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Does a Humic Model Disintegrate Upon Dilution? A Molecular
Dynamics Simulation

Mikhail Borisover!, Edgar Galicia-Andres?, Drazen Petrov?, Chris Oostenbrink?

1. |Institute of Soil, Water and Environmental Sciences, The Volcani Center, Agricultural Research
Organization, Rishon LeZion, Israel, vwmichel@volcani.agri.gov.il

2. Institute of Molecular Modeling and Simulation, Department of Material Sciences and Process
Engineering, University of Natural Resources and Life Sciences, Vienna (BOKU), Austria

Molecular simulations play an important part in understanding the structure of natural organic
matter and humic substances (HS) as its part and modeling their physico-chemical
characteristics due to the possibility of performing machine experiments. This work examines
how stable HS could be upon the dilution in water, if they would be considered to represent
aggregates of small molecules. In this way, one may probe the widespread vision of HS as
"supramolecular structures" formed of small molecules instead of representing large
molecular entities. The HS models were developed using Vienna Soil Organic Matter
Modeller, for a sample resembling a C13 NMR-derived carbon type composition of the
standard Leonardite humic acid. The models were built by varying the molecular size, amount
of water and the counter cation (Na- vs Ca>), while keeping the chemical composition identical,
to link low-hydrated HS systems with aqueous solutions in the concentration range of
environmental significance. Molecular dynamics simulations have been performed for 100 ns
at constant temperature (300 K) and pressure (1 bar), thus allowing monitoring of the size
and number of HS aggregates, and the concentrations of HS atoms in the vicinity of HS
molecules and at different distances. The simulations demonstrated that HS aggregates
disintegrate upon the dilution, the process occurring essentially more easily in the presence
of Na- however taking place also with Ca>. The strong interactions within the HS aggregates
remain at the level of dimers of small molecules revealing a high stability against dilution. The
modeling suggests that the aggregation of HS occurs in a step-wise mode rather than
cooperatively, whereas the presence of Na- as a balancing counter ion is a strong
disintegrating factor. Linked with the experimental data on the apparent molecular size and
mass of Leonardite HA, the simulation results indicate also that large-size HS molecules
undergoing step-weise aggregation should be taken into account in considering HS properties

in aqueous solutions.
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Optical properties of water-extractable organic matter from soil
respond to changes in irrigation water quality
Guy Levyl, Asher Bar-Tall, Marcos Lado?, Mikhail Borisover!

1. Inst. of Soil, Water and Environmental Sciences, Agricultural Research Organization (ARO)

(vwguy@volcani.agri.gov.il)
2. University A Coruna, Spain

Treated wastewater (TWW) irrigation may harm soil and agricultural production. Adverse
effects of TWW irrigation may be mitigated by changing irrigation water quality (e.g., fresh
water, FW), or management (e.g., a lower frequency irrigation [LFI] with TWW). Our objective
was to assess the influence of the mitigation treatments on soil and water-extractable organic
matter (SOM and WEOM, respectively). A study was conducted in an avocado orchard
irrigated from 2009 with secondary TWW. Four parallel treatments were applied for six years
(2016-2021), involving irrigation with (1) FW, (2) a 1:1 FW-TWW mix, (3) TWW at LFI, and (4)
TWW irrigation as control. Soil samples from three depths were characterized for organic and
inorganic carbon, nitrogen, and by mid-infrared spectra decomposed into components using
nonnegative matrix factorization. Aqueous extracts of the samples were characterized for
dissolved organic carbon (DOC), inorganic carbon and nitrogen concentrations, absorbance
at 254 nm (Abs.), and excitation-emission matrices of fluorescence decomposed into
components using parallel factor analysis. Abs... and fluorescence of humic-like components
in the soil extracts were the most consistently responding attributes to irrigation water quality.
Irrigation with FW and 1:1 FW-TWW mix led to decreases in concentrations of aromatic and
humic-like constituents in the soil extracts compared with TWW irrigation. Changing soil
irrigation management had no or little impact on those attributes compared with the control
TWW irrigation. Results of the study support use of optical properties related to the
concentrations of UV-absorbing and light-emitting constituents in soil extracts, rather than the
whole DOC concentration, as sensitive descriptors suitable for evaluating soil response in

different agricultural scenarios.
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Sodic soil remediation and its effects on soil properties and crop
performance in an olive grove

Stav Sharfl2 (stavsherf@gmail.com), Arnon Dag?, Guy Levy?

1. Faculty of Agriculture Food and Environment, Hebrew University of Jerusalem
2. Agricultural Research Organization (ARO)

Use brackish water for irrigation is widespread in arid and semi-arid regions, yet it may
degrade soil structure, stability, and hydraulic properties due to high levels of sodicity and
salinity. Soil remediation may be achieved through replacement of adsorbed Na ions by
divalent Ca ions originating from Ca-containing amendments or from dissolution of soil calcite
(CaCO3). This study aims to assess the effectiveness, of soil amendments to mitigate sodicity
problem in olive groves. The experiment, in a randomized block design tested two types of
amendments: winter application of Gypsum (tilled and untilled) and Polysulfate, and summer
application of CaCl2, MgCI2, and H2SO4 via drip irrigation. Salinity and sodium adsorption
ratio (SAR) were measured in saturated soil paste extracts, while tree growth, stem water
potential, yield, and oil content were also evaluated. Gypsum, Polysulphate, CaCl2, and
MgCI2 effectively reduced SAR below the threshold of 5 in the 0-30 cm layer, with CaCI2 and
MgCI2 also being effective in deeper layers. None of the treatments resulted in EC values
harmful to olives. Gypsum treatment showed a trend of increased yield compared to the
control, likely due to improved soil properties and enhanced root development, which directly
impact tree productivity.
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Impact of Natural and Synthetic Polymers on Soil Stability: Insights
from SIP and Chemical Analysis

Sonya Altzitser?, Yael G Mishael?, Nimrod Schwartz?

1. Department of Soil and Water Sci. The Robert H. Smith Faculty of Agriculture, Food, and Environment,
The Hebrew University of Jerusalem (sonya.altzitser@mail.huji.ac.il)

Mucilage, a plant-root polysaccharide, enhances soil by boosting microbial activity, water
retention, and nutrient exchange, though its impact on soil stability is less understood. In
contrast, the synthetic polymer polyacrylamide (PAM) is well-known for stabilizing soil,
reducing erosion, and improving water infiltration. This study compares the effects of
mucilage and PAM on soil stability using Spectral InducedPolarization (SIP) measurements
and chemical analysis. Loess soil samplestreated with mucilage, PAM, and untreated
controls were analyzed on days O and20, with microbial activity assessed via CO2
emissions. SIP measurements revealed a 90% increase in in-phase conductivity (¢") after
20 days in mucilage- treated soils, compared to 40% in controls and 42% in PAM treatments.
Since ¢’ is primarily governed by soil solution characteristics, this increase aligns with the
chemical analysis, which showed a 130% rise in Ca?* concentration in mucilage treatments,
significantly higher than the 3% and 12% increases observed in controland PAM treatments.
CO2 emissions in mucilage treatments were twice as high after 3 days, coinciding with the
initial rise in ¢'. We propose that this enhanced microbial activity may cause local
acidification, leading to increased calcite dissolution and the observed rise in ¢'. Mucilage
also caused a ~10% initial increase in quadrature conductivity (¢"), associated with surface
polarization. However, ¢" declined after three days in mucilage treatments, likely due to
changes in calcite surface polarization, whereas PAM ¢" remained stable throughout the
experiment. Our findings underscore the sensitivity of SIP signatures to dynamic soil
processes and suggest that further research is neededto explore the potential of mucilage

in soil stabilization.
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Polysaccharide-Coated Apatite Formulations: Enhanced Plant P-
Uptake and Reduced Environmental Migration

Nimrod Kener', Yael G Mishael*

1. Department of Soil and Water Sci. The Robert H. Smith Faculty of Agriculture, Food, and Environment, The
Hebrew University of Jerusalem (Omer.dan1@mail.huji.ac.il)

Phosphorus (P) is a macronutrient essential for global food security, yet the availability of P is
increasingly threatened due to diminishing and declining quality of global P mining resources.
The solubility of natural P minerals, such as apatite, is limited under most soil conditions,
particularly in alkaline soils, making it insufficient to meet crop demands. To address this, P is
commonly applied through fertilizers, but excessive P inputs in agroecosystems often lead to
P migration into water bodies, causing undesirable eutrophication.

The primary goal of this study is to develop P fertilizers based on a natural P mineral (apatite)
coated with a biodegradable polysaccharide (mucilage) to enhance P uptake by plants while
minimizing environmental migration. The apatite-mucilage composite is synthesized and
characterized, with its impact on soil microbial activity (CO2 emissions) being a key focus. It
is hypothesized that enhanced microbial activity will lead to increased P solubility. The results
show that microbial activity of phosphorus solubilizing bacteria increases P-mineral dissolution
from mucilage coated apatite significantly. Moreover, the biodegradable coating effectively
stimulates bacterial activity, resulting in higher soil P availability, particularly in P-deprived
soils. The formulation also demonstrates a 40-fold reduction in P leaching compared to a
common commercial fertilizer. In greenhouse trials, tomato plants grown in soil treated with
the developed formulation exhibit significantly higher leaf P content compared to those treated

with apatite or a commercial fertilizer.



9'077 ANXY 7Y 1200 NN'D NID'NI 712 7Y 27NN [IYTA pYUNnn NYsSwn

XN DX A 19T i 379K owa 21wy w ,19axn jane 7122 7ex ,'vnaoin atna
4
(ORh)

(nativ@gri.org.il) no'n nurorarux qjznn7 1nw jpn .1
nIXziznn Twwn ,n"ny .2

NIX77NN TN ,'K77NN j7nnn 70an .3

72 ,)19x ©"In - .4

7¥ 07PRN 'NAINAL 'MNNNN M7IVN PIva DMWY DN5NN 0N 0122 19 NIDRIE 7Y L1200 9y
¥ Na0'! NIDRINNIAA 71207 YN Nan 2y .00 T 1YY 10WN1 P Nawn? 0N 0N 7R
D"20MN D'RINN NIXE NIYD IR YYn T 29 0nl YT NITIo NDNXN DX V' Tan7 W' L1200 NN
U T7 .01UN 217N 2992 WATIN QXA NN YT 7Y NATR N0 D' NV NWON'Y D'WNIWA DA
NTN1'OIVID NI7'Y' ,YVN 7w '00ANN NN 7Y 021 DN0NID 72V N7ITA NYOWN 1210 'YV W 27100
YIX 7V1 NN NINNSNN W DTRINND 27w D'0IN NN'WI ,NNN9Y7 NIM'Y TIRTIZ DRYAND ,0MN 71X
0N DY) N'W7WUN DY KXNI DI, PIZINA ""7¢" TR 1201 yuna yXIan N7 Natn PN .NINon Ny
[IY' TN NINIYN NI0PN ,"M190 NN 7Y DM I “nopm 7201 M9 71127 yant yro? nwyil (Tny?
(3NO) njzann DM Znam 7Tan no¥1 .(D'OXI01I) YT NN 0 NNIPR/YRIR DINTA NIyl
[[72nN NINM7 1w wzal n'o 30-60 1 0-30 o'izniy awa 071900 2 NRIYRIN NRIYD MY INKRT7 VP
D'719'0N |2 DMIT DTN WXL  NRT N7 (4NH) jman .nrmw nimne 20 Ty 09xn 700 mui'y
,TA72 MR [IW'T 7Y 002NN WX NITAN 719'0 NIV MY 1Y) [IY'TA D'NIvAYNnN 077200 nnnY
[PN' .(N'VO'VVO PN X7 7TAN) TA72 NPIN 7AW 719107 ARIYNL VP2 NRann TIDM DR N7un
N'Y7'9"M01I0 )'7NNYI D'WIIYA N7 DNNN [WTN 7W ANIP DMiynwn N9'0Y? 0'7'am nzand Mty
Vi [7200 NN 2 RN DX [INQ7 T VNP2 Nj7aN 7Y NNX? Mivawn DO KRIN (jinka natna)
(Vi ;ann nnaoxn 1w 1aw) n'o 0-30 niva yiapa *7250 |7ann 1151 NNR LM nuYEn N7
(0.88=2R) n1aa DxNNA '"7RMIITID DIRY AN ARYINN .2023 q'opa M9a [7ann TINK 7 2022 1'moa
[72NN TINX .92 [73NN TINKA N7 DT R 27NN 1"ynw vz N 2a"p/a"n 25 7w 1151 nim'opn oy
21N nf X7 N nirnt 12 nawxd mwa nimnt 0 7 v 12 9w anan 7nn 7naim |91ixa T o2
N7 y¥Inn2a (]'v1ar N9y ,no'7w) nniwvin ninzann 2023 2 190 My np710v 7300 Nimd 7w avnn X
9Q'0P2 .|j73N NIND POI0W 710 712 N'Y7Y 7722 NINTI DYIYA 0'719'0N |2 N'VO'VVO 7NN 77aN Y¥N)
N"M901"MVA 0'WIA 0'91Y 190na (0.92 < 2R) nprn a1 nnova 2024 anmon noipnal ,2023
NDWINY '9D D™7Y2 INN'ZN 17NN NNXI DNIT NNan L |i7ann Nnta 0'721vw 730 yy'7 (Lasiodiplodia)
nNN2 N™YN DY AR AniT nnan .(0.954=2R) 2024 -2 nnmon noipna o1 0.83 < ?R) ) 20232
710 M9n vwalL(0.7537=2R) n72v? (Aonidiella aurantia) nimITX NiNd 190N N7V WY 7NN
W' T NN 2 910 KT (1217 NIvana 7T1an Xy 9o .(0.9556=2R) nintd 77 700 Ky
20) NN NN 1IN [IYTA DT 190 NIDR D (7202 [IWFTN NN DR 075N 73D 1D X¥nl .Nnivn
"y Np'wva DN T apnr Lasiodiplodia My np'va o ypy g 7w 1an kyna (mw'? a'p
727NN NMIT NIRYIN .NIYYT [[720 DIT'N* 5 9w (1w T2 XY TX1YRIY (1270 D Alternaria alternata
NN 1271 NIND IXIN 271N [IWT K77 17'081 5 7w N0 1w T DM 0w jnn? MIYRIN mva
DIZN2 21N DAY PYUNN [IYTIN [0 NIMKRY NRYD TV NIIYRIN MY D NINY W NINRAN (1Y

TIva ,NS |70 71272 NNRa DN AN'R ANMODN NI D K¥N1 7NNY N'YHIYN NIYA 10N N7NNN7 TV



2024 1 2023 7w n'o'va 1At M L(0.7769=2R) ndina D0 antn annon Nk N20 v 1pMaw
101 1IX7 1'9xw 193 D 1 B, C n'719'07 ona (j7;an nint A (0 '719'0a 722 AN'ND IXN K7 TV
,012'07 .2023 9'uza NI NN 7200 W2 719'00 DT A NWYNYI AT gnnt DTpY DNonTn
aoNNNN NP DD TY 71200 7RNYI019 7Y 1Y'OWUN NI7NNY ONIF niaa DTyl nNNon NN NRNNWN
D172 DN NNIRY DNYR D IWKRYT N1 'NDIN IPNNRN NIRXINAD DAY WY qUN1 NNSNNY 71N
DIN'USIXR D'PY TIVA .NI7NNT NIYAIN NRXIND NYRA9 X IR 712 N9OIN 'K ,[i72N 7¢ Nntlon nn1 7yn
71N [IWT 7Y TN N2 TIDM DI AN DTN 12-7 5 2 RYmw niwtani NI 7Y viownn an vt Y

.9'01 INX71 197 NI7NNT7 NN NIYRAND X1 9D NID'R ,NNMI9N NID'RA VIADYT 71D



NIYXNKI N'XVoIonip 1"7?1]11 D"In'71o (71IN'S v nMIYx N1 'IN'T
FTIR n'o170nvo0
3ux? v ,22210M12 7x0™ 1012 7xINN

(matbit1991@gamail.com) niain ,NIX7zn7 NO7790 ,N'2YN NO'OAUXNI 37711 1D — 'X77nn znan 71 L1

JI'X7 IUXT 27701 1D — 'X777n0 7NN 71 .2
W' NI ZNA 127,771 (1D — 'K77NN A7nnn 7t .3

NI N1d0NI 0"'YaL 0' NNIPNAI NIYPA NYAIS ,N1'A0N 7¢ MIyNYn DNt NN 7'0079 N7109
NI'fn7 n'712' N'20N DNYSWN ,0'"'00790 DINMI9N AN W NN 7w 0NN "'72v21 DTRN "2 NIKNA
D'j?'V0Y79 N'X' P'VOTD NIONYT NIZ'W' NIV'Y NIN'S 07710 ITN NYOWNN NN DXNYXY O'¥NXN .NOYINN
,NIY NI'YAV NIA02 DNIANINN 7 NN YT NWAIT 17X D''0079 7¢ NI NNN Q¥R NdYN .0*7ONN
Y' ,D"N DXIN] D' D'YIN'Y 070NN DR'0079%7Y 1rdn LUV nanp? no'wn nmal  nvpp 7710
7v NdIWWN OrTPANn 0TIV 0NN .NANY N7109 7101 NIdYN 07112 DX )vnt N2 ni'wn
.D'WUTIN 7¢ A1 7197 NnTavn 'Kan2a NIDNN NNl 0 NMYYNI DY NYYLVoIDNIR D'7NNa NIdNN
N7 NIynwn w' D7 .A"WyN1 D'YTN DNINYI9 NIN'D 1702 21272 RN DX DR 0DINR D'NaN
70N 7w DMTRIMN 117U 11D 2'0079 PIN'D W NIRIYKRY NIYZ'TI'R 7907 1701'Y NIAIRITINND NIN'DY
mid-Fourier ) 02 D'NIVa DITR-KI9I'R N'OIZONVPOOY N'N NN NWYWN  .D'NXLOISNIZN
17¢1 12d D' DY N7 Npoon niwan N (Transform Infrared Spectroscopy, mid-FTIR
27NN .P'00790 7w NIIYYN NIXDWA DAL NINATA A1V DA L,N'Y00IDNIPN )'7NN 7W DIYXIN 71N'ON
DN'719 Y'MONTI NNDY QXIYV YUK NRYTNN DIwA T 9y Jnnan Bioplast Taknn 770> yyann ar
MINA 172PNNY NRIY NINSWNN DNIN'719 7¢W NINNAIT DNTO .N"WYNT7 NTRKR 2N T v 0'7nn
N'MTAYN DNIVPERN NN IX Y7IXA NIIR DY N'YV0ISNIR '71NY JIN2 NIYIAY 19017 11N0IN TARAN
FTIR nT'72ax1 NIWRY NYIRITIT DDV 1NV NIKNAITA ,N'XV0I9NIRN INKYT .N'XLVOIDNIR 170NN NnTAN
o012 .(bulk transmission) nn'aTh 7wl pal (ATR Niyxnxa ,nnaiT 7w Nr'2yn N1dWN) NWN 19 7w
[ITA1 N'XVOISNIZ MNXRI 197 DMIN 7¢ D'MNVPO0 |2 NIKIYD ,WIIAY ATIAYA 7171009 DX ')
NIYP'TIR 7Y NIND7 NRIMYN NIDWAL NINNAIT 7W Pniyd 19¥Y 07710790 D'1'Y NIXIYA NIA'WN]

N1y


mailto:matbit1991@gmail.com

D"M0O0IS



IX 'M'DN 201NN 7Y ARXIN X'D DXRD — N7 YA nxrtama Ty
?0'ath v niman

297w nwnil Tp7'tima nax 2oy e e T

alin@volcani.agri.gov.il) 2771 j1pn — '‘x%7nn Ajznnn 7nin .1
(y 7710 | (] i
0'7¥i1'2 N'aYn N0'0NAINN .2

TIAT27 ,'N77N7 DNNIM NrYh DAY 12T L NIRYEN NIDIWAL NDIN1 DIYTA NITAN NN 21X Ny
DY N2'20N 7K 0'7¥11 K70 MITAN nin DAYt ,0'wTNNN M2l 07221 0DNaRAn 0p'7N2 ,07a nin
[i72nnn 30% 71 D X¥N1 NIz 2I'071 721277 NIYAWNN NIAIR NI71092 .0IN'T ' NN 0719y 0n
NIMT DX 19YY7 ITYRY YO '90INA wIN'YI 1IN 7¢ 27721 ND7IN NNan NNtz DN NRXIND .7xin
¥ NOOIN KIN N'WTNN NNS0A O'YXINN OUIPN TAXK NIMAIXK NI7I0911 DIYTA DMAYIAN NITHN NN
INID D'ATIP DZNAY TIYa .D"AIR [NITI 72N 7 'XT'711'0] 0'yronn DM'TARE D'PT' N NIXIAfp
'NDIIN 7NN LYZa D'ATIAIRNPZMN NIF0IMIN 7V 07271 7w (D1 D'WTIN) NIV NDINR NYOWN
NMIYAYN nyswn "2uya 01N NIDIYI NNOS 7272 1I¥AN DNA'TIRD 2001 D'RPT'NN NIFOITIIN ORN 17RY
DITX-DIN 71N Y77 17270 )2 NIX7 .DIYYD ANKR7W XN NIV AIRD NIND 79 DTN axp 7y
n0'n NXRY? 7"10 0221 ,NNo AT ,nisiy 72t (0'kan 0'719'0n DY oM 21 quna AT N2 112 NN
370N .07 P7WNRLE DT L[7AN NO'MNA MIWITY Yzl (M) MW X7 Y ,AR7710IKa
'O LTI TI21Y PO 1DY7NN 7Y 0'ROINKRD DTOY70R DMTIR NYQIR NIT'WYO NINKR DY DNATRN
NI7'W9 ANXIN NIDIY 7272 N7910NN Yipn .0'0'0NN [7INNI1 [NITN NPT INXI[NNT 7w DNOVOXIIMI
UNN2 NDYT T NI LWIAW [AT? TVI Yizn D20 TVIiNN 0'719'00 IXW7 0N NN2aIm N'uNITIN
,0'21N1 DDA N'UN'TIRD NI7'WON N7'NNN KVINA NISIY 7272 N79I0YW YR ,NNT NN .nNaTnn
NY2IX INK7 1201 NINNA NNYY AT 7219'02 NI7'YON D7IK ,1P2an 721 2191071 MIpaan yip'? omiT
NN 72721 NNS 7272 17910W NP NI7'WON 0N 1Y XKW NIDIVA 72T 719'0aY IT7 nnINwN ot
NNXD X7 N7 0'719'0N NYI7W 2271 ,NN12% 0N 'MIvAYN [DIXA 17721 X711T 1T 07721 X7 RuINn
219'02 TRVD0I9 D'TIRN NIZ'WO NN'N [DIT NXRYI' .0MATIND NN NIZ'WO A7 ATH NIRY '1'W Dnan
219'021 INYNIY D'DWYT 12N N7TAY D, [ATN DY N7V AWK ,NIRRANTE RVINNN NNSN 721 ,ninon 7ar
NIOMNA 0ININ VOOIDN 'TIDM NKIN IT N7V NNANT7 D'MIIAN TARY PN .7'R1E 15-0 Dirfnn nioivn 7ar
INNYY7 DIIAN RIN 1NN UD0I9N TIDM NT 120N '9 7V .NIDIY 7212 0'719'07 0N ,N7X D'719'V] YN
INXN] '"771'00 [73NN T2 227 DA .NIT2 D7D Y7p2 DT NN DIFOIZIIN YT 7V TRUDOID W 11N
7YY NISIY 72721 NISIY 721 17910W N7X7 0N 0'2IN1 0DV NMIPRAL PR 7272 17910W NP
D PN','NIM YT MYITY Y12 DMTIRD 770 7w Mopin NI7'wo XN NNSXIY N1MyNn nnan .'o'n
N7W NT7 XOVINNN 727N |2 N'ON' DIV D'7TANN .|7INT NT 9TV 'KINA AXT7'NAN 1T 7V Tyn T
AT NINT YA 7atn o ndIind NIA'WN 727N DY 0'ATIRD NOOINYY NN O'T'YA 10N 1Y
INYSUnN T1912 ,0MI'TINN NI7'WO 7V AX7R10IN] 10NN N7IVD ¢ NYSYNN N1AN7 NTIay Ty NYAT
221N Ni7aIT NIYRIRA 0107070 DATIRD NPMYIT 7Y N D210 N1AN JNYIRNE'MN NTOoI7IND 7Y
1721'w 72 ,0'72TNN [73NN1 [NIT NNNN TR DRI YA DTN X 79 DITRNN DK 19W7

.N20N 7R NIVY79 DIXNX7I [IYTN NI N7TaN7 D'R77NN DX wnw?



Carbonate and concomitant microaggregation in irrigated soils of
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Carbonates participate in soil aggregation and, therefore, influence the essential agrophysical
properties of soil. Irrigation, using both freshwater (FW) and treated wastewater (TWW), can
interfere with the soil carbonate system and affect (micro)aggregation. We undertook a
micromorphological study on a series of characteristic Mediterranean soils irrigated with FW
and TWW, emphasizing the effects of carbonate microaggregation. Methods of gross
chemical analyses and scanning electron microscopy were applied. The results showed that
irrigation—both with FW and TWW—had diverse impacts on the carbonate content and
concomitant (micro)aggregation. In the soil plots irrigated with FW, and especially in the
heavy-textured clayey Vertisol, there was a noticeable accumulation of pedogenic CaCO .in
the form of calcite. The irrigating FW was the main source of HCO -and Ca)=Mg ,(=since the
primary soil carbonates were found to be only slightly affected by the dissolution process.
Irrigation with TWW, in contrast, resulted in the washing out of carbonates from the soil profile
due to the action of dissolved organic matter (DOM). The same trends were determined in the
light Red sandy loam (Hamra) soil. In the heavy-textured clayey Vertisol and Loessial arid
brown soils irrigated with TWW, partial dissolution of primary crystalline carbonates was
determined, with subsequent precipitation of metastable amorphous carbonates in the form of
calcite micronodules up to 25 um in size. Additionally, a specific toroid-shaped microform of
CaCoO .was detected, formed supposedly under the effect of DOM. According to the particle
size and morphology, they can be assumed to be vaterite, a precursor of carbonate-forming
systems. In general, the results obtained support the idea of a major role of (dissolved) organic
matter in soil carbonate system function and carbonate (micro)aggregation. Changes in
carbonate (micro)aggregation must affect the major physical and agrophysical properties of
irrigated soils such as permeability and water-retention capacity. The observed formation of
stable clay—calcite microaggregates, enlarged and agronomically optimal in size (20-250 um),
in the soils irrigated with FW would enhance the soil filtration capacity. This would be
favourable for heavy-textured Vertisol and, as a tendency, for Loessial arid brown and Terra
rossa soils. In contrast, irrigation with TWW would promote water-retention capacity and so,

from an agronomical point of view, be preferable for light sandy soils.
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Enhancing plants' ability to deal with climate change consequences requires adopting new
measures to improve soil viability. Using beneficial bacteria to enhance plant resilience is a
promising approach. Understanding the interplay between bacterial biofilm and water flow is
crucial to achieving sustainable positive effects. However, the impact of soil structure and
various biofilm extracellular components on water flow is still largely unknown. Here, we study
the effects of biofilm characteristics and porous medium structure on water retention during
drainage. We use microfluidic porous medium devices with prescribed structures and
inoculate them with a common soil bacterium, Bacillus Velezensis. We use a wild-type strain
and a AtasA strain mutant in extracellular protein fibers formations. The model porous medium
microfluidic devices are fabricated with PDMS and contain an array of circular pillars in a
rectangular channel, representing the structure of the porous medium. The pillars are uniform
or vary in radii to control the heterogeneity of the porous medium. After inoculating the porous
medium, we inject nutrient broth into the microfluidic chip at a constant flow rate while
monitoring biofilm development under a microscope in Brightfield mode. Preliminary results
show biofilm accumulates in a heterogeneous porous medium in regions of narrower pore
apertures. In contrast, biofilm accumulation is not preferential to specific areas in a
homogeneous porous medium. Using the AfasA mutant resulted in reduced biofilm
accumulation regardless of heterogeneity. In the next stage, we will perform drainage
experiments to assess the simultaneous effect of structure and biofilm on water retention and
distribution. The fundamental understanding gained from this study will help facilitate upscaled
experiments that could indicate the preferred saturation conditions for increasing plant-

available water content under different structural and biological soil features.



