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Abstract: For centuries, reclamation of sodic soils has been an essential part of cropping practices in several parts of the world. Parallel
to increasing population, the need for new cropland constantly re-evaluates land suitability concepts. Therefore, the importance of sodic
soils as potential croplands is increasing worldwide. Although theoretically farmers can choose from a wide variety of reclamation op-
tions, according to profitability, business plans, and human and financial resources, in practice, few reclamation methods are applied at
large scale. This article touches on the early history, 20th Century intensive research, and current trends of sodic soil reclamation. New
approaches such as leaching, chemical amendments, addition of organic material,  and biological and microbial improvements are dis-
cussed, and also brand-new approaches are reviewed. The early history is reviewed using historical books, the achievements of the last
hundred years using basic technical literature, mostly books, and the current approaches of our time with fresh publications, mostly pa-
pers and two very recent conferences published in English.
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1　Introduction

Our topic,  the reclamation of  sodic  soils  ( ‘Solonetz’ in
most soil taxonomies), has already received much atten-
tion  from  researchers.  According  to  Ghassemi  et  al.
(1995),  the  area  of  sodic  soils  in  Asia  and  Australia  is
approximately 250M ha,  more than one third of  that  in
Europe, one fifth in Latin America, one eighth in Africa,
and approximately one twentieth in North America and
the Near  East  (comprising the  countries  of  the  Arabian
Peninsula, Cyprus, Egypt, Iraq, Iran, Israel, Jordan, Le-
banon, Palestinian territories, Syria, and Turkey). Fig. 1
shows the worldwide distribution of these soils accord-
ing to the United Nations Food and Agriculture Organ-

ization database (www.fao.org accessed in 2009; https://
www.researchgate.net/figure/Global-distribution-of-
sodic-soils_fig3_42765401).

Speaking  exclusively  about  chemical  reclamation,  it
is  common  knowledge  that  sodium  ions  adsorbed  on
colloid particles must be replaced by soluble Ca (or Fe,
Al) ions.  This  is  very  simple  in  theory,  but  how to  en-
sure  that  process  progresses  to  a  sufficient  degree  and
quickly, remains an open question. The variation of sod-
ic soil reclamation techniques reflects the range of pos-
sible replacement methods, the depth variability of sod-
ic  soils,  and  the  availability  of  possible  amendments.
Dosage  calculations  are  well  described  by  chemical
equations and experimental approaches, and the primary
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issue  is  the  source  of  reclaiming  Ca  ions.  Are  they
present  in the soil  as  components  of  a  compound,  such
as  CaSO4 or  CaCO3?  Are  they  available  at  the  same
depth  where  Na  must  be  replaced  by  Ca?  If  yes,  their
solubility  must  be  increased so  that  they can get  to  the
specific  macroscopic/microscopic  locations  where  the
exchange  reaction  must  take  place.  Mobilization  of  Ca
from coexisting minerals in the soil  might be enhanced
by the provision of water and acidification, so that com-
pounds  such  as  CaCO3 are  dissolved.  Typical  solution
for this is the addition of acidic organic matter, such as
barn manure or green manure.

If Ca-containing soil components are available at oth-
er depth ranges of the soil profile, the depth distribution
must  be  modified  by  tillage  (e.g.,  deep  plowing)  by
turning up the deep-lying soil  layer to the root  zone.  If
Ca-containing  soil  components  are  not  available  in  the
soil,  then  they  must  be  added.  The  selection  of  the
amendment  depends  on  the  chemical  properties  of  the
soil that is being reclaimed—mostly the alkalinity/acid-
ity conditions.  Another necessary condition may be the
speed  of  reclamation  that  must  be  met.  Calcium-con-
taining highly soluble salts such as CaCl2 (Magdoff and
Bresler, 1973) provide fast reclamation, but others such
as  gypsum  dissolve  relatively  slowly,  and  lime  even
slower.  Selection  of  amendments  also  depends  on  the
availability  of  cheap  materials,  such  as  industrial
byproducts.

Amendments  must  be  provided  to  the  sodic  layer  in
order to facilitate dissolution of Ca ions, which requires
suitable preparation of the soil by tillage. Distribution of
the  amendment  must  be  homogeneous,  except  when
sodicity is heterogeneous inside the plot, as it often hap-
pens. In this case, amendment dose must follow the spa-
tial variability of the soil sodicity. The amendment must
be worked  into  the  topsoil  in  order  to  produce  its  de-
sired effect, ideally after the application of organic mat-
ter  such  as  manure.  Alternatively,  it  can  be  placed  on
top of the soil or provided in solution, even in brackish
ice (Yang et al., 2021; Zhang et al., 2021d). The particle
size of solid amendments, such as gypsum/lime powder,
has a well-documented effect: the finer the amendment,
the  faster  the  speed  of  reclamation,  but  applying  very
fine powder may cause technical difficulties in the field.
Leaching  with  soluble  Ca  solution  that  is  too  fast  will
not provide  full  replacement  of  Na  because  of  de-
creased contact  time (Keren and O’Connor,  1982) with

Na-saturated  colloid  particles.  Na  ions  displaced  from
colloids should be leached/drained from soil,  otherwise
might again dominate the cation exchange locations. Ca
is also essential plant nutrient that is taken up by plants,
therefore gypsuming/liming must be repeated from time
to time.

Dosage  and  distribution  during  crop  rotation/years
and growing seasons have also been studied for several
crop rotations (Minhas et al., 2019).

Besides  chemical  replacement  of  adsorbed  Na,  most
sodic soils  have other  issues  as  well,  and sodic  soil  re-
clamation is  often  only  one  step  of  full  soil  improve-
ment, including leveling,  leaching,  and drainage.  In or-
der to link new developments to specific steps of the re-
clamation process, these steps are listed here. Reclama-
tion  starts  with  the  identification  of  the  problem,  since
not  only  natural  salinization/sodification/alkalinization
(Tóth  and  Kertész,  1996, Jobbágy  et  al.,  2017) or  mis-
management of agricultural lands, but also tsunami, hur-
ricane,  sea-level  rise,  and  drainage  of  acid  sulfate  soils
can be the reason for sodification. For example, Gibson
et  al.  (2021)  reported  that  storm  surge,  sea-level  rise,
and groundwater pumping can contribute to the saliniza-
tion and sodification of coastal lands in Southeast USA.
Planning the reclamation requires surveying the land to
diagnose the severity of sodicity for each location. A re-
cent  technological  development  is  the  availability  of
easy, cheap, high-resolution (attribute, spatial, and tem-
poral) and accurate survey methods that can be nonspe-
cific, panchromatic (Tóth et al.,  1998), and Normalized
Differential  Vegetation  Index  but  also  specific  using  a
salinity index or  using special  sensors,  such as  electro-
magnetic induction  or  electrical  conductivity  measure-
ments (Rhoades et al., 1999) being useful when sodicity
and salinity  closely  correlate.  After  the  full  survey,  se-
lecting  the  amendment  is  the  next  step,  which  depends
on  the  availability  and  price  of  possible  amendments.
Calculating  the  dosage  of  the  amendments  is  possible
with  long-available  chemical  reactions/determinations
and formulas, but it can also be performed with numer-
ical  simulation  software  to  consider  several  modifying
factors. Application of the amendment might have sev-
eral specific methods regarding placement, distribution,
depth range,  and the specific timing for the actual  crop
rotation and season. Phytoremediation is an old reclam-
ation technique (Mishra et al., 2004; Qadir et al., 2007)
that is still widely applied. An alternative method is the
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adaptation  to  the  sodicity  of  the  soil  (Farooq  et  al.,
2013)  by  choosing  the  most  environmentally  friendly
land use and crop. 

2　Historical Background

Because of  available  space limitation we must  skip  the
description  of  the  rich  earlier  history  of  this  topic.  All
the books that are mentioned were written by many se-
lected authors  who  were  eminent  among  their  contem-
poraries. The first widespread, and still useful, practical
summary  on  sodic  soil  reclamation  was  the  USDA
(United  States   Department  of  Agriculture)  Handbook
60  ‘Diagnosis  and  improvement  of  saline  and  alkali
soils’ (Richards, 1954), which helped in identifying the
type  of  problem,  provided  threshold  values  (Electrical
Conductivity of water saturation extract [ECe] > 4 dS/m
for  salinity,  Exchangeable  Sodium  Percentage  [ESP]  >
15 for sodicity,  and Sodium Adsorption Ratio [SAR] >
13), and  listed  chemical  equations  of  different  amend-
ments in different types of soils. By using three classes
of  soil  (i.e.,  calcareous  soil,  alkaline  soil,  and  slightly
acidic  soil),  the  authors  suggested  distinct  possible
amendments,  showed  their  equivalent  amounts,  and
helped  to  calculate  doses  in  a  comprehensive  manner.
During the following decades, there was vivid reclama-
tion activity, which was reflected in many publications;
some of  these  are  very  notable,  such as  ‘European So-
lonetz Soils and Their Reclamation’ edited by Szabolcs
(1971), which systematically described soil types, prop-
erties, distribution,  reclamation  techniques,  and  effi-
ciency  in  seven  countries.  Also,  ‘Irrigation,  Drainage
and  Salinity’ by  Kovda  et  al.  (1973)  provided  a  very

wide  international  picture  and  specific  suggestions  to
prevent  irrigation-induced  salinization.  In  their  book,
Sumner and Naidu (1998) focused exclusively on sodic
soils,  as  the  title  of  the  book  suggests,  and  covered  all
theoretical and  practical  aspects  of  the  same.  A  mile-
stone  of  this  publication  was  the  suggestion  to  change
the so-far unquestionable threshold value of ESP 15 for
sodicity  in  favor  of  ESP  6.  In  the  mentioned  book  of
Sumner  and  Naidu  (1998),  Rengasamy  introduced  the
concept  of  dispersive  potential,  which  served  as  the
foundation  of  a  new  concept.  A  special  feature  of  the
book was the description of full management case stud-
ies from all  over the world, with six countries detailed.
There were two editions of the book ‘Agricultural Salin-
ity Assessment and Management’ (Wallender and Tanji,
2011), which was intended to replace Handbook 60 with
up-to-date  methods  and  much  larger  coverage,  such  as
detailing reclamation  without  amendment,  the  relation-
ship between infiltration velocity  and gypsum reclama-
tion, and the effect of gypsum fineness. By this time, the
general  utilization  of  the  Quirk  and  Schofield  (1955)
diagram,  which  shows  the  combined  effect  of  sodicity
and  salinity  on  infiltration,  became  the  standard.  This
and similar  diagrams  led  to  the  concept  of  the  infiltra-
tion threshold, which questioned the validity of a single
value  of  sodicity  (as  suggested  earlier  by  Richards  in
1954) and proved that not one, but several factors affect
clay dispersion in sodic soils (Suarez et al., 1984). 

3　Current Trends

A few publications are surveyed in this section, and rel-
evant data of the selected papers are shown in Table 1,

 

1% of the area
1%−10% of the area
11%−20% of the area
21%−30% of the area
31%−40% of the area
41%−50% of the area
51%−60% of the area
>60% of the area

5000 km0

Fig. 1    Distribution of sodic soils. Legend indicates severity of sodicity by indicating percent of area covered by sodic soil. Each area
which is  colored has  some percent  covered by sodic  soils.  Source:  FAO/UNESCO Soil  Map of  the  World  (www.fao.org  accessed in
2009)
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which  show  that  many  alternative  amendments/tech-
niques  exist  for  the  reclamation  of  sodic  soils,  though
gypsum  is  still  the  dominant  reclamation  material.
Doses  of  amendments  and  speed  of  reclamation  vary
widely  depending  on  experimental  conditions —most
importantly the sodicity level. Some biological methods
of reclamation have recently gained popularity. Jesus et
al.  (2015) suggested to combine phytoremediation with
reclamation,  which  is  an  old  approach.  Kumar  et  al.
(2021) reported that Prosopis legume trees improve soil
conditions  in  the  following  salinity  reduction  order: P.
juliflora (64.5%) > P. chilensis (61.5%) > P. articulata
(59.8%);  and  the  increase  of  carbon  stock  showed  the
following order: P. alba > P. juliflora > others. Abate et
al.  (2021)  reported  that  grass  planting  combined  with
gypsuming improved soil properties, and Cynodon dac-
tylon and Chloris gayana have an ameliorative effect on
infiltration  and  soil  salinity/sodicity/alkalinity  that  is
comparable to small gypsum doses.

Among chemical  methods  for  reclamation,  gypsum-
ing  and  the  application  of  organic  matter  remain  the
most popular. Alcívar et al. (2018) studied the effect of
these  amendments  and  found  that  the  combination  of
biochar, humic substances, and gypsum had superior ef-
fect  on  soil  and  both  quinoa  genotypes.  Minhas  et  al.
(2021)  evaluated  a  20-year-old  reclamation  experiment
in which soils were irrigated with alkali water and found
that watering with high-Residual Sodium Carbonate wa-
ter  decreased  soil  water  storage  capacity  compared  to
good-quality  water,  whereas  gypsum  and  sulfuric  acid
increased  soil  water  storage  capacity;  nevertheless,  the
effect on post-infiltration water storage did not reach be-
low  the  depth  of  30  cm.  Wang  et  al.  (2021a)  reported
the reclamation of sodic soils with flue gas desulfuriza-
tion  gypsum  (FGDG).  A  meta-analysis  of  59  locations
showed that  FGDG had several  positive  effects  on  soil
and plants,  although  heavy  metal  concentration  in-
creased in the soil.  Ying et  al.  (2021) described the ef-
fect  of  flue  gas  desulfurization  steel  slag  on  sodic  soil
properties,  where 180 t/ha was applied in each of three
consecutive years. Increasing duration improved the re-
clamation effect, and the effect on physical and chemic-
al soil properties was rapid, but the treatment resulted in
salt accumulation at a greater soil depth.

Leaching studies continue to be widespread. Callaghan
et al.  (2017) reported that  although approximately 30%
of salts could be leached during the first year of the ex-

periment, water-table rise limited leaching in the second
year in clay soil. Batarseh (2017) studied the leaching of
calcareous saline-sodic  soils  in  Jordan.  All  three  treat-
ments—gypsum, fresh water (1 dS/m), and saline water
(8  dS/m)—reduced  salinity,  but  application  of  gypsum
hastened leaching  to  twice  the  original  velocity.  Mur-
taza et al. (2009) studied the effects of combinations of
irrigation  water  quality,  amendment,  and  crop  rotation
on soil properties and economic benefits in saline-sodic
soil.  According  to  the  results,  gypsum/manure  and  1st
saline-sodic water + 2nd fresh water irrigation provided
optimal  yield/economic  benefit  in  rice/wheat  rotation.
On the other hand, soil physical properties were best im-
proved with  gypsum,  but  chemical  properties  with  ma-
nure.  In  order  to  account  for  the  dispersing  effect  of
rainwater,  according  to  Suarez  (2013),  more  gypsum
must  be  applied  regularly  when  irrigating  with  saline/
sodic  water  in  California.  Shafiefar  et  al.  (2021)  used
HYDRUS-1D for leaching estimation. An inverse meth-
od  was  used  to  estimate  the  desalination  curve,  which
was  compared  to  measured  data.  The  results  showed
that leaching with or without sulfuric acid did not show
significant differences in a calcareous gypsiferous saline-
sodic  soil;  moreover,  earlier  and  shallower  changes
were better estimated than later and deeper ones. Zhurba
et  al.  (2019) suggested  specific  practical  steps  for  re-
claiming/leaching  saline-sodic  soils  in  rice  cultivation,
including technical guidelines for applying sulfuric acid
depending  on  lime/gypsum/soil  organic  matter/texture/
pH conditions  in  the  soil.  As  a  contrast,  not  amend-
ments, but loosening provided best leaching effect in the
study of Shaygan et al. (2018).

Organic matter has long been used as an amendment
and is still widely applied today. Ding et al. (2021) com-
bined tillage  with  vermicompost  on an  irrigated  saline-
sodic  wheat  field  in  Egypt  over  two years.  They found
that  the  vermicompost  had  a  better  effect  than  gypsum
or sulfuric acid, and deep tillage improved the effect of
amendments on soil  properties  and yield.  Elkhlifi  et  al.
(2021) used phosphate-lanthanum coated sewage sludge
biochar  in  ryegrass  cultivation  and  found  that  it
provided  a  large  amount  of  phosphorus  and  decreased
the CaCO3 content due to a decomposition reaction. Fan
et al. (2018) reported the effect of vinegar residue com-
bined with Si-K fertilizer on saline and saline-sodic soil.
They found that vinegar residue reduced the sodicity of
saline and saline-sodic soils. Increasing the dose of Si-K
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fertilizer  further  decreased  sodicity  but  increased  EC
and pH.

The  reclamation  of  sodic  soils  with  microbial
products is a very recent development. Han et al. (2021)
developed a plant microbial desalination cell and also a
soil  microbial  desalination  cell  based  on  the  processes
of  ion  migration,  plant  absorption,  bioremediation,  and
microbial activity. They showed that the plant microbi-
al desalination cell produced a larger effect than the soil
microbial  desalination cell.  Li  et  al.  (2019) published a
review  on  the  effect  of Cyanobacteria for  reclaiming
salt-affected soils and stated that, in pot cultures, posit-
ive effects were found in the few studies so far. Wang et
al. (2021b) studied Bacillus subtilis broth and found that
it provided active phosphate for plants; furthermore, the
fermentation liquid  suppressed  phosphate  crystalliza-
tion and also reduced the pH value, but it increased EC.
Dose  et  al.  (2015) studied  the  functional  gene  and  en-
zyme activity indicators of sodic soil reclamation by us-
ing  successional  vector  trajectories.  They  found  that
number of ammonia-oxidizing bacterial gene copies was
higher where cropland was amended with gypsum, and
that indicators  were  sensitive  to  cropping  and  amend-
ments  but  not  to  drainage  installation.  Xu et  al.  (2021)
studied the composition of bacterial communities in sa-
linity/sodicity  gradients  in  a  study  carried  out  at  Da’an
station (Jilin  Province,  China)  and  found  large  differ-
ences  between  topsoil  and  80–100  cm  depth  layers.
Both salinity and sodicity were strong factors determin-
ing the bacterial composition.

There are other miscellaneous techniques used in the
reclamation of saline and sodic soils, such as the use of
Fe4[Fe(CN)6]3 for fixing NaCl. In one study, when iron
(III) ferrocyanide, a crystallization inhibitor, was added
to saline soils, 29%–57% of NaCl was removed after 7 d
(Daigh  et  al.,  2016).  In  another  study,  after  two  weeks
of iron (III) ferrocyanide application, the amount of salt
crystals deposited on the soil surface increased with in-
creasing application rate (Angin et al., 2019).

During  their  study  of  the  effect  of  frost,  Li  et  al.
(2021a) found  that  frost  heaving  improved  soil  struc-
ture in the Yellow River Delta. Rather than particle size
distribution, dense arrangement caused unfavorable soil
physical  properties.  They  found  that  the  freezing  of
moister  (10%–25%  moisture)  soil  improved  structure
more.  Al-Busaidi  et  al.  (2013) used  anionic  polyacryl-
amide  and/or  gypsum  for  protecting  sodic  soils  from

erosion successfully. 

4　Research in 2021 as Reflected by Two In-
ternational Conferences

Finally,  we  browse  the  relevant  papers  of  two  global
conferences,  which  show  good  representation  of  two
countries  that  are  most  affected  by  salinity.  The  First
IUSS(The International Union of Soil Sciences) Confer-
ence on  Sodic  Soil  Reclamation  on  July  30,  2021  re-
cruited most of its speakers from China, and the Global
Symposium on Salt-affected Soils between 20–22 Octo-
ber 2021 aroused great  interest  among Indian research-
ers among other nationals. Thus, these two conferences
reflect the activity in East and South Asia very well.

The conference on sodic soil reclamation was organ-
ized  in  Changchun,  China  (Wang  and  Tóth,  2021)  and
the following paragraph summarizes its  most important
findings. Gypsuming was a very popular topic, with the
focus being on different gypsum-containing byproducts,
dosage,  and  also  combination  with  other  amendments
(Zhao  et  al.,  2020).  James  Oster  (2021)  described  the
history  of  gypsuming  and  research  culminating  in  the
introduction of  the  cation  ratio  of  soil  structural  stabil-
ity  (CROSS)  index,  which  was  designed  to  replace  the
old SAR value.  Pichu Rengasamy (2021) described the
dispersive  and  flocculating  charge  and  the  weighting
factors  of  common  adsorbed  cations  in  sodic  soils.
Stephen  Grattan  (Grattan,  2021)  described  the  move
from SAR to CROSS and pointed out that there are oth-
er  factors  not  yet  quantified  with  similar  indexes,  such
as ‘soil texture, dissolved organic carbon, clay composi-
tion, pH, calcite, and Al and Fe oxide content.’ Ed Bar-
rett-Lennard  (Barrett-Lennard,  2021)  showed  that  the
salinity of sodic soils might create problems for barley,
and using  a  small  amount  of  gypsum  and  water  reten-
tion could provide leaching and consequently increased
yield with reclamation. Thomas (2021) described the re-
mediation of secondary sodic soils. Li et al. (2021b) de-
scribed  the  effect  of  different  methods.  Zhang  et  al.
(2021a)  described  the  effect  of  amendment  application
rates  on  sodic  soil  reclamation.  Aluminum  sulfate  was
suggested  by  Liu  et  al.  (2021a).  A  general  landscape-
scale management was suggested by Liu et al. (2021b),
and  Liu  et  al.  (2021c) focused  on  reclamation  in  dry-
land agriculture.  Jin  and Shao (2021) described the be-
nefits of applying biochar, and Zhang et al. (2021b) sug-
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gested  combining  organic  amendments  with  gypsum.
Use  of  brackish  ice  was  suggested  by  Zhang  et  al.
(2021c; d, e). Phytoremediation  of  sodic  soils  was  dis-
cussed  in  the  presentations  of  Manzoor  (2021)  and
Saqib et al. (2021).

During the FAO Global Symposium on Salt-affected
Soils, the most important development was the presenta-
tion of the brand new Global Map of Salt-affected Soils
(FAO, 2021), which shows information from 118 coun-
tries  in  257  419  locations  and  therefore  presents  a
unique  database.  There  are  some  shortcomings  though,
such as the large number of countries without informa-
tion, such as China, Egypt, Iran, Australia, Kazakhstan,
and  Mongolia,  and  hopefully  the  mentioned  countries
will  prepare  their  maps  soon.  There  are  some  new
thresholds used that are not easy to fit into existing con-
cepts.  The  map  has  the  traditional  threshold  value  for
sodicity, starting with ESP 15 (Richards, 1954), but re-
cently several studies suggested a much-lower threshold
value  of  ESP  6  (Sumner  and  Naidu,  1998, Van Or-
shoven et al., 2014), and this range is not shown on the
map. On the other hand, the salinity threshold values are
very strict, with two new threshold values below the tra-
ditional  4  dS/m (Richards,  1954):  2  and 0.75.  A pH of
8.2, as a new threshold, is more strict than the usual 8.5
(Richards,  1954). Using  the  low  ECe  values,  for  ex-
ample, large parts of Ireland and Britain seem to be sa-
line,  which  is  evidently  a  misinterpretation.  With  the
new thresholds of ECe = 2, pH = 8.2, and ESP = 15, the
area of saline topsoil is six times larger than the area of
sodic topsoils (0–30 cm) and two times larger than that
of  subsoils  (30–100  cm),  much  distorting  the  previous
1:1 ratio of saline to sodic soils with threshold values of
ECe = 4 and ESP = 15,  as reported by Ghassemi et  al.
(1995). Another issue is that since the spatial databases
were prepared  by  national  experts  and  based  on  inde-
pendent national  approaches,  the  administrative  bound-
aries  are  often  recognizable.  Therefore,  the  compiled
global  database  needs  harmonization  across  national
databases in order to be fully useful across boundaries.

During  the  mentioned  symposium,  new  issues  of
sodicity  research  with  a  special  focus  on  reclamation
were put forth. Melo et al. (2021) described the distribu-
tion of sodic soils in Brazilian Amazonia, and Da Mar-
tins  et  al.  (2021)  also  reported  sodic  soil  occurrence  in
the tropical Brazilian state of Maranhão. Apcarian et al.
(2021) reported that sodification accompanies salt accu-

mulation  in  irrigated  areas  in  Argentina.  Paul  et  al.
(2021) reported the significance of palygorskite mineral
in sodification in semiarid tropical India.

Bhardwaj et al.  (2021) compared three nutrient man-
agement  systems  in  improving  the  nutrient  regime  of
sodic soils and found that with integrated management,
the  dosage  of  inorganic  fertilizers  can  be  reduced  by
half,  and  sodification  can  be  halted.  Rai  et  al.  (2021)
demonstrated phosphorus fixation after gypsum applica-
tion in sodic soil.

Ballestero  et  al.  (2021)  compared  the  efficiency  of
two  agricultural  gypsums  for  the  reclamation  of  sodic
soil  in  Uruguay.  Sundha  et  al.  (2021)  reported  a  better
effect  with  flue  gas  desulfurization  gypsum  than  with
mined gypsum in a sodic rice field. Foronda and Flores
(2021)  and  Ahmad  et  al.  (2021)  argued  that  Residual
Sodium Carbonate value of irrigation waters is very im-
portant characteristic, surpassing SAR in importance for
sodicity.

Foronda and Flores (2021) showed that sulfur is more
efficient  to  reduce  alkalinity,  but  gypsum  performed
better  in  reducing  the  sodicity  and  salinity  of  the  soil.
Garello  et  al.  (2021)  demonstrated  that  from  the  one-
meter maximum water adsorption depth of maize, every
ESP value increase caused a 2-cm decrease, resulting in
70 cm available depth at ESP25. Balasubramaniam et al.
(2021)  bred  sorghum  varieties  suitable  for  growing  in
soil sodicity levels reaching ESP32. 

5　Conclusions

The basic theory of sodic soil reclamation based on col-
loid-chemical theory  and  experience  is  still  valid.  The-
oretical considerations have their foundation in the spe-
cific features of  sodium ions and salts,  such as solubil-
ity,  valence,  and  interaction  with  clay  particles,  which
can be controlled in laboratory conditions. In contrast, it
is still  not  possible  theoretically  to  predict  soil  proper-
ties in  a  heterogeneous  soil  profile  due  to  several  dis-
tinct  pedological  features,  which  vary  from  place  to
place.  Therefore,  detailed lateral  and depth information
of plots is required for the approximate simulation of re-
clamation processes.

The current  technical  methods of  sodic soil  reclama-
tion follow  the  innovations  of  our  times,  such  as  ad-
vanced microelectronic  developments,  data  manage-
ment, and  calculation  capacities.  The  most  evident  in-
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novation that  was  realized  is  the  advancement  of  spa-
tially  and  temporally  detailed  characterization  of  the
sodicity  status  of  agricultural  fields,  which  is  provided
by remote and proximal sensing as well as laboratory in-
strumentation.  Other  possibilities  might  be  the  use  of
field  sensors  and  automatization,  but  these  are  not  yet
fully utilized  due  to  the  still-high  costs,  but  with  de-
creasing cost of instrumentation and the rise of agricul-
tural commodity prices, they certainly will be utilized.

In  conclusion,  there  are  general  suggestions  for  the
reclamation  of  sodic  soils,  but  every  reclamation  must
be fitted to the particular land use, preferred crop, spatio-
temporal  distribution  of  soil  properties,  and  available
amendments. Reclamation  of  saline  and  sodic  soils  re-
mains  a  very  popular  topic  of  investigation  in  the  21st
century,  and  every  new relevant  discovery  will  find  its
way  into  the  discussion.  There  are  several  new  ideas,
but mostly old techniques prevail in our times. The old
techniques are modernized, tested by preliminary simu-
lation,  digital  processed,  or  are  combined  with  new
ones.
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