumulation in durum wheat seeds benefit from improved whole- W
plant sulfur nutrition? -

Stefania Astolfi™, Youry Pii°, Roberto Terzano', Tanja Mimma®, Silvin Celletti™,
Ignazio Allegrena’, Domenico Lafinndra®, Stefano Cesco

nutrients interaction

Growth condition

C F E EF Scatterplot

C=control

F=Fe deficiency
E=excess S supply
EF=excess S supply
and Fe deficiency

Fig. 6. Repiesentntive ji- XRF comtelmion mags of K.Ca (&), P/K (B 57 (0 and
5/Fe (D). Scatterplots of the elemental XAF signal mensties are alin reparted
for each clemend pair
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Panl, Call and Emvironmant (2009) 32, 666-601 g V01T G- D00 3008 0T E26

Temperature

Regulation and function of root exudates

PAYAKAR V. BADRI & JORGE M, VIVANUCK Root eXUdati On

Cenrre for Riizasphere Hiodogy ard Department of Horticliere and A, Colorade State Unfversing, Fort Colling OO 80523
LsA

temperature can modulate these processes

Credit: Glyn Bengough

Selection of microbial population
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Root Exudates Concentration

Root exudates affect soil stability, water repellency Bulk Soil Rhizosphere

° ® fondazione banfi Exudation of tannins and phenolic compounds in Vicia faba was greatly

® SANGUIS JOVIS reduced at 4 = C compared to the amounts at 30 <C (Bekkara et al. 1998)



Concentration extracted (pugg™"')

[C] Control

B Citrate-malate
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I Citrate

B Citrate-oxalate
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Root exudation

Fe

=
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a
B Malate B Oxalate
Malate-oxalate B Citrate-malate-oxalate

Biol Fertil Soils
DO 10, 1007 /50037401 5-100%9-0

ORIGINAL PAPER

Combined effect of organic acids and flavonoids
on the mobilization of major and trace elements from soil

Roberto Terzano' « Glovannl Cuccovillo' - Concetta Eliana Gattullo’ - Luca Medici® -
Nicola Tomasi® » Roberto Pinton” - Tanja Mimmo* » Stefano Cesco®
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Biogenic Weathering: Solubilization of Iron from
Minerals by Epilithic Freshwater Algae
and Cyanobacteria

Gearge E Mustoer -

Crology Department, Western Washington Universigy, Bellingham, WA 8008, USA; mustoepisewnedu,
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In general, the dominant chemical
process for biogenic weathering is

chelation
biofilm-forming microorganisms that inhabit the surface
zone of the porous arkose (Figure 9A,B), and evidence
°e fondazione banfi of rock weathering (Figure 9C,D)
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Temperature
fya=0
T Root exudation
R‘_unt e_xp_claf.es__gf_fect soil stability, water repellency

2018 from https://phys.org/news/2018-04-root-exudates-affect-soil-stability.html At the center of the image a bar‘ley root is visible

..Roots continuously
secrete chemicals into the
soil as a way to liberate
hutrients that are
attached to soil
particles....
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Temperature

Root exudation

Different crop plants, characterized by distinct Fe acquisition strategies, could
similarly affect the rhizosphere microbial community through the release root
exudates with a different quali-quantitative pattern
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developmentally distinct plants grown in limited Fe availability
regimes can use different tools to pursue the same objectives
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Climate-Change Effects on Soils:
Accelerated Weathering, Soil
Carbon, and Elemental Cycling

Mikolla P, Qafoku
Ayl e — -
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CO, concentrations

Mineral component

Dissolution of soil minerals such as calcite, feldspar (albite) and a

typical 1:1 phyllosilicate (kaolin) in the presence of an excess amount

of CO, gas
CaCO; + COy(g) + H,0 — Ca® + 2HCO;

2NaAlSi;05 + 11H,0 + 2C0,(g) — Al,Si,O5(OH), + 2Na' + 2HCO; + 4H,SiO,

Aleles(OH);; + 5H20 + 6C02(g) — 2Al3+ + 6HC03‘ + 2H48104
Harvey et al., 2013

kaolin

http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S0327-
07932007000200005

http://www.scielo.org.ar/scielo.php?script=sci_artte
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CO, concentrations

. . Organic component
Decrease in soil pH can

chenge the reactivity of the
humified components of the
soil leads to a reduction in

the cation complexation

Fe
capacity
- Tt S
Water-extractable humic substances enhance iron deficiency responses by + Fe - Fe

Fe-deficient cucumber plants

E. Pinten®, 5. Cesco, 5. Santi, F. Agnolon and Z. Vamnini
control Fe-WEHS Fe-EDTA Fe-Citrate FeCl,
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Organic component

-Fe Fe-Citrate Fe-WEHS

SPAD Index 18.4%23 264427 32.2%31

Al Feril Sola (20 14) S{:97 3981
[ 100 TR T S 700 0] B

ORIGINAL PAPER

Nutrient accumulation in leaves of Fe-deficient cucumber plants
treated with natural Fe complexes

MNicala Tomasi - Tanja Minano « Hoberio Tereano -
Matthiss Alleld « Koen Jomsens - Loara Zanin +
Raberio Pinton « Zeno Varanks « Stefano Ceco
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The majority of studies
showed that elevated CO,
had a positive influence on
the abundance of arbuscular

and ectomycorrhizal fungi
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CO, concentrations

Organic component

Ectomycorrhiza Arbuscular
mycorrhiza
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Endobacterium
= Rhizosphere bactenum

== [ther bactenum
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CO, concentrations

Organic component

the effects on plant
growth-promoting

Increased C allocation : - bC(CTer'la C(nd
Increased root biomass/”, W o A endoPhYTlC fun9|
\ Changes o mpoorThaal andior .
haai e . PGPR populstions were more Var'lable
L g L1 "-':nf'l'-"ﬁ N I.‘J":I"ﬂ-ll'“'l i
B Changes in “chemostractams | | C""9%3  colonizaton
root exudation * =i ratio mycormizs | PGPR
patterns * wignal molsculen
Fig. 1. Potential effects of (a) elevated CO, concentrations and
(b) warming and drought on beneficial plant-microbe interactions. e,
AME ECM. 7ine endophvt.c PGPF and PGPB: see text for more detalls.
o o
® fondazione banfi MINIBEVIEW
® Climate change effects on beneficial plant-microorganism
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CO, concentrations

Effect of CO, on P mobilization

Elevated CO,

L Photosynthesis "

" Shoot growth

Effects of plant
specles & soll type

wawabeuew o4 sunyng

Root growth {J Composition & guantity 7
i *| Morphology changed I Carboxylates
'E i i
§ Root blomass {1 et e e .
o Root length 0] ; !
S| Density & lengh | ALe.Feb,Capetc. |
ﬁ M md‘ ﬂﬂr ﬁ ...................
5 Microbial activity 17 | -« -~ Mineralization I _______ -
- [ Microorganisms ] Microbial structure ?} Organic P 3 — ' LabileP :
Microbial function ? | "--===<===<== f Immobilization @ -t

Fa. 1. Proposed mechanisms by which elevated OO, impacts plant P nutrition. {f indicates an increase and “7" indicates an unknown effect.
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ANNALS OF

BOTANY

REVIEW: PART OF A SPECIAL ISSUE ON PLANTS AND CLIMATE CHANGE

Amaly off Bty | 1b: SET-000, 2015
dhenz 10, 1EFR3 fnohyfmevE, available online i www sobonilpermaluong

The impact of elevated carbon dioxide on the phosphorus nutrition
ol plants: a review

W2 ¢

Jian Jin “inian 'I'nnga"" and Peter Sale’
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Components of the field

WNbﬁe and soil

ngiisture. jime and the

5 08N ALTINS

Review Article
Potential Effects of Climate Change on Soil Properties: A Review

‘Rape Karrnaikar. ‘indrand Das. "Tebatho Dutts and “Aretava Babzhit

o maR

= Precipitation

= [migation water

= Surface runoff (in and out)

= Filtration in the unsaturated
zone (in and out)

= Groundwater flow (in and out)

= Rise of waler table

= Lowering of the water table

= Infiltration into the soils

= Infiltration into the groundwater

= Storage within the soil (recharge)

= Filtration to the plant roots

Uptake by plants
= Transpiration
= Evapomation

Olm- <wu—=000 MmO

= Capillary transport from grounwater

Factors

Cold, wet

Cold, dry

Hot, wet Hot, dry
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Soil moisture

Higher precipitation will reduce, lower

Salinization/sodification

precipitation and higher ftemperature
will intensify salinization/sodification

processes:

Higher rate of evapotranspiration
increasing capillary transport of water
and solutes from the groundwater to

the root zone + no or negligible

leaching

Outcrop of marine substratum in a vineyard
‘e fondazione banfi
". Soil degradation processes in the Italian agricultural and forest ecosystems
Ye® SANGUIs JoVIs Edoardo A.C. Costantini, Romina Lorenzett!

Consiglio per la Ricerca e la Sperimentazione in Agricoltura — Centro di Ricerca per I'Agrobiologia
e la Pedologia, Firenze, Italy



Soil moisture

Ca accumulation in soil around an Ca accumulation around a cucumber
old root channel root

(Callot et al., 1982)

MODULAZIONE DELLA RISPOSTA ALLA Foe-CARENEA 1IN PFIANTE B
CETRIOLO: MODIFICAZIONT MORFOLOGICHE E FISIOLOGICHE INDOTTE

o fondazione banfi TR

MODULATION OF Fe-DEFICTENCY RESPONSE IN CUCUMBER PLANTS
MORPHOLOGICAL AND PHYSIOLDGICAL MODIFICATIONS INDUCED BY

SANGUIS JOVIS i
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Soil moisture

Organic component

Table 1. SOM mineralization in dependence on the level of soil moistening

Soil Wute\:‘}:::gﬂent. A{:I!ltlﬁt!: ’;'g‘:}:‘ﬂ:]‘:;;ﬂf:" Potentially mineralizable carbon (C,)*
mg/kg % of Corg mg/kg % of Corg mg/kg per day**

Giray forest 10 508 5.5 653 1.} 6.53

25 565 6.1 803 8.7 6.42

40 612 6.7 965 10.5 6.76

Mean 562 6.1 807 8.8 6.57

Podzolized cher- 10 577 2.3 731 2.9 6.58

nozem 29 837 33 953 3.8 11.44

40 953 3.8 1067 43 13.87

Mean 789 3.1 917 3.7 10.63

Dark chestnut 10 400 3.6 480 4.3 5.28

25 477 4.2 533 4.8 6.93

40 584 5.2 648 58 9.07

Mean 487 4.3 554 49 7.09

Notes: * Calculated according to Eq. 1.
*# Calculated from equation IM = Ck, where £ is the constant of mineralization, day".

3N J064- 2001, Faravian Sail Sriemor, 0%, Mol 42, 8o, 11 pp P20 1240 © Pleisden Pabiinkiug, [, 200
il Rusviod Teid © AL Tulfea, VAL Sewevion; LA Rotmania, TV Katmefiova, NA. Semenord 08 published in Pocirovedends, X0 Na, [, i T332 1048

SOIL
CHEMISTRY

Influence of Moisture on the Stability
fondazione banfi of Soil Organic Matter and Plant Residues

A. 5. Tulina, V. M. Semenoy, L. N. Rozanova, T. V. Kuznetsova, and N. A. Semenova
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Soil moisture

In contrast to shoot growth, root growth is often maintained, or

may even be stimulated in response to drought stress

Observations of enhanced root growth and shifts to a deeper root
depth distribution in response to drought through manipulation of

the root’s response to gravity has been reported in numerous species.

Contents lists avallable af %

o 1 Developmental Biology
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journal homepage wse @l i
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L4 Plant developmental responses to climate change @ .......
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Soil moisture

In a broad sense, drought stress causes plants to invest
resources in root tissue at the expense of shoot tissue

measured as an increased
ratio of root:shoot biomass,
and at the molecular level,
shifts in allocation of
resources from shoots to
roots (changes in metabolite

profiles of each tissue)
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Drought stress
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Advances in Drought Resistance of Rice

Muhammad Faroog,! Abdul Wahid,”? Deng-Jin Lee,” Osamu Ito,*
and Kadambot H. M. Siddigue®



Soil moisture

dynamics of root elongation responses to drought in maize

roots at a range of distances from the root apex

elongation peaked at a lower rate, and at a
shorter distance from the root apex in water
stressed plants compared to well-watered

plants, resulting in a shorter elongation zone

Plant Physiol. (1988) 87, 50-57
0032-0889/88/87/0050/08/$01.00/0

Growth of the Maize Primary Root at Low Water Potentials’
1. SPATIAL DISTRIBUTION OF EXPANSIVE GROWTH
Received for publication September 17, 1987 and in revised form January 13, 1988

RoBerT E. SHARP™?, WENDY KuHN SiLK. anp THEODORE C. Hs1a0
Departrment of Land, Air and Water Resources, University of California, Davis, California 95616
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Treatment Rool eilongation
rate (mm-h=')

3 Before Alter
marking marking

100% 3N:011 3.02:0.09
16% 2191018 2.15:0.11
4% 1531090 1.4410.10
2% 1141011 1.04:0.07

~

DISPLACEMENT VELOCITY (mm-hn~")
—

DISTANCE FROM APEX (mm}

Fi. 4. Displacement velocity (rate of displacement from apex) as a
function of distance from the apex of roots growing at vanous vermiculite
water contents. Data were evaluated from time lapse photographic rec-
ords of the growth of marked roots. The insct shows elongation rates of
the same roots immediately before marking and during the | h penod
of photography. Data are means = 15D (n = 5-6).



Irrigation with water

A~
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Irigation with surfactant

Soil moisture

Fig. 7. Conceptual patterns of the root growth, microbial
biomass and distribution of enzymes activities in soil
surrounding maize roots irrigated with water and surfac-
tant. The right figure shows that plants irrigated with
surfactant have wetter rhizosphere (darker blue color),
higher root and larger microbial biomass. The magnified
pictures show distribution of enzyme activities around the
root and extended of the high-activity region in the rhi-
zosphere under irrigation with water alone (left) and with
surfactant (right). (For interpretation of the references to
color in this figure legend, the reader is referred to the web
version of this article.)

Ricraphare T (30 0] S5-03

Cirxients lils avedlabie af Sooone el |

Rhizosphere

|surnal kamepage: wans slsavier comiceatalrhisph ﬂ |

Effects of rhizosphere wettability on microbial biomass, enzyme activities N

and localization

-

Katayoun Ahmadi™", Bahar §. Razavi’, Menuka Maharan”, Yakov Huzyakeov™",
Stanley J. Kostka', Andrea Carminati®, Mohsen Zarebanadkouki®



The Rhizosphere

exudates

<
Microorganisms =

Adirect

Yes!! climate change can impact on
processes occuring in the rhizosphere

- e mm— m m —

activity
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Agronomic practices Iin a climate changed
environment: Is It possible to preserve soll

fertility in a climate changed environment?
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Fertilization

Agronomic
practices

Irrigation Plant protection
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Agronomic practices: 1) fertilization

» Global decrease of N and P efficiencies in agroecosystems is
no longer affordable

1000 - Fertilizer-N X9

900 - consutlon

800 -

700 -

600 -

500 - Fertilizer-P X4
consumption

400 -

300 - X2.8

.onoo.o..'.
200 - Cereal
production
100 -
0

1960 1970 1980 1990 2000 2010

Relative increase in world annual production of cereals, and global annual consumption of
fertilizer -N and -P over the 1961-2008 period.
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(Hinsinger et al. 2011 - Plant Physiol.



Agronomic practices: 1) fertilization

the availability of soil N may affect the soil microbial community, and
hence obviates their role in the turnover of soil organic matter

Other QOther
Lignin Lignin
Hemi- Hemi~
cellulose cellulose
Celiulose Cellulose
Nitrogenous
solubles
Humus
— i 3
log time log time

Fig. 2. Schematic illustration of possible transformation of plant constituents during decomposition
without and with N addition,

Biol. Rev. (1988), 63, pp. 433 462 433
Printed in Great Britain

° THE EFFECT OF ADDED NITROGEN ON THE RATE OF
fondazione banfi
® o d one b DECOMPOSITION OF ORGANIC MATTER
o SANGUIS JOVIS By KARE FOG
[ )

Royal Veterinary and Agricultural College, Chemistry Department,
40 Thorvaldsensvej, DK-1871 Frederiksberg C, Denmark*



Agronomic practices: 2) irrigation

Soil microbial community structure are expected when

anaerobic conditions develop from flooding

Flood treatment Miaobial x
blomass(img Cg~' soil)
Aerobic Anaerobic Gram- Gram- Mycorrhizal
bacteria bacteria negative bacteria positive bacteria fungi
Control 15470 b (23.12) 658 b (0.41) 5.86 (098) 5.65 a(035) 19.36 b (3.28) 5.61 a (1.03)
Intermittent 18950 a (73.81) 908 a (1.55) 6.28 (1.02) 4.04 b (065) 8.71 c(1.16) 401 c(043)
Flowing 18334 ab (43.83) 553 b (0.85) 657 (0.74) 3.48 b (0.75) 22.60 a(391) 307b(1.11)
Stagnant 8328 c(27.10) 413 c (2.51) 655(339) 1.73 ¢ (087) 8.50 c(051) 267 c(1.45)

Note: TN = total N; TOC = total organic C; C:N = carbon to nitrogen ratia

Mean values (and standard deviations) for soil microbial community characteristics and soil chemical analysis from phospholipid
fatty acid analysis of a Nodaway silt loam subjected to three flood (stagnant, flowing or intermittent) and three residue (tree,
legume, grass) treatments (data not shown) and controls over a 56-day period in a greenhouse experiment. Flood treatment
means with the same letter are not significantly different (a = 0.05).

Conients bsts svailabie ai Sciercalirect

2 Applied Soil Ecology
P fondazione banfi ke e o asae s ot oottt

S A N G U | S J O V | S Fleoding effects on soil microbial communities

Irene M. Unger>°, Ann C. Kennedy ", Rose-Marie Muzika *
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Agronomic practices: 2) irrigation

et Sect { HNGT ) 26l 100)
ML B0 DT AT | O T T Ry

Soil-water and solute movement under precision irrigation:

to meet the SpeCIflC requlrements Of knowledge gaps for managing sustainable root zones
5, K. Rabne « W5, Meyer - T W, Rassam

individual plants and minimize adverse  s.iumo-r.y.con

environmental impact

under precision irrigation applications, water
and associated solute movement will vary
spatially within the root zone and excess
water application will not necessarily result in
deep drainage and leaching of salt below the

root zone.
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Fig. 2 Salt rings formed on soil surface due to evaporation of saline
irrigation water from drip irrigation of grapes (Courtesy G Schrale)



Agronomic practices: 3) plant protection

Comets bt aviilable § Sthercslliec)

European Journal of Agronomy

fournal homepege wws & lssvier comlocsie’s|s

Glyphosate reduced seed and leaf concentrations of calcium, manganese,
magnesium, and iron in non-glyphosate resistant soybean

lsmiak]l Cakimak ®, Anlla Yaziel, Yosul Tutus, Levent Ozturk

0.3 0.6 0.9

Glyphosate

% of the recommended dose

Journal of Plant Discases and Protection (Cesco, et al. 2006)
Zeitschnfi fiir Pllanzenkrankheiten und PAanzenschutz g
Sonderheft XX, 963-969 (2006), ISSN 1861-405]

& Eugen Ulmer KG, Sngarn
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Agronomic practices: 3) plant protection

The accumulation of ”m“m:' mmé s m“ﬂé IE
el gl _mf wf
agrochemicals in the soil gz :f:
E 2 E
due to increased 1 S e
temperatures can lead to . el . T e
a transfer of them from 2: I ; z E
: E :
the weeds to non-target 52 Y %:
plants m m
s e

J Therm Anal Calorim @ CrossMark
DO 10, 100751 097301 6-5891 -y

Py fondazione banfi Indirect effect of glyphosate on wine fermentation studied
by microcalorimetry
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Branched-chain and aromatic aa catabolism into aroma volatiles in Cucumis melo L.
fruit

Biosynthetic routes for amino acid degradation to volatiles in plants and microorganisms

Other
volatiles
]

glutamic
acid

a-keto acid

Gonda et al., Journal of Experimental Botany, Vol. 61, No. 4, pp. 1111-1123, 2010 do0i:10.1093/jxb/erp390
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List of Agronomical Practices to preserve soil fertility

< Use plants to grow soil carbon
< Use microorganisms to convert soil carbon into stable forms

< Avoid farming techniques that destroy soil carbon:

* Reduce nitrogen applications

» Carbon eaters rather than carbon builders

* Reduce herbicides, pesticides and fungicides
» Use correct tillage methods

» Control weeds without soil damage

* Avoid erosion

» Encourage vegetation cover

» Bare soils should be avoided as much as possible

& OPEN ACCESS Science International

ISSM 2305-1884
DOd: 1001731 isciint]. 2016.51,73
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Saskatoon, Saskatchewan (Canada)
www.rhizoS.org
#Rhizo5

Rhizosphere 5 Theme Areas

« The root microblome
« Plant holobiont

hining light on the world benea « Rhizosphere processes for sustainable agriculture & nutrient cycling
« Natural (forest and grassiand) ecosystem rhizosphere
 Rhizosphere of extreme environments
¢ Rhizaremadiation

Climate change, abiotic stress and the rhizosphere

« Climate change, ablolic stress and the mizosphere
¢ Rhizosphere modelling
« Cutting edge approaches and methods
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