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The global water cycle describes cantinuous redistributiorof water throughthe
atmospheregceans, cryosphere, terrestrial ecosystems, and subsurface reservoirs, thereby
regulating both climate and |Heupporting processes on Eaf@ki & Kanae,2006;Allan

et al., 2020)While oceans and ice sheets contain the largest water stores, smaller but highly
dynamic compartments include rivers, lakes, soils, aquifers, vegetation, and even the
biosphere of animals, all of which interact through fluxes of precipitation,
evapotranspation, runoff, and infiltratio{Gimeno et al., 2012Precipitation over land is
particularlydependent on the transport of water vapor from themedth river discharge
providing the main return pathway to the sea, thus closing the continental bfémelcycle

(van der Enet al., 2010). Paleoclimate reconstructions show that the hydrological cycle has
undergone marked shifts in intensity and distribution during glemml interglacial
transitions and past warming episo@@ackley et al., 2010; IPCC, 20R3However, actual
fluctuations are increasingly dominated by human activities,ibdtrectly through climatic
response to emissions of greenhouse gases and aerosol paanhdebrectly via the
interference with deforestation, irrigation, andyroundwater extraction, which alter

evapotranspiration and recharge regirtie®t al., 2019.

One of the clearest manifestations of this disruption is the alteration of precipitation patterns.
Anthropogenic climate change is linked to more frequent and intense heavy rainfall events
in many regions, as a warmer atmosphere holds more water vapofuetsdonvective

storms (Allan et al., 2020; Pendergrass et al., 2017). Simultaneously, subtropical and
continental areas are projected to experience longer dry periods and higher
evapotranspiration rates, amplifying the risk of agricultural drought amhiological
scarcity Dai, 2013; Cook etl.,, 2020).Such contrasting trends, with wetter regions
generally projected to experience intensified precipitation and drier regions facing more
severe water deficits, are consistently reproduced across climate projections, despite regional
variability (Held and Soein, 2006; IPCC, 2023).



These changes also influence sedter interactions. Droughts and heatwaves intensify soll
moisture deficits and affect plant productivity, while the lower number of stronger rainfalls
often increase surface runoff, satosion, and flood risk, with limited infiltration and
groundwater recharge (Trenberth et al., 2014; Seneviratne et al., 202¢pnTihieed effect
results in a hydrological regime that is both more extreme and less predictable, threatening
water security for agriculture, ecosystems, aruesies worldwide (Shrivastava and Kumatrr,
2015).

One critical consequence tife disruption of the water cycie the impact on soil salinity
andsaltaccumulatioron anthropic and natural habitdtss estimated that sadtffected soils
occupy more than 20% of global irrigated lafidadir et al. 2014)and the kmate
projectionsforecast an increase of up to 1.5 million ha of soils experiencing worsening salt
accumulation within few decadd&AO, 202).While this phenomenon involves many
regions worldwide, coastal habitats and arid and seidi areas are some of the most

vulnerable to these changes (Hassani et al., 2021; Adams et al., 2024).

In arid and semarid regionswhere the scarcity of water is already an ongoing problem,
higher temperatures and reduced rainfall enhance evapotranspiration and decrease leaching,
exacerbating the concentration sdlts in the upper soil profile (Huang et al., 2017).
Conversely, coastal aredsllowing their geographical position, are pronesealevel rise,
saltwater intrusion, and storm surgesich expose soils and aquifers totsatcumulation

further threatening agricultural productivity and eieyn stability Palutikofet al., 208;

Bellafiore et al., 2021).

The reasos behind the salinization process in arid and coastal areas are substantially
different. In arid and senrdrid habitats salt accumulationerives from theveathering of

the parent material following the release cfoluble salts, which, under low rainfall
conditions accumulaten lower soilhorizons being brought to the surface layers by water
evaporation processedordan et al.,, 2004; Qadir et al., 2014). addition, human
unsustainable irrigation practicasd bad resource management furth@rsenthe problem

The repeated use of brackigtigation water, combined with inadequate drainage, causes
salts to accumulate in tis®il andcontributes to rising water tables, mobilising salts toward
the surface (Shahid et al.,, 2@L8 The main consequence®n soil integrity andon
microorganisms and plant communities depend on the salts that are mostly [Sakeat.

soils are defined as those with an electrical conductivity (ECe) of the saturated paste extract



greater than 4 dS m T at 25 AC, an exchange
soil pH usually below 8.8Richards, 1954)The dominant feature is the high concentration

of neutral soluble salts such as NaCl, Ga@hd MgSQ, which cause osmotic stress and
specificion toxicity in plants (Naorem et al., 2023). In contrast, sodic soils have an ESP
greater than 15 and often a pH above 8.5, reflecting the predominance of sodium on the
cation exchange complgRichards, 1954)Excess sodiumusually derived from highly

soluble NaCOz and common to many arid aredsads to soil dispersiodue to clay
deflocculation structural breakdown, and reduced permeability, creating severe constraints

for plant growth and microbial functioningMong et al., 2009; Rengasamy, 2D18

In coastal systems, chlorides (i.e. NaCl and Mpf@ledominate and salinity dynamics are
shaped bythe balance between freshwater inplutsn river dischargeand the altwater

inputs from sea water intrusion and marine aerosol (Shrivastava and KumarQidi&je

driven changes in river flow, groundwater depletion, andeses risefacilitate the inland
advance of saline water in estuaries and aquifaltering the existing equilibrium
(Daliakopoulos et al., 2016; Bellafiore et al., 202¥gtlandsare particularly vulnerable, as
storm surges and coastal flooding can determine prolonged flooding which affect soil
properties and microbial and plant survigderbert et al 2015).Evidence from South and
Southeast Asia, as well as from Mediterranean deltas, illustrates how prolonged droughts
combined with sedevel rise have already caused substantial losses of arable land through
salinization (GarciaRuiz et al., 2011Smajgl et al., 20156

Overall, soil salirzation represents a major threat to agricultural productivity, ecosystem
functioning, and food security in both arid interiors and coastal zones. With climate change
expected to exacerbate these pressures, the development and implementation of effective
mitigation strategies has become an urgent priority to sustain soil health and ensure long

term land use.
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The severity of salinitydés impact on agricu
a wide array of mitigation and management strategies over the years. Traditional approaches

to manage satiffected soils rely mainly on physical, chemical, andoagmic



interventions. These include improved irrigation management and drainage to leaching salts
from the upper horizons, as well as the biological removal of salts by harvest of high salt
accumulating aerial plant parts, in areas with negligible irrigationrneateinfall available

for leaching (Qadir et al., 2000). Chemical reclamation, especially for sodic soils, involves
applying gypsum or other calcium sources to replace sodium on the exchange complex,
improving soil structure and permeability (Chhabra,120 Sulphur and organic
amendments are also used to lower pH and enhance soil aggregation (Wong &0)al., 20
On the agronomic side, the growth of galerant crops, such as barley or cotton, and
advances in breeding and biotechnology for stress tolerant varieties represestaiaiigg
strategies (Munns and Tester, 2008). In addition to the traditionabagps, plant
biostimulants have gained attention as useful tools to enhance plant tolerance to abiotic
stresses, including salinity (Calvo et &Q14). Biostimulants are defined as nautrient
substances or microorganisms that, when applied to plants or soils, stimulate natural
processes to improve nutrient efficiency, stress tolerance, or crop quality (du Jardin, 2015).
They include microbial ioculants such as plant growpnomoting rhizobacteria and
arbuscular mycorrhizal fungi, which, for example, can contribute to enhance root
development and nutrient uptake (Etesami and Beattie, 2018). Other types are seaweed
extracts, proteiibased productsnorganic compounds, and specific fractions of the soil
organic matter. Notably, organic amendments such as compost and manure, already part of
traditional management, overlap conceptually with the biostimulant practices, by improving
soil structure, war-holding capacity, and microbial activity (Cherif et al., 2009). Biochar,
though less widely tested, also shows potential as a soil conditioner in saline environments
(Agegnehu et al., 2017).

Regarding the soil organic matter fractions, there are different wagetimnatethe organic

matter, based on size, density, or chemical stability. Physical fractionation by density
separates fAlighto particulate organic mat
debris not bound to minerals, fraime heaver mineratassociated organic matter (MAOM),

which consists of older, humified compounds stabilized by clay and silt (Six et al., 2002;
von Lutzow et al., 2007). Similarly, aggregaiee fractonation distinguishes soil organic
matter (SOM) associated with macro and microaggregates, relating carbon pools to soil
structure and stability (Six et al., 2000). The reason for such approaches is that labile
fractions like POM turn over rapidly, fuetly microbial activity and shoeterm nutrient

cycling, whereas stable fractions like MAOM contribute to keign carbon sequestration,

t



cation exchange, and aggregate stability (Cotrufo et al., 2013). These distinctions are
especially relevant in sadtffected soils, where salinity and sodicity alter soil aggregation
and ionic balance. High sodium levels, for instance, can disrupt agegegat destabilize

MAOM, releasing organic matter into solution (Rengasamy, 2006; Wong et al., 2010).

Another important pool is the dissolved organic matter (DOM), soluble in water and
composed of small molecules such as sugars, amino acids, phenols, and fulvic acids (Kalbitz
et al., 2000). DOM is highly mobile and reactive, playing a critical role inemitcycling,
microbial metabolism, and the transport and complexation of metals and salts (Aiken et al.,
2011). In saline and wetland soils, DOM dynamics are particularly relevant because sodium
concentrations and fluctuating redox conditions can alteMDg0lubility and stability,

thereby modifying microbial activity and interactions with minerals (Herbert et al., 2015).

Chemical fractionation separates SOM into pools defined by solubility and chemical
properties, typically fulvic acids, humic acids, and humin (Stevenson, 1994; Piccolo, 2001).
Fulvic acids are the most soluble and mobile, of relatively low molecular wanghhigh
oxygen content; they remain soluble acrasside pH rangand can interact with metals

and nutrients (Tippig, 1986). Humic acids are less soluble, characterized by higher
aromaticity and molecular weight. They precipitate under acidic conglibahdissolve at
neutral to alkaline pH, contributing to cation exchange and pH buffering (Tan, 2014). Humin
is insoluble in both acid and alkali and is strongly associated with minerals, representing the
most recalcitrant pool (Piccolo, 2001). These tfoacs are not only indicators of SOM
stability but also play functional roles under elevated salinity. Humic acids can enhance root
growth, improve ionic balance, and stimulate antioxidant activity in plants exposed to
sodium stress (Nardi et al., 2002;n@Has et al., 2015). Fulvic acids, due to their mobility
and their capacity for chelatingnicronutrients such as Fe and ,Zmmprove their
bioavailability under saline conditions (Chen et al., 2004; Olivares et al., Zlidgether,

these findings highlight that the effectiveness of soil organic matter in mitigating salt stress
depends not only on its overall quantity but also on its composition and stability, which
determine whether added or native organic matter cotgsbto shorterm nutrient

availapility or to longterm improvements in soil structure and ion buffering capacity.
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Wetl ands cover between 6% and 9% of tihe Ear
35% of global terrestrial carbon, making them one of the most important ecosystems for
climate regulation and biodiversity (Mits€éhGosselink, 2015; Zhang et al., 2023). Despite

this relevance, wetlands ambsoamong the most vulnerable ecosystems to soil salinization
and anoxia. Periodior permanent floodingimits gas exchange and microbial respiration
rapidly consumes available oxygen (Pezeshki, 2001; MigsdBos®link, 2015). Under

these reduced conditions, soils accumulate reduced chemical species suth la¥e
ammonium, and sulphide (Patriék DelLaune, 1977; Lamers et al., 2013). For plants,
oxygen deprivation at the root level represents a severe stress, impairing respiration and
nutrient uptakgColmer and Voesenek, 2009). When salinity and anoxaccar, plants

face a dual challenge: maintaining oxygen supply to roots while also restricting toxic ion
uptake. This tradeff often requires structural mdidations, such as increased suberization

of root tissues that reduce both sodium entry and radial oxyge(Plessta Ogorek et al.,
2023).

To cope withprolonged soil anoxiamany wetland speciedevelop aerenchyma,tissue
characterized by intercellular air spaces that facilitate internal diffusioa fodbm shoots to

roots (Evans, 209. Some of this @passively diffuses odtom roots into the surrounding
rhizospherghrougha processalled radial oxygen loss (ROL{Colmer, 2003). Through

ROL, roots act as localized sources of oxygen in otherwise anaerobic soils, creating steep
redox gradients around root surfacasngstrong 1980).

Among the main consequences of oxygen release in the rhizosphere is the precipitation of
Fe** on root surfaces, forming iron plaqu@gure 1) As stated above,nger waterlogged

condi ti ons Frauch motiesso | ruebdl uec eFde |t o, wh i whbreisdi f f us
re-oxidized by oxygen from ROto Fe&* that quickly precipitae as amorphous or poorly
crystalline ironoxy(hydr-)oxides(Chen et al., 1980; Hansel et al., 2000Nesetypically

consist of ferrihydrite and lepidocrocite, with possigladuwal transformation into more
crystalline forms such as goethitkepending on pH, redox dynamics, and aging processes
(Hansel et al., 2003). These reddimown coatings are a common feature on the roots of

rice Oryza sativg, commonreeal (Phragmites australls and mangroves, often visible as

rustcoloreddepositgTaylor et al., 1984and commonly called iron plaques



Aerenchyma

Figure 1. Iron plaque formation process in anoxic flooded soils.

Iron plaques play an important role for wetland plants, as they waaiential sink and
second source of nutrients and pollutants (Khan et al., 2DL6)to their high specific area

and strong sorptive affinitfChen et al., 2006theyact as a dynamic barrier, regulatiag

the same timéhe fluxes of essentialutrientsand toxicelementdetween the soil solution

and plant (Liu et al.,, 2®). For examplephosphatehas a high affinity and is often
immobilized in plaques, restricting its immediateailability to plants (Batty et al., 20D

The same is true fotoxic elements such as arsenic, cadmium, or coppkich are
complexedat the root surface argketheir translocation into shooteduced(Seyfferth et

al., 2010; Meharg and Zhao, 2012everal studies havweportedthat the development of

iron plaque on rice roots significantly reduces arsenic uptake and its translocation to the
grain, acting as a key detoxification mechanism in flooded sysfilelsarg et al., 2009;
Pardo et al., 2016Dn the opposite, it is also true that thieé* deposits may result negative

for plants, as they may decrease the uptake of beneficial micronutrients like manganese or

zinc, and halt root exchange proceqSesylor et al., 1984).

Although ROL is one of the main driverthe plaque formatiorprocesss controlled by
multiple abiotic and biotic factorin fact, ROL intensity depends on root anatomy, age, and

speciesspecific physiology. For exampl®hragmites australigxhibits highO; release

7



along much of the root axis, formimgoreplagues thaispartina alternifloraunder similar

field conditions He et al., 202). From the soil side, plaque development requires adequate

Fel in solution, whi ch occurl§thesoildseao moder
oxidizing, Fe] p rtreemotspwhile artder strongly redoiaing, sulfidgica ¢ h i n
conditions, Fel iromasylphideeglimiting plaxgdeiformatmoe (lamears

et al., 2013; Neubauer et al., 2007). Soil pH also pEyimportantrole, asFe plaque
formationand sorption capacity are favored at neutral to slightly alkaline pH, whereas under
acidic conditions plaques are less stable and metal adsorption capacity is rétiacee{

al., 2aL9). Hydrological dynamics further modulate plague abundance: flowing water can
del i ver Fe] and carbonates that favor pr e«
conditions may limit externagdlague formation and promote internal iron deposition in roots

(StCyr & Crowder,1989).

Biotic interactionsalso influence plaque dynamics. Iroridizing bacteria can catalyFe?*
oxidation at the root interface, enhancing plaque deposition, whileeduting bacteria

may dissolveFe** phases, limiting plaque persistence (Emerson et al., 1999; Weiss et al.,
2001).

f Uqlll ¢ # q RYRILIE (oRg=HAINCAINR q ! Wce
R YA tlhue 131t

Among the many factors influencing iron plagoeemation and dissolutiodynamics, the

role of SOM remains debated in the literature. On one hand, high organic matter inputs
stimulate microbial respiratiodyiving soils intoharsh reducingonditions andausing the
formation oflarge amounts of soluble Fewhich canbe exploitedassubstrate for plaque
formation (Roden and Wetzel, 2002uanet al., 202). This has been studied organic

rich floodplain sedimentsyherehigher Fe plaque accumulationshibeen observed dn
australis roots compared to mineral soilspnsistent withstronger reducing conditions
(Roden and Wetzel, 2002)n the other hand, SOM may also suppress plaque deposition by
complexing ironincreasingts solubility and thus inhibiting its precipitation onto radtew
molecular weight organic acidsuch agitrate andoxalate can chelatée’*, keeping it in
solution and preventing precipitation on root surfadesés et al., 1996; Liu et al., 2@21

8



In rice paddies, root exudation of lawolecularweight organic acids castronglyacidify
the rhizosphere, and such compounds are also known to increase iron solubility by acting as
ligands and chelators (Fé& Comerford, 199; Mimmo et al., 2014

Beyond plaqueit has been already discussed &M plays an important role reducing

sal stress. Organic amendments such as compost or biochar improve soil aggregation and
waterholding capacity, reducing osmotic stress and facilitating nutrient uptake in saline
soils (Chaganti and Crohn, 2015; Lakhdar et al., 2009). For instance, Laklatiai2609)
demonstrated that compost addition to saline Tunisian soils enhanced wheat biomass and
soil fertility despite high salinity leveldeverthelessthe chemicalmechanism by which

SOM reduces salt stregsplants and microorganisms was only flgidemonstrated

The interaction between SOM and plaque becomes more complex under saline conditions.
Moderate sulphate inputs can stimulatar®l Fe cycling, with sulphides formed under
reducing conditions being 4@xidized to Fe€** oxyhydroxides on root surfaces, thereby
favouring plaque deposition (van der Welle et al., 2007; Miao et al., 20@4yersely, high
salinity and sulphide accumulation often depress root ROL through enhanced suberization
and lignification of root tissues, which inhibits plagfemation (Kotula et al., 2009;
Rickard and Morse, 2005). A study in mangrove wetlands reported that saiohityed

ROL suppressiohencdimited Fe plaque formation, shifting iron towards sulphide minerals
instead (Peralta Ogorek et al., 2023).

The aim of this thesis is to investigate the interplay between S0iMsalinity and iron
plague formation, with particuldocuson three interconnected aspedjselucidating the
mechanisms by which SOkhay mitigate salt stress in soils and planisassessing how
salinity and soil physicochemical properties influence the development and characteristics
of iron plaquesiii) clarifying the role of SOM in promoting or constrainiiign plaque

formation under different redox and saline conditions.
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i on, together owethsdadf manvagkembhée an

—+

hr e
I 0g
pecifically truearfiome rd wetre nise,| traesc oagnndi zeesdt
rabi |l ity Stha kedldiana t, eA RcOeBe geécaa( et al . |, 2

e
egradation and potenti al |l oss of these hal

eangd f bewattkeirs hecosystems, potentially

O Q9 < < d® d® O O

ochemi cal &pKapleasms,es2 (IMWh;i t Bhattachan e

ul n

o o < »w T -

s tropical forests and coral reefs, provid
and pl ay aen iems sgdablaabCeOGbbelst r ati on ( Mitsch ai
Cronin et al ., 2020) . Prolonged flonding a
mi croorganisms by | owering redox potenti al
destabilizing soil organic matter pool s a
composition, favouring sulphate reducers z
Moeover, excess sodium and chloride can di s
i nhi bi't enzymatic activity, |l eading to decl
al ., 2019). This can also | ead ttoo amewearce sd
conditions and osmotic stress, arveasipeacbtiilvietly

soil s, driving anoxia nanavi thalkloesgiqoungnt ogt
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e
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r

i mpair nutrient uptake (Pezeshki, 2001
esses, 1 .e. the osmotic stress that suprpg
nly by Na and CI t hat accsauenud adenden
rupting metabolism (Munns and Tester, 20
synergic |l eading to a decline in plant
Iltats (White and Kaplan, 2017).
n wetl ands, cBmmagmirteee$dC asut.sdtnrddst i (s . E x

g
resent one of the main, Ruvora udsvirdael ppsrresnen
c

osmopolitan wetland species, wdrnihvel on

]

tant ecosystem sfeorrvm ceexst.e nFsliavnet sr eaerde bdeec

0
provide habitat and nesting sites for bi
e

-

fl ow and att enueadtiemewatvse s ,a ntdr aspt oarned csatr

~t
-

l buting to habitat protection and deve

ing the | ast decades, common reed stands
back, particularly in Central and Easte
rica (Cr2o0MhiHu eeat adl..,, 20021). The first s
er al Swiss |l akes and was documented by

firming the persisten&Marlkeantdei(re,, gl9&K9I°tE

main factors identifieditaisaldauseuwt roofph
hani cal damage or erosion (e.g., by wayv
ough regi mentation (e. g., Schr°der, 19°
ot heses have been sugauddtidd tihre tghag laiptpe

tially explained by the previous hypoth

tor shaping wetlands as it causes an i mp
ppitz, 2004; Cr orieh s@uyiedl .ak). 2r{e22r. t &b rt h
tinuous increase in average flooding el

tributing -tteor na dgePcal dianag t wifatloinggan aver age 6
its cover -yeanorthedi tooreirng @deéri od. Mor e o
| Ptyaodoranécever from stress event s, Suc
individual s exposed to frequent fl oodi
ditiogscamlalbssonindirectly affect commor
soi l sul phide concentrations in anoxic

i ched in sulphate ions (Armstrong et al
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af fRRctaushraomes with bud and -*# obay sd eaatt hs wlc

concentrations of ~1 mM. Both flooding and
point, as other possible triggers of the c:
(comli nwi th fl ooding) supppPesseangalaive e c & n ¢

0
di stribution also following &al iagheasel9
Li s <XnSecrhi er up, 1997; Chambers periament sL9918)
Mi s

e

di

Si ssippi River Delta further stressed t}

back and poor recovery ofQutihrek septe caile.s, (2C

The negati R.e augpraecdtlsy mincally characterized |
size of plants, dead rhizomes, abnor mal | i ¢
deep waters (Hartog et al ., 1989; wvan der |
used $® Bbeei mpacts of abiotic these stres
common reed popul ations affected by dieback

mor phol ogi cal traits, enheruydiagestémrbet gllif
density, compared to healthy stands. One t
despite | argelyobecantispetchnes!| bedroot pl a

mai nly iron precdepsi)t attheast (fooxrynmh ybdyr orxo ot oxy g
the rhizosphere and the coéhst@ae =t had. datrido
Khan et al ., 2016) . l ron plaques play an in
potenti al sink and second source of nutri el
the presence and thickness oftphagqumwe=sracei
ot her . Pl aques are in fact the result of b
representing a possible key trait foR. the &

austgtaandags.

Among plaque triggers, completely neglectec
stresses. A very little st®p fwdhiwdr ¢ hwave dd «
nolni near salinity effect on plaque abundan
with oligohaline conditions (2.4a) increas
(8.2a) suppressing it. iYredgt nondag tiurddi rhast um
which salinity, potential dyt medaiat e d gt sror
abundakP.ceawsntral i s
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Therefore, the aim of our study was to in
properties of floo®edasenhifnbtawdplphane dewael

salinity gradients. Specifically, we focus
rivers, i . e. Stella and Cormor rivers, i n
clear salinity gnadseans evedesber of dastdaec

hypothesized that el evatedclgaliinmMiltuyynamed i f |

formati on, either by altering the chemistr:
more chlorinated forms of Fe), or by inhibi
from roots, therebyw hlei mihtiizrogg pfhesjr e ®x i datoisd n

=4E ql Rc¢dt WeUl WaWqb VYT

2.1 The study area

The Stella and Cormor rivers are spring riyv
(4SPA/ SAC Natura 2000 1T3320037), the seco
| agoon. Spanning about 160 km], t hdeelltaag aoon
the west and the I sonzo River delta to the

PSU (~H30d ng tthe eastern bas)yninandeotwwe8tlebn
to the fresh water di schar@ecrdmofrr orm ¥ielres StC

Mar occo, 1993; Ferrarin et al., 2010). Spec
have an average combined Us't6Ebdargei mfetapal
Fontolan et al., 2012), with the Stella Riwv
the | agoon from the Friulian plain. Both sy

and the Stella Rigmeat edde |l asa & arse gopiecema ld epsr ot e
1,377 hect aatesr. ddret firkrgthiwons of the Stell a
shaped over 300 h®&. oéu)s,bonbablinrsursehe ds thaenddss (a n d
(6olo et al., 2015).
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FiguiSeutdy Satellite images of iMaeamgeolgaagpadi

and Cormor and Stella Rivers, and of the 30
2.2 Sampling plan and field meas
A tot al of 30 sampling sites covering about
present work (15 sampling sites perueach r
S1). These were chosen along the edges of t
rangkR oauasrdbefbened in Poldini et al. (1999
surveys. Sampling sites were initially ider

with a distance withinpesachi ohs~w2gf06 mheRea
a GNSS device (Mobile Mapper50, Spectra Pre

Soil redox potential (Eh), plant stand dens

sampling
(Crison

site. Soil Eh was measured using a
|l nstrument s, Bar cel onaSO Slpla2 7nl):, 2 0Of 202
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and corrected using Zobell ds solution as r e
topsoil for about 5 c¢m.

Pl ant dR.nsaustemadtdsswas assessed counting tl

sqguare plot of 0.25 mJ]. The plant density w
(Warren et al ., 2001) . Within the sampling
measuri mggtechelawmda height. The height of ea
base of the collar to the base of the | ast

and July 2024 during neap tides.

From the same plants used for height measur

apex was collected for determi Ratawmeémdl| isp e
also collected, and water from the same ste
rate determination. At each sampling site,
and 25 c¢cm depth was <coll ect ewlerfeors d amlbeod aitror
bags, transported to t heer altabqr aathodr ys tionr ea
processing. The soil -sobaampbéesdephgdat ¢ AV ]
was processed i mmediately, as wel/l as root

aciTdnse remai nindrredttsomledeuearguarmtni ficati or

2.3 Physicochemical <characteri sa
Within 24 h, ftrbe sampl sampl e coll ected in t
sul phides (AVS) determinati on, using a mod
Pel l egrini et al . (2018) . Speci dwiec glhhley, aa d)

pl aceal 250 omdarscjramw. Filter paper strips (W
1.5 M33PH¢INOti on were clipped to the jar ca
seal ed, gently swirled (~ 15 s), and | eft

NaSH-O ref erence charts to determine AVS mol
aliquot of the soil sampl e was used to ¢

concentrations were then expressed as Omol

dr yl soi
Remaining soil samples were air dried for
carbonate and of soi | organic matter fract

18



fractions. Soil pH was mégvqd swrndd tion Dwa twart eg u

a glass probe (Crison Instruments, Barcel on
w/ v ratio (soil to DI water extract) wi t h
l nstrument s, Barcelooat e®Spawal . dSoet micae downm
Dietrich calcimeter (Austrian Standards | nt
hydrophilic organic fractxitomcwaearoem deatde rsmibrse
adsorption fractionati on, respectively (Lo
samples were treated with a 0.1 M NaOH in a
shaken for 4 h, withl &@st3 hvo KrClf aard dfeadc idluirti antg
overnight. Samples were then centrifuged a
was collected and one aliquot for each samp

(TOC) analysiao T{pplriadjusvednal ysis). This r

and hydrophobic organic fractions of soil s
then adjusted to 1, |l eft to settle overnigh
t seupernatant was collected and one aliquot
anal ysi s, in order to exactly quantify the

able to calculate the abundancesofpetrife rhmedr
the supernatant wusing polyvinylpyrrolidone
washed w) twatMirl,l i0. 5Q MwaNtaeOrH, ( tMw il ¢2Q(,t wai ncde )0,. C
and successively samples were pQswaden.hr Dl
eluate, representing the hydrophilic organi
the analyses at a TOC anal yzoeirnt(,Shtihmea dhzyud r ©

fraction was determined by difference.

2.4 Pl ant morphol ogi cal and phys

Within 24 h of sampling, about five roots \
and for tissue porosity analyses. Approxi me
were coll ected and placed in 50tend tubmst |
corresponding sampling site. After mechanic
solution stored in a freezer for subsequen

roots wkmrieedvaetn 60 AC f oyr we idgahytse d .a nQli tsruactcee
in solution was meaBamrene B4 [NSAIDHg otxh ed aMea goanz
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acid assay kit (Bray Business Par k, Bray, C
340 nm by a VI CTOR3 Mul til &EdelerCo WStAgr. Hlheat
concentration in the samples was d¢alhc ulheaet e
standard solution provided with the enzymat
the samples dry weight. Root | eakage was as
mal i c acid was consistentlcy tbaltewwtalse gaatng ¢
outcome was consistent withP.r epgsrtirsal fubsr c mat
| o-mvo | e emveli agrh t organic acid spectrum is domi

mal ate is frequently not detected (Mucha et

Ti ssue porosity oPf. adwdarstailhteisocsws erdo autssi ngf t h
met hod described by Jensen et al. (1969). .,
was filled with DI water and weighed. Pl ant
and wiped before weithglinng!| aTldf iiloldad tphyRcnwean
and the combined weight was recorded. Succe

with a mortar and pestl e, anmd ttthe pydsrud mea thag

with DI water. The water temperature was n
measur ement s. Root porosity was calcul ated
(1969), which consider s trh ea bcsheanncgei nogf iani rweii
sqgueezed plant tissue, respectively.

The remaining roots were air dried at room
t he plaque foll owdintgirbaditcear dmlndat ki telit o rmictt e on
Crow8dayl(a®83). The tot al Fe content was I
i nductively-opaupcladd epri assssmaQE S)p.e cDatoanewea rye (r
as Og Fe g T dry root biomass.

To calcul ate SLA, five |-éaved &nomseachedt a
anal ysed with | mageld Fiji software (Schind
|l ength. The deaedsawe7® d&Cemor 7l ihgdur,s tthoe
SLA was <cal cul at edsiadse dt hlee arfahirge aonfd 6 hi et Ba hoev

presented as c¢cm] g I
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2.5 Statistical anal ysi s

Structured equation models (SEM) were perfo
properties on root plaqué@hktesemadesdaovmg i<
statistical framework integrating multiple
and indirect causal relationships among obs
2006). SEM all ow t he s ihnyuplottahheesoinesepdt est i kigo w
guantifying both theasti emgg ywsitdenh.ndli m etchii ©n
relationships are represented as a path di .
dat a usi rmdgf igtoocdrnietsesr i-aehaodet SPpbememthii c@adwiys e p

SEMnablhe i ncl us-e bhecotfs nmmawdeediasl, dnactna struc
hi erarchical designs commonly encountered i
2016)

Il n ourhecamea,elt was run using the HApiecewi sEe
2016) after assessingcdbktanemarimay i by ®@Bhd v
factor (Aperformanceodo R ,wadlkaghei,ghl gd dccdkrer e
redumpdandti ct ors esxaleediemdgibiuleg bbryi ance i nfl ati
(VISF29 o mi ni mi ze mul ttiheo |IsleilneecatReidyv gw awlibabbal bei so
stations) and sampling day (4 diad s®rcdwlesmiet ei n
dependen$®pediffeicdasl. | vy, this approach consi de
same transect and within sheebameotheer tant
sampl etshded f 6 ;mr E hAk aiikveeri.nf or mati on criterion
sizes (Al Cc), was preliminary wusendatferri alhe
Fiug®2): the final mo d e | showed the | owest

tested relationshi prsepdr ttehde assela cg readp hmocdeell
visualize the statistically significant r el
pl ots were generated using the visreg func
Burchett, 2017).

I n constau@etrmaoodgeilt,hedeci si ons were made 1 eg:

relationship to be tested (SEM constrain).

affect iron plaque depositiofRé&dnr ewotlluyg,i oo
chloride and organic ligands (Liu and Mil I e
osmotic stress and specific i on toxicity, t
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( Abdakt ef & Chaoxing, -20dhdudRohObarheredaodi B

porosity and radial oxygen | oss from root s,
stand density, f urmerckiratdeedcr@ ass apgp layh e( Al
Vasquez et Fadl'oiat2io®m.) Mmmdeover, seawater in
stimulating sulphate reducti on, | ower i ng E
(How&Mendel ssohn, 1999, Chambers et al ., 20

Eh can directly influenc®# oF@émdmiclrietaysi myg «f
stress (Reddy et al ., 2022). Low Eh also pr
i n sulphate compared& Memdet eslhwat erls9 90Ho wr
anoxia induces root aerenchyma formati on, |

(ROL) wunder flood stress (Pedersen et al .,

still constrain 20l0alnt. gCrad wti kunn® Weazr ebeohnkait fef eirs
(Brambati, 1968), which, at subalkaline va
Fé*tas the stable phase in solution and ther

carbonates may have a direct 4iICyklICueomwder on
( 18®) reported that the iron plaque format.i
carbonate in soil, hypothesi@ing tthet rthhe o
resulted in the précei piotoatsi.o nRoomft geaxeutdhaitti eo ni
proxy) was expected to directly <cause a
compl exation of hydroxyl groups with Fe tha
1991; Chen et raelc.t,| y20flo6)l,owomgi ndie r hi zosp
favoured rédolédfiGam @amdF&utright, 2014). So
and compete with plaque formation (Rickard
can reducei amolhy eixmpaitr ibneg nfgjoat phypovokahi {1
al ., 2013) . l ncreases in root porosity hel
porosity were expected to favour the amount

enhancing the amountuwoface®sn Te@osli daminc oma

included in the model for their potential t
it through met al compl exation m,r, by nirtdier ec
i ncreasing it via boosting microbial actiwv
(Jones et al .&Sd®®éEns&E«€mri 59e®)senConversely,
may indirectly favour plaque abundance by
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documented positive effects on nutrient r

availability for plants (Li et al ., 2018) .
Hd ﬁﬁﬁﬁﬁﬁﬁﬁﬁ h b AAAAA SOMfp—m, Eh +
ydrophobic Ry EC
Hydrophilic SOM
Root porosity
AVS
carbonates RI=041
Plant density
R’=0.40

pH
R=051

'

»| Fe plaque Citric acid exudates

R=045
FiguSérf2actural equation model (SEM) il lustr
relationships among soil and plant WwWari abl
aust.ralis
Ot 2 0 qt
3.1 Salinity effects on soil pro
Data regarding chemical properties variatio

and detailed for the 30 st3at iSond ien eRupplcar
(EC) held consistent variations along the C
dS m T across the sampling sites. As expec
upstream from the rbhverexoephi owsthesomeéedao
for both riversgrfTabppl EmFaBa4§. hBreSpmcti ve
along Cormor River and anetrilabl ex &Bph) d. 6Su|

along Stella River. Soil Eh values showed ¢

23



regarding soil EC, going from strong reduc
mV) to positive values upstream (Table 1).
t han along Cormor River, wher e s cemde tuwp sstorid

anoxic conditi onesr if(adbupeplSe2ment ary mat

I
(o]
-

concentrations of AVS were measured at
river mout hs, with concentrations more t har
rivers ( SuperlieartelnegSs8 )2 mat

Soi l pH in the sampling -alrleal waes @OValblad | 1)n,e
increasing trend along the systems, TfTrom sl
al kaline conditions epBaI3gdam (I Supgmmhlreme sttt arty
River values weurpeplleoneart @bl lna®b3) , and in
stations no carbonates were measured in the
o f soi l pH, with upstreammtet atoindresnt sh q vBium
maetr iTalbl| €S3)S.2 Notabl vy, soi l content of car |
bet ween the two rivers, with Cormor River h
Regarding organic matter fractions, there v
(Tabl e 1). For bot h, hydrophobic OM tended
stations, wher eas t he hydrophilic fracti

(Suppl emenifaby ¢X383)8S 2
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TablMean values of the variables studied, b
Stella delta system. Data are presented as
stands for organic matter.

SEUPEEOI 40p0 "OUOOUwUDbYI 201 OOEwWUDYI
"EUEOOEUI wEOODU T w*i w | hut 81 wp wA Khd k wp wt |
20POWEOOEUVUEUDY E2 urdw kA wpwk b } 8 Kwp wt 8
20PpOwx"’ AG wt wpwy ABYwpPuwy?d
20P0wUI EORwx OU 05 thuAt 6 A wp wh 1 +Y6hwpwl
EPEwW5s OOEUDOI w 000 UawWUO huk 8+ wp whiA | K& Kwp wk P
"AEUOxT OEPEW. |, O wiEwa wU O kKdYwpuwl 8 P S Nwp wt 6
"AEUOxT DPOPEW. |, OT widwa wUu O« | 8 Kwp wy b t 6 hut wp whi
/| OEOUOWUUEQEWEI x OEOOUwWOU hut ué hvwp wt KNG huwp wh
/ OEOOwi 1 PTT O EO RUNHhG | A wp w hul | 6 W wp w;
2x1 EPr Ew+1 ET w EOY wl LIY K 8 Khuwp w hul 1 8 WH wp wl
100UWEPUUPEWEE Ol wdEwWa wU O Y8 Yhwpuwyéd Y8 Yhwpuwyéd
1000wOEOPEWEED Ol w@Ewa wu o EGEG OB
1000wxOUOUPDa U K1 8 Wwp wt ¢ t k8 huwp wli
1000wbUOOwWx OEY O woehtEd] auwuU G kot Kwpwt & P8+ Kwpuwl €
3.P2l ant traits responses across t
P. austaimal ssvaried along the salinity gradi
their spatial variation along Cormor River
Tabl g8s3.S2Across the 30 stations, plant stand
tended to peak at intermediate positi,ons al
S3, 316%iml &€motrsmom aridn238SBepl ant sTmese values
ranges Porausmsmets ss iHti igds defn ab?ovietr e20 @ pplram
for natur al dense canopies in northern Pol e
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North America repo#df&d piZamiiesyse msetnweeetn all3. ,
studi es dochuente ndteicnigi nretiend €6nstamsl maly ( Gig

Pl ant height also varied across stations b
downstream stations ( SSWBpp!| eMeeannt avrayl uneast oTlfa bd
river molthsm) ~Ili.€ wit hi3n 5t mermaomge tyepioc aled

stands (L2gkovsg8 et al., 2023) . SLA values
following a specific changing pattern
For bel owground traits, root porosity rancg

| ongitudinal 1$3)endRddabl eaklag&2was monitore
Results revealed that mal ate was cphegssten
whereas citrate was quantifiable, so we hei
i n Tabils&)1; Y82, its values remained relatiyv

only minor fluctuationsS3)Suppl ementary mat

3.3 Direct and indiriptaneffrectas i
on iron plaque formati on

Across the 30 stationsPhrtdagegmiatmemsuonatusotfs @i darmasre
from 0.52 mg Fe g T dry root to 9.39 mg Fe
in the most downward station along Cor mor R
per river is reported I nSZE8B8bl aVelthead 8Suspeppl
equation modelling (Figure 3) to relate thi

variables across the gradient.
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Hydrophobic SOM :

Hydrophilic SOM3

.--~~" 77=* Root porosity

s ’

’
’

carbonates

¥
1

1

1
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~ s s
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1

1

1

1

1

1

1

- :‘u A ¥

7~~-a| Plant density

’
. R=0.40

Fe plague f¢-----------4 Citric acid exudates

R=0.45
FigurReslul ts of the tested structural eqgua
respectively refer to statistically signifi
I's proportional to the size of thres acerfreel &t

nosignificant r el a%tviaduerki md. modared ist iacgreals hR v

Within the model, three relationships resu
pl aque abundance varied along the two ri Ve
di splayed in Figure 4a. The rbaqrde gxipon tmad e
positive influence of pH in plaque abundanc
soi l redox potential, as shown in Figure 4¢
more anoxic conditionsli Ayhatrdd ,p| mina g ke arneds o
seconder trend that peaked at i ntermedi at e
(Figure 4c¢) .

Al t hough soil EC did not affect directly i
through both the soil and plant branches ¢
related both to soiurSEh @8dppbemeanar gt mad
(Suppl emen®é)y,y MWiftgho. 6 and 0. 40, respectiv
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were, in turn, related to plaque variation
3). Two further relationships emerged as si
did not directly involve thel phgqgeetamougt:
content was positively relatifadg®8) swith pa
correlati 2mndgfabB® ovhid.e4d soil Eh was negati
a correl a4 4eamdv=ald@eSuwpp! ¢ maatFauy S5 ) .

b
a
. 80001 = 80007
° 0
9 o
° 1 S, 6000
= 6000 >
S »
& 40001 o 40004
o s
o o 2000{
3 2000+ 2 i
[}
£ 0 L] 0
T T T T T T T
5.5 6 6.5 7 7.5 8 -400 -300 -200 -100 O 100 200
pH Soil redox potential (mV)
C
= 80001
o]
e
> 60001 . : .
° L]
o .
o 40004 . a
[ . .
o | . . |
2 20007 4 .
[0} . '
[T .
0_

100 150 200 250 300
Density (plants m~)

Fi guEef dct plots of the relations between F

stand density (c) calculated with the 1|ine:
structural equation modelling athlae d sriesgr &=
fit. Confidence intervals (95%) are shown a
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MPORt B2t t RYU

4.1 | mpacts ofr csppaemtnipdsygaedalsomnd

The aim of this anuddsowkeksphypysiassebesmihoal pr
traiRbhsr aogfmi t eis nfaludsdrmoad ipsl aque abundance al o
FroSteM modéekcomeas!|l inity did not have a direc
buact ed ibnyde g @tyinifegi megotch s oidl pElntn deres ictays.e
soi l Eh, two are the possible concurring

enri chment 1in brackish wateresacionmp atrleel @ ®c u

this alternative electron acceptor for ana

sedi ments inhabit,edcdpbyiltopvetoti estgoghi@in mecax pot
( Gi BHomwart h, Pé &D&EhHlkaiunéThe&0d@&cond mechani sm
t hiencr easi ng aiscsrictditalt ¢erdie nsgat lbiarsPesdy descri bed b
(20@@hange in ionic strength affects soil [
enzymes used by mi croorgani sms i n el ectroc
conformati on. The activity of these enzyme:
reactions they <catalyse, i s | ne gatdiitdloyn, afs
indirectly i nfl uenced pll cadhete s iatbyu pd @ ces s bw
described in litiezaspherne Hhigrhatsiadimatciogns hi n

osmoticnsptassbasdi ng t o | mpair edadgarpstpetddi e d
(Mumnfester, 2008; Gharsallah et al,whe2@16).
vegetationi sormpgdiltyi osaurbijactcstoeads okionss abndi t vy
(Achenbach et al., 2013; Herbert et al., 20

Among the physi cochesnikdialh afda cat odisr enteta siurnr feldt
abundance, ¢ onrfe druwionngdiittri cotthebas a red améien otfh e
soil solution and, t heFrdafrdrves,n tbhZ hraoudt eeRtOilLall
20280i lacEBgewihter pH to control iomror udbme kiad ti
pH al,ueisncreasi ng®’iEhh sporiomosodsii&E efpuremat i on o
ferric oxyhydrosidesduaiimakdiiea sc amdlietri ons Fe
sol uMom@gdmhav) . 200¢& si gni faarsiasneen rforloem otfh e HS |
idalcs@onsi stent with previous st-udckbssehbwi ag
Fe precipitationCracmvd& alcafgi uge,. f200rlmdat i on (
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Al t hough organic matter I s,bgf fevouepogt ¢ dhe
formathiram gchr @b i aleyngen c o(nsiuumpetti oanl ., 2021) o
t he ptrlorcewgghani ¢ compl(Fexaesti e |ial ourl®Xper.
neither ofgdriecf trawttti @ems rseisgunlidé fceammtti any pl ¢
abundbBnseinfluence may have been masked by
described by Morrissey evemdaasdt2iOdddiyn Therwye
wetl ands mawcrebhahceecompesi brhegdhucrea tsecsi la nar
matter ac¢cuwhulcdt icoul d al so explain the | ow
dat &d anti I arcloyn,t efaMSntegwugh vely Bhfedtddnby sbr
irect relationship with pl acgeutee tarboumgd arnecdeu.c |
onditi amaéegprhdat einr sdecht eoRé'c apramaptadgiypi t at
nto the Fed®tmsaftdhexi dehsan resulting in the f
nstead ofiaFeHuddsaognueesyl(alouyr 2éwlgBedii dnemdt, di s
e

bet ween iron plaques and FeS deposits on r
roots appeared very dark which is a typica
(Seyfferth .et al., 2010

4. DdldeP. auismodluisophmagdnendance

TheensiPtaysdfrmdii i dual s al ong Cor mo hoeralnyd St
pl amtai gni fiinddinnoyt on fpbdramaHseiroen, t he rel atio
the two variablliesedrol p @atwteap hna gnoeng micd eps wi
fromtwo i ntermedi at e deagtsi tt h epdhaagiidestittantdi d e c |
possi bl e expl angarteiaotees rurtebloinhegsb i conn artsgs err eodoht a h ¢

Xygen Irohsisz otsop htenree at i ncreasing densities
utrients above a certaianc ctetd dee%alkdlddataofons taa
| agaoaemati on wdi li nxereatsii mry, due to root ROL
003; Khan et al ., 2016) , sl ow down when

ompetition for bel owground resources has

O N T S5 O

-~

educe the capacity of wetland plants to tr
soil redox conditions (Wetzel & Z)an der Val

By cometaswsgyroundipgl ammott tod @aiyt @ significant

abundance Thme ofuactsttuldaytt r oot porosity did n
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could be related to the ofeaogleasanidd meaneld ia
refer t o od e d,assyibtieanoidns waxes i n rootoxaygpen ast
di ffusion from.réApbopl astrbibaspherse strongl
( Ej&iSrhii 2M0d 9 Per alta Oganmndkared @dnst i2t0Rt31i vel y
reed Aronosttsr o(ng).leitt el atur®0leports thadas envir
anoxia and the presence of organic acids,

nducing suberin and |lignin depgLmomd imeirgn 2i0® 3
Armstrong & Aithhet i ocg eciaB@0®&8Pd eirrverdoot por os
aerenchyma formati on ( Mal i k e.t Tahli.s, e2n0t0a3i;!
counterbalance of root ROL abisliigtny fti lcaatn t miog

of our mo d el

Similarly to root porositcy.,actlde diiahoftli weexnedea
pl aqgue albawdalanncreemai ned stabl e hadrneoss tkine ws
t hlaawo |l eoveligrht or gani ¢ Fac icdixyl d abyganditf il wiemg e

changnegsidiGuwoCut ri ght, 2014;) ,Adhed eetkfakpbpeci ara b .

secondary octohreprarpelda ntto a@idt rsioci | a cpiadr acnoent ceernst r e
n our hadt vragdrugpien gve.ddMand GMHBhat cor rterseponde
oweervred psor t eadn df otrr idciar boxy !l i ci5ac iGdvs iArd ew eetkle
al ., S2wMd7)e.s mwiigmliifghtainng i mpacd y dladl ecrt ggaardi ¢

applied exggreinouaci ds het wbamma@e n?2 r @t mblng Me
et al;. ,Ya2a @2 2Dttt hareivo2@®23t hree orders of mag!
guanti fi ed. iThii sl esruegageceds t lseotnlcaetnt r addieonmn ved r
or ganiicn aocurd scnassuef fwacss ent to substantially &

and consemue fpth tagaitei on
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PROY UHIGlet RYU

Our study demonstrates that salinity exert
formatPaunstomadbi s, by negatively controllin
density. Among the soil parameters, soil EF
factors controlling plaque abundance. Mor e
pl aqueu laactciuom , due t &éfingh havaihli aislpihtey eof L
pPH value&&paeoupetati on, cotnrfoilr nmoifn gE ht haen dc opu
speciation in Ofrflganded maddieme mtnd. AVS di d no
on plaque abundance, l' i kely due to their |
be relatedritwemamimetgli zati on processes a
reducing conditions, which can mask their

Pl ant stand density significantly 1influenc

i ntermedi ate densitiesohebEOowedebygoatdarcy,
and citric acid exudation did not show any

which effect can be hidden by a massrveof ko

outside the root, or the prevailing effect
our initial hypot hesight Ohrewasal i nhhegecamrsi
mul ti ple biogeochemical equilibria in brack

density) working as the main driving factor
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The wor k f ocalswedi themgeipie@g n iostmh & emii midgati on ef
stress brought by 90oiolc smos dhigaiadb ereant tenml,y p
demons6Spatethi claalbloyr,at ory ex pewmiitrhe nmio dved s sood n
exploiting four natur al derived humic acid
capwtcotcounteract the increaswaliunmpedlsesat rbiyc
NaCQand NarmCéspectively

Our rsehsauvwdalt!l hdrmoec h-uimk e s cdhwsH thfnecetsi vel y mi t |
osmotic e€BQecwltsi lod sNmowi ng negl Wgi pteposédu
mechani scmoftoragthiebgt webavi edrttrwdbbusg &Idt 2,0 t h
chemical equi hvbthedppPealdead, di ssoci ati on ¢

groups

This work was publ i s htehd8 uognt a2ibrjcatbeiplaiétnyp er 20 2
(https://doi.org) 10.3390/sul1l7198621
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Nfollg! YT e AqRYU

Soil salinization is a major driver of agri
et, aR0l6etShili&aehamb021): it i-af fesdatienht ali
occupy more than 20% of gl obal irrigated | @
US$ 27.3 bieetlia®km1@d@adiSral i ni zati on, i n fact

osmotic stress andespaDibDpfibotedkboityg, (B
i's highly affectedt iyt itahle trheadtu ciemdd ucaetse r o spr
i mbal ance inSpmé&dcmnsbadadad®d96&| Xhoh@02,etBatlzen
2019) . Future projections forecast an incr e

worsening salt accumul ation within a few de

Coast al-araindd rseugpi ons are both susceptible to

causes of salinization and for t-d&arei ¢ oMme®iso n

excess

combined with high evapotarkRadi0Apgt rQabdDitrda ) r atHe s
n

(7]

soluble salts predompaancitty afipgpeeciti

carbonates predominate and because of t he
precipitates, sodi um scaairlb osnoaltuet iodn ewi tphr eovtah
by calcium and magnesi um ecth ladRrOi2d3ensl ka@rd i ssuelipl

(Ri chards, 1954) are typically strongly af/
high | evel of exchangeHKbbec2slmldi)u m s(oC htohuadth a
buffering capacity causes a dramatic increec
above 10 (Chhabra, 2004).

Conversely, i n coast al soil s, salinization
water intetsabP008Ba&bkKiumakstlab/)a. The solubl e
these soils are dominated by chlorides, Wi t
di ssolved salts. I n this case, as in the so
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Cation Exchange Capacity) results in unbal.
and planes, apMazanpr

A wide variety of approaches is currently
salinity | evel s: besides the removal of sal
(Shehi,dpPbpl1®u , aRP024) combined with the corr
organic amendments such as compost or manu
al kalinity of eto,dalR0OGD) |and Ltalkénhdadverse eff
valuable and sustainabl egast cataengeynnd mEme s a p |

nutrient 1 mbat aakeéOoBRIMakihdtaralk020) and 1 mpr
water retention and cation exchange <capaci
activiety, d®O@h4), but can also have positive
The application of organic amendments was o

soilest (aR022). Although debates perst st on
concentrations afterritdle appadnicat aaeén drhe rstog
2020) , multiple studies have highlighted t
t ol erance -Tirnenp,|l abn0t 2s1 € tHkaakW&@2Hd et HaBOo23). Addi
of organic materials tosoairlcesesmediual Inyg tah
and compost, but al so biochar, straw, and
beneficial against salt stress and the <con
Shukry etetal al@Bhukrgported that rice growi
mg -1L of humic acids (HA) exhibited-Qanlcvroease

et al-Ca(e&tbeab024) documented a consistent r

|l ettuce plant swi dafht ear ctormenaetr me ra | l eonardite

( Viettt, ia2024) observed a strong increase in t
Lepidium sativum after application of humic
results were Iimputed to a possi bl e eenahnadnc ed
to an i mproved potassium |l evel, together wi

hor monlkee acti viRtigat o R BHE3gtANMalk 0 X 3Ca | Atbe rad
2024) .

The complex positive impact of organic mat:
particul ar, its mechani sms of action have &

we-k hown positive effects on soavaiphaybsiilciatly,
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el ongaZdeanmaoyfs by growing se€@sr aNaClsegdl wtig
absence or presence of HA, I n order to eva

germination and root growth of seedlings.
Z—HOW~c¢cqlll Redt WeUIl W~Jaqd6 VYT 4

21HA sources

Four HA and an anionic synthetic polyelect
i nvestigate mechanisms of potenti al mi ti ga
because it has a well characteri asdiauhme miad d
It is used in agriculture ettqg ailM@rogevteVidlaikle
2014). PAA and Aldrich HA were purchased fr
peat humic acids (PHA) wer e eesxtterda chtye d hfeo Il IHaS
respectively, the EIlliott silt | oam soil ar
the |1 HSS. Compost humi c acids (CHA) wer e (
compost obtained from thg aeonheepobedablgadi
muni cipal solid waste, provided by Bioman S

for one hour in 0.1 M NaOH plus 0.1 M Na4P2
the HA the extract waseatiradatkreidetH2SO4pHLEONS

(LHA) pufrrccdms &dgma Al drich (H16752, Si gma
di ssol ution i pmrlcli pM tkaQH canndboyr eaddi ng 6 M H:
rsuspension in milliQ watenmryifrod |lioweal dyandv a

554 (LakkgGe&enmar k) .

22Mi t i gation capacity

The capacity of humic acids to mitigate sal

Graphix Titrator (Mettler Toledo, USA), add
NaCl and 0.213 M Na2CO3 solutions tedatoel |
the titrator and a conductivity <cell conne
l nstrument s, ltaly). At the begi nnaergatoefd tt
milliQ water or solutions containing HA or
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Sodium carbonate (anhydrous, 099. 5%, -Carl o
dried at 105 AC for 24 h and stored in a d
Solutions containing HA wer e -dorrieepda raperdeopnay i i
a minimum amount of Na-®BEravokedt Mboh|] i Qhwenat ado
concentratioeln. oAl I12.sbolmugt imbns wer e -fiB@nHacid
resin-2(3,938i9gma Al drich), undernta OQ t riongeemnr f¢
until the | owest possible pH value, which d
the experi ment, solutions were filtered thi
concentrations of diegsclovedi ©nisn weelhe mQaesint i
TO& CPN analyzer (Shimadzu, Japan). I n the
to pH ~ 6, to simul ate pHolastal s soommor{ley ¢
1972; &veaaRd004) .

The npaidcdriot i ons were performed every 5 minut

equilibrium. For sodium carbonat e, t he end)
adopted as the endpoint of {ioni zdt iadm8f9q9r .
Al l expveearieanemdrsf or med i n triplicates.

From the obtained graphs, the sl opes of EC
for compari son. I n addition, the capabil it
of free dissolved ions in solotiong bheadgf ¥
bet ween the EC of a solution containing Na?2
measured at the pH 7.5, from that of the ¢
Na2C0O3 + HA solution measured at pH 8. 5.

23Acibdase titrations

Solutions were prepared by dissolving each
M NaOH solution, f ol laceweadt ebdy Mih e ia dniattieorn t

concentration of 2.5 mg mL T. The sahdti on
i mmedi ately titrated. From titration curves
(Q2) =acidic functional groups were calcul at
and Perdu& HeridocehO F) . They repoteakntmumbepe

negative charge sites devaltopedd 8by Qidn arngla
di fference between the number of total neg
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addi tion, the total amount of i onized gr ot

retrieved.

241 FNMR spectroscopy

H.NMR spectra were acquired using a Bruker /
a 5 mm | probe operating at 400.13 MHz. The
each humi-lci lbe dwbndtcance i n 000 mbdopl deetde r |

tu

O

es for analysi s.

Spectra were recorded wusing the zgesgp sec
resonance. Experi ment al parameters were Se¢
acquisition time 1.39 s, and number nof sca
The spectra were divided iinToppime ¢of i esvpo
terminal met hyl and methyl ene groups of met

and CH2 and CH groups at | east twaomcdarmnmhans
groupi;. 01 .pp m, correspmetihygyy ®@wadpmeldthay s e wé
aromatic or car bdéx.y0 i gpm,ci do rgrr eosifpon dc 3nrgd otno
attached to oxygen groups (ipobypamchaoirdesr
to protons o0if9. ® e@fpiminsd,¢ eoagm ct VP .cebr omat i ¢ pr ot o
Giglato,talio9o7) . iThhe nrseltayt ioMe each regi on was
areas under the correspondrimgntpea&ks afndt ke p

ar ea.

25Ger mi nati on test

Germination rates and r oZoeta eshaognsgsa t(i PoOn4 2r3a,t e
exposing them to agarose media with increa:
solution containing 1% agar:68e wvaintdh otuhtr ecer |
i ncreasing HA concentrations were prepared
The three salt | evels were, respectively, 0
M,0. 12f50\FBCQ. CHA quantities were1@gl 2%00@ DLwi n
Ogtls0 Hgi1oo0, 6o, Og4o0, Ooa. OBhade final pH of

was set to 6. Mayze seeds were rinsed with
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aerated distilled water and in darkness. Ab
and these were placed on a black backgrou
coll ection (Panasonic Lumix GH5 camerya) wa
hour -I(atpisree mode) . Seeds with a visible prot
were counted as germinated. The root | ength
i n each plate, after 12 hour s df ruosm ngge rlmanga
soft®ahee{der) . et al ., 2012

The number of germinated seedshowas erxeceari deed

peri od.
2.6 Statistical anal ysi s
All statistical anal yses were conducted wusi

Onway ANOVA was performed to evaluate sign
bet ween <control and experi mentWill kt rteeasttme n &
homogeneity of variances (Bartlettds test)
ANOVA was conducted to determine the effect
EC in solutions titratheod wiotntpaNdZO©@3 arsi Ma
test was exploited to identify pairwsese dif
were conducted wusing the 6éaovd and O0Tukeylt
(Hotaeobrak2008) .

Germination data was computed usiAmgvihd &g

al . ,).20@a8y ANOVA was wused to assess signif
concentrations of salt | evels on seed ger mi
(NaCQor NacCl ). Data normality was assessed b

Tukeyobs post hoc test was used for pairs <cc
Al mdo, danovad and O0TukeRy €9DG& fDOEaBrido v smudbt cto
(Hot horn ®$tpackag2608
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OWAIt 20 qt

3.

I n

1

The effect of the type of sa

Figure 1 we report changes in EC and pH

st epwi saed dmitdro® @ offheNadata obtained from th

compare the behaviour of HA from differen

specifically devised equations the salinit.y
given change tmolpHt.e Aofpokiyewmcstructur e, P/
used in agriculture as a salt (petft awasum@al p
considered to better understand the mechani
Addition of a weakC@tlecwawneényt éFisguehe ak) Nae
i mmedi ate increase in pH from about 6 to -~
sal t, because of the hydrolysis of the cardl
thereby increasiongenheaicqmsl oAfrtOaimwar ds i n
PAA and HA, the pH of the solution increas
increases |inearly (a= 0.072, p< 0.001) wit
Al | HA and even more the PAA, buffered the
i ncrease i@Raddd thynBa (Figure 1). Polyacry
strongest buffering effect, with pH values
experiment (Figure 1la). I n the presence of
causehde bryeut ral i zati on of protons derived f
groups, the EC increases psotsaadivley,t rdeinsdp | aHc
i ncrease rates measured per unit salt addit
of the control solution (Figure 2)XQ Talelr ef
tested HA and the synthetic polyelectrolyte
in conductivity of the solutions at i ncrea
statistical di fferences amomtgalECd astl @ peki gui
Among t he CHeAs taendd HEAMHA were the most:xl@ffect.i
i nduced increase in EC, yielding final EC v
(Figure 2a). LHA and PAA also reduced the E
|l east effective (Figure 2a).
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FiguClahges in pH and EC-ardedgitsitoenrse d ff dl.l20 w
deaerated water and to solutions containing
origin, i1i.e. compost CHA (b), soil EHA (c) ,
represent the mean of three independent rep
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N32C03
100

100

i p<0.001 Q n.s
: n| T c LS 75-;';E;:'$ B
o o s s
; 50+ - [ 50+
251 251
owdl A GRA EFA PIA LW Cowl PAA GIA EMA PIA LA
Humic substance Humic substance
(a) (b)
Figueéfect of HA on EC increment®ad(dd BEG/odmag )
(Il eft) and NacCl (right) up to pH values of
di fferences in EC slopes between the cont:
treatments. Different | etter basefdeont duskeagt
hoc t£QandN&aCl p < 0.001 and n.s. respect
Conversely, when the same experi ment was
electrolyte and does not cause hydrolysis
effect on the pH of the solutions eAA her
(Figure 3). The presence of the | atter, h o
remained around 3 throughout the experi men
containing PAA remained al ways wmrtdolab@Ookrieg t
3) .
Considering the fact that HA cannot be exp
charged acid group to attract free sodium i
with the cation exchange resin,( swha rcH)i gdi f f e
the solutions were adjusted to pH 6.0 befor
This all owed us to better compare the event
only control the pH remains around pH 6 thr
(initial pH raised to 6.0) anadgrieaséebeaptescs
addition of 6 mg of the salt, due to a minc
in ionic strength and concentration of sodi
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detect statistical
HA (Figure 2b).
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FiguCeéhadtges in pH and EC foll owing@gemated a

water and solutions containing polyacrylic
compost CHA (b), soil EHA (c), peat PHA (d)
t hhneean of three independent replicates and

3.2 The effect of the type of HA

The EC data, measured during the experiment
each HA to mitigate salinibtGQ wiidne tolvies ail $ ¢
ameliorati omppotfertaichl HASAP a given pH can
of .N@neutralized per wunit of weight of HA &

read in graphs of Figure 1 using the follow

YOO — Ep M T )

wher e:

T A is the £Bohat oh Nae water + HA sol uti
by the HA in the soil;

T A6 i s t he GaQuohuantt ioff aNdJaded t o water woul d
same conductivity as A;

T WHA is the weight of HA expressed in mg.

Considering that HA are generally not appli
SAP HBSAProf the HA contained in an amendmen
calcul ated (equation 2) fr omxXtQaae degrda g, HRAy
bring the acid saturated HA to the pH at wh

"Yd 0 — - Ep T T 2)
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Wher e:

T A is the £Bo hat o Noe water +HA solution
by the HA in the soil;

T A6 i s t he GaQtohuantt ioff aNdaded t o water woul d
same conductivity as A;

T B is the ¢gCuandtdietdy toof HVWa t o bring the aci
which it is actually applied;

T B6 the quantity added to water to get a

same conductivity of B.

Tabl ®allinity amelioration potenti al (SAP) o
causedC®Y TNhae t able shows the effectiveness
rise in terG®neout rnagl iozfedNaper gram of HA f ol
the fully prot8AB)t eadnd ofrrmo m 8pPAKH7 .70 (t o 8. 5 (

Humic acid Origin SAPA SAPr
g (mg Na:COsg*HA) (mg Naz2COsg?tHA)

PAA Polyacrylic Acid 142.59 49.86

CHA Compost 28.56 25.10

PHA Peat Soil 155.65 43.60

EHA Elliott Soil 164.55 44.35

LHA Leonardite 142.62 46.44
As an example, and to underline the depende
HA, we calcul ated the SAP of each of the e
neutralise the increase of EC coroesspgornadin
8.5) that can |likely occur to the HA cont ai
when incorporated in a typical saline soil

showed the highest potential 40apam@gNaof mi
foll owed by LHA, EHA andmvBHAeswiwese oal gubkah
and very close to e@@fh HAheand iwiet h ~CHA rmeg
| owest potent pCQg, HATabl 25.1) .mg Na
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The mitigation effect of PAA Iis somewhat | o
of carboxyl groups, which significantly inf
(Tabl e 2).

3.3 HA characterisation

The characterisation of the selected HA, ‘
behaviour of HA of widely different origin
to understand which structur al f aag/teadr.s Tae't
highlight the range of structur al variati c
di stribution of pr otHNMVRt yspes twas amdt aihree dy uf
negative charge density devel opheesnad fon | aoowii

base titrations.

According toHNNMB speptcai (SupPpligmléept alLyHAma
have the highest percentage of aromatic pl
i ndicating, in the | atter, a | ower degree
EHA was | ower than that of LHA, rixwetnta@% hoif
olefinic protons (protons directly bound toc
exceeding 4 %. Protons bound to oxygen in
abundant in PHA and EHA (~ 29% and ~ 25%
represented in LHA (5. 4%).

On the contrary, as expected fromHINWMR pol yr
spectrum and proton type di $§Chiet ) @aR@g3I)r,etr

hi ghest percentages of methyl and methyl ene
and to carboxylic and aromatic groups, at |
considered, which on the <conthr aotyh esrh o wReedg asr
aliphatic structures, EHA omasd the | owest an

4 8



TablRel2ati ve abundance of protonmstiem mi wmredt ib

H.NMR analysis. The table displays the per
di fferent structur al units acros-8l (iBeB6f ol |
ppnJt,o doubl e i%.oln dpsp b) o( 6Ha5 mons boiBnd tpmE M)X Yy
met hyl and methylene H asidodi ptpend taor dc anrel c

met hyl ene H in ter i nmdm)a.l i pehtaa iacr teprinedrprsarl(al
100% for each substance.

Hin ato ) ) H in terminal
. Hin ato carbons methylene H associated
Aromatic -H double methyl and
bound to oxygen to carboxyl groups
bonds methylene groups
PAA * 0.31 0.00 61.58 36.92 1.19
CHA 10.43 0.16 21.86 30.64 37.19
PHA 11.82 2.79 29.25 19.50 36.62
EHA 14.70 1.64 25.53 23.82 34.30
LHA 19.15 3.54 5.38 33.56 38.35
* Deduced fromaChokiChla@da& up
I n order to obtain information on the <cha

calculated the Q1 and Q2 parameter sbha(skeabl e
titrati &nppduermeenst afiyg $agt .er Acadoor Bii nghi e and
( Ri t& hPieer d2@03) these par amet erisvea eesteicma tvied
carboxyl and phenolic groups. The model s ul
carboxyl s, i .8C) . Q1lThdg 1HAOt matgy Hya vieo nti hzea bll a&r
groups that can be assimilated to carboxyl s
10 méqQ@) gfoll owed by LHA*G)Nd AGHA o(r~ @2, mewghig

considered to correspond to phenolic groups
PHA (5. 5QC) megl gowed bYC)EHWhil4e Ot me gl gwest w
LHA (2. 46) mefheg | imits of this assumption a

(3.50'G)e:qg RMAA does not actuap, yomlomt@amb @axny]l
groups were made progrwepsofvetl lye weadkatri by dH

the polymer molecules, during titration.
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Tabl@al3cul ated maxi mum charge densities for
negatively charged binding sites at pH 8 at
8.5 andoh0zamdon increase from pH 7 to pH ¢

o o o "TEUTI "TEUTI

300EOWE 30UEOWD 30UEOWD

S pOEUI O]l POEUI OI
0 hy 0l T UOUxU TUOEOU T UOUxU

o o ) [ UOOwx" T UOOwWx" |
@O0 O O@uA O O O@A X' WA x ' wWé x ' why )
wé k huy
POO @A OO O@A @O O O@uA o L
PO O O@A O O O"duA
huA 8 Y Y b B kY huk 8 1 Kk huA 8 k Y huA 8 A Kk I dkY Y& K
wé wy kdky N&I Y huy & huy huhud k k | 8+ Kk hud K k
huy 81 Y K8yy NGt Y huy & k Y hul 81 Kk | 84 A hud A k
huy & hut k6 ky NGt ¢+ huy & k Y hul & Wuw b6l Kk I 6+ W
NG Yt | & Kk wé k k NGt ¢ hy 81 k hud A Y Y& NI
The numbers of total ionized groups at p H

qguality camppKHt&.,5anwhich is considered the
to the U.S. Salinity Laboratory (Richards,
ionized groups at pH 10, a represenwasi ve f
al so calcul ated. I n this way, the negative
8.5) and wupper extremasi g salilfe s0i &L of
may be experienced by HA contained in an or
calcul ated and reported (Table 3), to eval
potential of HAweTet al wiagsi hedhgegsoups PAA b
pol ymer, between 7 and 8.5, a negative char
negligible further increment occurred from
PAA doesse®s poi dic groups weaker than carb
of phenolic groups is sizeable in the case
about the same amount of totatfCli.onHawdv g,
di fferences were displayed at pH 10, with
i oni zed groups, ar oundt h3e0 Y& xmudtni en @tidluaers , CH A .e
amount of ionized groups wae qtCgtaatpld f7 L HA. § 8
10, oteisweel y) which is coherent wiHNMRhe str
spectra (Table 2).
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3.Y%¢ed germination and root gr owt

Germination of mai ze wasurd@doniAfotreerd 2f4orh ,t htr
germination rate was | owest at the Mioghest
NaCl 2@ Maor both salts, with mean percent
| ower salinity | evel aphpoi etlaiCQandRi 62dad
germinations of 47% for WNREQNaCl treat ment

Na,COs; NaCl
= p<0.001 p<0.001
= 100 . b' 100+
=t . "
~ B0 . B0 -
© 60 . b )
U . 60— . [
E 40 & 40 . a as @ .
— & -
(=] l——— [ ]
= 20 - . 20 e " P .,
g 1T . . # " -
= 04 f o ki o .
£
g T T T T T T
Low Medium High Low Medium High
(a) (b)
= b, p<0.001 a p<0.001
= 100+ a e w8 100 . a* 8 e
_C LN ] . S — - L[]
[+s] 30 L] L ] L] aﬂ _ . 8 s
=t T e e . B
-l‘-‘; - . . . .
@ 60 60~ .
+= L] L] *% b,
(o]
= 40 40 '
-—
'j% 20— P . 20— "
o L e .
c
£ 4 . " 04
£
g T T T T I I
Low Medium High Low Medium High
) (d)
= 0.001 <0.001
:clg’ 100 o a a . Pe 100 a a . f
= aassssss,  _sssees T 9 0 s o _ssssses
& s . . 80 * v+ = .
- .
3] * . sa b L]
3 [ 6l .
[i°] -
= a0 40 .
=} * b
:!':D 20 s " 8 20
2 e
E 0 . 0
-
U T T T T T T
o . ) )
Low Medium High Low Medium High
Salt concentration level Salt concentration level
(e) {f)

Fi gdPercent ger nZienaa teiaognd sr attheast omfer e exposed

di ffer dda@Qasmad I)da&t t hree concentrations | ev
72 he,fHDow", " Medium", "High" correspond to
tested. Dots represent rates of germinati ol
|l etters refer to statistically tseisgni(fpi c<a rot. (
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At t he

exami

ned

ower and medium sal't con
germinati on. n fact, after 48 h, ger mi nat
percent rates above 80%, that didghotl eviegysi
remained after 72 hour s, the | ower and
reduced in the higher salinity trea@®ent. /
compared to the NaCl treatment.
N32C03 NaCl
0 200 400 600 800 0 200 400 600 800
g Low I Mecliium I High Low I I Mecliium I I High
< 100 ) 100
X -
= 80 - 80
4 ° o .
B e0-e oo 60 * o o
‘é . °
O -8 eee 40 Jeo -
'g s ° o9 L] L
£ 204 ® 20 1@ oA ® o o 9
E O =e . S &
QL 0 - ¢ v L 0 L J
LD T 1T 1T 71 T T T 1 T T T 1 T 1T 1T 71
0 200 400 600 800 0 200 400 600 80O 0 200 400 600 800 0 200 400 600 800
Humic substance {mg L") Humic substance (mg L)
(@) (b)
Fi g®rGer mi nat iZoema risestyesl sofafter 24 hours in t|
CHA concentrations. "Lowo, "Mediumo, "High"
o f the salts tested. Dot s represent t he

concentrations aofef@HA.t oGrtéhye Hdarends

Based on ANOVA, sal i

and

nity signufgcamtelryaaffd

presence concentration of humi c

subst
(Supp!l emaetretraray) . Tabl e S

t he rel ated t

t he

Despite absence of an effect

trend in s al

germi nati on t wo
(Fi gharrbeb). I n the NaCcCl
germi nati on, suggesting
t he.CRtar eat ment , i
a 20%

ma i

comparing
treatment, increasin
an exacerbati of
ng CHA
incredsempar 800t &gt teh ec ohnitgrholv.ar i abi |

80 00

on
ncreas:i concentratio

ze ger mi nalCHé&nwas

Boggher.CQmommar @d e s
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to the same CHA concentration than in the p
mitigation effect mediated2XxbQy humic substan

Salt concentration also showed a statistice
seedlings for Cbwhhe rNaGl tahned chancentrati on
(Supp!l emaetnetrairayld, FTafulre C&® ntrary to seed germ

was already inhibited by the | ower | evel of
for NaCiQaad N&aownt 'hOn.d4 30. FBesme bt i vely, whi
they were on average ~ 2 andd ~hi3gh isreelsi nihtoys

NMOW? Rt 2ttt RYU

Among t he di fferent strategies t hat have
productivity of saline soil s, the use of (
I mprove sofbDakandRi@k SWmesr k does not aim to r
strategy, but only to explain how, humic su
caused by dissolved salts. Addition of HA

commer ci al ubctmatbawt praondre frequently, t hrou
sludge or crop residues, which either con
decomposition in soil. Sever al studies ass

organamendments in saline 0OsoiTleg avdReOr0Oe& ; p Wawn a
et,akR014; eChaBaanbd) . Based on our hypothesi:
results of salt addition experiments, this
by HA that causes i onisabl e we &k,aadd @7 )g.r olulp
increased negative charge on the humic mol €
within the diffueste, adbUbi1&e &Birda2dylt6l)EC oshdt me t i m
the release of protons shifts the equilibri
CQin the sol utdaong.asBeeigngi atihbeo NQUON condi t i on,
di ffusion into the gas phase. This means t
achieved, depends on the actual pH di fferen

i n a conomdeurccti aolr pirn an organi c amendment s uc

The | arger ,thédedsttengece wil | be the decre
solution produced by a given amendment. OQur
effect, the addition of organic amendments
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2@ om soluble carbonatexstrampgpetdhemefnoirnee:

mponents. This effect however is not | ong
e fact that HA and PAA fail to display an
nstant pH, Il's actually not surprising. |
akly retained within the difftusecawaudl e&h
splacemenom ati B groups which has been ob:
tals (Stevenson, 1982).

rongly alkaline saline soils are therefor
ils, whose pH is bound t o (iBwrc&deydesi &Pp0wh e n €
y particularly benefit from addition of

ugh their humi ficati-bamiifni edoidubsTfhet e
ntially more beneficial. I n f acnt ,t hieni rt

0
e

id form and not added togeohepowithveheos
n

e compost is added to soi

e decrease in osmolarity, testified by t
i onic composition of the soil solution
periments in the presence of &dh&hgelnnfpeE
at does not all ow the formation of novel
rbonate ions, which may be removed from

i ft i1 daskeeiegquadcidri um, aroen.never | ost froc

1 Dependence of SAP on the str

vertheless, the density of acid groups o
ems to explain only partially the documen
ch |l arger number of casdibharnyl sedrseptltagpédth
l'y exception of CHA (Table 1).

is likely that other structur al factors

HA. Ot her structural differences, such a
fact contribute to the obssiezrev,e di nd efca ceta sp
e aggregation of humi c mo l-ie@crud @ ww,i tao c c |

pramol ecular structure and further decre
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solutionefJaf@andyi i Fl occulation of HA, alth
time driven by the shielding of the negat:i

phenomenon normally observe& Qlns ssbl9ilne sodi

Tot al ionized groups were calcul ated at pH
generally exhibited by composaf faencdt e dh es gpiH f
sodicity. Tot al i oni zed groups dewhsiicthy iwsas
consistent with the high amount of calcul at
of HS perfoamdeceéednsagials with different

extensively investigated, ndmernrtowsenesegdiods
efficiently redsodng sasoodillssp HR ScHato agbdagfhio 9 @ Bali
et, ak017; eMaha@dadd ) .

Despite LHA exhibit the | owest number of di
addition experiment showed that | eonardite
of EC foiClQawidmg i s which is comparable to

be explained considering that phenolic gro
cations at al kaleRarea?PpOH 1()p.Ka ~ 10

4.2 Potenti al practi cal applicat
These findings can have practical applicat
amount of HA potentially produced in the st

salinity amel i ounaetrdioofn iptost ethA,i atlhe( SgAUPant i t y
can be easily <calcul atedyldappltyieng pEegudtiico

exampl e, knowing thathatdforCHAsStampero x if matme |
NaCQcan be neutralized per grremsocfs danmpmosit. 0
(Table 1), we can assess the amount of c¢omg
to alleviate salinity. | f we coWsiademqi sftour

cont enst% oafind a bul k densitey ,@afR0R43 , g acm jt h{
reduce ECimothed$om 5 cm |layer, the amount
be applied wildl be about 40 t per hectare.
al so consi deriofg ptl lmedd g miuet mma zetneiSGly a(k det ai | s
cal cul ations) . It mu s t be noted that the a
compost that is not well humifi e dinesniuhset HA ¢
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b&oth known in order to obtain reliable pre
FromuSAfRta reported in table 1, it is also

alternative to compost in the amelioration

Regarding the ger mi natofbeaa amady srdoaotta ec comfgiartn
stronger t0OQcaempayr eod FiNNgBNa Crlec(or di ng a dect
germination ofxXC@drodit4d DWW drorNaNal , after 72
seed exposure to the salt and andtbhel®hi he
NaCQand NaCl, respectively). Moreover, root
both treatments withigSagplhome st & rryodmagtee rmi

I nterestingly, a moderate salt conciedn8tr at i c
hours). This evidence is consistent with t|
ger mi ntatiimanl:udes shlUtsabsohNa€l CaChe | atter
to 51@gbkeeg&Qufbeh,§r2tohla7t al i gns to the medi

o

ur experi meGQ@and oNa ®lo)t.h Na

I n ewper,i nitehnet ef fect of humic substances on
significant. However, at the | owest salt (
observed after 2£LQRodr Na€Cbdb mepxmpiorsegdNaseeds.
tended to increase with i nglrGbadgi e clrevwesled d
of NRiIGd5e( This contrasting behaviour suppor
effective in reducing thepédlsmbtibessonesssbo
the HA toOadess,oci®d8®;, XT¢lp et al ., 20009

PROW9 YUHG =2t RYUt

Our results wunraveled the plausi bl e mechar

application of ore@gdriecta®mesdme st santdo shalwte d
the nature of salts, ii) the pH of tHWKAei go0it
organic amendment. The mechanism is based

i nteraction of the excess negative charges,

i onigmabups on HA mol ecules, with the catior
soi | s. The dissociation of acid groups tha
more al kaline soil pH wil/ produce darhod>xc e :
more cations in the diffuse double [ ayer o1
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and of their tendency to aggregate in salin

free i ons in the bulk soil solution wil/l be
solution and potential |l yd mmitcirgoaotreg asnailsimsi.t y
Consistently with this mechani sm, the germ
st rbe¢a&C Qcompared to NaCl. Moreover, although
i mprovement in ger mi Na€ @oan ovaarst rodtsiea nv eidn att h
humi c acids, suggesting a potential role of
An essenti al part of the mechanism is, howe

i ons and t heequwinlsielgruienm. rlexinefas®et o fwliCeOn t he

pH | ower than the soil, then the weak aci
contained in it wifinh dgolsstwoicomt eTheasle rwil lela ste
or bicarbonate ions, shiftingThihs seiqtuudtiiban

l i kely to occur, as good pHaadiroyndompowher &
many soils where salts have been accumul at

sodic soils), extremely alkaline.

The <cal cud attheadt ScAaPn be obtained in the | ab
measures also provides a mean to obtain pr
amendment to be applied unExtrr dpell @t icomdoft i
from |l aboratory experiments to field condit
to be validated with field research. Furt h
i nto concomitant f aacntdo rpsr,e csaupci hmaalysi @ahgsgort elegoant ti
the amelioration potenti al of humic subst an
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Al Un¢ 8lI1J

This chapter focuses on understanding how d

formation of iron plaques under controll ed
ecological role of iron plaque ¢ oirfmad iiomf Iha:
of DOM on iron cycling remains controversia

Fe pred.H}aeisttaatbiIoinshing very ambdosdniga rcaooiba at o
respiration, favour Plag da p bya elgarigaevrb i pladbg u e td
wher ehere report that i1t inhibits plaque f

compl exes.

To disentangle this issste ahmhe phewidal newn

organic matter oisoitonnteclfiacgsandadver detvel op

based on artificial root s, al Fewvag! abinlt ir
Two organic ,caisbédar isvoeudr cBGM and malic acic
exudwees tested at increasing C:Fe ratios t

precipitation. The results upepmerst pdtagd et [WMa
by compglRéxi sl ution, with the extent of in
source and IiTeseohse@gpoimyg p dththeeasti st he or gani
negatciomeA®ypr eci pi taduoer phdque f o,r matt i loena sotn

a controlled environment .
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NtOUq!| YT e HaqRYU

Under fl ooded soidsevealdop i ateissessudey\ ma @i ynta |

er autpioonn hympoXhaé accli mati on derives from t
Xxygen to root tips for cell division and
ir spaces are longitudinally connected and

cqufiremd | eaves that Thairse otxmyageeenh sa atl owigt h hai

noxhczospheugh a process commonly named r
|l tering the soialndr b kiseopl oitgmat ¢ ;¢ nt( Edl) os e

ur ftatd&®han et ) allFBé r2edcliépi t ates as insol ubl
omoot sfuarfmicregbmrewmdi ddposi t ss(Healelte dali. T Join2 0p2l4

a
0
a
a
down to the root tip. Neeiviefrt hed ec st ismme ©
a
a
s

prodessd he primary mechan,i samdofi ti ooset doedtnasgiudee
most | mport ansc obnitorltodl gig enagll ofpFaoe tredtr; a Khan2616a
2016

l ron plagques have been widely investigated
for pollutants and secondary sources of nutf
Liu thal Thisdue mainhhgir high specific su
affinmualytiifqfir&h en et,salald,o0xd@x06met al (1l oid)s ir

cadmi um,t laaadn lbeead mmobi | i zed otnh épiloaagvuaei |saubrifl:
to t h(eDipXiathnt& Hering, 2003; Liu EobraéxampDbDae,
in paddy soil s, iron plagques play a cruci al
essential el ements. They can i mmobilize con

reducing their translocation talabo2@@8)pupynec
simultaneously adsorbing nutrients i ke pt
reservoir on the&Coowdsurfa®ee2(GeZbhapgsen al
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conditions, the plague can also release nut

pool of beneficial el ements in wetland envi

Over the past decades, numerous stuf@eeg. hav
Crowdldacfi @S&yr & CrowdeAs 4dI19@d@aidsy csotnastiedde r
onet lod mostbi oht@asttoawdtii ||l eFes awaii ldamkitli ihtey pr i ma
abi oti ¢Mecnodnetirsoslohn Fer t hkprHno Adr@eQdbo x p od @inlt i all
carbonate content andalotregranFAec snmoaltubeirl iatrye am
demand, moduwulbatidagtgel &q Ce oMeadel 5Fdhn et al
Phant speci esal@amdffgrenoh giprest hipt¢ egeesn @ ft d ol
di ffer amods ainmROiyAr amstdr ong, 1971, Wr i ght

Neverthkeéeselverafl @amaurertienmg | neppaqiueal Fpr mi
related to, soemaiphopachieatgn dtehrest andi ng der
simplified pot ofro chuysdsnogpgbtna cf ascrtsdgdsasatnidn gt ht
complefxiftiyeld surveys. For eXywmipad elshtsiovfealtii @
pl ague increasi A'@gndi wht hinor aasiamg owe pH r an
translated into little pCamwep dmByndt eenl ( &
pl afoematoi arhe Fe bound to cdrhéevoladegedblaet
hi ghliinggh carbonate bufferimgiamnadgwhlitaet & me v ¢
Crowder, 19M@&reide®d8d®,)seasonal -ssuunrnveery sp eraekpso ritn
preci pciotiantciiodnent wj t hi ghlainghtgirrogvt hhat pl ant
i ncreasing variability (tOGr adMMeapfrioe.esE9®6) pl

One of the stildl controversial Osoiolnef @aatndr,
di ssol vedo noproguanndisc c a’fa rcd®hiBe e k h & e rshd lzptsipcre r
i ncreasing iron solubility and thus inhibit
repotrhtaetd or ganiitcr aatcel desr tlrilmhgebrdad @t s si gni f i can
Fe dissolution iamdt He uc) leihzacdsl pshierReD @84 r esul t

di ssol ved organi cOnmatthtee ro tihne rh yhdarnodp,o nhiicgsh. | e
flooded soils can intensify microbial respi
reduenmgroamdaotescurrasier-édaxrdati on, foll ow

subsemmuenitp i F2d4Ch nins mdf(dOM8) observed that i
| akpd,aque adbntmdahca domotmammase significant
organic content of the sediiimmamgerdumeé cr@bmat

an@eétavailabilidiyff éerogetoivetrympatsme du lpdtae ue

61



dynamiomo!| eawel ght oragcandiicf yacaindds chel ate Fe,
oF&oxi deFse acnodmp| esapipopksafgbgsformation (Jon
Arecent study found that mandgrnogv ee xsoegeedhloiunsg so

decreased iron wiradhguespbeumubhat dohi cati on a
Fét 6e&'(Meng et. al ., 2022)

A fuchhétenge in studying iron plagques 1is
systems. Ilron plaque doesf onfodR®OWsoami ahi v ar ima

with | ocalized Fe oxidation an@dSeVafileert Acetl
2010)Di fferences in rootf urytptee e gaglear amlda canen t
pat t(eGinsbert & .FrTeynppdcra,d iy DB er ved i n the e
and -raoiort zones of pripraggentoety wodngs!| at@er
for medThriocsotspati al pattern refml eccotndrdent itmo
segment si @dogomgreirerexposure to oixntghi ckredi tdie@m s
(Evansd, RO0i dis)a Atmatrong h@Whe7 )apehkowdd sub
pl ant roecdt seea eamfai Re precipitatge, uwitt heml agl
actively oxi di zi nbge htiinpd thtehfeant ec rdoi snti anl iesatwianrg a |
potencomplliycate botrlesisdtngr p metl etc@wpne rii ment s
(Li mmer et al ., 2021)

Givesreompl exities, our study aims to clarif
formation under controlled conditions, ove
using | i.vinnd apmdmintwer ed pl aque devel opment |

di ssol ved arsgargi ca onoatoflsti ectiaandar di ze oxygen d
l engnd ™Mini mi ze tkderheedr 6glbemeitthg pls&ntod. °
consi sstidd commé t okt diMme.nd.i onims 1o f external

Seal ed wirao tet lue ®adn ot xoi cf oaacred iatl il @ws oxygen di ff u:
the art iWei ciinadlinereafodr. mapli aspuye fp riefpede nirnigc h e d

solutabostFé), neMt her without organimatmadn er
from two Eppbaudslmyg@ ¢r i ved fractiparahdséd)f maimi
Al drtiodhmi ot aetxibdngani ¢ matter was added to t
C to Fe molar ratio. Through this get,oaptsan
we cmomohidt or t hebDs ganqitde eddefo@wf-te preci pi tated

t hher on pl aque.

6 2



We hypot hesi zed t hat di ssol ved organic ma
compl exi ndgi fRefrfenat Bd on t her gcanmaireep lod i tt ence.

“40c qJl Rcat WeUl W~Jaq6 VYT

2. Fe pliangdwecti on system

A sil i odnheel £ @ be(fe xat @rranoaté 1 einB)wh s mowenrtteidcal |y
through the cap of a B0Dtimpllegtlitsa, ot vimahtivicdlree f i
expl oiptoesd tfiommitndg itch el rooasd(one. akli bwcoge

the solution for A efngpurrtal t imphme tt(yowiadejgk B ig ¢
tube was i mmer sed i nb ubf0fOe rrmeLd ‘clawnttida mMmMnayl EgbH
Fé({ R®Q.7.8) prepared either without dissolved
adj usQ:ehhe ltr@art | os oAl b2 san dodhis2 eviegptee dNe prgi o r

t Fétaddi ti ohandmadan qddrformed in an anafklrlobi c
equi pwemrcel eaned with 1% HCI c oot anmidPirantioizen .a
research supports the feasi bibperymedadbisucthy
artificial roots is comproat| epaplrdaetmisc ¢ Pel
et al ., 2021).
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B

FiguBkelch of #&ahesTewkaprptriirfrmechitsalar e i-o0bd
gl ass batetplreebemnontly pabbhwagcéor AOt hir
monitoring of Fe dynamics on the soluwu

2. Dissolved organic matter type

Two DOM sourcesi nwetrtei se mp¥rpgreidmeé MCPOI® ® aci d
Si gfAladrich) wamsmoubeeeli @atmtaolrgwni c acid to si
consi deiritisngo nteh aatf t haec erdaiktart elmu n dJacert ersg,o t 1s9 8
SecondlersviedS®@OM extracted from a paddy soi
a 1:5 ratio (Mesaciulspensobot wars) shaken for
overnight, after which the supernatant was

filbefede use

2. Fét empor al diygmlaagqee a@uanti fic

Tempor al mo h*a m @3r'draengc eonft rFaet i ons was conduct e

and precipitation dynami cBaidur i mga siurroenme p k
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performed by withdr awi~ng30dOmadt)tscel utnicourb ad lii
and i mmediately analysing them for dissol v
met hAdbds.or bance readingspWwateea dtea k € T Ea&CtA Ng rmdiwd r
at a wavelengianaoft &t6&21 nfFne dFencentrati ons
concentr dtwiasn cafloydietfaft efdeiaeowed us t26 ver.i
oxi dation proceeded <consistentl| yonacafoss haea |
endpoi hgel aofue f or mati on, defined By @hi>s 90
approach ensured that iron plaque quantific
process hddnoredngpd reded o rs t aaroda dsi tt el aodnys Avfetr eer at® hi
days (MC) orofl2 ndmhcaanho®C)oncentration thre
bottles were opened aadtifowbal agbetébe thew
col d dicti hibarciatreéoonat e (DCR) Tamgtbd&83) .CrExwdreac
filtered t papmwegibrOan2e2 Gmd stored at 120 AC
OEfAgil ent, CA),. United States

2.3t atistical analysis
All statistical anal yses (wrRrCorceo nTdeuacnt, e d2 Ou2sbi

A t-way ANOVA was performedbypeal mat-ect hei
derived C, or MomtnrdoIC: Wiet hmmdtarD® ati o (2: 1
Fe accumul ateBData mndhremagpiWatlqg et €sdapi raond h o mc
variances (Bartlettods test) wehectesmpdar aso

using TukeydreexipSDitesdt tw i dentify pairwise
groups. Data analyses were conduchedofust heg
Omul tpampédge (Hothorn et al., 2008).

OOt 20 qt

3.1ron plague formati on

Results on plaque formation at t2heSieqndi foifc a
di fferences resulted behwegnanad krstt baef plr aqte
formedt he arwadiachaéer veodtidn vabsteentcieo md OFO M
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SC markedlFe'depds ¢ éAdc@ xoper itnreenattarhent s pl aque
was hi §Beat 2f:0ll |I@:®€d,aby12:1 C: Fe, MC at 2:
MC at 12:1 C: Fe. Thus, both the tcyopret roofl loerdg
pl aque aMaulnidcanaccei d suppressed -dpdraigwed MO M, ss&
a higher C: Fe ratio furtwharchoeacsi sdeead wliad

hypot hesgiroongfera Fe compl exation and stabili:

Iron plaque formation on artificial roots

p < 0.001
—_ 37
£
©
£
£
o 2
=
o
o
o
o
£
£ H
o
w
b
d e Cc
0- —— .
Blank MC2 MC12 SC2 SC12

Fig@QAbundance offorrmaeodht pbagne ofn tard iifncu@adt
Colours refer to differentMCYy earmar€anrF er: a tgiroesy
2:1 and red8.CY, aamodCaFe r2atli casndofl2: 1. Bars shi
Di ffer enntdibceajtheef scant di ff earse mcee s i aenvoendg ftrroe

and Tukeyds post hoc test

3. Zemporal dynarmkietankdT di ssol ve

Vari at FéfasBd&toncentrations in solution acr
i nduction ar e3. Fséicoomnc einnt rRaitg uornes d etcrleiant,ende nd vse
with minor vari atiroenfsl ebce ti wege np r eoagerdtasss ti ttvlee ,0 x
experi mentRegarfFddiersgg ed absence of orgami ¢ ma
solurtémani ned | ow bexiadBE&wd gmreo gireens syi av il 1 ya n ¢
removed f rprmecsiopliuttaitoinng olnn t dtelp oaidi@ &t fyipeisa | |
accel Ee'@mtxé dl atnidonpr oduc edF &gfuacrhc emitghaeri ons i n
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indi catiasgi ktgadndoxi dat iFeh dhe sfakcli vasi of
MC and at the 1F2T 0oGeF awirathigy,t hehefriee st day
WithF8&€Lso incredosvedeirni it alSICy 2: % Jintd @ ehaelne d
dr optpoe,+h0i cchonssi stent with saturation of ava

removR&8asofpl aque.

(a) Malic acid — Fe(ll) (mM) (b)  Malic acid — Fe(lll) (mM)
14 14
12 12 o
1.0 1.0 /\/7
% 08 E 0.8
= = == Control
EO.G E 0.6 o2
0.4 0.4 = MC12
o2 \/\¥ -
0 0 e
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Time (d) Time (d)
(c) Soil-derived C — Fe(ll) (mM) (d)  soil-derived C — Fe(lll) (mM)
14 14
1.2 1.2
1.0 \ 1.0
Eo_a \ § 08
%0_5 ‘E;‘ === Control
& o 08 sc2
0.4 04 = SC12
0.2 0.2
0 0 ~~\
0o 1 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 11 12
Time (d) Time (d)
Fig@8mMempor al méranEécogceo®itrations in solut
and pres®Mnceape MO Fé&MC(tcHé'S@:nd F@8) C8Cour s
indicate treatments: grey = no DOM, vyellow
red = MC or SC at a C: Fe molar ratio of 12:
i ndivcaatiembi | i ty

MRt B2t t RYU

This study explored the process on how dis
pl aque formati on, by exploiting two carbon
using artificial roots. TemporalFémanidaoiiong
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and stBR®&i hizetdution, whil e plaque formatio
strongly suppresMedT hen Iparegseesntc ei mhi bDG i on W
MC and at the high3®r C: Fe ratio (Figure

The decliningFéomrmerstirsateindn Weft Bpdot sedxadabi

sampl es, reflects the kinetics in natural ‘
increase steeply with pH, possibly further
(Millero, -C@&8iTan&baat anadaLaha2W,0520Md)Y galnn abs
di ss#Rvedained | ow following its rapidly r
which again is in |Iine weuthr alhepiHatamgeé @ORIM
2006) . By contrast, both MC anE&'SIC K«elput itd

remar kably high from the B)eqgisnungignegdtioimrdgt htgh aet
organi « alni peacdddxatdatti wmen rate &Waaqeeo29 03!
Lee e201a&l).., The strongwQi se fcfoencsti esxt pegdir teinltt hef |
evidence that camnapiadlg¢Rha(d@ddall Htoe m st abl e c
wi FB'possi bl y fhalglhowiemgittlye of i onizable car
mol ecul ar wei@hdnes gatnAdlebhe kH%.26T hael .3 OM 0alnYo !
further playedean-WMemporetda 1DIOMF &'t o 12c dn tCr. &tei, o r

solution dropped after ~3 days, dvhernepatat:!
consi stent with | imited binding capacity a
bi nding sites a&Bucak,und®inz; (LGdedenti ldl ., 201

These werrreenfdlsect el or matpil adpee end of t Be expe

Wh efméd*'was compl exed in solution by organic n
hi gher C:Fe ratios of both MC and SC, | es s
artificial root sumfaecasu,ctdeotnen mi pil ag uei @mi

control treatnnt Pl almuendecafeaB@d by ~9 tir
by ~22 times with MC at 12:1 C:Fe, dliwghlig

suppress plague deposition by keeping Fe co

DOMapparently covers opposing r olpersomorn epl a
oxi dathieom cally and, i fnu efl il @ Indy odevddotimi.can$ hO <
enhaptadaposiistuifdnFéti avtai | able (Laufer et al
202@n .t he other sideDOMuc ofBmwiettlhe nmlsa qwe ofrdr m

st abiFléfasi sl ubl e compl exasdthraeverr sFastpil ac
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root surfaces (Anderson et al ., 20kl i &40g
dor t mainmked hi gher sedi ment organic matter
of anoxi a, mi cFrédsbu pap | ya c(t G hvri itlsyt,resn@smegn 189 S8&)n,d
pot and hydroponic studies showed that DOM

with Fe in the bulk soil and in the rhizc¢
stabilization explagdnaWVed®m2 €t i al .con2022) ed
environment, the complexation mechaFRé'sm see
oxidation in the solution yet halted Fe dep

hi gher C: Fe producing the strongest suppr es
we cannot exclude the possibotergaoamitsmast i wigi
advisable to test in the future. Our setup

by the wuse of addihtei oinnaolc uol ragtainoinc osfo usrpceecsi foir

Despite organic matter has been considered
formation process, our resuMdan sthedvudeded ad o wen
times the plaque f ordmeatiiverd iCn prre seevnecne toof
maxi mum exudation spots of root s. The <comb
formation at the end of thenewxmer iDdVnt esype
| ow mol ecul ar wei ghtFeétrxg almitd oac Foélists sstaddus blle e:
compl exes, thereby |l imiting plagque deposit

organic matter in iron plaque formation and
POY UHIGlat RYU

This preliminary study with artificial roo
modul ates the Fe cycle and the formation of
rafFiéetbxi dati on FRé&fidn ssusltwatiineerd i n the presence
formation at the end of the experiment was

matter, with different magnitude of inhibi!t

and its abundance.

Early oxidation can favour deposition when
study DOM predominantly compet edoWidgtamdp!| aqu
stabiiitnssepgdwmmgnfrom the artificMmhtteoedsu

as |l ow mol ecular weight organic acids witht
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str omdeaoampl e xmeasr kasmidpp r e s sfear mpd taderepi te our

I nduction system simplifies the complexity

and precise reproducibility, all owi
pr oaedds g hl it ddeit iceogttmeech ani sMmo no fi rDAOn

Moreover,-ioducpl aq@ues Y =it repal serdeypn tt h e

f

ng a mec

pl aque

future

deepen our knowledge on basic mecmhmamsios ns
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&l Ol UEOWEDUEUUUD(
Coast al wetl ands are unldev@gloinmgseapaldt esthed |
and saltwatesub e¢qfwfserdotns, owi tshoi | chemi stry,

bi ogeochemHeabecychkiPCdgl (T2h0i2<B JtHhveessi tsb va & e d |
sal jsnoiitly organi,c amad treel| g tSeOdM) nd ielrr aeagiut| hagt | ea n t

root i r ofnorpraa g toens samadp e rhizosphéowedepd oces
condi t iwdadgseesr at e cha g @lcicruirt yp®al oaket al& , 201
Gossel i nflkb, a2zl e)jveel d halsser vati ons al ong a né:
i ntegrated with controlled | aboratory expel

humi ¢ s UbHsSt)mchcadisssol ved or gmaniicgamad tntgers a(l D ON

modul ating iron deposition

Regartdh emgrsooliel osfal i mictoymtamd POME U esiIcfdohyemat i o
results demonstrated that saPhnagwmi regubatt
roetrevattemadgh i ndi aeg@tsmétchurachubgyimstr edox pot
(Eh) andem&ihged as the main physicochemical
more reducing cordivtaiirdmdi pi 6 motiinngt hFee r hi zc
favouijpngcFeitation at thesrobejsursacenver
Fel] and whrygenbet®ej daksedrseti [t hewtrerodtace
oxy(hydr)oxides forming the plaque (Chen e
contributes to Iimpose harsher condwhiohs, i
fuseni crobial redustsbobnottoel #whad luetbegd an di vert
into FeS phases, so that plaque formation u
oxi dize Fe (Lamers et aJor,eo®¥3; pPa@awnitdissan
significantly influencedl phaguer adbpodasaeacwei:t
pl aque formation at 1inter mhdbiwswe r ¢ e &igthi e s .
densities may reduce rhizosphere oxygen av:
resoande sTphaec estfhodrdeegdsi muggest that salinity
principally oyt eantdeaiinaga erne dooxxy gen suppl vy, r
a direct inhibitionTbhsirmprdepdsaonenispbabnd
i n thet ohaurtaureffective management and conse
particularly to tpheugathwwhr ospgplahi asaust r al i
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which are |likely to experience increasing

| evel morsee saemaevme ers. i ntrusi on

One <critical poiinnt nmyeimgaad tnki en @li aesfics ek @ &d 0 n
pl ague abundance, which was ei.danheadebdbsaéryve
Thieasi cf rSOM i onationt pienm fy ® thmdegh npaostke nt i al r
speci fic 9 QM ef rparcotcieosBseense ciemu o Lsiteatd)dad&SX i(e

et ,2a0l2Mave shown that iron plaque formati on
organic matter, but rat her by i-ltisk ec hemd chail
mol ecul ar weight DOM fractions have been p
whereas more | abile fractionAnteaerpesds wkeiakie
t htathe | ack of an eff eway ohfa veh etbgsaDiMh € nd o mir n 2
influence of salinity, which alsb regukates
salinity can stimulate microbi al decomposi t
wetl and soils (Morrissey et al ., 2014) , al
organi c f hdeacttaisoents. iMor eover, although root

relationship witmyr @9 walqtue mdby ndasmpeoad amaien to
structur al barriers regulating oxygen | eak

devel op suberized orhlpgaoi d6nhgddbanokxecsconond

FI owers, 2008; He et al., 2024), Il imiting o
of exoder mal suberization and the efficien:t
critical rol e uvien deéeté omimeintng umd&an sahéeneo

por osi.t yHo wesved rf, since directacdat mysonu dyQL b

this hypothesis remains to be tested in fut
Since in this first part | found that salin
redox potenti al and plant density, but no

salinity or bet ween ,00Mdeacnidd el atgou ec of nodruncat t
| aboratory expertneamdarsi $toi gaumder st anding o

Fi rhset ,mitti gati on capacity of humic substanc
on both the salt type and t he mgdrpne rciarhe mtast
humi ¢ anldi klkeunsicbst ances effectivelsyodalbmevi
carbon@@QevheNaeas they showed Wwitbhdiedmtohhegi

(Na@l This response reflects the stronger p
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functional gr oNagCQaf $ectieadwhsooahl spr omot e gr e
exchange and ion compl exMaGlons Giwledp air etde wa ¢ th
consi stent with the broader view of humi c

regulating ion activity and pH balance in s

Thefsiendi ngs confirmed that humic substances

and TtHNKR anal ysi s and charge density me a s

di fferences i n the relative abundance of
variability in mitigation efficiency. Howe
mo | e csu lzeer, aromaticity, anwhsobr amokeedbelear s

influence hupmievireaEGCldam déyte sanl .2,00QAA@n4j nPdcc
unaccountneydt tidy amd may have contriboted t
addition, t higaer@ebf eubataedr @AP mi nary quantit
mi ni mum amount of amendment required for f

applicabheEkfsieryd Hofgve veexrt,r apol ati on of out come

experiments to field conditions is never st
research. Further reseaiaoligéstaisasdboneededm
such as aggregation and precipitation, wh i
potenti al of humic substances towards soil

Inamr ti fic,itdaéex segrsitments revealed that DOM c
pl aque for matFé&inn bsyo Isutaiban itzhirnopugh compl ex at
confirmed that DOM not only dreliay esdo|Fueb | per ec
throughout the experiment, resulting in a s
of the incubareabmeompar edotidhi BPOMeadtdittsapp
from ot hemowiundvotrlsat DOM, eaultarcuweairdlyt iftrsa
inhibit Fe precipitation processes, del ayir
& Persson, 2010; Aiken et al., 2011), and p
under strictly contaotliedcicolMgrecsohsy st emg
demonstrated that the degree of suppressio
concentration of the DOM source, with | ow
hi gh density of carboxyl gr o ufpesiAtse xeelrrt @ andyy
di scussed, other receiu estt uadii.es e2i0c2a4g;ed L 20 2¢&
how the DOM composition can affect heavy m
pl ant ij samadbutd potenti atlhley d eevaedlsdipmaditeigei eflsu t
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modul ate nutrient and heavy met al i mmobi | |

management of DOM inputs in the field.

Howevegpitde t he mechafnri@mitchii o) sesxppntersilmgeamitnt ec

o O =

-

a

P

-~

0
f

emain. The experiments wadlledretomdupsbéadé und:
onditions, designed t o I sol at e t he direc
nvironment al compl exity. I n addition, the
ange of chemical c omp o siisttiiocen si, n twehri pcrhe tfaatciio
apture the full wvariability mpuédentheirrefmate

e c auldea b o reaxtpoerryit e rettsd condi tions by extendi
nd incorporating both natural and artific
rocelsnsceosr.porating |living planmedwau¢d axy o
el ease interacts witNMobD&MveomptermparbongoD®
rigins, such as soil extractswu,ggvedsddh eDx@M at

ractions most stroagipynidyhaemnce andnppaegc
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During my PhD, I took part in several com

activities.

I n coll aboration witlh d¢dretrUndwteedsitty af stVe
formation in rice paddireesl agxmo ssetdr etssocbi If
flooding, or gwintilt mimemtd melng ment al aodOBbByses
(University of Udi ne) ront awted sHREI ati otnh el
Synchrotron facWd ihypddtThe isz-eddtitead yavlat eni ag
I ron pl aque mi neral ogy may enhance SOM mi
exogenous organic matteoubddmredgaed fhibosde
expect that both controlled flooding regin
i nhi bit SOM degradation and promote the for
SOM stabilization.

From October to December 2024, Il carried ol
Ljubljana (SLO), focusing on the effects of
their el emental composition. My wor&ndnadadwa

analysis obhbasegdhcxRBAXAB measurements on bo

proxy for ' iving Puececti el bnd ®Bemboaoaisikoiiomits i
preparation and wil |l be shortly submitted f
Finally, I coll aborated with the Botany G
conducted -Mar arhe Gag@aon. The study aimed to
i ntrusion on one of the |l argest eqtgudriena r
based functional trait analysis with satel
charafhenigmet erseapusnsead iasl ong salinity and
tr-aased approach, i) i deernt g dtye lkleiyt ep | manti ttc
detecttedmngcosystem trends2 udathg. mMYy trn clpe cit
i nvol ved supporting the field sampling camp
soi l parameter s-sictomeiader edentis eof i soi |l r
determinations of soil el ectrical conduct i\

resul ts otfo twhhiisc hs tlu dcyearutt rhiabsy tbeede na sr eac ecna | 'y
Ecol ogi cal Ahdi watbor ¢$ hpouwinle of WAlntegrat
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traits to elucidate estuarine common reed |
(https://doi.org/10.)2016/j).ecolind. 2025.114°:

76


https://doi.org/10.1016/j.ecolind.2025.114294

11 11 Ul OEIl U
Abd-Smlmad, H. M., ShadGamandp arMa tAi. Ke ,e f1f9e9t. of s
sodium sul phate, and sodium chloride on the
pl adosrnal of PI awi278Nutri ti on
https://doi.org/10.1080/01904169609365155

Abdel Latef, A. A. HDge L£hiamxd wnilgat iHon wWiOtlk .Gl o
i mprove salt tol elroaunrcneali no fp ePpl paend 3 pdGGtsARG t.sh? R e
https://doi . odg¥41404. 1007/ s00344

Ab®Ri a, M., ShdWemgd, WS, ,AMd bagami, M., Al mug
F., BO0@3c acid modul ates ionic homeostasi s,
defence to i mprovRl =se2l 91 8t304l.er ance in rice.

https://doi.org/10.3390/ plants120918314

Achenbach, L., EIl er, FDj fleuyeeam,esL.iX. sabBrnin
of genetically distinAoB PhLBaNli tt @9 austral i
https://doi.org/10.1093/ aobpla/plt0o19

Adams, K. H. , Reager, J. T., Buzzanga, B. A. ,
B.D.,CRO@dtdeuced Saltwater | Dtriweinoleiver21g
LewvDerli ven PGewvphgnceal Rdse20Ch GLAt1I0O85 I .
https://doi.org/.10.1029/2024GL110359

Adel eke, R., Nwangburu®RnrigiCns, Obwlies eand Bf a
acids in s®adtsh Af miewvare WDBuUB4906I. of Botany
https://doi.org/10.1016/).sajb.2016.09.002

Agegnehu, G., Srivastahae, rAl K. pfBbrdgchBkrl an
compost in improving soil ghpapbitedadsdi tr &p o
11,9 115766t t ps: //doi .org/10..2016/j).apsoil . 2017

Ai ken, &iRm,, Hs,u Rydm, [Ju.eM.c,e DF11ld.i ssol ved o
environmental fate of metnavlig,onmemdmdr tSicd leng
Technébog®go6hlt.t ps: //doi .or.g/ 10. 1021/ es10399:

Ai-EIMok ht ar , M. , B aasoluaam,e , M.R,. ,BeAm | i , M. , Bout
T. , Wahbi , S., AMd cedriiah,i om. ,of202G.ri ment al ef

77


https://doi.org/10.1080/01904169609365155
https://doi.org/10.1007/s00344-014-9414-4
https://doi.org/10.3390/plants12091834
https://doi.org/10.1093/aobpla/plt019
https://doi.org/10.1029/2024GL110359
https://doi.org/10.1016/j.sajb.2016.09.002
https://doi.org/10.1016/j.apsoil.2017.06.008
https://doi.org/10.1021/es103992s

palm (Phoenix dactylifera L.) by the applic
complBrsantiers in Sus4ailBdbl e Food Systems
https://doi.org/10.3389/fsufs. 2020.00131

Al ¢ ® FHueecrat a, J .-JO.m®nCeazl,| eM.aks. , Carrill o, L.,
Dam i mpl i c amaitoerrs ionnt rsuasliton and | and use wit
environment of Stchen@Gwl fofofThM6é b ¢lEl0 PRnvi ronn
https://doi.org/10..1016/j).scitotenv. 2018.10

Al |l an, R.P., Barl ow, M., Byrne, M. P., Cherc
T.Y., Pendergrass, A.G., Rosenfeld, D., Swa
Advances i n unsdcearlset arnedsipnogn sleasr goef t he water

Annals of the New Ydr/Ri4Z8Bcademy of Sciences
https://doi.org/10. 1111/ nyas. 14337

Amsberry, L., Baker, M. A., Ewidnocnhau k ,i nR.elg.r,at
and the expansi on Eocfo |l Phgriacganilt@®epspild @sttri aolniss .
https://doi .-07®1(1D200ABPOM®IABBI5B1110.: Cl ATEO%?2

Ander son, L. E. , Trueman, B. F. , Rehai ngéon,
I mportanceanodf -b@ganicol | oi ds i nnpsji xClINeocavma VE#act

4, B6tps://doi.o0rBW011A.51038/ s41545

Aravind, J. , Vi mal a Devi , S. , Radhamani , J.
germinationmetrics: Seed GeZemodd. on | ndice
https://doi.org/ 10.5281/zenodo. 8267035

Armstrong,ThW ,0x1i96i7s.i ng activitRhydi oclo@gisa i 1
Pl ant2a0r ubBR206t t ps: / / doi . 80&/A10A9B71 1% /bj0.8BFDPI x

Armstrong,RaWw.i,all 97xly.gen | osses from intact
from the apex, r es@Pihryatiiod ro ga2apdl Piile27d ralraugngi n g
https://doi .80&/410A97111%/bj0.1URKFKA X

Armstrong,AeW.at i1o9n8 Oi.nl rh:i gWoeorl hpol uashel \s ahi.cW.s (i Ehd
Bot ani calAcRasena rcc lP.¥3e3sBst ,t ppsp. ./ /2d205 . er g/ 10. 101
2296 (08) 60089

78


https://doi.org/10.3389/fsufs.2020.00131
https://doi.org/10.1016/j.scitotenv.2018.10.288
https://doi.org/10.1111/nyas.14337
https://doi.org/10.1890/1051-0761(2000)010%255B1110:CIATEO%255D2.0.CO;2
https://doi.org/10.1038/s41545-021-00115-4
https://doi.org/10.5281/zenodo.8267035
https://doi.org/10.1111/j.1399-3054.1967.tb08379.x
https://doi.org/10.1111/j.1399-3054.1971.tb01427.x
https://doi.org/10.1016/S0065-2296(08)60089-0
https://doi.org/10.1016/S0065-2296(08)60089-0

Armstrong,Zadhay&d, efe.n, Ar MBt ag mgotaecW.:di €996 .
sul pandeacetnidcucaecdi ddud and root death, | igni
aeration and Neve cRiH yair 4s@eplidetms .

https://doi .8n0@/7109P5H11/bj0.4BLBA X

Armstrong, W, Cousi ns, D., Ar @ 6xoymge,n J. ,
di stribution in wetland pl artxcrhantge avwid hp drl
rhizosphere: a microelectrode anAlnnmeoldseldfi ng

Bot 8@8py 678078t t ps://doi .org/10.1006/anbo. 2000.

Armstrong, J.,, & Bbmlst #i snwdlufcietle barri ers t o
oxygen |l oss, Fe] and wateAnnpltak®f BaBahwnt
63Bttps://doi.org/10.1093/ aob/ mci 215

At eCol vo, S., Magro, e, nMa<€et t iBl aG.c,o, NdBvar
2024%a.l inity stress mitigation by radicul ar

l ettuckPl phanGsowtlD 4RELSGIAIT & tpison / doi . cr g/ 10. 1C
02@11581

Austrian Standards | ¥NORNaL9DPDABodASUNEL erlD@
iBesti mmung des iCalrboeatatigetlaée s e Aucshteriibalne r )

Standards I nternational, Wi en.
Bai, Y., Yan, Y., Zuo, W, Gu, C.GoaXsuteal W. ,
mudfl at saline soil amendmentnbgrdatrgnabndi

of Agr20nlormy6 31859614t ©9s: / / doi . orgl10. 1155/ 2

Bat es, B. C. , Kundzewicz, Z.WCIlI i Wigat &.Ch &rad au
and Water. | PCC ITR@Q nS eccarl e tPaarpieart ,VIGeneva, 2:
https://archi vepadpmpercs/cdnldimmaadetn . epcdhfni c al

Batty, L. C. , Baker, A.J. M. ThWh edlIferc,t B.fD.p,H
pl ague on the uptake of Cu and Mn Annn aPhsr agn
of B8vawoags7/8t t ps: / /doi .org/120. 1006/ anbo. 2000

Bell afiore, D. , Ferrarin, c., Mai cu, F., Ma
Zaggi a, L., Le$ahswateA. VntraG2abn in a Medi
changi ngloalrinnadt eo.f Geophydi26ad 2 R2G6EGC LXthsd 3 D.c
https://doi.org/.10.1029/2020JC016437

79


https://doi.org/10.1111/j.1469-8137.1996.tb04925.x
https://doi.org/10.1006/anbo.2000.1236
https://doi.org/10.1093/aob/mci215
https://doi.org/10.1007/s10725-024-01151-z
https://doi.org/10.1007/s10725-024-01151-z
https://doi.org/10.1155/2017/4635964
https://archive.ipcc.ch/pdf/technical-papers/climate-change-water-en.pdf
https://doi.org/10.1006/anbo.2000.1191
https://doi.org/10.1029/2020JC016437

Bergmeyer, H.Met hcedds. )of 1Bn2nthhatedc, ANal ys8s.,
Press, New ™MdArGKB,. pp. 1464

Bet hke,, ZXMOMérobi al Gmiomdteiméc £ al and Biogeoche
Model i Blgéi6d8rt t ps: / / doi . org/ 10. 1017/ CBO978C¢C

Betzen, B.M., Smart, C. M., Bfafect®,o0K.iLn¢gr &
salinity on photosynthesis and plant water
Transactions of the 1RR2ri&8s Academy of Scien
https://doi.org/10.1660/062.122.0105

Bhattachan, A., Jurjonas, M. D., Moody, A.C.
L.S., Taillie, P.J., E maSheuae Il,e VRe.IE .r,i sSee ei knapnap
coastaécelbecgiatal systems and t hEn viinrpd ninceantti aol

Science 9& RIRPYictyps:// doi . org/10. 1016/ ] .envs

Boll enl98®%t.rAu.ctur al equati domhnwWi helyatke SO neg.

Brady, N. C., Weel NaRuRe, afdl1ll6rtohp eerdt.i ePse aorfs oS
Col umbus, hOHpsUSAdoi .org/ 10. 2136/ sssaj 2016.

Brambati ,SeAdi,melmt6i8.e | i tofacies dMdrmar iLeagun
degl i l stituti di Geol ogi a 28iMi0OB8er al ogi a de
Breheny, P., BVYirsha&ltitzatWwW on26fl7r edglrheessR on m

JourOn @ éh.t t ps: / / doi 2drA@A4.60 0. 32614/ RJ

Bri x, Hl.h,e 1EQUYD.pean r es e abracchk parnod epcrto gorne srseie
(EUREEDMNnol2d®g15@ha t ps: / / doi . é©r50l/11 ®.94) BDO/3]00 7

Buckl ey, B. M. , Anchukaiti s, K. J. , Penny, D.
L.C., Wichienkeeo, A., O®Gliinthagt &.4d8s, aHooagt r riTb
t he demi se of PAnogckeoerd i nCgasmboofd itahe N4a&©Oi7onal A
6 79687 5n2t.t ps://doi .org/1.0. 1073/ pnas. 091082710

Bur nham, K. P. , AnMuwlrtsiommo d eDl. Ri.n f €r0edndc. e : Unde !
BI'C in modX®dcisell eegitd @oln.M8@3 hB3@0¥4 .& Resear ch
https://doi.org/10.12177/00491241042686414

8 0


https://doi.org/10.1017/CBO9780511619670
https://doi.org/10.1660/062.122.0105
https://doi.org/10.1016/j.envsci.2018.10.006
https://doi.org/10.2136/sssaj2016.0005br
https://doi.org/10.32614/RJ-2017-046
https://doi.org/10.1016/S0075-9511(99)80033-4
https://doi.org/10.1073/pnas.0910827107
https://doi.org/10.1177/0049124104268644

Cal vo, P., Nel son, Ag.r,i ckulloteuprpaelr ,usle swW.qf 2@Illat
Pl ant ad88438otitlps: / / doi . eOl1g113. 1007/ s11104

Canel |l as, L.P., Olivares, F.L., Aguiar, N.O
Piccol o,HuAmi,c 2a0nld5 .f ul vi ¢ aci ds Sacsi ebnitoisat i mu l
Horti cu9 6 i®latet ps: / / doi . org/10. 1016/ ] .scient

Chabreck, \Wegilt atli9or2,. water and soil <charac
regiLomi si ana Agricultural Experiment Statio
Uni versity, Baton Rouge, LA, USA, 72 pp. Av
https://repository.|lsu.edu/ agexp/ 147

Chaganti, V. N., E@rad hum,t ibh.gM.t ,he2 03 .ati ve cont
physiochemical and biol ogiixadi d ascdiolr sa menn caen
composts and biochar anc&Gebda25n6d0 bt h recl a
https://doi.org/10.1016/).geoderma. 2015. 05.

Chaganti, V.N., CrohnLe®cM. ngGamgdned&c!| dmat i2
and compost ilamdndedosdal whéeéh modAgat eulSARr ak
Water Mand@ebdsdovtt t ps: / / doi . org/ 10.. 1016/ ] . agyv

Chambers, R. M., MozdzerEfTedts Ambsase nidyC
the distribution of Phragmites australis an
Aquati co2Boli6dlByt ps: / / doi . e8r7g//01 ®.83) MIOBD/9%0 30 4

Chambers, L.G., Reddy, SHKotRetr,m Osebsopronnes,e To fZ.c,
cycling to salinity pPpoisteScipenaef Seshwayenof
75 2Q00h7t.t ps://doi . org/.10. 2136/ sssaj2011. 00

Chambers, L.G., Davis, S.E:WalTr,0xAl.er ,ScTi.nt 0B
201Bdi.ogeochemical effects of simulated sea
mangrove Hyeao b&@i6lolgd15s t t ps: / / doi . c0r1lg3 10. 100
17 &4

Chen, c. C., Di xon, I1Jr.oBh. ,c oTautrinnegrs, d-n Tr i, c d 9B8®
model s of Sleivie!l Spimemae Socidelt ildfB9Ameri ca J
https://doi.org/10.2136/sssaj1980.036159950

81


https://doi.org/10.1007/s11104-014-2131-8
https://doi.org/10.1016/j.scienta.2015.09.013
https://repository.lsu.edu/agexp/147
https://doi.org/10.1016/j.geoderma.2015.05.005
https://doi.org/10.1016/j.agwat.2015.05.016
https://doi.org/10.1016/S0304-3770(98)00095-3
https://doi.org/10.2136/sssaj2011.0026
https://doi.org/10.1007/s10750-013-1764-6
https://doi.org/10.1007/s10750-013-1764-6
https://doi.org/10.2136/sssaj1980.03615995004400050046x

Chen, Y., Cl app, MeEhanMagen of Hpl aZ2a@04.r owt h
humi c substancesronheoSmpille x®BdsSi.omgand®mWd Pl an
108B1909n5t.t ps://doi .org/10.1080/00380768.2004.

Chen, R.F., Shen, R.F., Gu, PReshpomg.e X.fY.r,
(Oryza sativa) with root surAmcal s ré&ff Potagnw
38996t tps://doi.org/10.1093/aob/ mcl 110

Chen, zZ., Liu, F., BeRff@&@ctfsLobb, oYyganZluacdd
Fe and Mn from weAthar GegbbBXIET.gangue.
https://doi .oOlg&@l1184. 1007/ s11631

Cheri f, H. , Ayar i, F. , Quzari, H. , Mar zor at
Daffonchi&fflRcts2®@®9 municipal solid waste
chemical fertilizers on wheat growth, soil
under Tuni sibBwr apdan cJauman4ged. MW3485Soi | Bi ol og

https://doi.org/10.1016/j.ejsobi.2008.11.00

Chhabra, CR.a,ssd2 @0 4&aaftfi eoont Aadi dscdildatsd Research a
Managel®e ngteh.t t ps: / / doi . org/ 10. 1080/ 153249805

Chhabra, SR.,, Z@I17.nit yRoauntdl ewdagtee,r Lgounadioint.y .
https://doi.org/10.1201/ 9780203739242

Choll akup, R. , Beck, J.B., Dirnberger, K.,
Polyelectrolyte molecular weight and salt e
of aqueous solutions of poly(acrylic acid)
MacromodecwiB@enot.t ps: //doi .org/10.1021/ ma202:

Choudhary, O.P., tialrcsal i VilKSq iald S Bioarn acd :t vy,
| nt r oduncdtiiaoonn .Soci ety of Soil B384ence, New D

ChristensenJerKse&kn,, P.a,0dlpda28.t ed iron and man
restrict root uptake of Camasiplaor Jouttfmaloloél
21b2816h3t.t ps://doi-1®&l1g/ 10. 1139/ b9s8

L2gkovs8, H., Kulera, TEcolPoguildal, bBas i sKvdXt ke
services and management of wetl ands dominat
European penwvefidédag t6iivens: / / doi . org/ 10. 3390/ d1

8 2


https://doi.org/10.1080/00380768.2004.10408579
https://doi.org/10.1093/aob/mcl110
https://doi.org/10.1007/s11631-016-0104-8
https://doi.org/10.1016/j.ejsobi.2008.11.003
https://doi.org/10.1080/15324980590887344
https://doi.org/10.1201/9780203739242
https://doi.org/10.1021/ma202172q
https://doi.org/10.1139/b98-181
https://doi.org/10.3390/d15050629

Col mer, TLdAg sPABABe transport of gases 1 n p
aeration and radi aRl anxty,geQe llloxs T&@&winr oamnmod rst.
https://doi . r0gi/01l @.000B4 ®/0j8.4163 &5

Col mer, T.D., FHIloonedisng Tt.adl.er [ReDWWBP.h nt dilad @ipht
17,9 D96744t t ps: / / doi . 81 @/71 R2.0DB1 10/2j4.8134 &9

Col mer, T.D., Voedgdmaeld, nlg. AoCeX.ancz200%.uites
vari abl e eFnuvnicrtoi nonmeanlt 3R 8666851 Bi ol ogy
https://doi.org/10.1071/FP091414

Cook, B. I ., Mankin, J.S., Mar vel, K., Wil
202T0weqditiy st century drought pr oj ekctritohndss i n
Fut 8&r e 2019 EFtOt0ls4:6/1/.doi . org/.10. 1029/ 2019EFO0QC

Cooke, J.DTaylHami | X.o,n TOnp ptihidkga & € .¢, r o2p0e0r7t.i e s
humi ¢ acHEmrdviirnomsnant.al Sdile 46660 & Technol ogy
https://doi.org/10. 1021/ es061424hnh

Cosol o, M., Sponzala S.ag uFaat tdoir iMarlano 2e0 1Gr.a
bi odi Vemspatri moni BedgaopeelAetwvnoma Friuli V
Udine, 52 pp.

Cotruf o, M. F., Wallenstein, M. DT h e BMiod r, o ICi. av
Effi eMaegmrdy Stabilization (MEMS) framewor k |
with soil organic matter stabilization: do

mat tGd ro™d a | Chah@ eb9®®850¢ It gy / / doi . or.g/ 10. 1111/

Cronin, J.T., JohnMdlotni,plJe ,p®Dti @zt i KRl. ,s20Ds
Phragmites australis in the Mississippi Ri v
Wetl dQdg&228hlt.t ps: // doi . cOBW113¢5.61007/ s13157

Crowder, A.A., Usgloff,t®B®elJDCB1B888hnique for
i ron oxides from Anoeort.s 7J0.8 )Bet2.8384d pl ant s.

Crowder, A.A., Beafsiomal SdMdp,osi¥8®&®.n of ferri
roots of wedanrdadidampl| honuash aZdi2  d4 .Bot any
https://doi=-=2d®g/ 10. 1139/ b86

8 3


https://doi.org/10.1046/j.1365-3040.2003.00846.x
https://doi.org/10.1111/j.1469-8137.2008.02483.x
https://doi.org/10.1071/FP09144
https://doi.org/10.1029/2019EF001461
https://doi.org/10.1021/es061424h
https://doi.org/10.1111/gcb.12113
https://doi.org/10.1007/s13157-020-01356-8
https://doi.org/10.1139/b86-279

Daba, A.RehabBODkRbtation of soil salinity and

and plants: @i £aogovercaBn vheBviopeswe/nt doi . cr g/ 10.
02601@®@9
Dai, Alpceéasing drought wunder gl obal war mi

Nature Cli3¥aitba@h.iCthmasnge/ doi . org/ 10. 1038/ ncl i m

Dali akopoul os, Il . N., Tsani s, |l . K., Koutroul
Karatzas, G. P., Triet stehmae,atC.o0Jf. ,so02016s.al i nity:
Science of The57T®tr&2379 Envi ronment

https://doi.org/10..1016/j).scitotenv. 2016.08

Del gado, A., Madrid, A., Kassem, S., Andreu
Phosphorus fertilizer recovery from calcare
Pl ant 23448 P&8/MB61itps://doi .org/10.1023/A:10204

Dell 6Amico, C., Masciandaro, G., Ganni, A.,
Costa, Effedt9®940f specific hlumi cSdmresit,i oM.s,
T. M. HBEd$ c) Substances in the Gl obal Environ
HealEtt sevi er, Amitbtée6r.dam, pp. 563

Di xit, S., HECEoimp@a,r i $30@. 0f2@03enic(V) and ar
iron oxide minerals: iBpVvicabhmensaf oBciaesea
TechndVo4%889.t ps: //doi .or.g/ 10. 1021/ es03030¢

du Jardi nPl aPt, b2i0ols5t.i mul ant s: definition, c
regul &diiemt.i a H®GMIMctutl @ ur/aledoi . org/ 10. 1016/ |

Ejiri, M., Shrieomeont iKon &f01r9adi al oxygen | os
suberin along adventitious robtenbfemasnunl P
Sci édmpc e&hbtdt.ps: / / doi . org/10.3389/ fpls. 2019.00

El s@wi rk, T., Lynn, A., Jacobs, M. D. , Di az,
Justic,V®get 202dn di eback i n the Mississipp
drought and cHreovreilNatriveslea tGovnethfsned 4 8i on s
https://doi . oOXB471802.81 038/ s41467

8 4


https://doi.org/10.1007/s44274-025-00199-6
https://doi.org/10.1007/s44274-025-00199-6
https://doi.org/10.1038/nclimate1633
https://doi.org/10.1016/j.scitotenv.2016.08.177
https://doi.org/10.1023/A:1020445710584
https://doi.org/10.1021/es030309t
https://doi.org/10.1016/j.scienta.2015.09.021
https://doi.org/10.3389/fpls.2019.00254
https://doi.org/10.1038/s41467-024-47828-x

Emer son, D., Wei ss, J.rYo.r i dMezgiomg ghbad c, t elr.iPa , a
with ferric hydifpdxigdie )p roenc itphiet atoeg Is( bd avred |
Environment aht Mpecrobidol ooy g/ PO6NILAB/IOIRMEM. 65 .

Etesami, H., BMaBbhtng, h&l &phy 2pdrdo8niocotri npgg ant g
hal ot ol erant bacteria to -pahapbhbgetrrbaectsaepsni
in Micr@bileil8omgy: / / doi . org/ 10. 3389/ fmichbh. 201

Evans, DAErene2b9maNdwr May i @InidBPi. s t
https://doi . Grid3/71 ®.00B4 ®/0j9.0I74 &9

FAO, 720621 State of the Worl dobés Land and Wat e
Systems at Dyrtalkke n1igs po®Oma Rom202 1.
https://doi.org/10. 4060/ cb7654en

Ferrarin, C., Umgiesser, G., Baj o, M. , Bel |
Mattassi, G., Sydoeocgaic, zbnat20b0o0f the | ag
Gr ado, ltaly. AEsodadlil neag GpasBdlc B5a/m2d. Shel f
https://doi.org/10.1016/j).ecss.2010.02.012
Fontol an, G., Pillon, S., Bezzi, A., Villal
201Human i mpact and the historical transfor

Grado Lagoon, nobkEsthwearni nmd,r i @Qda sctl &SBidaén.d Sh el
https://doi.org/10.1016/j.ecss.2012.02.007

Fox, T.R., ComebdwoldeevBlidrht d98@nic acids i
soils of the Sodt IBea etheren SV ALt I 1@M4Amer i C
https://doi.org/10.2136/sssaj1990.036159950

Fu,-QY, Yalh.g,, ‘¥, Bhen)lddnti20t@tion, separa
component analysis -nmdddiedidi shovwnm oiwnomma ngl apu
sativa) rPPdatnts ArBfda3OMBOt t ps: / / doi . e0lgd 10. 100"
28 @2

Fu, Y., Yang, RoptSheon plagaéel8lleviates ¢
(Oryza satiEca)lt oxeedl iomgys .andl 6EIn 858344lo.n ment al ¢
https://doi.org/10.1016/).ecoenv. 2018.06.01

85


https://doi.org/10.1128/AEM.65.6.2758-2761.1999
https://doi.org/10.3389/fmicb.2018.00148
https://doi.org/10.1046/j.1469-8137.2003.00907.x
https://doi.org/10.4060/cb7654en
https://doi.org/10.1016/j.ecss.2010.02.012
https://doi.org/10.1016/j.ecss.2012.02.007
https://doi.org/10.2136/sssaj1990.03615995005400040037x
https://doi.org/10.1007/s11104-016-2802-8
https://doi.org/10.1007/s11104-016-2802-8
https://doi.org/10.1016/j.ecoenv.2018.06.015

Gar Rua z, J.-Mor eho pelZ-Sle.r,r avhiog e IStiM\A.r,t 2lnaesza n tTa

Beguer2?aMe8ite20hdabhean water resoubearetsh i n a
Sciencel ®Re M1288ist ps: //doi .org/10..1016/ ] .ears

Gatto, F., MaMoorcfcoome tR.i,a 1e9 9g3e.omet ri a i dr aul

di

GradVdernfdezi aG&o gl afai)a Fi si ca deDILIOAOGMI ca Q

Gebreegziabher, B.PG.antQufhay,si ®.lA.g,i cZ2a01 7.t i mul

priming in maize (Zea mayd rl.c)a:n Broasgmedt offo
Bi otechfok20288yt t ps: // doi . org/ 10.5897/ AJB2016
Gharsallah, C., Fakhfakh, Hff edtr ubfb,s &al.t, to
concentration, proline content, antioxidant

tomato AoBt PU&NPS WOBBs://doi.org/.10. 1093/ ac

Gi

blin, A.E., HPowaetwhit eR. Wy de®84. for a dyn

cycle in bkiamnholmagy haisd290t8edanogr aphy

h t

tps://doi.orq/10.4319/1 0.12984.29.1.0047

Gi

gant e, D., VenanzonRee db adc kZuicnc asroeul tl hoe, r nvV. E |

case study fComp€Cest RaindRB8aBB¥/6| ogi es

https://doi.org/10.1016/j).crvi.2011.02.00414
Gigliotti, G., Giusquiani, PCdmpo SBiutsiiomreldh a
of dissolved organic matter in &osobdbi lScamend

16,2 P91296t t ps: / / doi . or-§994D01-A@®@7 00010694

Gi
di
ht

| bert, B., RHArceen zreolo,t sP.andl 9G®GH4 oxi dati on:
stribution andSoihl Bi clr ogwy\Vvd&dn dinBERGE.h e mi st
tps://doi . @r7d/71®.83 ®10/6900 38

Gi
A.
pr

Gl

men o, L., Stohl , A. Trigo, R. M. , Domi ngu
, DQuessnada, A. M. ,OdNdeaentioc &Rnd t2drirzestr i al S
eci pRdwitd ws: . o0 f5 0GeRoGAMYOS3p. £ s/ / doi . org/10. 102

edhil |, M., TBwec k,r gkh.nN.c, cd0nlpd .exati on of i

environmerFtrona ireeevsi e ® MI9crobi ol ogy

h t

tps://doi.orqgq/10.3389/fmicbh. 2012.0006029

8 6


https://doi.org/10.1016/j.earscirev.2011.01.006
https://doi.org/10.5897/AJB2016.15819
https://doi.org/10.1093/aobpla/plw055
https://doi.org/10.4319/lo.1984.29.1.0047
https://doi.org/10.1016/j.crvi.2011.02.004
https://doi.org/10.1097/00010694-199712000-00007
https://doi.org/10.1016/S0038-0717(98)00061-3
https://doi.org/10.1029/2012RG000389
https://doi.org/10.3389/fmicb.2012.00069

Gondek, M., Weindorf, D.C.Solfbbkk, s&ltsKIapi
and their effects Compoislt &Srcd epEENBI UtA |1l ev
https://doi.org/10.1080/1065657X.2020.177209

Grace,200%t.Buctural equation nadmeblriindggeand na
University Press.

Grei pssonEf fSect sl9®f4.i ron plaque on roots of
concentration of seeds and pl a@ammusisaatsi avrn
i n Soil ScienckebadddP9ant Anal ysi s
https://doi.org/10.1080/00103629409369223

Greipsson, S., @Gmewdeomr,atA.om ,0fl1XxPp.per and 1
pl aque on roots @a&nadicaen (JOorwtdaald@Radfi vBagt.any
https://doi-1®5g/ 10. 1139/ b92

Griggs, G., ReGuoasbal BaGapt a0Ran -lteov ell i magd e
Watked 2bhbdlps://doi.org/10.3390/wl13162151

Guo, L., Cut  rEfgfhetc,t Tafd .ci t2r0ilcd.aci d and r hi z
pl aque formation and met al accumul ation in
sol uEd mthaoxi col ogy andlOEdnivdronment al Safety

https://doi.org/10.1016/).ecoenv.2014.02.01

Gutteridge, HYydMogy] L@flcal -fedwmation ©6fom
citrat eFrceooempRaedki.c all Biloll oigopl6 and Medi ci ne
https://doi .-5849(1DIX19AB3 D891

Hansel, C. M., Fendor f, S.ChaSutcttceemr,i zR.t,i ohe vou
and associated metwalss eon nphae tre&o tasqrucaft mescn tpd |
Science &3pbe@BB@i8oigrys: / / doi . org/ 10. 1021/ es0

Hansel, C. M., Benner, S.G., Neiss, J., Dohn
200x83e.condary mineralization pathways induce
ferrihydrite u®elceahianmiveea tdtv e®@dd MdiddBi2mi ca Ac
https://doi . &r0dB/7®.30.DOR/7H00 16

87


https://doi.org/10.1080/1065657X.2020.1772906
https://doi.org/10.1080/00103629409369223
https://doi.org/10.1139/b92-105
https://doi.org/10.3390/w13162151
https://doi.org/10.1016/j.ecoenv.2014.02.019
https://doi.org/10.1016/0891-5849(91)90157-X
https://doi.org/10.1021/es0105459
https://doi.org/10.1016/S0016-7037(03)00276-X

Har dej , M., OIhee&ffdct B800828ewage sludge fI
mor phometric parameters of PhrBgol o@¢@iscalustr
Engi nd@r B350t t ps: / / doi . eB8r50//4) ®.17) MIOBD/9H09 25

Hart og K@t SuMHgpd B®86d: a common Asgpueactiiecs i n
Bot &85 y4l

Hassani, A., AzapagGlcob®a&al. ,prSehdiketii,onNs ,of20p2rl
salinization under ¢ hanNatnugr ec|domat@n 6 éné B L hoen
https://doi . oOXA619R.71 038/ s41467

HaTran, D.M., NguyeH.,, THurarMg, -BlungBROBag, ofC.
pl ant -pgroonmotthh ng r hi zobacteria (PGPR) in sti/
pl ants: | Ateematwonal Jourgdl 3@a64Mol ecul ar S

https://doi.org/l10.3390/1J ms22063154

He, zZ., Chen, J., Yuan, S., GQhreonn, pS.aq uHeu, AY
shield against soil contami nRltdalodnsladn7dé . key t
https://doi.org/.10.3390/ plants13111476

Hel d, 1. M., SRdkwnst Br.elspomlRDedsx.0f the hydrol
war mlogrnal D9 ®méB8GhAttes: //doi .org/ 10. 1175/,

Hel l ings, S. E., TGud |eafgfheecrt,s JafL.s alli9mi2t.ty and
austdabreal of RARPpildidetdt EF<xcol/odyyi . org/ 10. 2307

Her bert, E. R., Boon, P., Burgin, A.J., Neub
Hopfensperger, K. N. , L aAneglso b al. Pp ew. s p eéGeetl il v, e
salinization: ecol ogi cal consequences of a

Ecos ppheaehtt2i0pbs.: / / doi .-005834011890/ ES14

Hoque, M. N. , Hannan, A., Il mr an, S. , Paul , N
Bristi, J. M., Dol a, F. S., Hani f, ®|lANnt Ye,
growtrlomoting meidzabadt adiapti ve responses of
stre&sessrnal of Pl an42 Grid@vzhéi.t Regul/ atoiiomr g/ 10.
0220683

Hot hor n, T. , Bret zSi nful,t aweesausalilnf er.e n 2d 0i8n
modalisometri &bl BHUGBBITr nmas : / / doi . org/ 10. 1002/ bi

8 8


https://doi.org/10.1016/S0925-8574(01)00095-7
https://doi.org/10.1038/s41467-021-26907-3
https://doi.org/10.3390/ijms22063154
https://doi.org/10.3390/plants13111476
https://doi.org/10.1175/JCLI3990.1
https://doi.org/10.2307/2404345
https://doi.org/10.1890/ES14-00534.1
https://doi.org/10.1007/s00344-022-10633-1
https://doi.org/10.1007/s00344-022-10633-1
https://doi.org/10.1002/bimj.200810425

Howar d, R. J., MenB8al sepbphp,as. &a. coa9O®Paint o
mar sh macrophytes. 1. Spdamees caar Jauromali of
86 viBHHtLttps://doi.org/10.2307/ 2656700

Hu, Y.-H. LiZBJ, Mudadng, HY¥.,, HChr i s tSieg,ueB.t,r azd !
of As by iron plaque on the rootsPosoitlhree
with or witBEoutr®nmental i GepZhelh736t ry and F
https://doi .o0®HI1I1H2 1007/ s10653

Hu, K., Mesel he, HEhe HBymawot od&fAPhr2ag@g:mites ¢
channel sedimentation in the MissiWatierpi Ri
13 1840¥%¥ps://doi .org/10.3390/w13101407

Hu, H. , Bi, L., Wang, L., Zha@ahe EBEffektanogf
di fferent iron and phosphorus treatments on
in rice rootsrpop@ryzassahgPhadi5®i ence
https://doi.org/10.3389/fpls.2023.1304505

Huang, J., Li, Y., Fu, C€C., Chen, F., Fu, Q.
Z., Zhang, L., Liu, Y., Yu, H. , He, Y., Xie
H., Wang,DrGy.l,amRd 1c/7l.i mat e change: Reecemwts pifo

GeophySsSi€/¥9%ittps://doi.org/10.1002/2016RGO0O:

Herl i mann,ZuH. Leb®hks.geschichte des Schil fs
H. Huber.

| PCC, C202nBa.t e Change 2023: Synthesis Report
'l and 111 to the Sixth Assessment Report o
Chan@oer.e Writing Team, Lee, H. , Romer o, J.

https://doi.org9718095PBRIYY1GLPLILTC/ ARG

I nterferences between root plaque formati on
in sediments of oflangldivmeen]pbhbtel akes, n. d.
http://ouci.dntb.gfaccessedwdik Selppbembez | 2C

Jensen, C.R., Luxmoore, RRoO.tisvsaoneGpoadygsi By
measurements by Pplyacnnto naefit delPEldhelt h o d .

89


https://doi.org/10.2307/2656700
https://doi.org/10.1007/s10653-005-0132-5
https://doi.org/10.3390/w13101407
https://doi.org/10.3389/fpls.2023.1304505
https://doi.org/10.1002/2016RG000550
https://doi.org/10.59327/IPCC/AR6-9789291691647
http://ouci.dntb.gov.ua/en/works/lD8mQZzl/

Ji a, X., Oott e, M. L., Liu, Y., Qi n, L., Tian
Performance of i1iron plaque of wetland pl ant
phosphorus from agrWatud0dt Wwlr2al dr ai nage water
https://doi.org/10.3390/w10010042

Jones, DOilLgagnil®d98Bci ds iancrhei Phhbnose@abh&8wsSoi |
2b44h.t t ps: / / doi .org/10.1023/A:1004356007312

Jones, D. L., Darah, @r iRt i, ¢c Klocév alny atLi.do/n , o0fl9
medi ated iron dissolution in the rhPilzaonstpher
and 1S80ibBh.t t ps: // doi . org./ 10. 1007/ BFOO0O15411

Jord8n, M. NPedrhdwar-88nc hGeazr,c?BA. , Mateu, J.,
Spatial dynamics of saairli ds acloinndiittyi ounnsd e rg eaorl i
environment aln viimmpolninceant4izao MeGEal ogy

https://doi.ocO®E38994. 1007/ s002514

Jo

ag
Pl ant Nutritidih6ateA48Soipls:  Scidemncerg/.10. 1002/

novil, U.D., Markovil, MSMi] 6umak, asSi B

egation by dynamic | ight sclaotutrenrailngofand

<
Q

(@]
—

Kal bit z, K., S#lli,ndMercha$.zi kRaBgniMadIlzsnean IE
dynamics of dissolved oSogiani3éibmeaiicleer i n soi

Karl sson, T., Cherdsam,t ibP.n chCelnli.stry and hy
humi c acidrayudbedr pyi @anoclpiemitc®@setop@osmoch
74 i180h.t t ps: //doi .org/10.1016/j.gca. 2009.09.

Kaya, C., Akram, N. A., Axlhrgafnoud. apPonmaz,
acid mitigates salinity stress in maize (Ze
bi ochemi cade raetatlr iRbeusteeasr.c A6 QB Bmuni cati ons
https://doi.org/10.1556/0806.45.2017.0614

Ker bab, S., Silini, ASjlChenaHi ,B&sket ] iA. N\
N. E. H. , Bel bMihtriig atLi.on 200f2 1INa CI stress in wh
using salt habitat adapApepd iPeGIPIRb chilabl Bodteosl e r an
https://doi.org/10.3390/ appll10310314

90


https://doi.org/10.3390/w10010042
https://doi.org/10.1023/A:1004356007312
https://doi.org/10.1007/BF00015411
https://doi.org/10.1007/s00254-003-0894-y
https://doi.org/10.1002/jpln.201200346
https://doi.org/10.1016/j.gca.2009.09.023
https://doi.org/10.1556/0806.45.2017.064
https://doi.org/10.3390/app11031034

Khan, N. , Seshadri, B. , Bol an, N. , Saint, C
Yamaguchi, N. , Lee, D. Y., Li, G. , Kunhi kri s
Zhu;G.Y,, Syu, FRadt. ,i r200nt6pl aque on wetl and pl &
nutrients anldn:c oSnptaar nkighdw.rslc..e s ( EAc 3Adge minm my .

Pr essi96hptpt.psl: // doi . org/ 10.1016/ bs.agron. 201

Kiviat, EEosy20&®&. services of Phragmites in
habitat AfoBBn ®PtLBANMPSEMtt0tO0p8s.: / / doi . org/ 10. 1093/ ao

Kl °otzIli Bibgenbusdl.influence on aquatic macrc
commuHhiidsr.obi ol ogli2a 1AM cur e Gt i)

Konner WSp,r rz.l,l , B. K. ,28@dll meart,i oln. Do.f r oot por
oxygen |l oss of disomic addi tFomctioral ol &dm
Bi old4d3g w0188t t ps: / / doi .org/ 10.1071/ FP16272

Koppitz, EHf ec260df fl ooding on the amino ac
Phragmitebi monse Baqiddat.t ps: / / doi . erg/ 10. 1016/
9511(043 80020

Kotul a, L., Ranat hunge, K.FEursathiren ealerand . ¢h
comparison of apoplastic barriers to radial
grown in aerated oJourrmxlygemnmaEx@@rsizm&bti aln. B
216h7t.t ps: //doi .org/10. 1093/ ) xb/ erp089

LaFomwdson, S., Johnson, N. W.r,onPassutlofri,del .f,or
on root surfaces controlled by the I|Iife cyc
Bi ogeochii®sBtbriyt ps: / / doi . cOg@4191. 1007/ s10533

Lakhdar, A., Rabhi, M., Ghnaya, T., Mont emu
Ef fectiveness oaff fceocmpends tsnauilsleof nHaa&LddDUs Ma
37.ttps://doi.org/10..2016/j).jhazmat. 2009. 05
Lamer s, L. P. M., Govers, L.L., Janssen, I . C.
M. E. W, Van Katwij k, M. M., Van der Heide, T

201Bu.l fi de as @&a sroaMi @nhtyiteortso xiihin RI68BNt Sci enc
https://doi.org/10.3389/fpls. 2013.002638

91


https://doi.org/10.1016/bs.agron.2016.04.002
https://doi.org/10.1093/aobpla/plt008
https://doi.org/10.1071/FP16272
https://doi.org/10.1016/S0075-9511(04)80020-3
https://doi.org/10.1016/S0075-9511(04)80020-3
https://doi.org/10.1093/jxb/erp089
https://doi.org/10.1007/s10533-018-0491-5
https://doi.org/10.1016/j.jhazmat.2009.05.132
https://doi.org/10.3389/fpls.2013.00268

Laufer, K., Byrne, J. M., Gl ombi t za, c. , Sch
201naerobi cFen{idadi)alait alon and Fe(lIlIl) reducti
sedi ments control | edErbwi roongnaenn tca 1c8aM38bbosn® bcioonlt
317hdt.t ps:// doi .-22920.11033A8721/ 1462

Lee, Y.P., Fujii, M., Ter ao,EfKf.gc tKiodkfucdiis s orl
organi c Feadtxde)daomon in naturWwdt em dRleBya meter
le06Bttps://doi.org/10.212016/j).watres. 2016.0

Lefcheck, pleSewi 2063%EM: Piecewise structural
ecol ogy, evol utMetnhodsnd myEsdcelftagbp/i3d®nd Evol u
https://doi -2rr@X.110251121/ 2041

Li, J., Wen, Y., Li, X., Li, Y., Yang, X.,
Soi l | abile organic carbon fractions and so
term organic and mineral f ert iSloiidatainan Tn dd i:
Resedav,bhp28910t t ps: //doi .org/10. 1016/ .stil 1l .2
Li, J.-R. Xi®qok, E.R., Chen, F., Shi, J., Zh
Peng, J., Shi  DeSci,p hZeraiong Yoyma&m 1®ontri buti o

reductions and downs tlremgn tdrreyd Grgionds y megae arlednst
Resear choL BOBBetrtsps: / / doi .org/.10. 1029/ 2018GL

Li, S., Liu, Z., Li, JCo,w Lmawn,urz. ,c o@®wp,0sX. ,prS
growth and amel i or attksalsgoisloidualRiotly iorf o alrit
appl i catduosnt adienghtbti.0hGi& 8p.s : / / doi . org/ 10. 3390/ s

Li mmer, M. A., Evans, A Bk.e,w Sreeytfhfoedr ttho, cAa pLt.u,rt
and tempor al heterogeneity oHnvaiqrucantmecn tpalant
Science &5Pe ®IM¥DItogy: / / doi . org/10.1021/ acs.

Li ssner, J.-H. ScHh8 & é&awmtps dif. salinity on the g
aust Agbasi c5bBokpd@/dyt ps: / / doi . Br7g//01 ®.668) W11EO/8H0 3

Liu, X., Mi | Theea osolFuli. |, i 22yYMe®f.i n @ oCGhye il 3sterayw a
54h.t t ps: / /doi . eAr2d/31 1M.13) M10O/7340 3 0 4

Liu/Jd. W Z&G.u,, Ymith,EfF.ek.t,s 2005.ron and manga

arsenic uptake by rice seedlings (Oryza sat

92


https://doi.org/10.1111/1462-2920.13387
https://doi.org/10.1016/j.watres.2016.07.033
https://doi.org/10.1111/2041-210X.12512
https://doi.org/10.1016/j.still.2017.08.008
https://doi.org/10.1029/2018GL081090
https://doi.org/10.3390/su141610088
https://doi.org/10.1021/acs.est.0c02949
https://doi.org/10.1016/S0304-3770(96)01085-6
https://doi.org/10.1016/S0304-4203(01)00074-3

arsenate ®hédnar @8I 2B7Bt t ps: / / doi . o0y 10. 10C
6 4 543

Liu, J., Leng, X., Wanlgrom.pl Zdqwe fZor, mdtaii g n
di fferent rice cultivarBcandxitbel ogyaandnEnm
Saf#®4 ylizeeoedt.t ps: //doi .org/10. 1016/ ) .ecoenv. z

Liu, Z. Shang, H. , Han, F. ]l mpmavemeMt, off i,
nitrogen and phosphorus avail abwasihtiyngbyi nPse
sal-alnlkealAppsloield Sb68 1Bba&dlldgy

https://doi.org/10.1016/j.apsoil .2021.10411
Liu, Y., Luo, M., Chen, J., Ye, R.Rooltan, J.
iron plaque abundance as an indicator of <ca

wetl and in respons&oi b 8B8abiogyylabp2dd 88 b 6 8 d mn
https://doi.org/10.1016/j.so0oilbio.2021.10814

Li
di ss
relations to cadmium bi oaVsaxiileanlkciel iotfy Tehred Tad
Enviromebh48216s://doi .org/10.1016/ ) .scitot

c

: N. , Lou, X., Li, X., ShuRhi,zdspherieu, F

(7]

ol ved organic matter and iron plague mo

Logozzo, L.A., Hosen, J.D., DMcAritncur ,drJdi.v,erR
size fractions of operati onLalnnyo |doigsys calnvded i
Oceano®giBadnigobnot.t ps: //doi .or.g/120. 1002/ 1 no. 12

Lowe, L.FKEr.actli9osbasolombloé @aoecmponents of soil

PVP (vpiopyylr r ol Gadnoandei)an Jour nm3d MWE@9%Soil Sci enc
L¢e;decke ,-SHbDaghare,n Mo S, Patil l ., Waggoner,
performance: An R package for assessment, ¢

Journal of Opetnp SGB8PRPepe: Soflbwawoeg/ 10. 21105/ |

Mahdy, A. M., Fanherablt Ove 28D0fl2cts between b
on salinity mitigation and nutrition and yi
Journal of Soil Scienc3® 42095 Agricul tur al En

https://doi.org/10.21608/j]jssae. 2012.53845

93


https://doi.org/10.1007/s11104-005-6453-4
https://doi.org/10.1007/s11104-005-6453-4
https://doi.org/10.1016/j.ecoenv.2011.01.017
https://doi.org/10.1016/j.apsoil.2021.104117
https://doi.org/10.1016/j.soilbio.2021.108403
https://doi.org/10.1016/j.scitotenv.2021.148216
https://doi.org/10.1002/lno.12338
https://doi.org/10.21105/joss.03139
https://doi.org/10.21608/jssae.2012.53845

Ma h mood, F. ., Khan, l ., Ashraf, u. , Shahzad,
Ull ah, Bf.f,ect0sl70f organic and inorganic man
i mpact on-cheimi cmaHh yXorwrgnearlt ioefs .Soi | Sclifence a
2P32htt ps: / / doi . Ar5dl/62M.140OHB/0DDOVDOP

Mai sch, M., Lueder, U., KapplplramAowo Epaddyd
root iron plaque can afSfoect Fyhsa@ pasddy fi el d
https://doi.org/10..3390/so0il systems4020028

Mai wan, N., Tun-tg¢rk ,EfMe,ctTuwr- thaurmk ,c Ruc,i d2 %
physi ol ogical and biochemical properties of
stress domndiJoiuomal of BAfi9l.cul tural Science

https://doi.org/10.29133/yyutbd. 1057288

Mal ik, A.1., Col mer, T.D., Lamdreearsg hyHmg & S
formation and radial O |l oss along adventi't
portion exposeRl anot ,O Cedlelf2 8 iEfncBy2 o n me nt
https://doi . Sr0gt/01 2.00®B4 @/1j0.8193 &5

Mal i k, Z. , Mal i k, N. , Noor, ., Kamr an, M. ,
H. O.-Ab&din, T. K. Z., Ma h mo . Cdb,mbk .nfe.d, eFdlead, oS
straw biochar and humic acid on growth, ant

(Zea mays L.) grown Jmomdemasalbifné®l anst? Gec omwdi
32103122h8t.t ps: / / doi . cC3P0170861 007/ s00344

Mazhar, S., Pell egrini, E., Colnmpact sM.qgf Br a
salinization caused by sea | eveldA irsevioenw.t h
Frontiers in Env r%0n9eInSt.al Science
https://doi.org/10.3389/fenvs. 2022.909415

Meharg, A.A., Ribdeé&ni éSp& iRnger. Net her |l ands,
https://doi -9ex0g2/91487. 1007/ 978

Meharg, A.A., W IlIliams, P.N., Adomako, E. ,
Cambell, R.C.J-G. ,6SuFnel dGna,nnzZhul,.-JY. ,Ralasbl,am,. ,R..
Hossain, S.,G&agamaaphidcal 208a86iation in total
content of poEnshednfiheht ak) Sdi3e dalicheh 2& . Tec hno
https://doi.org/10.1021/es802612a

94


https://doi.org/10.4067/S0718-95162017005000002
https://doi.org/10.3390/soilsystems4020028
https://doi.org/10.29133/yyutbd.1057288
https://doi.org/10.1046/j.1365-3040.2003.01089.x
https://doi.org/10.1007/s00344-022-10786-z
https://doi.org/10.3389/fenvs.2022.909415
https://doi.org/10.1007/978-94-007-2947-6
https://doi.org/10.1021/es802612a

Mendel ssohn, I . A. Kl eiFasx,t oB.sA.c,o nWa kod Il @ yn,g Jt
of oxidized r ooWetclhhaahndid8edl.s: A revi ew.
https://doi.org./10.1007/BF031606738

Me ng, H., Yan,EfZf.ectLsi ,0fX.ex 02g0e2n200us organi c
exudates, rhizosphere bacterial community s
Kandel i a oboSaiten csee eddfl i Thhge83.3[® t1&bl4 6DOrbv.i r on me n
https://doi.org/10.1016/j).scitotenv. 2022.15
Meyerson, L.A., Saltonstall, K. ,AWi ndham, L
comparison of Phragmites australis in fresh
North AMedrliacnad.s Ecol 098 i@®38.Management
https://doi.org/10.1023/A:1008432200133

Mi ao, F., Zhang, X., Fu, Q., Hu,SuH.f,url sl am,
enhances iron plaque formation and stress r
the-rsaciel Sgseprme of The9Zotlarll 6BMOV.i r onment
https://doi.org/10.1016/j).scitotenv. 2024. 17
Mi |l |l ero, F.J., Sot ol ofnhgeo ,o0 xS .d,a tliFzeafglukii)rnreet,i cM.
seaweechi mica et G&ds m&@Mmi mpa/ Adcdbia.-or g/ 10.
7037 (8%) 90093

Mi mmo, T. , Del Buono, D., Terzano, R., Toma
R., Zocchi, GRhiCospher$c, 02@hAii c compound s
mi crooipglasnnts neyst em: t heiEurroopleea ni nJ oiurronna | a voaf
Sci éérpc 662492t t ps: / / doi . or.g/ 10. 1111/ ejss. 12158
Mi mur a, Nelae2®Il13ri se caused by <climate chan
sociPetoxeedings of the8%a@3811l . Academy, Seri es
https://doi.org/10.2183/ pjab. 89. 281

Mitsch, W J., GoMed d |dinmhks , EdJi.td.o,n ,2 0J1oSh.n Wi | ey
Hoboken.

Mor gan, B., LTahhea ve f fOect 200f0 7pH onFeheél k) net i
oxidation by O2ibansiacqg uperoiunsc ispolleust iaonrnd a si mp
Chemosphedi@B8hd4t.t ps: / /doi .org/ 10. 1016/ ) . chemc

95


https://doi.org/10.1007/BF03160678
https://doi.org/10.1016/j.scitotenv.2022.154695
https://doi.org/10.1023/A:1008432200133
https://doi.org/10.1016/j.scitotenv.2024.171689
https://doi.org/10.1016/0016-7037(87)90093-7
https://doi.org/10.1016/0016-7037(87)90093-7
https://doi.org/10.1111/ejss.12158
https://doi.org/10.2183/pjab.89.281
https://doi.org/10.1016/j.chemosphere.2007.02.015

Morrissey, E. M., Gillespie, JSalinMbyiatfed
mi crobi al activity and soil Gdrogani cChmantgtee r
Bi ol2ddg yli3 8@6h2t.t ps: / /doi . or.g/ 120. 1111/ gch. 12431

Mucha, A.P., Al meida, C. M. R. , BorLdavidNOA, A. A.
(]l ow mol ecul ar weight organic acid) exudat:i
response t o CHistcuanrtiannei,n aGoiaosnB 8lig@8nd Shelf S
https://doi .org/10.1016/).ecss.2010.03.008

Munns, R., Teuetchra,niM.ms 200 &ranuali tRRe tiod v rafn c
Bi olbdPg 6581t t ps: / / doi . org/ 10.1146/.,.annurev. ar

Naorem, A., Jayaraman, S., Dang, Y. P., Dal a
A. K. ,Sa@8DR3constraint sdcihnalalne nagrei sd, epnrvoi srpoencniesn
i mpl i cAagtrioonbodmy2h2tOt.ps : / / doi . org/ 10.. 3390/ agr on:

Nar di , S. , Pizzeghell o, CP.h,y sMuosl cooglioc,a IA.e f fVa
substances oSoihli gBieal gdya Badrsdli®BBi3o6c. hemi st ry
https://doi . @r7d/71 (.28 M106/7300 3 8

Neubauer, dHuUC8SNn,Tdl.ddg Emer son, RPt uyr Meggni ¢
t heir rowitdi:ziimgnbac tteerrima pel nahgaunec ef osrhroartti on i
pl ant r hdezoonsi pchreorbei.o2 40 §@&3 .Jour nal
https://doi.org/10.1080/014904506011343009

Ni chol Il s, R. J. ,Sd&lamezveenla vrei,s eA.an d2 0ilt0S.ci empaet
328 1i%%20t.t ps: //doi .org/ 10.1126/science. 1185

Oades, JANW. jn198®88uction to orlgnanilxi xmant,t eJr. B
Weed, S.Mi.ndreEallss )i,n $Soi2lIndErvi r dromdntSTi ence
America, Madisonl60WIltpsUSAdopp.or&9 10.. 2136/ s ¢

Oki, T., Ka@®GlachalS.hy ®r0c0l6o.gi c al cySlcesenared w
31,3 Lieeg2t.t ps://doi .org/ 10.21126/science. 1128

Ol'ivar es, F.L., Aguiar, N. O.SubrRdga,t eR. C. C. ,
bi ofortification in combination with foliar
humi ¢ substances boosts Spieddtctai ABBoE C@d g am
10Bttps://doi.org/10.1016/j.scienta.2014.11

96


https://doi.org/10.1111/gcb.12431
https://doi.org/10.1016/j.ecss.2010.03.008
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.3390/agronomy13010220
https://doi.org/10.1016/S0038-0717(02)00174-8
https://doi.org/10.1080/01490450601134309
https://doi.org/10.1126/science.1185782
https://doi.org/10.2136/sssabookser1.2ed.c3
https://doi.org/10.1126/science.1128845
https://doi.org/10.1016/j.scienta.2014.11.012

ol k, D. C. , Bl oom, P. R., Perdue, E. M. | Mc Kn i
Senesi, NP..,, GHKibmptM.n, P. , Hertkorn, N., Har
Environmental and agricultural relevance of
and natudalurwalteon$. Env4d 3 oR2IBEnt al Quality
https://doi.org/10.2134/jJeq2019.02.00141

Oppenhei mer, M., Glavovi c, B. C. , Hi-nkel , J.
El gawad, A., @Glaar,a,R.M. ,CilOeuConntteos, R. M., Ghos
Mar zei on, B. , Meyssi gnSeeca, |B.v,elSehessevarnid, i2n
| olwyi ng i sl ands, clom:stRk°@tnide R@brdarutns-t i@.sC. ,
Del motte, V., Zhai, P., Tignor, M. , Pol ocza
M., Okem, A., Petzold, J.PCCR&ma&,ciBl, RWeyeart,

Ocean and Cryospher&€aimbra dQlawgi ver Gl it mate ¢
UK and New Yor k,i4N¥itpPDSA//pgpi .82%/10..10217/ 9

Ostendor p,6DWeackloo®9. réadsriin i Eadopeview of
Aquati c3oB@6hanyps: / / doi .-2700 (186)1DABE D 30 4

D

OQuni, Y., Ghnaya, T., MontemurTfbe Fo)] eAlndel
humi c substances in mitigating the har mful
produdtnitwirtnya.t i onal JouBnaB373df Pl ant Product
https://doi.org/10.22069/1jpp.2014.1614

Palutikof, J.P., WC|]i&atel eGEhEECamdc wadeal
Papet PCIC. Secretariat, Geneva, Switzerl and.

Pardo, T.-FeMagndezz D., de | a Fuente, C., C
Bernal, MNMaR.heniOtle6. nanoparticles and ferrou:
iron plagque formation and arsefinviiromoleinik atz

Pol |l ai,bokROOG4At t ps: //doi . org/ 10. 1016/ ] .envpol

Patrick, W H. Jr.Ch®milaaheand. Di. ol d®i7Tdal re

nutrient avail abiQeiotsyciienn cde@ aadilzidaMawet | ands .
Pedersen, O., Sauter, M., Redwmeati onDof Nak
adaptive anatomical and mor p MNelwo Pihcya lo | torga istt

229149t tps://doi.or.g/10.2121112/ nph. 16375

97


https://doi.org/10.2134/jeq2019.02.0041
https://doi.org/10.1017/9781009157964.006
https://doi.org/10.1016/0304-3770(89)90063-6
https://doi.org/10.22069/ijpp.2014.1614
https://doi.org/10.1016/j.envpol.2016.10.014
https://doi.org/10.1111/nph.16375

Pell egrini, E., Conti n, M., Vittori Antisar
M., 2A0Obh&w paper sensor method for field ane
Environment al ToxB¢goBi6#g$ghltatnpds :Ch/edmiis.torryg/ 10 .

Pendergrass, A.G., Knutti, R. , Lehner, F. .,
Precipitation variabi |l iScyi einntcirféiacsleRse @ionr tas wa
https://doi . ox1gw71996.61 038/ s41598

|l ta Ogor ek, L. L.,;,2PeNbeglki hupc€E€i ondfed
ier to radaai aloxgigeihudiemrsd rvweastiesheawsnaEo ur
o,LB8@4 st-13365

TOT T
o0 D

r
r
y
Peralta Ogor ek, L.L., TakahashiThe&el.hamNakearz o

radi al oxygen | oss protects roots against h
New Phy2 38 digigsBwrt.t ps: //doi .or.g/ 10. 1111/ nph. 1

Pertusatti, J.,Bw®frfaedo,cd&p&ciSty @QODORumic aci
appr daoauhr.nal of Col |l 0i3d1,4a 1848849 .nt erf ace Sci enc
https://doi.org/1.0.1016/j).jcis.2007.06.006
Pettersson, C., Arsenie, | ., HFEmpdparitm,esl.qgf B

acids from de2pi gmoa nafwaT leae8siBRt #2897 nvi r onme
https://doi .- 9697 (1DG)1DABIDHO048

Pezeshki, WSt Rand2plDAant r eskBrowisresn meon tsaoli lanfd
Experi mend@m|P3BRttamy : / / doi . Brdd//21( 10.11) MWIOEL/0F0 0 9 ¢

Pezeshki, S.R., PeiLlauvuonre ddt iDoagn 2i0rl 2wet | ands
on plant Biumltagi@oseh ngps: / / doi . org/ 10. 3390/ bi

Pham, A.N., Rose, A.L.,KFpetizcsAod. FeWai it g,
agqgueous sol i9.iDnasn@ed PHABI. Oa et CTds BAOhiI mi ¢
6508ttps://doi .org/10.1016/j.9gca.2005.10.018

Pi ccol o,Thte. ,s uZpOrOalmol ecul ar st3aiclt u3&o6@®ricdum
81l1Bttps://doi.or200D1-01@®W7 00010694

Pol dini , L., VidalilLa M.egeéetadbaiamne dvelL .Il,i t1®r9
Fri-Milnezia Giulia (NE Itali-ajgrcéthiudafaer i men
Geobotla/ni638 a

98


https://doi.org/10.1002/etc.4279
https://doi.org/10.1038/s41598-017-17966-y
https://doi.org/10.1111/nph.18883
https://doi.org/10.1016/j.jcis.2007.06.006
https://doi.org/10.1016/0048-9697(89)90135-6
https://doi.org/10.1016/S0098-8472(01)00107-1
https://doi.org/10.3390/biology1020196
https://doi.org/10.1016/j.gca.2005.10.018
https://doi.org/10.1097/00010694-200111000-00007

Povi di sa, K., Del ef olslsee , f dw. ma tHiod meaf, iMrqgn 2@®
and rhizomes of the seagrass Cymodocea serr
i mpl i castulomhsi o edArg mnd tr iuc® IDB oBBOA38 Yy

https://doi.org/10..1016/j).aquabot. 2008.11.0

Qadir, M., Ghafoor Amel,i odMuattiazma ,s tG.at e2di0els. |
reviaeawd Degradati dril &O0Diivied 0:p/mechdi .-or g/ 10. 1
145X(20004501 20 ARHO®B5>3-S0. CO; 2

Qadi r, M., Quill ®r ou, E. , Nangia, V., Murt a
P., Nobl e EchnDd.mi eizd®dosfc esdalltand degradati on a
Natur al ResUrrRR8O2 t Forsum/ doi - 947 .1102 Q54 1/ 147

R Core TeR:m, A2l02bhguage and EnviromRment for
Foundation for Statistical Cia mpowst: i/  gv,wwW iRe n n

project.orgl/

Rai, A. K., Basak,ChNemi sStrayd heaaf; t Eall, s i0Ra s |, P
Yadav, RMénagEdAg.f)eaxltted Soils fot CBARst dewabl
Del hi , | "nH4 &, pp. 128

Rat h, K. M. , Fierer, N. , LMwrkp my, bR.c\Y.e,r iRaol u scke
composition to soil salilhEMyg adPMEBAHEENnVI r onn
https://doi . o0r1g@3113. 1038/ s41396

Reddy, K. R. , DeLaune,BRo®Peochemil ettty &f WWe't
and Appl2indateidan L,RC Press, Boca Raton.
https://doi.org/10.1201/9780429155833

Rengasamy WobkPl d Z2@06 ni zati on Wwouhnampbéasi s o
Experi menfall®bz3nys: // doi.or.g/ 10. 1093/ ] xbl/

Rengasamy, rP.i,gaz0d o&h. water quality and soil
with some Agmwo Bomi Qythtss:./ / doi . org/ 10. 3390/ ag

Rengasamy, P., GQGlgdsentyKa”hdusb9hlbsanudour aa
Rese206h,9®9Bit5t ps: / /doi . org/ 10. 1071/ SR991093

Ri chards, L.AN.agreEadsi)s dmdbd4. mprovemd&iBtDAof Sa
Handbook No. 6 0. u. S. Government Printing C

99


https://doi.org/10.1016/j.aquabot.2008.11.008
https://doi.org/10.1002/1099-145X(200011/12)11:6
https://doi.org/10.1002/1099-145X(200011/12)11:6
https://doi.org/10.1111/1477-8947.12054
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1038/s41396-018-0313-8
https://doi.org/10.1201/9780429155833
https://doi.org/10.1093/jxb/erj108
https://doi.org/10.3390/agronomy8050072
https://doi.org/10.1071/SR9910935

Rickard, D. , Mocrisde ,v all. aW. i, M 00wl f Cije nl{ 41 & ) .
19Attps://doi.org/10.1016/j. marchem. 2005. 08

Rickard, D. , LChbei stGyWofh2mowdalsluOR7 b ill @ w s
56Bttps://doi.org/10.1021/cr0503658

N\)

Ritchie, J. D., PReorbdouned, i nEg. Ms.t,u d2y0 0o3f. st andard
acids, humic acids, Gamad hmnat c¢raalet o Ggys mBicbec h mant
96h.t t ps: / / doi . e&r0d3/71@D.20.MNAD/43100 1 6

Rocha, A.C.S., Al meida, C. M.R., Bhet bue Mc €.
of season and salinity on the exudation of
(ALMWOAs) by Phragmites australowsr mald d¢fal $ e
Rese@bchl80dttps://doi.org/10..1016/ ] .seares.

Roden, E.E., WEKinelktjcR. Gf, mdO0OBbial Fe(Ill1)
freshwater weLtilmnmd osgeyd iamedh FOscll2948h o gr ap hy
https://doi.org/10.4319/10.2002.47.1.0198

Rohr bachArnakd, ®Ropt2@6g6dation: the ecol ogi
hydrocarbon rAgrzomemed.i ati on.
https://doi.org/10.3390/ agronomy6010019

Rose, A. L., Wafiftect ToD. di 296Bved natural or
ferrous i ron ox¥Ygqenatoinoe nit | s Sadwa tedel 7& Te c h
488h6t.t ps: //doi .org/ 10.1021/es034152¢g

Sahab, S., Suhani, I ., Srivastava, V., Chau
Potenti al ri sk assessment of soil salinity
and managemehcti esntcrea toefg i Tehse.7 6I4 tladl4 1BMV.i r o n me n |
https://doi.org/10.1016/j.scitotenv. 2020.14

Sai di moradi , D., GhaSafrini Ny, sttaeeasdimi Tigat
application in strawber8¢gi éFrtagaR®&wti cahboa
1085n9t4t.ps://doi .org/10..12016/j.scienta.2019.

Sant-@Gaswi ano, J..DBvi IGo,nzN.l,ezMiOKli emad,j oR. Db.f, 2
nanomol aFel &¢téhsoafygen IiEwnvniatounrmelntwadt eSrcsi.en
Technd®9ogQ039.t ps: //doi .or.g/ 10. 1021/ es04974¢

100


https://doi.org/10.1016/j.marchem.2005.08.004
https://doi.org/10.1021/cr0503658
https://doi.org/10.1016/S0016-7037(02)01044-X
https://doi.org/10.1016/j.seares.2014.07.001
https://doi.org/10.4319/lo.2002.47.1.0198
https://doi.org/10.3390/agronomy6010019
https://doi.org/10.1021/es034152g
https://doi.org/10.1016/j.scitotenv.2020.144164
https://doi.org/10.1016/j.scienta.2019.108594
https://doi.org/10.1021/es049748y

Schindelin;Ca¥xr,ermrsganda Frise, E. , Kayni g,
Preibisch, S., Rueden, C., -YSgaWhelte&, PH.J.Sc
Hartenstein, V., El i ceiri, Hi.j,i T caomacmeKn P.
pl atf or m fioma gbei oaNhaagl uycsai | 8/ e 667862 .s
https://doi.org/10.1038/ nmeth. 2019

Schneider, T., Keiblinge6|] eKxMeyr, SKEhmi Bl | &t
Roschitzki, B., Ri c ht ero,l tAe.ns tEbrenr,l ,S.L, . ,RiZeedc
Who is who in |Iitter decomposition? Metapro
their biogeoch®MECaé u flillafl®t2i.on s .

https://doi.org/l10.1038/ismej.2012.11

Schr°der , ThR. ,delcd7Mn.e of reed |l gSnwampessiian Lake
Bi ol ogi ca Hupa 8§ adr3i c a

(7]

Sebastian, A., Plrraosna dp,| aMj. uNe. Vd € ¢ r”2edalsses ¢ a d mi
Oryza sativa L. andPlsamtveBi alsd@y 3@t & r i

https://doi.org/10. 11211/ plb. 12484
Seneviratne, S. 1., Zhang, X. , Adnan, M. , B a
Ghos h, S. , |l skandar, ., Kossin, J .-, Lewi s,
Serrano, S. M. , Wehner, Meat Feobpuan®. ¢l Amhaa,
events in a thanbhbhelgmatltienat\e..P., Zhai, A.,

(Ed€lL ) mate Change 2021: , TH&CRhysixdadl ASciesrsca
Cambridge University Pilks&66. Cambri dge, UK,
https://doi .org/10..1017/9781009157896. 013

Seyfferth, A.L., Webb, S. M.Ar Aemrdire wisq c all. iCz g
Sspeci at i-omngqurarnedncceo wi th iron on rice (Oryza
coatEmgisronment al Sdide BBl 88 . Technol ogy
https://doi.or.g/10.1021/es101139z2

Shaaban, -FM.uM.y,, BMNM.t,ri2G2.contents and sal't
some wil d pl aanftfse cgtrAcw res ol rs&. 4,18 tB3787%1 r a e
https://doi.org/10.1.7660/ ActaHortic.2002.57

Shahi d, S.A., Zamamboi WM. saHemg it yL. hi3Q@Db8a.cal
worl d overvielwnofZdrmaen,prMb,) e®hahGQudi,deS.iAne, H

101


https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1038/ismej.2012.11
https://doi.org/10.1111/plb.12484
https://doi.org/10.1017/9781009157896.013
https://doi.org/10.1021/es101139z
https://doi.org/10.17660/ActaHortic.2002.573.45

for Salinity Assessment, Mi tigation and Ada
Springer, i&E3ham,pspp. dH3 -364-§61-DBAQA007/ 978

Shahid, S.A., ZamarmalMn, tHermq,d Is.o,di 20X8b.ad:
mitigatilom: opamams. M., ShahGudi,deS.iALe fHoerngSal
Assessment, Mitigation and Adapt &promgesi ng

Cham, SwitzidOl.and, pp. 55

Shipl,290®Bnfirmatory path anal ysi sEcionl, oag ygen
902) /363863t ps: //doi-1®34/10. 1890/ 08

Shrivastava, P.SoiKumsaarl,i nR.t,y :20al 5s.er i ous envi
growth promoting bacteria 8&audhedJotirhhke bDbO
Bi ol ogi caR ®&e3Bheinicpess: / / doi . org/ 10. 1016/ ] .s]b

Shukry, WRiMa, MBbHoamed®AboS. A., Anis, Ghe. , | br
efficiency of humic acid fsoernsiinipirvoevirnigc es a(l @
sativa): growth respons eGesamd ep Py d 2a6nBzeegi c a |
265n3t.t ps:// doi . cOBFO0I8E 51007/ s10343

Six, J., El'liott,SE&i.IT. maPruasggreagatke ,t RlOM®v
mi croaggregate formation: a meiclhlaang es na gfroirc uC
Soi |l Bi ol ogy 3a2n d2i@RiGo3c.hpmi st dyi . oerg/ 10. 1016/

0717(066) 00179

Si x, J . Conant , R. T., SPawl | i EaA.i onPawsthiaan
organi c matter-ssatmplaitcBha otih s S 11HE6 |
https://doi.org/10.1023/A:1016125726789

Smajgl, A., Toan, T.Q., Nhan, D. K., Ward, J
Responding to rising sNea ulreev Cll s SnanlHE7#Meh aMegkeo
https://doi.org/10.1038/ nclimate2469

SEyr, L., Cr owldrean ®&xiAde dO®BB8si ts on the ro
rel ated to the 1 ron bloowndn atlo ocfa rPA cadi@& & @&\su tirn |
126hlt.t ps://doi .org/10. 1080/ 0190416880936388

102


https://doi.org/10.1007/978-3-319-96190-3_2
https://doi.org/10.1890/08-1034.1
https://doi.org/10.1016/j.sjbs.2014.12.001
https://doi.org/10.1007/s10343-023-00885-6
https://doi.org/10.1016/S0038-0717(00)00179-6
https://doi.org/10.1016/S0038-0717(00)00179-6
https://doi.org/10.1023/A:1016125726789
https://doi.org/10.1038/nclimate2469
https://doi.org/10.1080/01904168809363883

SiICyr , L., CrowHkaeat oiAs Aaf f d®@8Bi9ng i1 ron pl aque
australis (Cawl)anTr iarh 7838013t eudel
https://doi.org./10. 1007/ BF02327260

Stevenson ,Hufmuls. ,Chle98X.t ry: Genes2nsd eQo. mpJooshin
Wiley & Sons, New Yor k, NY, USA.

Stevenson ,Hufmuls. ,Chle9fi 4.t ry: Gen e sJiosh,n OM nhpeoys i&
Sons.

Sukopp, H., MacChangies, oB. t he98@ed beds al or
196129 8A7qouati c35Bo3t%anyps: / / doi -7 00 (1DV)L1DAGE D 30

Tan, K. HHumi 20 MAat t er in Soil and the Enviror
Controvedsieds, CRC Preksip8otad®atang/ FQL. 120

Taylor, G.J., CUvevdefr,t Ae ADCB19®88hnique for
iron oxides from Anoeortisc aonf Jwoeu/rinaadi@ o8 17 aBhottsa n y
https://doi . rld/71 A.98BBA 2/bjl.2U5AT X

Taylor, G.J., CrowdefForMmaA.i onRadhdlemorR.hol by
pl aque on the roots of TyphAménrnitcdm!|l Jaunnalg
Bot &ady 666766t t ps: / / doi . @&rl®/710.980%0 2 /bjl.A4NTB7 x

Tejada, M., Garcia, C., GonWbakeaf Odrgani eler
amendment as a strategy for saline soil ren
and biologicalSoprliopBdarotlioegsy 2a8n diaBlidolc.hemi stry
https://doi.org/10.1016/j.so0oilbio.2005.10.0

Teodorescu, M., Lungu, A., PStegpmasadu,onP.a.d,
propertiesrefeaseeNPEKl agwrochemical formul at
acid) hydrogel sladdsltiaguail d & &€mgii Iniee@i g Che
65pP6/534t.t ps: //doi .or.g/10.1021/ie900254bDb

Ti pping,HEmi,c 1986st ances in soil, sedi ment
and charaedierédaby oG, R. Aiken, D. M. Mc Kni gh
MacCarthy. Wi leyGe€hoghe8l ed2di@46.8a| pp.
https://doi.org/.20.1002/¢9gj .3350210213

Trenbert h, K. E. , Dai , A. van der Schrier,
Sheffiel &l obal] @wAG@ilmi ng anMatchraemmgClsi Mmat elr Chua
1v22h.tt ps:// doi .org/10.1038/ nclimate2067

Tel p, H. C. , Fenner, K. , -Wsc,h w8abrOzpet ni boanc ho,f Ro.oM.
organi c compoundsEntva rminmemdalals WSrofiFeaticls 9& Te ¢
919h5t.t ps: //doi .or.g/ 10. 1021/ es902272]j

103


https://doi.org/10.1007/BF02327260
https://doi.org/10.1016/0304-3770(89)90064-8
https://doi.org/10.1201/b17037
https://doi.org/10.1002/j.1537-2197.1983.tb12474.x
https://doi.org/10.1002/j.1537-2197.1984.tb14173.x
https://doi.org/10.1016/j.soilbio.2005.10.017
https://doi.org/10.1021/ie900254b
https://doi.org/10.1002/gj.3350210213
https://doi.org/10.1038/nclimate2067
https://doi.org/10.1021/es902272j

Val kama, E., LyytinedheSi mpkaeti ofievagd] mana
wi | dl i f-een alAy tmed al revi eBv olf o geiua aolp @ nBsHddruvda tei
374t tps://doi .org/10.1016/j.biocon.2007. 11.

Van Der Ent, R.J., SavenDpeneH. BOGi gi 80hadf
fate of atmospheri WWameirstRerseo udberdVOBRBRtBiam €1t
https://doi.org/10.1029/2010WR009127

van der Putt®nkadk Hof RBRBO&gmites australis
overview of the European -Resclaarcd Pr@gnmreasnsne
199A4qQuati cBoBoppea3dyt ps: / / doi . eBr7g//01 ®.70) MIOAD/6H0O 3 0

Van Der Wel l e, M. E.W., Smolders, A.J.P., Op
Lamers, L.Bi.Mgeoc®&rmi.cal interactions betwe
freshwater wetlands and their implications

macr o pfhryetsebswat &r2 B4344F toigryys : / / doi .0org/ 10. 1111/
2427.2006.01683. x

Vasquez, E.A., Glenn, E.P., Brown, &alt, Gu
tol erance underlies the cryptic invasion of
haplotype of the common r eMar iPrhe aEgcmo It oegsy aRurs
Ser2®&8lhttps://doi.org/10. 3354/ meps298001

Villal obos, F.J., PFemerie@d esE.of( Aggs.on,omz0 2 b.r
Agrice@hdwmd., nger, Cham, SwWiddA8d4BOand. | SBN ¢
Vitti, A., Coviell o, L., Nuzzaci, M., Vinci
Ronga, D. , Piccolo, A.Bi Ssopmyl &t i oDrobsobunm

Lepidium sativum L. regul ated byChteneicralcont
and Biological Teclhln oflRotgpise:s/ /idno iAgadize/ull Ot.ulrle8 !
0063

Von L¢tzowsKnM.b,nekKSgel | Ekschmitt, K., FIl ess
Matzner, E., MaSQGM hfnreagt iBonat2i0®drw . met hods: r
pools and to sta®oilli zBRit o loong ynSadm d@RBiBoich e mi s t
https://doi.org/10.1016/j.so0oilbio.2007.03.0

Wan g, L., Sun, X. , Li, S., ApmlnigcatTi.gn Zhfanag
amendments to a coast al saline soil in Nort
properties @&mnad St ©DdNde 8Prlodvbt. h .

https://doi.org/10.1371/journal .pone. 008918

Warr en, R.S., Fel I, P. E. , Grimsby, J. L., Bu
Rat es, patterns, and i mpacts of Phragmites
Phragmites control on vegetation, macroinve

|l ower Conné&ctiv@wtii@RiAvem.s: / /doi . org/ 10. 2307/

104


https://doi.org/10.1016/j.biocon.2007.11.006
https://doi.org/10.1029/2010WR009127
https://doi.org/10.1016/S0304-3770(97)00060-0
https://doi.org/10.1111/j.1365-2427.2006.01683.x
https://doi.org/10.1111/j.1365-2427.2006.01683.x
https://doi.org/10.3354/meps298001
https://doi.org/10.1186/s40538-024-00613-w
https://doi.org/10.1186/s40538-024-00613-w
https://doi.org/10.1016/j.soilbio.2007.03.007
https://doi.org/10.1371/journal.pone.0089185
https://doi.org/10.2307/1352816

Weaver, A. R. , Ki ssel , D. E. , Chen, F. , We st |,

J. C. ,M2@®idng soi | pH buffering capafaitly of
Science Society6g8ofeeeBthet psea/ 0durnal g/.10. 2136
Weiss, J. V., Emer son,GeDoc h eMeigcoanli gcaodl n,t rJo.IP.q f
Fe(lll) reduction potenti al i n wet lzomsphereo
SOFEMS Microbi dBoig90OEcol ogy

https://doi.org/10.1016/j).femsec.2003.12.01
Wetzel, P.R., vanEfdfeectval &f, RAutGri,end®©9&8nd so
competition between Carex strictRl,arPthal ari s

Ecollo3g8y 117990t t ps: / / doi . org/ 10.1023/ A:1009751

Whit e, E. , KRplsaomreDoy 2@17eat? Saltwater i
management i n Ecooassytsatle mveHd aalntdBs . aen0dl 2$Hu8s.t ai n a
https://doi.or.g/10.1002/ehs2.1258

Wi |l ske, B. , Bai , M. , Lindenstrut h, B., Bach
201B4.odegradability of a polyacryl ate super
Environment al Scienced &@&BPRoll ution Researc
https://doi .o0lg¥11a03. 1007/ s11356

Wil son, MAPApIl,i cd&ét8ilan of nucl ear magnetic re
of the structur e oalfr nsadi lo f® 2SgohilBBY6cS cniaetntceer .
https://doi . @B83@010A9B111/bj0.16IBL X

Wong, V.N.L., Dalal, RacCbonGdgerami cf. 6f Bsod
soils following gypsum and organiAppraiteed i al
Soi l Bcdoil2z®gtyt ps: / /doi . org/ 10.. 1016/ ) .apsoil
Wong, V.N.L., Greene, R.S.B.SoibDalcaar,bom Gy,n:
in saline and SodlcUsei he2ip M2dlnageeawnt
https://doi .@7¢4/B3120DDB110/0j2.5114 K5

Woodruff, J.D., IlrishCoastLal, fClaonadigmg ISy Jtr,
and-lseeveNatt 69di82n.t t ps: //doi .org/ 10. 1038/ nat
Wr i ght , R.J., Houwlstniewgr LdIRf. f,erl@mBales i n i ron
r ooQesr.e al Researchgi@g midgeahc at i ons

Wu , Z. , Me n g, R. , Feng, W. | Li, Z. , Lu, X. ,
Wang, XSopiBpRdving efiSecghom Sesdbanoima i n a
al kaline charscmmdmypw é@o®os. / / doi . org/ 10. 3390/ &
Xi,&, FQ@Qn LiTand iHngwath,g GA4,i Wy G%o CW.Q@024.
Green manuring reduces cadmium accumul ati on
di ssol ved d&mgamicah(iIRetst2gr.118719.
https://doi.org/10.1016/j.envres. 2024.11871

105


https://doi.org/10.2136/sssaj2004.6620
https://doi.org/10.1016/j.femsec.2003.12.014
https://doi.org/10.1023/A:1009751703827
https://doi.org/10.1002/ehs2.1258
https://doi.org/10.1007/s11356-013-2103-1
https://doi.org/10.1111/j.1365-2389.1981.tb01698.x
https://doi.org/10.1016/j.apsoil.2008.08.006
https://doi.org/10.1111/j.1475-2743.2009.00251.x
https://doi.org/10.1038/nature12855
https://doi.org/10.3390/agronomy14092139
https://doi.org/10.1016/j.envres.2024.118719

Xiong, LK, , ZM@aOD2dul ar and genetic aspects o
strkRlsant, Cel | 28 ERB3Bitrtopnsme/n/tdoi . or g/ 10. 1046/
3040.2002.00782. x

Yang, F., Tang, C.NatAmrtadniaentdt ia,r tM.f,i c2021 .hun
manage minerals, ions, GadmirgalanSoasfoaetly mRew
62P61239%t.t ps://doi .org/ll10.1039/ D0OCS01363C

Yang, J ., Liu, X. , Fei , C. ,Chleunim¢He.Ir,o bMaa,| Y. ,
effects of acetic acid, oxalic acid and cit
in the rhizoskEbetexoftopadgy anad2IENtilbodment a
https://doi.org/10.1016/j).ecoenv. 2023.115014

Yu, H Y., Xu, Y., Wang, QConHwol Mi ngZthamg 0
pl aque formation and its adsorption of <cadn
cycle of Scieaecpl aht $ he95dtlarle 1BrEVvi ronment

https://doi.org/10.1016/j).scitotenv. 2024. 17
Yuan, Y., Ding, C., Wu, H., Tian, X., Luo,
Dong, K., Zhu, X., JDasgj mM| atOrtye] rdMnLredd
to anaerobic mineralization ofFwsredlamemttal n
Resed3rcB@b54aht t ps: / / doi . org/ 10. 1016/ ] .fmre. 202
Zhang, X., ZhangEf fFe¢t Mafo,i Don @AI9®@Pue out si

uptake by rice (Oryza Pdatnitv & Qlf. 188Rdhosphor u

https://doi .org/10.1023/A:1004505431879

Zhang, Q., Chen, H., XuHeaG.y, nehtua,| Hi.p,t azZkheu ,i
regul at-eepoédydemt iron plagque formation and
transporBnrewi rgoemneesn.t al andl &EX 839928 .ment al Bot a
https://doi.org/10.1016/j.envexpbot. 2019. 03
Zhang, Q., YanFeZroudsiibr&n,f @0i20i. t ates the

enhances the tolerance of SparMamianal ternif
Pollutiadmb/Bulbi@T®sn: // doi . org/ 10. 1016/ ). marp

Zhang, Q., Yanlrd@&n,plLaqu&.fo2ma&tti on and r hi
Spartina alterniflora and Phragmites austra
River Beboda3r9%2allb5000s://doi .org/10.1016/] .49
Zhang, Z., Jiang, W, Peng AskKkessWentZof Itihm
of wetland changes on carbon storage in coa

i n suppor tScoife nScDeG 1o5f. 1T h e8 MWD tl&bl2 SRMv.i r onment
https://doi.org/10.1016/j.scitotenv. 2023.16

Zhong, S., Wu,PhvaspMXar,usl.uyt i2l0i0Rati on and mi
response to | ead/iron Jaodidintailormoft cEnasri watnenrelnd
21 1i2433t.t ps://doi . Or7gd/2 ®.81) 61264/341 00 1

106



https://doi.org/10.1046/j.1365-3040.2002.00782.x
https://doi.org/10.1046/j.1365-3040.2002.00782.x
https://doi.org/10.1039/D0CS01363C
https://doi.org/10.1016/j.ecoenv.2023.115046
https://doi.org/10.1016/j.scitotenv.2024.176106
https://doi.org/10.1016/j.fmre.2022.12.002
https://doi.org/10.1023/A:1004505431879
https://doi.org/10.1016/j.envexpbot.2019.03.004
https://doi.org/10.1016/j.marpolbul.2020.111379
https://doi.org/10.1016/j.geoderma.2021.115000
https://doi.org/10.1016/j.scitotenv.2023.162824
https://doi.org/10.1016/S1001-0742(08)62434-1

Z°r b, C. ,-MGei Di-B6,z ,K19ni t y aPldanctr cdBl oyli ced yd .
3138h.tt ps://doi .org/10. 1111/ plb. 12884

107


https://doi.org/10.1111/plb.12884

X X |

96¢ Galll WN

Fi g®brle Sampl ing

and

Stellariver

Sampling

site

Geographical
coordinates
(EPSG: 32633)

© 00O ~NO O WN P

354037.7N, 5065962.71
354066.6N, 5066193.71
353999.2N, 5066328.41
353960.7N, 5066487.21
353802.0N, 5066564.11
353667.3N, 5066371.71
353465.2N, 5066405.41
353340.1N, 5066294.71
353215.0N, 5066241.81
353065.9N, 5066328.41
353191.0N, 5066496.81
353176.5N, 5066751.81
353041.8N, 5066665.21
352705.0N, 5066544.91
352276.8N, 5066405.41

sitést alibvaegrist he s€et mr i nsi d
Mar anrmo Hetalg A@mind t)i anSle &GP S

OEDPR

coor di

Cormor river

Sampling

site

Geographical
coordinates
(EPSG: 32633)

© 00N OB WN P

el el
O~ WNERO

355466.6N, 5067973.8I
355524.3N, 5067993.01
355514.7N, 5068127.71
355404.1N, 5068248.01
355153.9N, 5068248.01
355125.0N, 5068435.71
355043.2N, 5068729.11
354966.3N, 5068907.21
355139.5N, 5068936.01
355341.5N, 5068863.91
355322.3N, 5069109.21
355197.2N, 5069325.71
355019.2N, 5069407.51
354870.0N, 5069513.41
354720.9N, 5069725.01

108

nates.



Progr e

numbe

SEM model

Al C

Hydrophobic SOM

Root porosity

i

\‘\“—‘

Citric acid exudates

18 2 4

Hydrophobic SOM

Hydrophilic SOM

carbonates L Fe plaque

Citric acid exudates

1831

Hydrophobic SOM

carbonates

18 2.4

109



Hydrophobic SOM fgz----mm=mmmmmmmmmmmmmmmmmmmmo oo o -

Hydrophilic SOM

Citric acid exudates

162:

16 9 6

Root porosity

Hydrophilic SOM

PR

/ 4
' Fe plaque Citric acid exudates

16 9 2

110



Hydrophobic SOM fgz----mm=mmmmmmmmmmmmmmmmmmmmo oo o o

165¢

'

165:

RL 'a
————————————— *| Fe plaque Citric acid exudates

Fi g®rBlodel selection based on | owest Akaik
small sample size (AI' Cc). The first model s
the tested variabl es. Dashed arrows refer
setedhe final mo d e | selected is highlightec
numbie.r

111



"OUOOUwUDbYI U

2E0x "EUEOC. 29POL L spowr FPEWSO raguoxi raBUOxi  /OBOL o g
« 5D 6 EBBUI EOOEUEL 20DOL «O01 6 2UO0x1| b ..U‘U~E’OE 100UwOl 7/ OUOL < OE 30
P$ " A P 524K - - Ei OUD
P wed o E2wOw o5 000U o1 i yawl 07 wiEUawl xoEce O WOEUA o1 woslu
uobo uoou EUa wU
h hkkd. WdYI ABtL 1 KI I N8 WK b Kk A | 6Kt ok | YEYHA KKBN |1 WNY
| hYK&+ hk&++ +dwWp o W k hugt N K3 At hud A NA wuw YEYYA Kkk&I Wt hlG
} RHWAG+ kdth ABWL 1 Kh Y & Wk K 8 hul | 8K A K Y YEYYt +168+ NRAKS
K | NK&) hWsY+ +3Wp o AR huhud | A K3 A K 1811 K Y YEYYW Kt &k +YtKS
k hut N6k  HYBKN ABYA o ww wé k N wé y N b 8 KK A | YOYYW Kk&1 KYKkYSH
t 11681 Kokl Aot i Nt kKt 6AN K81 h I 01l k t hut YoYyyt KABdh kAt kK&
A ht N6y  hd Yt ABAK B Y b NI b 8w bt K YK YOYYA + WK kit wyd
w | | N6k hdkk ABKkKk TUkK wé NI wé y h b 3YK I+ w Y8Yh KABU +1+YKS
N NS WEKK  ABI k1 +14 | K81 K ABI b6 h A | YEYYK KI 8K + WhWs
huy I ++ 8 Fk b Y k AB Kt 1huhuA hud huA AO Nt | 8 KI hut t YoYh Kt 81 luK+t k &
hutu b6 w YONA  ABAK  KI b8 WN K& Kt hué WK 1w Y8YYKk kY&t + Nt wd
bl b YA Y&+ Kk  ABuwWI 1 Y 8 Kt b8t A hué A b bl Y Y8YYKk | k&Y Hhuit hutd
hut Fyhdt Y8 hl wé bk Wi A8 A K81 A hud Nt WK YOYYA W8t t Nt GBI
K | Wwé+ Y6tk  ABA 1ty Wwé k h K& A K | 64K wy Yy8Yhh + NBN HAIL S
uk Fywdr WAk Wdh) KK hut & Wk b8 AK | 64 4 Ry W Yy8Yyhk Kit&r htkybd
Tabl Su$Zznary of the individual values for each environm&€wptramloyr pl :

riestuarine system.

112



201 OOEwWUDYI U

. .., 20DPOI . . . EDPEWSO  ZEUOxXI ¢ ' AEUOXT , 4e &~ o
Ceen toaon EOCEUE 20000 2ORONt 2u0xi b REDOXLC aRbod] LS Y 16060wol 1 UG S,
awps” ® 524 o o
T wed o E2wOw 1 o5  7O00EUA i g s O WBUAL oy gg OTWOBUE o] woeld
UoGDPO (VXeYel) (VXeYel) EVawu
hu whdw 1 ysdyy AdYl! Kt A | g1y ABYHh 61 h bw YEYYk KK&Kk | KAkE
| A St Wt K kdtU 1Kt h huy & A t t 6t N hud kY huhul YEYYK + N&t Hhl At éE
t | K& I Y8 Kk AdYY 1 kK |+ Wét | hud K A b 81t Y YEYYKk | NBN |+ huAé
K Y hASI ) k&AN ot W I 1 & WA K&t A | & hut hUN YEYYk +KBY t1 NKE
k KI 6k t 8wl ABKI A b Yy & wl AdAh | 8 At K Y YEYYk t+8Kk It 1 NE
} KASN Y6kt b 6AKk o At hut & Yt N& NN K&+ W I+ 4 YEYYk 18U t+ Nhé
A kAdt: +8+Y ABKKk 1UAK k & WA 8 YK 1 8+ Y FUN YoYyt +wdt Nt NYE
w Y At K kbdkh 1KHK N&YY b & Wk hud N h howy YoYYt +18+ 1 KIKE
N NG WK hhdkt AdYh 1 NK hul 84 W | &AW tdyh huhul YoYYt + WSN khtké
huy hubul 81 k&1 A ABKh o kA | k&AL huK 8 k k K&AY YK YEYYK | Yd+ 1+ hhé
huhy k Wo t G KA A8t U 1 Nk | 8 Ak kdl K | & KW ww YEYYK Khdk KI KNE
hul N& NK | &kt ABKKk  hNh Y& Ah N& wt tBAY huy Y YEYYK +18U kI KS
hut b wéy hé !l W ABKt Nt SRR NG K I k &Kk A hul Yy YoYYt KWdt hk huKE
K I K6+ hué KW ABKK IN | huét+ N N& wt t 6 At wy Yoyyt KyY~&6+ hl | WE
huk kt 8t YBNK ABAA  1hl Y At | At WK Yéyyt hWsK wuwl 8!
Tabl &&ud3nary of the individual val ues for each environmeSttalll,a pl

ri esetuarmne syste

113



AVS (pmol g*dry soil)

40+

201

T
100

T
200

400 -300 -200 -100 O
Soil redox potential {(mVv)
Fi g4Eeffect plots of the acid volatile sulp
mi xed effects model included in the pliheecewi
solid black |ine represents a smoothed regr
as the shaded areas.
3004 '
g 2504 .
n
& 2004 * . .
E e ]
£ 1501 — .
E l'-i . -
2 104 ’ i
0 5 10 15 20
EC (dS m™)
Fi g8 Eeffect pdloarst oSt siohdece deoali ¢yl ated with
effects model included in the pi.ecBhe seolsit
bl ack |ine represents a smoothed regression
shaded areas.

114



200

3

= 04 .

m

g

£ -200-

o

-

S

3 -4001

E

Y 600

0 5 10 15 20
EC (dS m™)

Fi geakeffect pslooithso Hoefl tchael cul ated with the [

included in the piecewise strTuhce usalli dqlulad
represents a smoothed regression fit. Conf i
areas.

50 100 150 200 250 300

[ IR B

Carbonate content (g Kg*)

Fi gofr Effect pp ldnosd edf ctaHe ul ated with the |

included in the piecewise strTuhcet usalli dqlulaa
represents a smoothed regression fit. Conf i
areas.

115



96¢ Gaqlll LW

CHA , £ TEHA
“ M g ,\‘
/\J M"'f v
W W
‘ \ A )‘ y
““-*"r/,{i&t:éﬁjﬁjf‘f‘w ° *J’,/E:\S*J )
12 10 8 6 (3)4 2 0 -2 [ppm] 12 10 8 6 (b)4 2 0 2 [ppm]
PHA = [ LHA ‘l
3 \
i | /\J/ |
o |
f—'—,——ﬁy S I\ C IR B I ) e
“ ppml 12 10 8 6 (d)a 2 0 2 [ppm]

Fi gur@omBpar afNMRe spHcCctr a

EHA, peat PHA

and

Leonardite

HA of

LHA) .

of

[rel]

10

[rel]

10

116

di fferent



pH

pH

pH

PAA

(a)

T
0.5

T
15

(c)

0.5

15

2 2.5
NaOH (mL)
(e)

Fi guleciSdase

(compost

CHA,

titrat

soi |

NaOH (mL)
(d)

i on

EHA, peat

cur varsiiAo fo f P AJA f(fpeorl eynat
PHA

and Leonar

117



TabRB&sSudmaries of the ANOVA analZdesa smagpdgar di
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HA were used as predictive variables, whil €
response variable. The analysis was conduct
each of the gehrceoel Ideacytsi oonf. i ma
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o1l Yi O | KAl YO | Wt ybs | B AKNN KB Ymytwiudd
" UOPEWEED | } Nk & HuNABFK hud k Y I k Yol KI W
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- B
" UOPEWEED h A hud | A hud | Y61 1 kW yét t+ WN
o1l Yi O | | hul Yt huyt Yt b+ 8ttt NN huB YINR lud d
" UOPEWEED | NI K& Kt 18" hud Kt k A Yol kyN

11 UPEUEOU | K Akt K t hukol

118



KWwi wel Ol bwi 1 UOPOEUDPOO
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S6.Exampl e of calculations of quantity of <col
of |l and, brasied on SAP

We will consided4 oafmosoihmnstwanbhea @Hsiofft 8. 5,
a bul k densi(tBywiodeOt)B/adl .4 ham jt hi s soil has ar
extrdactdSofhet us tah@io swippdseto reduce sali
dStm

Knowi nghe m@8aPF CHA i s approxi@@ptee!l ygr a md d
when the pH increases from 7.0 to 8.5, we

should be applied in the field to obtain th

Total salts to be removed per | iter of solu
Salinity of?)s ol EtCi An % 4(00mg L

Sal inisy 2&t60EGg L

Sal inisgxy 12880E@Gg L

Total salts tol2b80 r=enmd2v8e0d emg2 56028 g L

Vol ume of one hectare sl i2Ae0o0®05stmit 5005mcnm

Wei ght of same volume as$Sumiolg Aa 1bBl k d&Ms it

Vol ume of water in same volume, assuming a
L
Tot al salts to be removed from such vol ume:

Considering CHA can OQpneorv eg raabmo,u tt o2 5r emmgo vika 2
wi | | need: 208 / 25 = 8.32 t HA from compos

I f compost have an average content of about
is: 8.32 / 0.4 = 20.8 t
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Since mean moisture content of fresh compo

compost needs to be applied to achieve the

Application of this quantity is not uncommo

and fruit trees crops.
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