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Characterization and modelling of salt-affected soils properties using VNIR hyperspectral 
data 

Arijit Barman  
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Introduction, scope and main objectives 
Soil salinization and alkalinisation are soil degradation processes in arid and semi-arid regions of 
India impacting crop production. Conventional methods of detecting salt-affected soils (SAS) based 
on saturation extract SAS parameters entails additional time, labour and capital. The study aims 
to characterize SAS based on hyperspectral data and to estimate the SAS properties using a 
multivariate modelling approach for the rapid and cost effective assessment of SAS. 
 
Methodology 
The study was carried out on the SAS of five villages, situated in the Ghaghar basin of Kaithal 
district of Haryana, India, where the use of poor quality sodic (with high RSC) groundwater is 
common practice for irrigated agriculture. Soil sampling was done based on a 250×250m grid basis 
after rice harvesting during October, 2019. Samples were then processed for spectroradiometer data 
recording and chemical analysis. The whole data set was divided into calibration and validation sets 
for a PLSR model using Unscrumbler-V.10.1 software. Prediction accuracy was tested based on R2, 
RMSEP and RPD values. 
 
Results  
The spectral reflectance value from the soil reduced with an increase of soil pHs value from 6.2 to 
9.6 and ECe value from 0.1 to 5.5 dS/m. High ESP and SAR values decrease the spectral reflectance, 
whereas, high organic carbon content reduces the reflectance value. The PLSR model performed 
well for K in soil solution (RPD=2.7) and ESP (RPD=2.1), whereas, the performance of OC, CaCO3, 
Cl, CO32-+HCO3- and SO42- in saturation extract were acceptable (2>RPD>1.4). The wavelengths 410, 
490, 910, 1020, 1410, 1910, 2210 and 2350 nm showed peculiar absorption characteristics for 
different level soil pH. 
 
Discussion 
The significant absorption drops at different wavebands within VNIR range were due to the 
presence of different types and levels of salts and the vibration of different chemical bonds (Wang 
et al., 2019). The significant band can be used for identification of salt ions in soil. The identified 
bands (410, 490 and 910 nm) in the visible range are related to iron oxide contents, the bands 1410 
and 1910 nm are related to water content and 2210 nm is linked to the SOM content. The presence 
of highly hygroscopic salts in SAS reduces the soil spectral reflectance (Nawar et al., 2014). The 
prediction accuracy using the PLSR model in the study area for pHs, ECe and SOC were less accurate 
than literature (Mahajan et al., 2021; Farifteh et al., 2007) reported the advantageous site of the 
PLSR model over others due to its similar prediction accuracy and requiring minimum time for 
development and reproducibility of the model. 
 
Conclusions 
The increased use and application of VNIR will aid in building a spectral library for SAS and in 
conjunction with the developed index and model will provide real time monitoring, as well as rapid 
information enabling farmers to deal with salt degradation more effectively and efficiently. 
 











https://doi.org/10.1016/S0016-7061(03)00223-4
https://doi.org/10.1007/978-90-481-8863-5_21
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Bukhara region 

Bobomurodov Sh.M., Baxodirov Z.A., Tursunov Sh.T., Turdaliev J.M. 
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Introduction, scope and main objectives 
The urgent tasks today are to systematically increase the rational use and efficiency of land 
resources of the Republic and to maintain, restore and increase the current state of soil fertility used 
in agriculture, especially to prevent the use of irrigated lands for other purposes, to establish 
systematic control. 
 
In particular, by analyzing the current state of irrigated agricultural land, it will be possible to 
develop proposals, recommendations and obtain new information to prevent further negative 
processes. 
 
Methodology 
The basis of the methodology is the analysis of soil maps of the studied areas, comparative 
geographical, soil-cartographic, laboratory, cameral-analytical work. (Kuziev et al., 2013) and 
(Kuziev, Sektimenko and Ismonov, 2010), (Kuziev and Sektimenko, 2009). 
 
The object of research includes irrigated soils distributed in the territory of Peshku district of 
Bukhara region. The area under irrigated crops is 20122 hectares. 
 
Results 
As a result of the interaction of geomorphological, lithological, hydrogeological and climatic 
conditions of the region, irrigated meadows, barren meadows, desert meadows, meadow-swamp, 
meadow alluvial soils formed partially swampy soils, 51.5 percent of meadows, 27.4 percent of desert 
meadows, 15.0 percent are bald-meadow and 6.1 percent are brown soils. The studied soils consist 
of 21.1 hectares of clayey, 1440.6 hectares of heavy sandy, 9398 hectares of medium sandy, 6326 
hectares of light sandy, 2718.5 hectares of sandy and 217.8 hectares of sandy mechanical 
composition. Irrigated soils are mostly supplied with humus, very little (19404.5 ha), low (717.5 ha) 
and partly moderate (9.4 ha), very little, sometimes moderately, with active phosphorus and 
exchangeable potassium. 
 
Nineteen percent of the studied area was not saline, 68.9 percent of areas with varying degrees of 
salinity were low, 10.4 percent were moderate, 1.3 percent were strongly saline, and 0.42 percent 
were very saline. 
 
According to the quality of irrigated lands used in agriculture, they are divided into cadastral 
groups, including low-average lands 5397.2 hectares, average lands 9470.1 hectares, good lands 
5254.7 hectares. 
 
Conclusions 
In conclusion, it should be noted that irrigated meadows and meadows-desert soils are distributed 
in the main area, medium and light sandy loam soils are more abundant than other mechanical 
soils, humus and nutrients are very low, low salinity is the main area reaches 
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Introduction 
Salt-affected soils are increasingly gaining global attention due to population pressure and the 
resulting ever-increasing food demands in parts of the world where such soils exist. Globally, over 
one fifth of the total irrigated land is salt-affected (Singh, 2021). In Morocco, according to Badraoui 
(2003), about 16% of irrigated land is affected by secondary salinization. Soil salinization is a 
multifactorial and complex phenomenon that can occur through primary (natural) or secondary 
(anthropogenic) means, or the combination of both (Chaaou et al., 2020; Shahid et al., 2018). 
Furthermore, natural salt accumulation processes are associated with and accelerated by certain 
physical factors, such as soil properties and permeability, geological aspects, depth of water table, 
topographic, climate conditions, water use, and groundwater salinity (Abdou, Al-Ali and 
Mohammed, 2021; Sadiki et al., 2016). Additionally, practices management can strongly influence 
the process of salt accumulation. Land cover practices have a crucial impact on local hydrology, 
which exacerbates soil salinization processes (Vargas et al., 2018; Wiebe et al., 2007). Against this 
background, in this research we propose a modified version of the soil salinity risk index (mSSRI). 
The first goal of this work is mapping soil salinity risk in Tadla plain, through the use of the mSSRI. 
The second goal is the integration of land cover as a dynamic component, in order to assess the 
potential influence of agricultural practices on soil salinity risk. 
 
Methodology 
The soil salinization risk index (SSRI) is an additive method (Chaaou et al., 2020; Masoudi et al., 
2006), which includes nine factors. The classical version of the SSRI is based on a 5 x 9 matrix with 
two weighting levels (1 and 2):  
 
Five risk classes of salinization, ranging from zero risk to very severe risk and nine factors including 
electrical conductivity of groundwater, electrical conductivity of irrigation water, electrical 
conductivity of soil, depth of water, aridity index, climate type, topography, soil texture and 
substratum. Each factor is assigned a weight (Wi) to represent its relative influence on the 
accumulation of salt in a given soil.  
 
In order to calculate the mSSRI, land cover factor was elaborated. Land cover mapping has been 
based on a time series of satellite images from Sentinel-2A sensor. Land cover classes have been 
classified according to their contribution to the risk of salinization. The weighted values for each 
factor are added together to estimate mSSRI, which ranges from 10 "very low" to 50 "very high" 
depending on the risk class. 
 
mSSRI = (Status of soil salinity X 2) + 1 X (Quality of irrigation water + Depth of water table + 
Ground water quality + Soil texture + Climate + Dry index + Slope + Efficacy of surface geology 
+ Land cover) 
 
 

https://www.powerthesaurus.org/against_this_background/synonyms
https://www.powerthesaurus.org/against_this_background/synonyms
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Results and discussions  
The spatial distribution of the soil salinity risk, delineates four classes: moderate potential risk, low 
potential risk, moderate current risk and severe current risk. The results show the predominance of 
the moderate potential risk class. It is also noteworthy that the areas of severe potential risk 
correspond to soils that are very sensitive to salinity which are located meanly in the sub-perimeter 
of Beni Amir. The severe risk class appears lies in areas where the salinity of groundwater and soil 
is high. In addition, the variability of salinity risk shows a strong relationship with the topography 
in the Tadla plain. The downstream regions are characterized by a severe risk class. According to 
the results, sub-perimeter of Beni Amir has a higher level of salinity risk than sub-perimeter of Beni 
Moussa. This dissimilarity is the result of several factors, notably the use of saline water for 
irrigation and the intensification of agricultural practices, which is associated with high use of 
fertilizers. It should also be pointed out that the increase of irrigated areas and the persistent 
demand for water constrain farmers to overexploit groundwater despite its poor quality. 
Accordingly, the integration of land cover allowed us to improve the salinity risk mapping scale 
from a large homogeneous risk unit to the plot. In the light of the results achieved, it can be 
concluded that land cover can be a key dynamic variable in the prediction of soil salinity risk in line 
with its effect on soil water status. The more water- and fertilizer-demanding crops are, the more 
they promote the accumulation of salts in the soil. 
 
Conclusions 
Morocco faces huge challenges related to extent of salt-induced land. The results provide a spatial 
distribution of different current and potential risk classes of soil salinity and demonstrate the 
benefit of using mSSRI approach and the integration of multi-source data for the characterization 
of soil degradation risk by salinization in Tadla plain. The use of this approach is also justified by 
its simplicity and its ease of implementation in a GIS environment. The improvement of the index 
by the integration of land cover in the original model allowed us to evaluate properly the soil 
salinization risks in the irrigated perimeter of Tadla, and to enhance soil salinization prediction. To 
maintain soil quality and control the risk of soil salinity, it is recommended that consideration be 
given to crop selection, tillage practices, irrigation and nutrient management applied to a particular 
field over a period of time. Additionally, the installation of a proper drainage system is 
recommended. The results presented in this study will certainly instigate new studies in other semi-
arid areas in order to validate the proposed method, which might be, in the future, a fundamental 
tool for evaluating and planning land cover and use. 
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Introduction, scope and main objectives 
The largest area of saline soils in the world is in arid and semi-arid regions where evapotranspiration 
exceeds precipitation and where continuous irrigation with poor quality groundwater has taken 
place (Rabah and Ruellan, 2007). 
 
Today, in all Mediterranean countries, the severity and risks of soil salinisation are not assessed 
(Alexakis et al., 2015). 
 
In 2015, the FAO and ITPS indicated that Algeria loses 300,000 ha of its useful agricultural area 
(in its northern part) each year due to human or natural factors, including desertification, drought 
or irregular rainfall. 
 
The plain of Sidi Bel Abbes is an agricultural area mainly dedicated to cereals and is quite 
representative of all the interior plains of Algeria in terms of soil classes. The plain belongs to the 
semi-arid stage, its climate is defined by a hot and dry season, quite long, averaging more than five 
months, and a cool season where the characteristics of the Mediterranean climate prevail, notably 
by its highly contrasted rainfall pattern. Faraoun (2014) classifies the irrigation waters of the study 
region in majority as bad, saline, very hard, with a high sodium absorption ratio (SAR), and a high 
risk of alkalinity.  
 
This study aims to compare and analyze in a geospatial context the relationship between the 
salinity of irrigation water and the soil organic carbon content for two periods which are 2000 and 
2020. 
 
Methodology 
Our approach is based on the chronic study of soil and land cover using Landsat sensor data, after 
collecting real field data. A supervised classification was applied to the selected images, namely the 
normalized vegetation index (NDVI) and the soil redness index (RI) to identify soil and vegetation 
types. 
 
From the sampled irrigation water points, we were able to interpolate to characterise in a geospatial 
context the distribution of different salinity levels in the study area. 
Several overlays of soil, vegetation, and water salinity maps were made and analysed. 
 
Results  
By exploiting the data collected between 2000 and 2001 on the cereal-growing agricultural soils of 
the Sidi Bel Abbes plain and comparing them with the data collected between 2019 and 2020, we 
were able to observe a remarkable decrease in soil organic carbon rates over two decades. 
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Introduction, scope, and main objectives 
According to Burt (ed., 2014), the USDA NRCS routinely analyzes salt and sodium affected soil 
samples to place them in salinity, pH, and sodicity classes, to classify them for making 
determinations of best use and management.  
 
Methodology 
NRCS Soil and Plant Science Division uses various methods to characterize salt affected 
soils.  Electrical conductivity (EC) describes the amount of electrical current conducted by a 
saturated paste extract. Sodium adsorption ratio (SAR) reports sodium relative to calcium and 
magnesium in a saturated paste extract, or in irrigation water.  Gypsum is determined on soil with 
suspected gypsum content.  Exchangeable sodium percentage (ESP) expresses sodium as a 
percentage of the cation exchange capacity. As stated in a recent report (Seybold et al., 2019), mid 
infrared (MIR) spectrometry is used as a rapid tool for estimating selected soil properties. As various 
studies demonstrate (Corwin and Lesch, 2005; Doolittle and Brevik, 2014; Smith and Doran, 1997), 
electromagnetic induction (EMI) is used as a proximal sensing method for identifying and mapping 
salt affected soils.  
 
Results  
Measured, predicted, and proximal soil data are used to help identify, classify, interpret and manage 
salt affected soil resources. 
 
Discussion 
According to Burt (ed., 2011), laboratory data help drive the understanding of salt affected soils. 
For example, the more salts a soil has, the greater the EC reading. The SAR of a saturated paste 
extract allows assessment of the state of dispersion of clay aggregates; sodium promotes dispersion 
of clay particles while calcium and magnesium promote flocculation, influencing soil structure and 
permeability to water. Sodic soils have poor structure and erode more easily during rain events. 
Such information drives agronomic and engineering interpretations and, for example, is useful for 
managing irrigation and drainage. 
 
Conclusions 
A variety of methods are used by the USDA NRCS Soil and Plant Science Division to characterize 
salt affected soils to help interpret and / or manage soil resources. 
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Introduction, scope and main objectives 
The problem of combating salinization is relevant for many countries of the arid zone worldwide, 
including Uzbekistan. Over the past fifty years, the amount of saline lands has gradually increased. 
Recent studies on the current state of soils in the Republic showed that out of the 2 418 800 hectares 
of irrigated soils studied, the areas with varying degrees of salt-affected soils had reached 1 743 600 
ha by 2018, being 72.1 percent of the total area of irrigated land (Gafurova et al., 2019; 
Makhkamova, 2017; Makhkamova and Gafurova, 2017). 

 
Methodology 
In the course of the study, soil sections were selected, and samples were taken from genetic 
horizons to study the structure, as well as the agrochemical, general physical and microbiological 
properties and enzymatic activity of soils. 

 
Results  
Among the studied groups of microorganisms, the predominance of ammonifiers was observed. 
Actinomycetes occupied second place in terms of quantity, then the nitrogen-containing and 
denitrifying bacteria, cellulose-destroying microorganisms and fungi. A low content of butyric acid 
and nitrifying bacteria was noted. The change in the number of microorganisms by season, soil 
subtypes, and the depth of the soil horizon can be explained by a lack of moisture and a weak 
accumulation of organic matter along the soil profile. In soil types, a decrease in biological activity 
was observed with an increase in gypsum content. In weakly gypsum, non-saline typical Sierozem 
soils, in comparison with medium and strongly gypsum, and varying degrees of saline, meadow, 
Sierozem-meadow and meadow-saline soils, a high activity of microorganisms was noted. The 
biological and enzymatic activity of the studied soils decreased in terms of the gypsum content, 
with the highest activity being observed in soils with a gypsum content of less than two percent. 
An increase in gypsum content, namely from low to medium, high and very high, with a decrease 
in the microbiological and enzymatic activity of soils was observed. All studied soils are 
characterized by individual interconnection systems. As a result, it becomes possible to determine 
some general patterns of soils in the region. The different effects of the gypsum content of soils, as 
well as the degree of salinity on the number of physiological groups of microorganisms, enzyme 
activity and the release of carbon dioxide (CO2) were determined in the studied soils. There was a 
decrease in the biological activity (BA) of soils in terms of the gypsum content, from non-gypsum 
soils, all the way to very strongly gypsum soils. 

 
Discussion 
As a result of the complex studies conducted, the connection of the general biological activity of 
soils was noted, not only with the specific properties of soils, but also with the surrounding system 
and processes. 
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Introduction, scope and main objectives 
In Colombia the soil degradation study is in the incubation stage. So, this implies many challenges 
to aboard. La Salle University and the environmental Authority CAR (Regional Autonomous 
Corporation of Cundinamarca) decided to make a project to generate a model to determine the 
damage generated in soils by salts in the CAR territory. To make that, the team work looked for 
salinity historical information of the area founding some problems. The first one was that only some 
places of the area where monitored previously. The second one was that different institutions with 
different methods have been made measures. To take advantage of the information, a diagnosis of 
the soils of CAR territory was made, to identify which variables and information were available, 
and the relationships between the variables were determined. 
 
Methodology 
According to Colombian Congress, 1993 the CAR territory has some cities of the Cundinamarca and 
Boyaca states grouping in 14 regional directions. It was determined to the territory that the 
agricultural activity is the main one, follows by livestock and mining activities. This information 
gave some variables to affect the soil by places of each regional direction. The data was crosschecked 
with some CAR physical-chemical analysis of soils of the regional directions (CAR, 2019) and with 
the IGAC (Agustin Codazzi Geographical Institute) information obtained, this institute is the 
National Reference Laboratory of Soils. The results were interpreted by the IDEAM (National 
Environmental Reference Laboratory) the IGAC scales. IDEAM uses the exchangeable percent of 
sodium (PSI), sodium adsorption ratio (RAS), PMgI, CaCO3 eq, pH and electrical conductivity 
(IDEAM, CAR and UDCA, 2017). IGAC uses electrical conductivity, salt percent. The ranges and 
scales are different of each them. All the information was run by the Narváez, Bustamante and 
Combatt, 2014 model. This model was run using forward, backward and stepwise regression with 
the CAR and IGAC data and interpreted by IDEAM and IGAC scales. 
 
Results and Discussion 
Results indicate that CAR and IGAC data are different, they do not measure the same variables at 
the same places. There are more than 10 years of difference in data, so using all the information in 
the model did not generate an adequate correlation output. As CAR did not have information for 
all regional directions, is impossible to predict what happened in them.  Only 9 of 14 regional 
directions have acceptable correlation coefficients (R2 0.7) (using only CAR data) and is necessary 
to get new and complete information to validate the model. In addition to that, there are two 
different interpretations according IDEAM and IGAC, so is important to make an agreement 
between them. 
 
Conclusions 
There is some spread information about salinity in Colombia. During the years, many institutions 
have participated in the salinity measures, but using different methods in different places; so, is 
necessary a complete monitoring campaign for the CAR territory. To model salinity using the 
proposed model and to improve the correlation between variables in CAR territory is needed more 
data. This is not only a problem in the CAR territory, is in the whole country and political decisions 
about soil degradation is needed. 
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Introduction, scope and main objectives 
Salt-affected soils cover about  55 000 ha of the Bulgarian  territory, 35 500 ha of  which 
having  been  salinized  by  natural  processes  and  25 000  ha  by  industrial  and  drainage  activi
ties before 1990. This was the period with high industrialisation, irrigation and intensive agriculture 
(Teoharov and Hristov, 2017). Salt-affected soils in Bulgaria can be found in places such as the 
Danube river plain; the lowlands along the Danube river (Karaboazka, Svishtov-Belenska, 
Brashlenska, Tsibarska, etc.) and near some tributaries - Skat, Osam, Vit, Yantra, Studena, etc. 
They are also present in the Upper Thracian Plain - around Plovdiv region, the Tundzha plain; in 
the regions of Yambol, Nova Zagora, Kermen, Radnevo, Karnobat, Straldzha (former Straldzha 
marsh) and the Southern Black Sea coast, near the Burgas lakes; Lake Vaya, Lake Mandra and 
Lake Atanasovsko. There are also some small areas in western Bulgaria, close to the rivers. 
(Teoharov ed., 2019).  
 
The areas of salt-affected soils are slowly decreasing, due to using different chemical amendments, 
a lack of irrigation and better industrial technologies or closed industrial pollutants. 
 
Methodology 
The monitoring of the soil salinization process is carried out in selected areas defined by the 
Bulgarian Executive Environment Agency (ExEA). Eight soil indicators are measured; water-
soluble Na +, Cl, SO42, HCO3- and CO32-, exchanged Na+, and CEC as well as groundwater properties. 
The areas are representative of saline soils. The research on salt-affected soils in Bulgaria is carried 
out by soil scientists from agricultural institutes and universities.  
 
Results  
The process of natural soil salinization is associated primarily with a high groundwater table with 
conditions for natural drainage, periodic summer droughts present in most of the plains in Bulgaria, 
with the characteristics of local relief and some other natural factors.  
Soil salinization is a process in which the content of water-soluble salts and/or exchanged sodium in 
soils increases in quantities that negatively affect their properties, and therefore their productive 
potential. 
 
Usually in Bulgaria the salinization is low, but the soil dries out significantly in the summer period 
and salts are observed. In other places, spring rains bring a shallow layer of water, but in summer 
the high groundwater carries up a lot of dissolved salts, which "bloom" on the surface. 
According to ExEA, in Bulgaria, about 35 500 ha of arable land are affected by the salinization 
processes, this is under 0.5 percent of the state territory. About 252 ha of the area has sodic 
salinization. The processes mainly affect the districts of Burgas, Varna, Veliko Tarnovo, Pleven, 
Plovdiv, Sliven, Stara Zagora and Yambol (ExEA, 2018). 
 
The type and degree of soil salinization is due to differences in the nature of salinization. The 
accepted classification divides into the two classes of Solonchaks and Solonetz.  
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Introduction 
Burkina Faso, a Sahelian country, is located in the heart of West Africa in the Niger loop between 
9° 20' and 15° 05' North latitude, 5° 30' West longitude and 2° 20' East longitude. It is located in a 
tropical Sudano Sahelian climate, with rainfall unevenly distributed in space and time. This present 
work aims to take stock of the salinity of the first thirty centimeters and thirty to 100 centimeters 
in depth of the soils of Burkina Faso.  
 
Methodology 
The methodology of this work is dependent on that of the national map of soil salinity commissioned 
by the FAO for the development of the world map of soil salinity. 
A number of data and materials were used: Lenovo core i7 branded laptop with 8Gigas of ram 
memory and 1 Terra of internal hard drive and free software. The salinity parameters: these are 
mainly the water pH, electrical conductivity and sodium.  
 
Results  
Electrical conductivity has a low level in the first hundred centimeters. More than 97 percent of the 
land is affected by electrical conductivity, including between 0.75 and 2 dS / m for the first thirty 
centimeters of soil depth and more than 99 percent for the depth of thirty to one hundred 
centimeters. Soils acidity is ranges from strongly acidic to moderately acidic. Indeed, the results 
show that more than 28 percent of the territory is concerned by a strong acidity with a water pH 
which varies between 4.5 and 5 in the thirty first centimeters against 30 percent of the territory for 
the same.  
 
Discussion 
The results of this work revealed that most of the soils in country have very low electrical 
conductivity. The low electrical conductivity of soils indicates low salinity and does not affect crop 
development. The results of this work are also possible that the majority of soils have a very low 
exchangeable sodium rate which does not impact on the development of crops in country 
 
Conclusion 
This study provided us with information on the salinity state of soils in Burkina Faso. It emerges 
from this study that the soils of Burkina Faso generally have a low electrical conductivity, a low 
rate of exchangeable sodium and a medium to high acidity.  
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Conclusions 
Soil salinity in the region is a major problem and proper management measures need to be adopted. 
The monitoring of the salinity of the affected soils at regular intervals and on a seasonal basis is a 
very important and primary step. Scientific crop management can also be put forward as an 
efficient method for the management of saline soils.  
 
The views expressed in this information product are those of the authors and do not necessarily 
reflect the views or policies of FAO. 
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only within the landscape or even in their smaller elements. It should be noted that geochemical 
stability is not achieved immediately after the level of saline groundwater drops below the critical 
level, but gradually, as equilibrium is achieved between the redistribution of salts in the soil mass 
and the regime of atmospheric precipitation. 
 
Thus, the salt regime of any territory, which corresponds to the above scheme, makes it possible to 
diagnose it as geochemically stable. This feature can serve as an important characteristic of 
landscapes in conditions of rapid desertification of irrigated or deltaic areas caused by the cessation 
of watering and a sharp decrease in the groundwater level. 
 
Conclusions 
The combined analysis of the distribution of salts along the soil profile and by elements of nano-, 
micro- and mesorelief can serve as a method for diagnosing the geochemical stability of landscapes 
with respect to readily soluble salts. In general, this method is presented in the form of a tabular 
algorithm 
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Introduction 
An approach to assess soil salinization for Colombia is presented, which includes a conceptual 
framework involving a salinization classification system, based on the environmental impacts on 
soil functions and services. The first step was to identify areas prone to salinization, using a model 
with available data at national level. Subsequently, a national baseline map was created from 
primary data between 2015 and 2017. The type, class and degree of salinization were identified in 
critically affected regions. 
 
Methodology 
A model integrating information about the factors influencing salinization such as soil, climate, 
relief, land cover and use was carried out at a 1:100 000 scale (Ideam, 2017). For each factor, 
available data from variables was analysed and weighted according to its relationship with the 
salinization process. Data was integrated into a geographical information system, obtaining a map 
with five proposed qualitative degrees of susceptibility to salinization, in terms of intensity and 
probability of occurrence.  
 
Once soils susceptible to salinization were identified, soil samples were taken in 1037 sites. Soil pH, 
EC, SAR, and Mg, Na, CaCO2, CaCO4 content were measured using a statistical design. Laboratory 
analysis allows us to identify the different chemical salinization classes such as saline, alkaline, 
sodium, calcic, magnesium, gypsum and sulphated acid soils. Results were interpolated to 
homogeneous land units in terms of soil, climate and use, leading to a map showing the current 
salinization state. Applying the conceptual FPEIR approach by LADA (FAO, 2007), the driving 
forces, pressures, status, impacts and responses were correlated with economic, social and 
environmental indicators. 
 
Results  
After applying the model to determine areas prone to salinization, it was estimated that 12.7 percent 
of Colombian soils are susceptible to this process (144 1845 km2). Soils which are most susceptible 
to salinization are situated mainly in lowland and dry areas in the Caribbean and inter-Andean 
valleys, some Andean highlands and scattered areas in the Orinoco basin and the southwestern 
Pacific. Approximately 100 946 75 km2 present some degree of salinization (8.9 percent of the 
country), from which 116 731 75 km2 are in a critical to irreversible state of degradation, causing 
desertification at extreme degree.  
 
Salinization in Colombia occurs mainly due to human activities such as drainage, irrigation, 
fertilization, amendments and deforestation. Chemically, Colombia has alkaline, sodic, calcic, 
magnesium, sulphate acid (both coastal and continental) and saline soils, according to the national 
study of soil degradation by salinization (Ideam, 2019).  
 
Discussion 
Determining areas prone to salinization becomes the first strategy in addressing the problem, so as 
to identify and prioritize areas, establish early alerts and to propose management guidelines.  
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Introduction, scope and main objectives 
A wide variety of mapping and measurement techniques are available to map salt-affected soils. 
These technologies are derived from the disciplines of soil science, hydrology, geology, 
geomorphology, geophysics and remote sensing.  The optimum strategy for mapping salt-affected 
soil depends on the scale and resources available.  The purpose of this study was to determine the 
baseline salinity, sodicity, and alkalinity conditions for South African soils. The research objectives 
were as follow: (i) To describe and quantify the primary salinity, primary sodicity and primary 
alkalinity status on a national scale in terms of the major geological formations, rainfall, 
evaporation, aridity zones, elevation and slope (ii) To prepare a saline sodic soil map at a scale of 
1:1 000 000 for South Africa. (iii) To develop an algorithm to quantify salt-affected soils. 
 
Methodology 
Of the original more than 40 000 soil data points, only 22 404 data points were used due to the 
stringent cleaning protocol. To compile the 1:1 000 000 scale primary salt-affected soil map of South 
Africa, the following maps were used: 1:1 000 000 scale topographical map as base map, 1:1 000 000 
scale geological map; electronic inverse distance pH, ESP and EC maps on a 1:1 000 000 scale maps. 
For each soil observation point the climate parameters rainfall, aridity and evaporation; geological 
formations; and topographic parameters were calculated. 
 
Results  
Primary salt-affected soils do not occur extensively in South Africa.  The majority of salt-affected 
soils occur west of longitude 26° in areas that can be considered mainly, although not entirely, as 
arid or hyper-arid. Nearly 60 percent of the soils are non-saline, 23 percent slightly saline, 5.1 
percent saline, 1.4 percent moderately saline, 0.4 percent strongly saline, 3.8 percent saline-sodic 
(non-alkaline), 6.3 percent saline-sodic (alkaline), and only 0.4 percent can be considered as sodic. 
Geological material is an important soil formation factor, but for salt-affected soils its effect is 
probably overshadowed in many areas by rainfall and position in the landscape. There is a tendency 
that some of the most sodic and alkaline soils develop from geological units rich in granite and 
gneiss. Sodic soils developed on geological units with a marine depositional environment 
characterised by mudstone, siltstone, and shale. There is a decrease in salinity and sodicity, from 
the lowest annual rainfall class to the highest annual rainfall class; an increase in salinity and 
sodicity from the lowest annual evaporation class to the highest annual evaporation class; and a 
drastic decrease in salinity and sodicity from the hyper-arid to the humid aridity zones.  There is 
an increase on a national scale in EC, ESP and pHwater from the highest elevation class to the 
lowest elevation class. 
 
Discussion 
Saline and sodic soils in South Africa mostly occur only in relatively small areas due to localised 
factors, making the mapping on a national scale problematic. The relative area affected by primary 
salt-affected soils in South African is much more favourable, compared to other countries. The main 
reason for this condition is probably the fact that South African soils are mostly derived from 
geological material that is Ca dominant and not Na dominant. Regression relationships for EC, 
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ESP, and pHwater versus rainfall, evaporation, aridity index, elevation and slope show weak linear 
correlations on a national scale. 
 
Conclusions 
All of the five natural soil-forming factors affect and are affected by water. The flux factors of soil 
formation (vegetation and climate) as well as the site factors (parent materials and topography) can 
be linked to landscape hydrology, which is further modified by the internal soil hydrological 
environment. Soil-forming processes such as transformation, translocation, additions and deletions 
that have a strong influence on the development of salt-affected soils, or the lack thereof, are all 
influenced by water to a significant degree. 
 
The views expressed in this information product are those of the author(s) and do not necessarily 
reflect the views or policies of FAO 
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Introduction, scope and main objectives 
The Kaipad tracts, characterized by the unique saline hydromorphic soil covers the north Malabar 
districts of Kozhikode, Kannur and Kasaragod. These coastal wetlands are located approximately 
between the GPS coordinates 11.25°N 75.77°E and 12.5°N 75.0°E. The Kaipad tract covers an area 
of about 4100 hectares, a major extent of which about 2500 hectares is located in the Kannur district 
of Kerala. These are brackish water tracts embellished with high inherent organic matter content 
and essential nutrients thereby having a high production potential. Pedologically, these soils are 
dominated by the presence of different iron and Sulphur containing minerals like pyrite and 
jarosite.  These natural wetlands are altered for different land uses and the land use changes results 
in significant changes in soil properties. The study aims at classifying the soils of altered and natural 
wet lands of Kaipad soils of north Kerala according to USDA soil taxonomy. 
 
Methodology 
Kaipad tracts, comprising the saline hydromorphic soils are coastal wetlands lying between 11.25°N 
75.77°E and 12.5°N 75 (Vanaja, 2013). 0°E.As a part of the study, two representative soil profiles 
(natural and altered) were opened and horizon wise soils samples collected from these profiles of 
Kaipad areas comprising of Kalyasseri and Kannur. The soil samples collected from each profile, 
dried under shade, labelled and stored in clean polythene bags. The moisture percentages of the 
fresh soil samples were estimated gravimetrically. The various physical and chemical properties of 
soil samples such as bulk density, textural classification, pH, electrical conductivity, organic 
carbon, available N, P, and K were estimated using the standard procedures. 
 
Results  
The bulk density varied from 1.10 Mg/m3 to 1.06 Mg/m3 in Natural and altered wetland ecosystem 
profiles respectively. The texture varied from clay to silty clay in natural wetland ecosystem and 
sandy loam to clay in altered wetland ecosystems of these selected profiles.The soil reaction of the 
samples ranged from 4.74 (A) to 7.90 (BCg) and 5.97 (BCg) to 7.15 (Bw1) horizons in natural and 
altered wetland ecosystems respectively. The range of electrical conductivity recorded in the soil 
samples of Kaipad was from 5.14 to 17.00 dS/m and 5.00 to 14.40 dS/m in natural and altered 
wetland ecosystems respectively. The organic carbon status of the sampled locations of Kaipad 
varied between 0.86 (Bw3g) to 1.43 (A) and 0.79 (Bw2g and Bw3g) to 2.50 (BCg) percentages in 
natural and altered wetland ecosystems respectively. The available nitrogen status of the sampled 
locations of Kaipad regions varied from 324.30 kg/ha to 630.00 kg/ha and 283 kg/ha to 693 kg/ha in 
natural and altered wetland ecosystems respectively. The available phosphorus content varied from 
15.00 to 77.52 kg/ha   0.58 kg/ha to 56.73 kg/ha in natural and altered wetland ecosystems 
respectively. The available potassium content observed in all the sampled soils was high ranging 
from 290 to 1152 kg/ha and 320 to 672 kg/ha in natural and altered wetland ecosystems respectively. 
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Discussion 
The natural profiles were classified as Fine, mixed, acid super-active isohyperthermic Typic 
Sulfaquepts and altered profile was classified as Fine, mixed, acid super-active isohyperthermic 
Sulfic Entaquepts. The soil reaction of the samples analyzed with standard procedure and ranged 
from 4.74 (A) to 7.90 (BCg) and 5.97 (BCg) to 7.15 (Bw1) horizons in natural and altered wetland 
ecosystems respectively. The slightly acidic pH noticed in Kaipad soils might be attributed to the 
presence of lime shell depositions (Iyer, 1989) as a result of frequent saline water intrusions during 
the monsoon period. The ultra-acidic pH noticed in Kaipad soils might be related to the presence 
of pyrite and other iron bearing minerals such as jarosite, limonite etc. The range of electrical 
conductivity recorded in the soil samples of Kaipad was from 5.14 to 17.00 dS/m and 5.00 to 14.40 
dS/m in natural and altered wetland ecosystems respectively. This high salinity recorded might be 
attributed to the extremely high accumulation of salts during these periods. Similar findings on 
electrical conductivity of Kaipad soil was reported by Chandramohan and Mohanan (2012). They 
reported that the electrical conductivity of these soils ranged from 10.9 to 19.9 dS/m during the 
summer months. These salts get washed away during the onset of monsoon and thus cause a 
reduction in electrical conductivity of soils, which favours rice cultivation. The organic carbon 
status of the sampled locations of Kaipad varied between 0.86 (Bw3g) to 1.43 (A) and 0.79 (Bw2g 
and Bw3g) to 2.50 (BCg) percentages in natural and altered wetland ecosystems respectively. The 
relatively high organic carbon in the Kaipad soils might be attributed to the incorporation of 
stubbles and straw after harvest of rice crop in the field itself or from the remnants of the rice shrimp 
cultivation practiced in Kaipad during the high saline regime prevailing from November to April. 
It may also be attributed to the diverse flora and fauna present in the soils of Kaipad.The available 
nitrogen status of the sampled locations of Kaipad regions varied from 324.30 kg/ha to 630.00 kg/ha 

and 283 kg/ha to 693 kg/ha in natural and altered wetland ecosystems respectively. This medium to 
high value of available nitrogen content may be due to the presence of high amount of organic 
matter in these soils and the faster mineralization of nitrogen due to the activity of micro-organisms 
(Leiros et al., 1999). The available phosphorus content varied from 15.00 to 77.52 kg/ha   0.58 kg/ha 
to 56.73 kg/ha in natural and altered wetland ecosystems respectively. Chandramohan and 
Mohanan (2012) reported that the available soil phosphorus content in Kaipad soils ranged from 
7.2 kg/ha to 34.2 kg ha1. Samikutty (1977) reported that the saline soils of Kerala were deficient in 
phosphorus contents.The available potassium content observed in all the sampled soils was high 
ranging from 290 to 1152 kg/ha and 320 to 672 kg/ha in natural and altered wetland ecosystems 
respectively. This may be linked to the incorporation of paddy stubbles in the soil after paddy 
cultivation or due to the excrements which get deposited during the practice of aquaculture in the 
high saline periods of November to April. It was reported by Samikutty (1977) that the sodium and 
potassium contents in these soils are higher than those of the other paddy soils of Kerala. He 
explained that this is due to the continuous submergence of these soils with salt water for over six 
to eight months in a year and the recurrent barrage by the brackish waters owing to the tidal effect. 
 
Conclusions 
The natural profiles were classified as Fine, mixed, acid super-active isohyperthermic Typic 
Sulfaquepts and altered profile was classified as Fine, mixed, acid super-active isohyperthermic 
Sulfic Entaquepts. This difference can be contributed to anthropogenic alteration for this altered 
profile development. Relatively high values of pH, organic carbon, available nitrogen, potassium 
can be attributed to the natural sampled sites compared to other altered sites. 
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Introduction  
In the Zona Bananera in the Magdalena region, the presence of soils affected by salts is common, 
especially in coastal areas and in mangroves subjected to soil use changes (wetlands to banana 
plantations). This soil-use dynamic makes a precise mapping of the soils affected by salts necessary 
for crop management purposes. In Colombia, a soil salinity map at the country level has been 
carried out (IDEAM, 2016). Our preliminary study proposes an initial diagnosis of the salinity 
problems in the banana zone of the Department of Magdalena, with the purpose of using and 
managing the soil under banana cultivation. 
 
Methodology  
The study area (44 600 ha) is located in Zona Bananera Municipality, Magdalena Department, 
Colombia, covered by different ranges of soils affected by salts including Entisols, Inceptisols 
(IGAC, 2009), Ustic and isohypertermic. The precipitation is 1332 mm a year, evapotranspiration 
1820 mm a year, and at a temperature of 27.3 ºC under tropical dry forest (Holdridge). Digital data 
was used to identify the distribution of salts in relation to soils and geomorphology, Landsat 8 
images (2020) Band 1 to 11 (U.S. Geological Survey®) were used. The images were processed with 
the software Grass GIS version 7.8.5 (Grass GIS®), supported by 236 soil samples and field 
observations. 
 
Results  
The results showed greater salt-affected soils in the western part of the municipality. The unaffected 
soils are found in the foothills of the Sierra Nevada de Santa Marta under colluvium alluvial fans 
and granitic materials. The soils affected by salts are frequently found in the tidal plains and 
floodplains that mostly have a lake fluvial and marine fluvial origin. 
 
Soil pH values fluctuate between 4.7 and 9.6, with 16 percent having limitation in relation with 
salts (under low EC values); while 84 percent do not present limitations in terms of possible effects 
of salts. The studied geomorphological zones of flood plains and tidal plains, mangroves and 
wetlands present the highest concentration of the problem. Regarding electrical conductivities, 96.6 
percent report low EC and 4.4 percent, medium EC values.  
 
Discussion  
Our preliminary results showed that electrical conductivity is not a good predictor for soils affected 
by salts. The pH provides the most important auxiliary data for the prediction of salt-affected soils 
especially for sodic soils. High salts in lowlands, wetlands, mangrove and sites with high water 
tables are associated with sea level incidence and flood plains. In this way, the geomorphology map 
is a useful predictor for mapping possible soils affected by salts which might be due to the 
geomorphological surface formed during the Holocene.  These also have a good relationship with 
soil processes in the semiarid regions in relation to water use related to the introduction of irrigation 
on banana plantations. 
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Conclusions  
Preliminary results show the utility of easy acquisition data such as pH and EC together with 
information from free-use satellite images in determining the problems of soils affected by salts, and 
their possible use in monitoring the progress of this problem at the regional scale. Detailed scale 
information and complementary analysis is necessary. In the case of the presence of bare soils or 
without vegetal cover, it is possible to identify salt-affected soils easily; nevertheless, in areas under 
mechanization or urban areas, this methodology has limitations. For future studies it is necessary 
to generate geomorphological maps at more detailed scales, and other calibration laboratory 
parameters. 
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Introduction, scope, and main objectives 
Saline stress causes significant agricultural losses yearly by inducing slower growth, premature leaf 
senescence, and reduced tillering (Schmöckel and Jarvis, 2017). Due to its rapidly evolving nature, 
it is crucial to continuously monitor salinization in order to mitigate its effects and preserve food 
security. While traditional monitoring methods are time-consuming and expensive, remote sensing 
tools have emerged as a viable solution for more efficient and affordable methods. In this context, 
researchers have intensively investigated the spatio-temporal distribution of salinization using 
optical and radar sensors coupled with geostatistics, statistical modeling (Sahbeni, 2021a, 2021b), 
and machine learning techniques (Szatmári et al., 2020). This study aims to predict soil salinity 
between 2000 and 2016 using remote sensing tools combined with random forest (RF) based models 
over the Great Hungarian Plain. 
 
Methodology 
Field data are collected within the 30 cm upper layer in the Hungarian Soil Monitoring System 
framework.  Salt content values are determined using saturated paste according to the Hungarian 
Standard MSZ08-0206/2-1978 (IPTS, 2013). Nine Landsat images were acquired between 2000 and 
2016. Once Landsat images are converted to Top of Atmosphere (TOA) Reflectance, we applied a 
Fast line-of-sight atmospheric analysis of spectral hypercubes (FLAASH) for atmospheric 
correction (Young et al., 2017). Twenty-one spectral indices were calculated using ENVI IDL 5.3. 
Principal component analysis (PCA) was applied on stacked images to compress information from 
vis-NIR and SWIR bands. Medium Resolution Image (IMM_1P) and Ground Range Detected 
(GRD) products retrieved from ERS-1/2 and Sentinel-1 SAR sensors were radiometrically 
calibrated and geometrically corrected using Sentinel-1 Toolbox (SNAP). Once values 
corresponding to sampling sites were extracted, the dataset was divided into 80 percent for training 
and 20 percent for validation. We employed RStudio to train the models and calibrate their 
hyperparameters. An optimization technique based on the random search method and Recursive 
Feature Elimination (RFE) was conducted to optimize the hyperparameters and extract the most 
important features. The root-mean-square error (RMSE) and the correlation coefficient (r) between 
predicted and measured values were computed to assess the models' performance. 
 
Results  
RF-based models showed an acceptable goodness-of-fit. The highest fit was found for RF model of 
2016 (RMSE Training = 0.14, RMSE Test = 0.16, and r = 0.81), followed by RF model of 2008 (RMSE 
Training =0.19, RMSE Test =0.49, and r = 0.8), and RF model of 2000 (RMSE Training = 0.28, RMSE Test 
= 0.49, and r = 0.73).  
 
Discussion 
The developed models performed well in terms of RMSE and correlation coefficient (r), while the 
2016-RF-based model yielded the most accurate results compared to other proposed models due to 
remote sensing platforms upgrades, i.e. Landsat 8 OLI and Sentinel1 SAR. Regardless of random 
forest vulnerability to overfitting and changes, a significant relationship between spectral response 
and salinity has been well-established.  
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Introduction, scope and main objectives 
The Coastal Zone in Kerala extending over 560 krn, with a height of less than 8 m from the MSL, 
covers about 15 percent of the total geographical area of the state. Alappuzha is one of the coastal 
districts in southern part of Kerala state.  The present study was an attempt to evaluate the quality 
of groundwater for irrigation purpose on a scientific basis for its optimal utilization. 
 
Methodology 
Georeferenced ground water samples from 52 locations of coastal areas of Alappuzha district were 
collected. The samples were analyzed as per the standard procedures. The water quality indices viz., 
SAR and RSC were calculated and classified as per the classification of CSSRI. 
 
Results  
The pH of water samples varied from 5.20 to 8.10 with a mean value of 7.10. The electrical 
conductivity of water varied from 0.02 to 1.03 dS/m with mean value of 0.27 dS/m. The sodium 
adsorption ratio (SAR) was recorded in the range of 0.25 to 4.36 with mean value of 1.51. The 
residual sodium carbonate was recorded in the range of 0 to 4.54 me/L with the mean value of 0.80 
me/L. According to CSSRI classification, out of 52 water samples 49 were of good quality, one of 
marginally alkali and two were alkaline in nature. 
 
Discussion 
The pH variations in ground water samples collected are considerably small and the alkaline pH is 
particularly due to presence of bicarbonate ion in huge amounts (Ahmad and Qadir, 2011). The EC 
of all the samples collected recorded <2 dS/m. It was also found that 45 samples were of safe 
category (RSC < 2.5 me/L), 7 were unsuitable (RSC >2.5 me/L) for irrigation purposes. Isaac et al. 
(2009) ascertained that the SAR of soil solution is increased with the increase in SAR of irrigation 
water which eventually increases the exchangeable sodium of the soil. Naseem et al. (2010) reported 
that pH, EC and SAR of the irrigation water are significantly influenced by RSC. 
 
Conclusions 
The groundwater analysis of Alappuzha district, the 86 percent of groundwater can safely be used 
for irrigation purpose. 
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conductivity (ECe) of the soil has highly significant positive correlation with Ca+2 (r = 0.769**), Mg+2 
(r= 0.624**), Na+ (r= 0.968**), K+ (r= 0.540**), Cl- (r= 0.977**), SO4-2 (r= 0.924**), SAR (r= 0.854**) 
and significant positive correlation with RSC (r= 0.350*). 
 
Discussion 
Majority of the surface soils (98.11 percent) were slight to moderate alkali hazard, while among the 
subsurface soils, 26.41 percent soils are slight alkali hazard, 49.05 percent soils slight to moderate 
alkali hazard, 16.98 percent soils are moderate to high alkali hazard and 5.65 percent soils under 
high to extremely high alkali hazard. 
 
Conclusions 
The dominance of major ions was in the order of Na+ > Cl- > HCO3- > Ca+2 > SO4 -2 > Mg+2 > K+ in 
surface and Na+ > Cl- > Ca+2 > SO4-2 > Mg+2 > HCO3- > K+ in subsurface soils in salt affected soils of 
Kurnool District of Andhra Pradesh in India. Management of different categories were proposed 
for soil health improvement and sustaining soil productivity.  
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Introduction, scope and main objectives 
About seven percent of the arable land area in Ukraine is salt-affected. The distribution area of 
saline soils is dynamic, as soil desalinization can be accompanied by the appearance of new areas of 
salinity on adjacent territories (Balyuk et al., 2012). We need to get efficient, reliable, accurate and 
prompt information data on the status of Ukrainian salt-affected soils, as well as know the causes 
of the negative processes in it. In this regard, the analysis of informational support of the present-
day use of salt-affected soils becomes one of the main objectives of research.   
 
Methodology 
To evaluate the informational support for rational usage of salt-affected soils, we employed an 
experimental expert assessment approach. We reviewed extensive material on salt-affected soils in 
Ukraine from several narrow-departmental natures. Field investigations in the Forest-Steppe and 
Steppe zones of Ukraine were also been undertaken. 
 
Results  
The area of saline soil in Ukraine without a morphologically marked Solonetzic horizon is 1.92 
million hectares, while the area of saline soils with a morphologically Solonetzic horizon is 2.8 
million hectares. Most Ukranian salt-affected soils are plowed, with only relatively small areas of 
natural highly saline areas such as salt marshes (Balyuk, Truskavetskiy and Tsapko, 2012).  
 
In the land and reclamative cadastres covered by Ukranian soil maps, saline, saline-sodic and 
alkaline (including Solonetz) soils (Balyuk et al. eds., 2010) are separately taken into account. Saline 
and alkaline soils are differentiated between natural and anthropogenous (secondary) origin. All the 
listed soils shown and portrayed on different scale maps are a result of information gathered 
between 1957 and 1961 (Petrichenko et al., 2013), but they do not reflect the real present-day 
condition of soil cover.  
 
Since 1970s, the monitoring of irrigated and adjoining rainfed croplands has been performed. The 
monitoring program covers a wide range of parameters (Medvedev, 2012) but only applies to 
irrigated areas. We also have the data from scientific institutions and higher educational academies, 
but it fails to characterize the salt-affected soil of Ukraine as a whole. 
 
Discussion 
Information about salt-affected soils is of a narrow-departmental nature, obtained by different 
methods and non-correlated observation programs. These disadvantages present strong constraints 
against the consistent and rational usage of materials for evaluation and forecasting changes to salt-
affected soils.Therefore, there is a necessity to undertake repeated soil observations based on 
modern methodological approaches, using remote sensing, aerial photography and GIS 
technologies, as well as experience gained internationally. Monitoring of salt-affected soils, aimed 
at a systematic control over their condition and early detection of negative changes should be 
conducted as part of monitoring of all soil cover, in line with unified programs and methods. It is 
necessary to create and employ a systemic up-filling of databases and information systems, 
including those harmonized with European and world soil-science resources. 
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Introduction, scope and main objectives 
Soil degradation resulting from salinity and/or sodicity is a major environmental impediment with 
severe adverse impacts on agricultural productivity and sustainability in arid and semiarid climates 
(Qadir et al., 2006, 2007; Suarez, 2001). At the present time, there is no commercially available 
commercial mined gypsum in India for reclamation of sodic soil. Phosphogypsum, an industrial by 
product, which also limited in supply is being used for sodic soil reclamation. Therefore, a substitute 
for gypsum needs to be found that can be readily used as an external source of Ca2+ for this region. 
Distillery spent wash, a by-product of distillery industry an alternative source. We therefore 
conducted a study to determine how effective distillery spent wash over the traditional application 
of phosphogypsum as well as application of Phosphogypum+Green manure for reducing sodicity as 
well as conjunctive use of poor quality alkali ground water with good quality canal water for 
irrigation to rice crop. 
 
Methodology 
The field experiment was laid out in Factorial Randomized Block Design with the treatments viz., Factor 
A,: Irrigation scenarios (4) I1:Canal water alone, I2:Canal water: Alkali water (1:1 cyclic mode), 
I3:Canal+Alkali water combined (50+50 percent ) per irrigation, I4:Alkali water alone and Factor B:  Soil 
amendments (4) S1: Control, S2: Green / green  leaf  manuring @ 6.25 t/ha, S3:  Sodic soil amelioration with 
Distillery spent wash @ 5 lakh litres / ha and then leaching,  S4:Gypsum 50 percent GR (soil application 
and leaching) + Green manuring with Daincha @ 6.25 t/ha. 
 
Results 
Among the irrigation management practices, application of alkali water alone (I4) recorded a lowest grain 
yield of 4536 kg/ha. The other treatments viz., I3;Applicatiion of canal water +Alkali water (50+50), I2; 
application of canal and alkali water as 1:1 cyclic mode  and I1; application of Canal water alone  recorded 
with a grain yield of 4815, 4948 and 5318 kg/ha respectively. Among the irrigation treatments I1 recorded 
significantly highest yield followed by I2 and I3 which are statistically on par. I4 recorded with least yield 
which is statistically has significant difference between I1, I2 and I3. Among the soil amendments, the 
treatment S3, application of distillery spent wash @ 5 lakh litres/ha recorded with a significantly highest 
grain yield of 5473 kg/ha followed by S4; application of gypsum 50 percent GR+green manuring @ 6.25 
kg/ha, S2; green manuring @ 6.25 t/ha and S1; control with a respective grain yield of 5091, 4866 and 4187 
kg/ha. 
 
Discussions 
The treated distillery spent wash has sufficient quantity of of Calcium, which has the sodic soil 
reclamation potential and its chemical action with sodic soil has favoured the soil to become free 
from sodium hazard. Similarly application of phospho gypsum+ green manure has reclaimed the 
sodic soil. This resulted in improved growth and development of rice crop and resulted in higher 
yield when compared to the growth of rice under unreclaimed sodic soil. As an irrigation 
management conjunctive use of good quality water with poor quality alkali ground water reduced 
the ill effect of application of poor quality alkali water by dilution effect. 
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Introduction, scope and main objectives 
More than 800 million hectares of land throughout the world are salt affected, either by salinity 
(397 million ha) or the associated condition of sodicity (434 million ha) (FAO, 2005). Utilizing the 
uncultivable barren land due to sodicity, by identifying the crops and varieties suitable for sodic 
soil condition to enhance the livelihood security of rural poor people living in the salt-affected land 
is the need of the day. Accordingly, a field experiment was initiated at Anbil Dharmalingam 
Agricultural College and Research Institute, Tiruchirappalli under ICAR-AICRP on Management 
of Salt Affected Soils and use of saline water in Agriculture. The experiment is permanent and 
several crops and varieties were evaluated for the benefit of the farming community. Presently, 
Sorghum (Sorghum bicolor L.) cultivars were evaluated for the tolerance levels of sodicity based on 
the Exchangeable Sodium Percentage (ESP) of 8, 16, 24, 32, 40 and 48 percent. 

 
Methodology 
In existing experimental field, based on the ESP existed in the different main plots, the sodium 
bicarbonate was applied to main plots and mixed thoroughly with the soil to create different 
gradient ESP levels viz., 8, 16, 24, 32, 40 and 48 were artificially. Further, the ESP 8 and 16 were 
created through application of gypsum and leaching with good quality water. The experimental 
plot was thoroughly ploughed individually to bring optimum soil tilt and the ridges and furrows 
were formed and seeds of sorghum varieties viz. K12, Co30, Local-Red and Local-Irungu (Black) 
were sown in the strip plot with a spacing of 4515 cm. Uniformly 90:45:45 kg N, P2O5 and K2O per 
hectare were applied basally to all the plots (50 percent of N at basal and remaining 50 percent at 
30 DAS). The Atrazine herbicide has also been applied in order to control the weeds. 

 
Results  
The results during 2019 revealed that the interaction of ESP and Cultivars, the highest grain yield 
of 1433.7 kg per ha was recorded by Co 30 at 8 ESP level. The lowest grain yield of 26.3 kg per ha 
recorded by Irungu local at 48 ESP level. However, 50 percent grain yield was recorded in the 
cultivars viz., Co 30, Red-local and Irungu-local at the ESP of 32 per cent whereas in the cultivar 
K12 recorded 50 percent yield at 24 ESP level. Similarly, during 2020 the results revealed that the 
interaction of ESP and Cultivars, the highest grain yield of 1340 kg per ha was recorded by Co 30 
at 8 ESP level. The lowest grain yield of 22 kg per ha recorded by Irungu local at 48 ESP level. 
However, 50 percent grain yield was recorded in the cultivars viz., Co 30, Red-local and Irungu-
local at the ESP of 32 percent whereas in the cultivar K12 recorded 50 percent yield at 24 ESP 
level. The results of haulm yield revealed that the 50 percent haulm yield was recorded in the 
cultivars viz., Red-local and K12 at the ESP of 32 percent whereas, Co 30 and Irungu local recorded 
50 percent yield at 48 and 40 ESP level respectively. 
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Conclusions 
Benefit of improvement in soil biological properties with a reduced cost of cultivation practices viz. 
deficit saline irrigation and mulching is advocated for productive utilization of saline groundwater 
and greening barren saline land.  
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Introduction, scope and main objectives 
Salinity negatively affects yields of almost all crops. Salinization of soils and water is an increasing 
problem around the globe and predicted to get worse under climate change scenarios. This is 
particularly so in dry and hot regions of the world, such as in Northern Africa. 
 
To alleviate salinity stress on crops, management practices can be adopted that are beneficial to 
crop performance under saline conditions. One such practice is the application of compost to the 
soil. Compost has a whole range of beneficial effects, some of the most important ones include an 
improved availability of soil cations such as Ca2+, Mg2+ and K+, better water retention of the soil, 
improved microbial activity and in clay soils it protects against soil dispersion. However, compost 
is not for free and it is thus necessary to evaluate the economic viability of relatively large quantities 
of compost application. 
 
Methodology 
Eight varieties of potato (Bernice, Lotus, Spunta, Cara, Dido, Metro, Actrice and Picobello) were 
cultivated on a salt affected field of a biodynamic farm in Egypt in the winter season of 2020/2021. 
The seasonal mean salinity level of an extract of a saturated paste (the ECe) was 5.5 dS/m. Two 
levels of compost application were applied, equivalent to 1.8 and 4.5 kg/m2. The following 
parameters of the crops were evaluated at the end of the growth season: number of stems per plant, 
number of tubers per plant, average tuber weight and size classes of tubers. Potatoes were fertilized 
and irrigated according to the biodynamic standards throughout the growing season. After harvest, 
costs of applied compost were taken into account to determine if the higher compost application 
treatment was an economically viable choice, i.e. if there was an improvement in yield and if that 
improvement was large enough to offset the additional cost of compost. 
 
Results  
Seven of the eight varieties showed higher yields in the higher compost treatment, with an average 
increase of 38 percent (Table 1). There was no effect of higher compost application on the size 
distribution of the tubers. 
 
The increased production led to higher profits for the farm, based on the price of compost cost as 
determined by the farm itself (they produce their own). Table 2 shows the difference in profit of the 
two different compost treatments for both the area that was actually cultivated, and per feddan, 
for all eight varieties tested. This cost-benefit analysis has been done making use of the real 
production costs and prices of the cultivation of potatoes at the farm. It must be noted though that 
these numbers are based on an extremely low market value for the potatoes; on an average year, 
the profits would be significantly higher. 
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Table 1. Yield in t/ha of the different potato varieties at the different compost treatments, and the difference between the 

two compost treatments in %. 

  Compost (kg/m2)     
  1,8 4,5   
  yield (t/ha) yield (t/ha) increase double compost (%) 
Bernice  15,1 24,7 63,7 
Lotus  15,3 25,1 63,9 
Spunta  13,0 17,0 30,9 
Cara  10,2 9,3 -8,8 
Dido  22,5 31,8 41,0 
Metro  25,2 32,2 27,4 
Actrice  20,4 31,5 54,4 
Picobello 23,7 31,6 33,6 

 
Table 2. The difference in profit in Egyptian pounds (EGP) between the two compost treatments of all eight varieties 

Difference  Bernice Lotus Spunta Cara 
Area cultivated EGP 251.22 EGP 155.73 EGP 829.45 EGP 364.96 
Per feddan EGP 4425.98 EGP 4295.31 -EGP 1251.84 -EGP 5894.48 

 6% 11% -3% -12% 
     
Dido Metro Actrice Picobello   

EGP 1118.49 EGP 835.99 EGP 1118.49 EGP 920.99   

EGP 5935.50 EGP 2498.49 EGP 5685.30 EGP 3077.67   

14% 6% 13% 7%   

 
 
Discussion 
Dealing with salt-affected soils is a daily reality for farmers all over the world. Identifying 
appropriate measures and management practices that improve yields and soil health is therefor of 
vital importance. Here we show that adding large amounts of compost significantly increases potato 
production under saline conditions, and that this translates into higher profits for the farmers. 
However, it must be noted that the availability of high-quality compost can be a limiting factor. 
There is a need for more studies such as the one presented here to evaluate the options for 
management of saline soils and their economic viability. 
 

Conclusions 
The application of a relatively large amount of compost on a salt-affected soil improves the yield of 
most potato varieties. Furthermore, the improvement in yield is such that it offsets the additional 
investment that is required. We recommend more studies to include this economic analysis in their 
assessment of management practices aimed at adapting to salinity. 
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Introduction, scope and main objectives 
The unitization of saline groundwater has played an important role in overcoming freshwater 
scarcity (Qadir and Oster, 2004). While the local groundwater is often overhigh cannot be used for 
irrigation directly. To overcome the above issue, we developed a new method of freezing saline water 
irrigation (FSWI) to reclaim saline soil. Specifically, saline water is irrigated in winter, under its 
freezing and thawing process on the top of soil, the strong salt leaching is realized. The objectives 
of present work are to evaluate the saline ice melting process and its effect on the salt leaching for 
coastal saline soil.  
 
Methodology 
Long-term field experiment was conducted in coastal plain of Bohai Sea, Hanxing County, China, 
to investigate the changes of meltwater during saline ice melting, and its effect on soil leaching, the 
soil samples were collected monthly to evaluate the dynamics of soil water, salt and SAR under 
FSWI (Guo and Liu, 2015).  
 
Results  
The desalination of saline ice melting was obvious. The salt leaching mainly occurred in the initial 
30 days after irrigation. After the meltwater infiltrated, the soil salinity (4 g/kg) and SAR (9) were 
decreased significantly, lower than those of non-treated soil. Combining with plastic mulching in 
spring, the low soil salinity and SAR were maintained, and the normal growths and yields of crops 
were obtained. 
 
Discussion 
The soil salt and water vary with changes in evaporation and rainfall. In the present study the 
natural soil salt and water movements were modified by FSWI. The saline ice mulching relieved 
the soil salinization induced by the soil freezing and thawing winter. And the meltwater infiltration 
resulted in effective soil salt leaching in spring, combining with the plastic mulching in spring, the 
lower soil salinity was maintained, which provided suitable conditions for plant growth.  
 
Conclusions 
The desalinization effect of melting saline ice was obvious. After irrigation, the continuous 
infiltration of meltwater from saline ice resulted in great salt leaching effect, combining with plastic 
mulching in spring the normal growth of crops in heavy coastal saline land were realized. The FSWI 
is an effective way to reclaim saline soils using local high salinity groundwater of coastal saline land. 
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Introduction, scope and main objectives 
Salinity is one of the major environmental constraints, compromises soil quality and consequently 
agricultural productivity worldwide. Sorghum bicolor (L.) Moench is a C4 fodder with moderate 
resistance to salinity; however, the mechanisms underlying the salt tolerance in sorghum plants 
need further investigation. In this study, we aimed to elucidate mechanisms regulating the 
adaptability S. bicolor to salt stress. 
 
Methodology 
The experiment was designed in a randomized block design, with five replicates. Sorghum seedlings 
grown in greenhouse and were treated with seven concentrations of NaCl saline solution (0, 20, 40, 
60, 80 and 100 mM). Water potential, osmotic potential and osmotic adjustment were determined. 
In addition, the effect of saline stress on plant gas exchange, chlorophyll-a fluorescence and 
pigments was evaluated. 
 
The data were analysed normalized by the Kolmogorov-Smirnov test. One-way ANOVA was used 
to test the differences between control and NaCl-treated followed by Tukey post hoc test at p < 
0.05. Correlation tests were performed. Linear and quadratic polynomial regression analysis was 
performed. 
 
Results  
The results showed that irrigation with saline water reduced gas exchanges and increases water use 
efficiency. External NaCl treatments had no adverse impact on leaf-relative water content, and this 
resulted from lower leaf osmotic potential. With increasing salinity, sorghum can maintain 
photosynthetic efficient and enhance osmotic adjustment which contribute to improvement of 
plant water status. 
 
Discussion 
The increase in salinity promoted changes in the water and osmotic potentials of the sorghum 
plants, which represents that the sorghum adopts counter mechanistic cascades of physio-
biochemical signaling to overcome salinity stress (Khan et al., 2019). 
 
Moreover, the increase the potential pressure shows which makes it possible to maintain the water 
flow from the soil to the plant without presenting significant loss of the relative water content and 
in this way can maintain practically unchanged the pressure of turgor. 
 
As a C4 plant, has photosynthetic genes that, in addition to playing an important role in the carbon 
fixation, also act in the modulation of abiotic stresses, which explains the S. bicolor performance 
under stress conditions imposed in this study up 40 mM NaCl (Yadav and Mishra, 2020).  
 
The chlorophyll contents under control were higher than those in plants under salt stress and may 
explain why photosynthesis in sorghum plants was higher at control treatment compared to the 
highest salinity concentration. 
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Conclusions 
The present study revealed the superiority of soil test-based site-specific nutrient management over 
other options towards optimized nutrient feeding and augmented wheat yields, economic returns 
and soil health in salt-affected soils. Further, précised fertilization need to be strongly addressed to 
halt the salinity-induced land degradation, covering wheat yield gaps and eventually achieving the 
UN-SGDs of land degradation neutrality and food security. 
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Conclusions 
Amending soil with 50GR gypsum or integrated application of 25GR and 10 Mg/ha of compost 
followed by leaching with low SAR water to prevent soil P loss during reclamation.  
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Introduction, scope and main objectives 
In Uzbekistan, the soils of the desert zone account for almost half of the land fund of the republic. 
Among them, 24.3 percent or 11.0 million hectares are occupied by gray-brown and gray-brown-
meadow soils, the main part of which is mainly used for pastures (Kuziev and Sektimenko, 2009; 
Kuziev et al., 2010). Due to unfavorable soil-reclamation conditions associated with their salinity, 
gypsum content and remoteness from water sources, their share in irrigated agriculture is small -
140 .0 thousand hectares or 1.3 percent of the total area. Despite this, gray-brown soils are of 
particular interest from the point of view of their use as pasture livestock, and when searching for 
water sources, where possible, and small-scale irrigated agriculture. Gray-brown soils are irrigated 
mainly on the Malikchul plain (Kushakov, 2007), the Bukhara oasis (Artikova, 2019), the Tashsaka 
plateau (Madrimov, 2019; Gafurova et al., 2019). 
 
Methodology 
The research included field and laboratory work. Field work was carried out by a comparative 
geographical method with the laying of sections on hypsometric levels. Laboratory work included 
the determination of the mechanical composition of soils, humus, easily soluble salts, gypsum, 
batteries (Machigin et al., 1963; Sokolov, 1975), of mobile oxides and a half (Arinushkina, 1970). 
 
Results 
Prolonged irrigation of gray-brown soils on the plateau with fresh water leads to the redistribution 
of water-soluble salts in the direction of their indentation into the underlying soil layers. Strongly 
and very strongly saline gray-brown soils pass into the category of unsalted and slightly saline, 
chloride-calcium-sodium salinity passes to chloride-sulfate and sulfate, magnesium-calcium, the 
alkalinity of the aqueous solution decreases to 0.06 percent, the content of organic matter increases 
from 0.76 percent to 1.80 percent. Irrigation of soils with weakly and medium mineralized waters 
leads to an increase in the degree of salinity in the upper horizons, the humus content remains 
unchanged, while there is a decrease in the total alkalinity and leaching of gypsum deposits with 
the same content of humus and nutrients. In the irrigated soils of the Tashsaka plateau, humus 
increases from 0.35 percent to 0.74 percent. 
 
Discussion 
Irrigation of gray-brown soils with fresh water leads to positive results, namely, to leaching from 
easily soluble salts and gypsum, an increase in the content of organic matter and changes in its 
qualitative composition towards the transition of the fulvate type to the fulvate-humate type, the 
exposure of the biologically active soil layer increases the effective soil fertility. 
 
Conclusion 
The results of the research revealed the positive influence irrigation in the use of saline gray-
brown soils in compliance with agrotechnical and reclamation measures. 
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Introduction, scope and main objectives 
Declining water resources impose irrigation with low-quality water (LQW) which may have 
negative effects on crop, soil (Bernstein, 1975), and, consequently, on water and solute movement 
through the soil, and, eventually, on groundwater quality (Russo et al., 2009). The problem is 
expected to worsen due to global warming. It is clear, therefore, that soil salinity management will 
remain the core challenge for the future irrigation, requiring improved irrigation-management 
schemes with emphasis on minimizing damage to agricultural productivity and environment 
quality (Assouline et al., 2015). 
 
The traditional leaching requirement (LR) concept for salinity control is based on a simplified, mass 
balance approach which disregards the complex plant-soil-water-salt interactions (van Schilfgaarde 
et al., 1974; Ayers and Westcot, 1985). It promotes salt removal from the soil by applying excess 
amounts of irrigation water. 
 
Due to technological innovations, desalinated water (DSW) obtained by a reverse-osmosis 
technique (Tal, 2006; Elimelech and Phillip, 2011), may be considered as a competitive source of 
high quality water (HQW) for irrigation (Ben-Gal, Yermiyahu and Cohen, 2009; Silber et al., 2015). 
This allows a different approach for soil salinity control, namely, salt removal from the irrigation 
water prior to its application to the soil. Cost, lack of nutrients, and low salinity, however, may 
restrict the use of DSW for irrigation. Consequently, the efficient use of DSW for irrigation and 
salinity control, should cope with the aforementioned limitations, relying on a data-driven 
irrigation management scheme (Russo et al., 2015). 
 
The objectives of this presentation are: (i) to assess consequences of soil salinity control based on 
the traditional LR concept, on crop yield and groundwater quality, and (ii) to present and analyze 
advanced data-driven, irrigation management scheme for salinity control.  
 
Methodology 
To pursue the aforementioned goals, flow and transport in a realistic soil-water-plant-atmosphere 
system are simulated using a physics-based 3-D flow and transport model (Russo et al., 2015), 
considering soil-water-plant-salt interactions along with realistic features of the flow system (i.e., 
temporal and/or spatial variations of soil, plant, irrigation weather and water table depth). 
 
Results 
Regarding Objective (i). The results of the simulations suggest that in contrast to predictions based 
on the LR concept, when LQW is used, the damage to the crops yield is unavoidable, and salt load 
in the groundwater may increase substantially. Furthermore, the results of the analysis suggest 
that from both agricultural, and, particularly, environmental perspectives, irrigation with high-
quality water (HQW) is desirable. 
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Conclusions 
The addition of organic amendments based on improved compost formulas could be an alternative 
to the use of phosphogypsum (polluted with heavy minerals) for the valorization of degraded lands, 
in particular by salinity in Senegal. 
 
The opinions expressed in this information product are those of the author (s) and do not 
necessarily reflect the views or policies of FAO 
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Conclusions  
Decline in pH of the sodic soil and improved grain yield showed the potential of FGDG in the 
reclamation of sodic soils and its input towards the global food security. The treatment of barren 
saline-sodic soils with FGD gypsum would be of considerable benefit to both agricultural 
development and the improvement of ecosystems services. 
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Introduction, scope, and main objectives 
Soil and water salinity are major contributors to decline in productivity of agricultural lands, 
thereby, limiting food and fodder production as demonstrated by Khan et al. (2006). The 
International Center for Biosaline Agriculture (ICBA) is presently exploring nutrient-dense and 
stress-tolerant under-utilized crops for dietary diversification in marginal environments. The 
objectives of this study were to identify finger millet cultivars with high grain and/or fodder yield(s), 
determine the stability of the cultivars and investigate interrelationships among traits under 
varying salinity levels. 
 
Methodology 
One hundred entries comprising 75 test entries (unreplicated) and 5check entries which were 
replicated in each of five blocks using augmented randomized complete block design were tested 
under 0 (control), 6 and 10 dS/m irrigation water salinity levels at ICBA research field in 2021. Each 
experimental unit was 1 m2 with inter- and intra-row spacings of 0.25 m. Fertilization was done 
using NPK and urea. Weeds were controlled manually, while pesticide was used to control insects. 
Data were collected on days to maturity (DM), plant height (PHT), plant aspect (PASP), panicle 
weight (PWT), fresh fodder yield (FFYLD), dry fodder yield (DFYLD) and grain yield (GYLD). 
Measured traits were subjected to analysis of variance (ANOVA), correlation, path and stability 
analyses using appropriate statistical softwares (SPSS Inc, 2007; SAS Institute, 2011; IRRI, 2014).  
 
Results  
Cultivar IE 2457, IE 3391, IE 4028, IE 7320, IE3392, IE 6337, IE 2619, IE 4646, IE 4797, and IE 
6240 were the top performers based on rank summation index (RSI) that incorporated high PWT, 
FFYLD, DFYLD and GYLD (Mulamba and Mock,1978). Stability analysis revealed IE 3392 as 
highest yielding and most stable across all salinity levels, whereas IE 6337 showed specific 
adaptation to 0 dS/m and IE7079 to both 6 and 10 dS/m salinity levels. Path analysis revealed 
PASP and PWT as the traits accounting for 86.6 percent of the variation in GYLD while DM, 
PWT, and FFYLD were the traits identified as contributing 81.5 percent to the differences in 
DFYLD.  
 
Discussion 
The identified top performers for grain and fodder yields suggested the availability of cultivars for 
addressing the food and fodder deficit in the region.  
 
Cultivar IE 3392, with high grain yield and stability across all research environments could be 
cultivated under fresh and saline water irrigations environments. Similar findings were reported by 
Kandel et al. (2020). Cultivar IE6337 with specific adaptation to 0 dS/m should be explored under 
freshwater irrigation while IE7079 with adaptation to 6 and 10 dS/m salinity levels should be 
promoted for production under saline water irrigation environments.  
The PASP and PWT were the two important secondary traits for improvement of GYLD while 
DM, PWT, and FFYLD were found important for DFYLD improvement.  
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Introduction, scope and main objectives 
Salt-affected land spreads in China with many types, large area and various degree, which has 
seriously affected land productivity, ecosystem stability and environmental quality (Yang, 2008). 
On the other hand, nutrient loss is often observed in saline farmland, which seriously reduces the 
nutrient utilization efficiency of salt-affected farmland (Liu et al., 2021; Sun et al., 2020). The 
objectives of present study are to study the ways and methodologies for better managing soil 
salinity and controlling the nutrient loss of salt-affected farmland, so as to effectively reduce saline-
alkali obstacles, improve soil quality, improve nutrient utilization efficiency and improve land 
productivity. 
 
Methodology 
Two years of plot experiments were carried out for the study in a salt-affected farmland of Tiaozini 
in Dongtai City, Jiangsu Province, China. The soil is typical coastal saline soil. Three groups of 
experiments were carried out, including six treatments of combined application of organic and 
inorganic fertilizer, six treatments of application of different modifiers, and six treatments of 
combination of mulching and straw interlayer.  
 
Results  
The application of organic fertilizer can effectively reduce the soil saline alkali obstacles by 
improving the soil structure, organic matter content and water holding capacity, so as to improve 
the farmland fertility level. However, higher application ratio of organic fertilizer may not ensure 
sufficient nitrogen supply. OM one-fourth treatment has the best effect, which can take into 
account for soil salinity management and efficient utilization of nitrogen nutrients. Mulching and 
straw interlayer approaches had good effects on salt reduction and yield increase. The nitrogen use 
efficiency of film mulching + straw ditch burying treatment was the highest, which mainly 
promoted crop yield, increased biomass and finally improved nitrogen nutrient use efficiency by 
reducing salinity, improving soil structure and increasing soil water content. Different modifiers 
have various effects on reducing salinity, alkalinity and increasing organic matter content. In 
general, biochar treatment can effectively reduce soil salinity, improve soil organic matter content 
and improve soil structure, so as to promote crop growth and improve nitrogen nutrient utilization 
efficiency, which has a better effect of salt removal and yield increase. 
 
Discussion 
Organic fertilizer application is conducive to the leaching of soil salt, reduce the capillary pores of 
surface soil and reduce the salt accumulation caused by water evaporation. Combined application 
of organic and inorganic fertilizer can improve the utilization rate of nitrogen fertilizer by 
continuously and stably release and supply of nutrients (Zhu et al., 2019). The combination of film 
mulching and straw interlayer (FM + SB) has the advantages of both salt suppression and salt 
removal effect. Thus, the nitrogen uptake and nitrogen use efficiency of aboveground crops were 
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Introduction, scope and main objectives 
Declining water availability and poor land and water management are leading to increasing soil 
salinity, land degradation, desertification, and threatening the overall sustainability of the crop 
production system in salt-affected irrigated drylands. Assessment of agricultural innovations that 
helps to improve sustainability while minimizing the land and environmental degradation is 
urgently needed. The objective of this study was to determine the potential of Conservation 
Agriculture (CA)-based practices, crop choice, water-saving irrigation, and nitrogen (N) fertilizer 
rates for improving the sustainability of rice (RWS) and cotton-based (CSW) systems in salt-
affected irrigated drylands. 
 
Methodology 
Methodologies included mixed approaches of two years of field experiments, soil salinity and 
groundwater simulation using simulation model (LeachMod), and multi-criteria trade-off analysis 
for the holistic assessment of RWS and CWS in irrigated drylands. Thirteen sustainability 
indicators were computed and compared to assess the sustainability of those crops and the potential 
of alternative CA-based practices for improving sustainability.  
 
Results  
RWS had a higher yield (+24 percent), net profit (+81 percent), and soil organic carbon (SOC) (+29 
percent) in trade-off with lower water productivity (WP) (-147 percent), nitrogen use efficiency 
(NUE) (-70 percent), energy use efficiency (EUE) (-46 percent) with higher greenhouse gas emission 
intensity (GHGI) (+220 percent) than CWS. The CA-based practices in CWS improved 
sustainability indicators with higher yield (+19 percent), net profit (+20 percent), WP (+26 
percent), SOC (+456 percent), and EUE (36 percent) with decreased soil salinity (-7 percent) and 
GHGI (-14 percent) than in conventional system. Improved N rate turned out to be beneficial for 
improving sustainability in CWS. Subsurface drainage loss was highest (92 percent) in wet-direct 
seeded rice with flood irrigation and 65 percent from dry-direct seeded rice using alternate wet and 
dry irrigation, while no water loss from wheat, cotton, and maize fields. RWS raised groundwater 
depth by 25 percent compared to the CWS. Salinity levels at groundwater and top-soil profile were 
higher in CWS than in RWS. Despite benefits on economic indicators, considering lower 
environmental indicators flood irrigated rice might not be the appropriate choice for salt-affected 
irrigated drylands. 
 
Discussion 
Our results showed that soil salinity can be managed through the adoption of CA-based practices, 
especially by residue retention. Permanent soil cover helps to minimize the increasing soil salinity 
level by reducing evaporation loss of water from the soil surface and minimize human-induced 
secondary salinization. Higher soil salinity in CWS than in RWS in this study suggests that soil 
salinity decreases with the increased amount of water application (mainly with high water 
demanding rice cultivation), however, the availability of a large amount of freshwater to cultivate 
and irrigate rice is not available in most of the drylands. In such drylands, secondary salinization 
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Conclusions 
In this sense, these approaches to restoration, with an integrated and adaptive management of the 
micro-watershed of saline-sodium soils and landscapes, represent a viable and sustainable 
alternative: a way to restore the natural and cultural heritage of the pre-Columbian civilizations 
that preceded us, with their knowledge and experience of the interrelation of man with his natural 
environment. 
 
The views expressed in this information product are those of the author and do not necessarily 
reflect the views or policies of FAO. 
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Introduction, scope, and main objectives 
The 2010 Global Forum on Salinization and Climate Change identifies salinization as one of the 
main causes of soil degradation and warns of the increase in areas with soils affected by salts due to 
the intensification of agriculture and changes in temperature and precipitation patterns because of 
climate change. 
 
The main objective of this paper according to climate change scenario forecasts (AR6) are, how arid 
and semiarid salt-affected soils will put greater pressure on water resources, which will require 
greater use of water for irrigation and the search for and use of groundwater, generally with a high 
salt content. Similarly, the increase in temperature would increase evapotranspiration, a process 
that facilitates the accumulation of bases such as sodium, calcium, and other salts. 
 
Population growth and climate change is projected to increase the pressure on land and water 
resources, especially in arid and semi-arid regions. This pressure is expected to affect all driving 
mechanisms of soil salinization comprising of an alteration in soil hydrological balance, sea salt 
intrusion and wet/dry deposition of wind-born saline aerosols, all leading to an increase in soil 
salinity. 
 
Results 
The results indicate that by the end of the twenty-first century, drylands of South America, 
southern and Western Australia, Mexico, southwest United States, and South Africa will be the 
salinization hotspots. 
 
Discussion 
Many regions are projected to experience an increase in the probability of compound events with 
higher global warming. Concurrent heatwaves and droughts are likely to become more frequent. 
Concurrent extremes at multiple locations will become more frequent, including in crop-producing 
areas, at 2 °C and above compared to 1.5 °C global warming. 
 
Recommendations for prevention and development of soil ecosystem services in salt-affected soils 
Biogeochemical cycles and climate changes can either weaken or strengthen the potential of these 
methods to remove CO2 and reduce warming. Ecosystem responses to warming have not yet fully 
included climate models, such as CO2, NO2 and CH4 fluxes from wetlands, permafrost thaw and 
wildfires. 
 
Agricultural and ecological droughts, meteorological and hydrological droughts, changes in 
intensity and frequency of meteorological droughts, changes in total column soil moisture, 
complemented by evidence on changes in surface soil moisture, water balance and a projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions. 
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Conclusion 
Soil salinity influences soil stability, biodiversity, ecosystem functioning and soil water 
evaporation. It can be a long-term threat to agricultural activities and food security. To devise a 
sustainable action plan and policy, it is crucial to know when and where salt affected soils occur. 
 
The views expressed in this information product are those of the author and do not necessarily 
reflect the views or policies of FAO. 
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Introduction, scope and main objectives 
The Atlantic coastal plain of the United States (U.S.) is losing hundreds of square kilometres of 
agricultural and forested land per year (White et al., 2021, Gedan et al., 2020). The loss is driven by 
soil salinization through storm surges, tidal influences, drought, human influences, and sea level 
rise (Tully et al., 2019).  The objective of our work was to develop a manual to help coastal producers 
(farmers, foresters, and livestock managers) in the southeastern United States remain proactive and 
resilient to this threat. 
 
Methodology 
The manual was created from a literature review and discussions with regional experts (including 
USDA Department of Agriculture Natural Resources Conservation Service staff) on soil salinization 
and working lands. The draft manual was peer reviewed by an independent group of experts in 
coastal salinization and saltwater intrusion issues prior to publication.  
 
Results  
The Identification, Mitigation, and Adaptation to Soil Salinization in the United States Southeast 
manual delineates five stages of soil salinity ranging from Stage 0 (no impact) to Stage 5 
(marshland). Each stage has an assigned range of electrical conductivity (EC) values ranging from 
0 dS/m (Stage 0) to >25 dS/m (Stage 5). The characteristics of each stage (e.g. EC, commodity 
impact) are included so the user can identify the stage of their soil. Each stage has adaptation 
recommendations, and Stage 1 (only) has mitigation options (e.g. remediation, constructing water 
control structures). Adaptation options include planting field buffers, switching to crops with 
higher salt-tolerances, planting alternative crops, or enrolling land into a conservation easement. 
When the land is no longer able to be economically profitable it becomes non-commercial land and 
could provide benefits through ecosystem services.  
 
Discussion 
The manual provides a critical resource to help coastal producers across the southeastern United 
States assess and protect their working lands from current and future salinization. Regional 
farmers, foresters and ranchers do not know when episodic events (e.g. hurricane) will impact 
their lands. However, the long-term (chronic) rate of sea-level rise is well documented for the 
southeastern United States. This manual will assist with both the episodic and chronic impact of 
saltwater intrusion. Understanding how saltwater is interacting with the landscape is essential to 
assessing current and future salinization issues. Management plans can be developed using 
adaptation in each stage to extend the productivity of the land. 
 
Conclusions 
This manual can be used to identify soil salinization, mitigate it if in early stages, and adapt to it in 
during any stage, using knowledge specific to the south-eastern United States. Although the manual 
is useful for assessing soil salinization impacts for a given area, the manual does not provide any 
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indicator was also in the Chimbay region and amounted to 6.3 g/l , and the minimum indicator was 
2.2 g/l (Kegeyli region). 

 
Conclusion 
In the conditions of the ecological trouble in the South Aral Sea region, largely associated with the 
shortage of water resources with the current state of technical equipment of irrigation and drainage 
systems, these problems are becoming especially important for the region.  
 
The views expressed in this information product are those of the author(s) and do not necessarily 
reflect the views or policies of FAO.  
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Conclusion 
Thus, the results of vegetative experiments indicate that among the tested halophyte species, 
Climacoptera is able to reduce the level of soil salinity due to its salt-accumulating ability. In this 
regard, it can be assumed that growing this plant on saline soils can significantly reduce the level of 
salinity.  
 
The views expressed in this information product are those of the authors and do not necessarily 
reflect the views or policies of FAO. 
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8. Raising Community seedbed to facilitate quality seed for boro rice in coastal region.  
9. Tree plantation to protect embankment/dykes.  

 
b. Strongly saline area AEZ-13b 

1. Commercial crab cultivation in strongly saline area.  
2. Malia cultivation by less privileged community in strongly saline area. 
3. Tower gardening in saline and intermittently shallowly flooded areas in coastal region. 
4. Vegetable with rice and fish in moderately saline area. 
5. Transplanted aman rice and golda shrimp/white fish cultivation.  

 
Discussion 
The farmers those have access to extension and marketing scaled up SLM best practices to adopt 
local situation of soil salinity and waterlog condition. 
 
Conclusions 
SLM combines technologies to integrate the management of physical and socio-economic principles 
to meet human needs while ensuring the long-term sustainability of ecosystem services and 
livelihoods. SLM integrates land, water, biodiversity, and environmental management to meet 
rising demands of land users offering solutions that go beyond technologic recommendations by 
including aspects of social participation and policy dialogue. It needs scale up and scale out as local 
demand.  
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Introduction 
Currently, the use of soil biotechnology to exploit the potential of beneficial soil microorganisms to 
produce a maximum yield in stress conditions has received much attention (Koskey et al, 2021). 
Almond (Prunus amygdalus L.) yields are reduced by 25 percent, 50 percent, and 100 percent in 
electrical conductivity of 2.8, 4.8, and 7 dS/m respectively (Collin et al., 2019). In this study, we 
aimed to investigate the effect of three types of extremophilic indigenous bacteria to induce salinity 
and alkalinity resistance in almond rootstocks under these soil stress conditions. 
 
Methodology 
Isolating, purifying, and preserving 54 different strains from three groups of bacteria (halophilic, 
alkaliphilic, and haloalkaliphilic) were carried out from the rhizosphere of almond groves soil 
samples in Khorasan Razavi (Iran). Afterward, three PGPR properties including tri-indole acetic 
acid, dissolution of mineral phosphates, and exo-polysaccharide were measured in all strains in the 
laboratory. Then, the roots of 108 GN15 almond rootstocks were inoculated with two superior 
bacterial strains and sterilized control from three groups of bacteria in four saline-alkaline artificial 
soils (2, 4, 8, 16 dS/m with 10, 15, 15, 20 SAR respectively). More than 50 different morphological 
characteristics, biochemical traits, soil and plant macro, micro nutrient concentration along with 
some specific ions (Na+ and Cl-) were measured in the treatments.  
 
Results  
Alkaliphilic, haloalkaliphilic and halophilic were superior in terms of production capacity and 
amount of plant growth-promoting attributes, respectively. H10, H22, A11, A7, HA7, and HA9 
were the best isolates in the laboratory. 
 
Halophilic bacteria caused the largest increase in shoot fresh weight (19.83 g); however, the fresh 
weight of the roots (22.61 g) was maximal in the haloalkaliphilic group. The highest root-to-shoot 
ratio was observed in the HA9 strain of haloalkaliphilic bacteria with 1.31. 
 
Soil pH was variable and significant from 6.9 to 7.5 in all treatments. Soil EC was significantly 
reduced in 8 and 16 dS/m treatments to the 5.2 and 9.2 dS/m respectively with the bacterial 
application.  
 
With soil salinity increase, plant N and K decreased; and the concentration of plant Mg, Fe, Na, 
and Cl along with soil P, Na, and Cl increased. The increasing trend of EC, P, and Cl elements in the 
soil and Zn of plants under the influence of bacteria was similar to quantitative amounts of growth 
enhancers; and it was more in alkaliphilic, haloalkaliphilic, and halophilic, respectively. While the 
amount of plant Mg, P, and K and soil Fe were affected by the pH changing by bacteria and were 
observed in halophilic, alkaliphilic, and haloalkaliphilic, respectively.  
 
The plant P was eight times higher than the optimal P of almond leaves and 39.5 times greater than 
the initial P of soil. Soil K of treatments was 21 times bigger than the initial soil K. Plant Fe was 



https://doi.org/10.2134/agronj2018.03.0183
https://doi.org/10.3390/biology9060116
https://doi.org/10.3389/fsufs.2021.606308




https://www.fao.org/documents/card/ru/c/cb0353en/
https://doi.org/10.4060/ca9215en






mailto:verma.dharmesh@gmail.com






312 
 

Bioremediation of sodic soils through halophilic microbes 

Sanjay Arora, Y.P. Singh, Divya Sahni 
 
ICAR-Central Soil Salinity Research Institute, Regional Research Station, Lucknow, India 

 
Keywords: Halophilic bacteria, sodic soil, bio-amelioration, Indo-Gangetic plains 
 
 
Description of the good practice 
Bio-remediation through halophilic plant growth promoting bacterial strains helps in recovery of 
salt-affected soils especially sodic soils by directly supporting plant growth and increasing crop 
yields in salt stress. This approach has scope to live with salt and optimize crop production to meet 
food demands and livelihood security of resource poor farmers. 
 
Context of the practice 
In present times the availability of mineral gypsum is scarce and also both chemical and physical 
methods of reclamation of sodic soils is not cost-effective. The microbial strains available as growth 
enhancers for different crops do not perform effectively under salt stress and their activity decreases 
when used in salt affected soils due to osmolysis. The soils of vast areas of Indo-Gangetic plains are 
sodic or saline sodic.  
 
The positive impact of the practice in addressing soil salinity / sodicity 
In view of reducing the cost on sodic soil reclamation, salt tolerant bacterial strains of halophilic 
plant growth promoting bacteria (HPGPB) were isolated from the native sodic soils of Indo-
Gangetic plains. The screened bacterial isolates have the multiple mechanisms, such as production 
of hormones IAA, ACC deaminase, exo-polysaccharide, siderophore, phosphate solubilization, and 
nitrogen fixation which makes them play important role in plant growth promotion under salt 
stress. The efficient strains of halophilic growth promoter were mass cultured and prepared in 
suitable standardized media as liquid bioformulations viz. Halo-Azo and Halo-PSB for easy 
inoculating seed/seedling treatment or for soil application. Application of these bioformulations 
helps to supplement plant nutrients and reduces stress through their activities in the rhizosphere 
and enhances plant growth under the salt stress. It ensures better root development, effective 
nutrient uptake and thereby vigorous crop growth. These formulations also help in improving soil 
health, minimize environmental pollution by lowering down the use of chemicals.  
 
Results indicated increase in rice yield by ~11.5 percent with the inoculation of seedlings with liquid 
bioformulations Halo-Azo and Halo-PSB over un-inoculated control. Similarly, wheat yield was 
enhanced by average of 14.03 percent with seed inoculation.  
 
Other benefits of the practice 
The application of liquid bio-formulations of HPGPB improved growth and yield of crops under 
salt stress and they also improved soil health. There was substantial improvement in soil pH and 
exchangeable sodium content. Buildup of soil organic C and N apart from improvement in microbial 
biomass C and dehydrogenase activity was observed with application of liquid bioformulations. 
 
Costs of the practice 
They are affordable for most of the small and marginal farmers. Bioformulations are also ideal input 
for reducing the cost of cultivation and for promoting organic farming in salt affected soils. The 
there year average B:C ratio enhanced from 2.10 to 2.31 in rice and enhanced from 2.26 to 2.59 in 
wheat with the use of bioformulation of halophilic microbes. 
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Description of the good practice 
Surface soil amendment with locally available water hyacinth is rich in organic matter and helps in 
dissolution of native calcium carbonate thereby self-ameliorate the calcareous sodic soils. 
 
Context of the practice 
It is difficult to reclaim calcareous sodic soils having high clay content through chemical 
amendment and also the availability of mineral gypsum is scarce and costly for agricultural use in 
present times. The water hyacinth having more than 80 percent organic matter is commonly 
available in village ponds and is of no use. The alkali soils of Bihar state and parts of UP and Punjab 
in Indo-Gangetic plains are dominated by high CaCO3 content. They have high sodium saturation 
that adversely affects the water infiltration and soil structure. Availability of soil CaCO3 may be 
quite considerable for the amelioration of sodic soils. Also, it has been reported that soluble CaCO3 
had significant contribution towards increase in exchangeable Ca2+ of sodic soils. The use of organic 
matter, has long been advocated as an organic amendment for the reclamation of these soils since 
it tends to improve soil aggregation, aeration and water holding capacity. Conversely the 
production of CO2 during decomposition of organic matter can lower the pH and lead to dissolution 
of CaCO3. The present study was, therefore, undertaken to study the effect of organic matter on 
CaCO3 dissolution and for predicting Ca2++Mg2+release from sodic soils which differ in CaCO3 content.  
 
The positive impact of the practice in addressing soil salinity / sodicity 
In a preliminary study in calcareous sodic soil (pH 9.4 to 9.8, EC 2.42 to 4.26 dS/m, CaCO3 2.2 to 
28.16 percent, organic carbon 0.22 to 0.38 percent). The soil samples were amended with water 
hyacinth at 2 Mg/ha at field capacity moisture and incubated at 28±1oC for 60 days. The release of 
Ca+Mg increased due to dissolution of CaCO3. There was 14.4 to 22.6 per cent higher release of 
Ca+Mg was observed in water hyacinth amended soils as compared to no water hyacinth 
application. The study indicates that native CaCO3 dissolution can help in ameliorating sodic effect 
when water hyacinth was applied to sodic calcareous soils. 
 
An experiment was conducted to ascertain the effect in calcareous sodic soil with CaCO3 content of 
12.8 percent amendment with 2 Mg/ha of water hyacinth and thereby ponding water of 5cm depth 
for 10 days.  
 
Other benefits of the practice 
The application of water hyacinth as soil amendment improved soil physico-chemical and biological 
properties, improved infiltration, bulk density and enhanced productivity of rice and wheat by 28 
and 19 percent. It was observed that after two consecutive years of rice, the surface soil pH reduced 
from 9.32 to 8.44, carbon build up was 1.4 g/kg and free CaCO3 content reduced to 10.3 percent. 
 
Costs of the practice 
Water hyacinth is freely available in villages in most of the community ponds, water bodies and 
reservoirs as weeds. Its application as soil amendment involves only labour cost of INR 450 (US$ 
5) for nearly 2 Mg/ha in same village. This is affordable for most of the small and marginal 
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Description of the good practice 
Three integrated nutrient management systems for sodic soils provide benefits in terms of increased 
productivity, improved soil quality and resource saving. The practices include: green manuring with 
Sesbania aculeata, integration of a legume crop (Vigna radiata) in the main cropping systems and 
soil incorporation of its residues, partial retention and soil incorporation of cereal crop residues. 
Reduced application of inorganic fertilizers (almost 50 percent) can be afforded with these practices. 
 
Context of the practice 
Salt affected soils are inherently low in organic carbon (C), which is lifeline of a fertile soil. Organic 
carbon controls many functions which play vital role in plant nutrition by controlling cation 
exchange, aeration, water holding, leaching of salts, and mineralization etc. Increased levels of 
sodium salts in soil adversely affect microbial and enzymatic activity which plays role in nutrient 
transformations. Not only presence of salts and pH play important part but physical changes may 
also assert significant role, indirectly. For example, sodic conditions result in compaction of soil and 
this restricts root growth to explore more soil volume for plant nutrients. The sodic soils which 
inherently have very low soil carbon and poor soil stability (slaking and dispersion are the key 
processes) get benefitted in terms of enhanced C sequestration, improved hydraulic conductivity, 
and improved nutrient availability throughout growing season. The integrated management 
systems also provide better climate resilience and mitigation of greenhouse gas emissions.  
 
The positive impact of the practice in addressing soil salinity / sodicity 
The practices have been found to decrease soil pH, though effects could be seasonal. The availability 
of nutrients is inherently low in sodic soils but these practices enhance nutrient availability. 
 
Other benefits of the practice 
Integrated management of nutrients provided significant benefits in terms of nitrogen 
mineralization and plant availability, micronutrient uptake by plants and increased crop 
productivity. Almost 50 percent cut down in inorganic fertilizer use could be afforded with use of 
green manuring, integration of a legume crop in the main cropping system and soil incorporation of 
residues, partial retention and soil incorporation of cereal crop residues, and even use of farmyard 
manure. 
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Figure 1. Effect of different nutrient management system on mineralizable C and N in soil. 

 
Costs of the practice 
There are no extra costs when the organic materials added to management include main crop 
residues. In case of green manuring or integration of a legume crop in the main cropping system and 
soil incorporation of its residues minimal costs towards seed materials, planting costs, and irrigation 
water. The practices have immense benefits compared to the costs. 
 
Challenges for scaling up the practice 
Use of inorganic fertilizers, particularly the nitrogen fertilizers, which are highly subsidized in most 
countries of the world, poses a challenge to adopting any alternative practice that may otherwise 
provide immense benefits for land, water and environmental quality. Integrated management 
practices have marginal extra costs yet they provide long- term benefits in checking salinization 
and increasing productivity.  
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Figure 4. Seasonal variation in soil salinity in root zone under 
different land situations  created under land shaping practices and 

control (without land shaping) 

 
Figure 5. Profile soil salinity under farm pond 

land shaping practice and under control 
during dry season (March) 

 
Other benefits of the practice 
Implementation of land shaping in coastal delta regions of India Sundarbans resulted in increase in 
cropping intensity up to 240 percent from a base level value of 100 percent. Due to creation of 
different land situations and following cultivation of crops round the year org. C, av. N, P & K and 
biological activities in root zone have been increased. Farming activities under land shaping have 
enhanced the employment opportunities for the farm families by 1.6 times per year. As the farmers 
get employment in their own farm land throughout the year, this has checked the seasonal 
migration rate of the farm family in search of their livelihood.  
 
Costs of the practice 
On-farm demonstration have shown the success of land shaping practice in coastal delta region of 
Indian Sundarbans in terms of increasing farm income and providing gainful employment to the 
farmers (Table 1). However, these land shaping involved high initial investment, particularly on 
soil excavation.  The financial analysis has revealed a direct relationship between investment on a 
land shaping and value of Internal Rate of Return (IRR), Net Present Value (NPV), Benefit Cost 
Ratio (BCR) (Table 1).  
 

 Table 1. Financial feasibility of land shaping in coastal delta region of Indian Sundarbans 

Criteria  Farm Pond  Paddy-cum-fish  Deep furrow & high ridge  

Initial investment (INR/ha)  145770  135800  87850  

Internal Rate of Return (%)  46  42  36  
Net Present Value (INR)  285059  232450  96817  
Benefit Cost Ratio  1.58  1.55  1.20  
Payback Period (years)  1.41  1.78  2.13  
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Figure 1. Field plots before and after the use of innovative biotechnology on cotton and wheat. Uzbekistan, Syrdarya 
region, highly saline soils, 2018 

 
Challenges for scaling up the practice 
For the widespread introduction of proven practices and the export of biopreparations, it is 
necessary to create a new biotechnological production, for which there is a certain potential and 
highly qualified specialists. 
 
The views expressed in this information product are those of the author(s) and do not necessarily 
reflect the views or policies of FAO. 
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Description of the good practice 
Soil salinization is a big problem around the world as a result of unsustainable land management 
practices and climate change. Salt-affected soils are characterized by poor soil structure and low 
organic matter contents. These soils have been used for agriculture since thousands of years. 
However, poor drainage, inappropriate irrigation, high evaporation rate and excessive use of 
chemical fertilizer caused severe degradation and abandonment of these soils, economic losses for 
the farmers and social migration.  
 
Eastern Spain is one of the semi-arid irrigated areas where a high amount of Citrus (mainly oranges 
and lemons) is produced in Europe (Figure 1A). In Murcia, some of these lemon and orange orchards 
were established on salt-affected soils and under intensive management practices (Figure 1B). In 
addition, it is a common practice to burn the tree pruning residues (branches and leaves). However, 
in the early 1980s, conservation tillage for improved water retention and soil structure was 
implemented. Moreover, organic matter amendments (green manure, compost, biochar, and food 
processing wastes) were applied to improve the physical conditions of salt-affected soils.  
 

 
 

Figure 1. A) Citrus lemon tree and B) salt-affected soil in the studied semi-arid area (Librilla, Spain) 
 
The combination of pruning residues incorporation through reduced tillage, and drip-irrigation 
systems is a promising approach to offset the negative effects of high salt content, increase organic 
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iv) decreasing soil erosion and soil desertification 
v) promoting a sustainable agriculture from a social, economic and environmental perspective. 
 

Costs of the practice 
No information on costs are available. (It will be available for the Symposium) 
 
Challenges for scaling up the practice 
The organization of workshops with other farmers and people responsible in the regional 
administration (description of main point about how management salt-affected soil regarding to 
environmental and socio-economic impacts) in this area may contribute to promote this 
combination of sustainable land management practices. 
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Description of the good practice 
Khuzestan in the southwest of Iran is the bed of major Rivers. While its lowland deltas are suffering 
from salinity and waterlogging issues. Extension of irrigation and drainage networks in the area 
releases billions of cubic meters of drain water down to the outlets. Discharge of this huge volume 
of water has developed new challenges for the downstream regions. Evaporation ponds are 
developing in some regions (Figure 1), while in some cases dredging and pumping is necessary to 
avoid reflux of drain water back to the fields.  
 

 
Figure 1. Development of evaporation ponds for discharge of drain water at Iran-Iraq border 

 
Invasion of dust storms is another environmental issue harmed frequently some parts of the Middle 
East. The flat and dry areas with fine particles are considered to have major role in dust production. 
The downstream areas of Khuzestan have these conditions in addition to dispersed soil particles 
due to high salinity and sodicity makes this area more prone for dust production. 
 
Different measures have been proposed to combat dust storm hot-spots including different mulches 
and flood spreading on the hot spots. As the government is the unique donor for performing such 
projects, it impossible to provide the fund by the government. Haloculture, as integrated and 
sustainable use of the potentials of saline environments for production, was proposed based on the 
capabilities and restrictions of salt affected dust storm cannons of Khuzestan. Such a project uses 
the saline drainage water as input water, reduces the volume of drainage water, stabilizes the soils 
and makes it wet and produces wealth through its products. The salary of the project could be used 
by the local communities to scale up the project on the large scale. 
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Figure 2. Shallow saline groundwater is a major threat for plains with poor drainage. Chacra América, 2020 

 

  
Figure 3. CC improve soil structure, water infiltration, and salt leaching. Chacra América, 2020 
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Figure 4. Triticale (right) sowed over natural saline vegetation (left). Chacra América, 2021 

 

 
Figure 5. Legumes in mixed CC contribute to soil fertility by fixing nitrogen. Chacra América, 2020 
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Challenges for scaling up the practice 
At a basin level, the use of CC is not enough to manage the excess of water and to reduce shallow 
water tables during flooding events. This practice should be implemented with a systemic approach, 
including pastures and trees in recharge areas and salt-tolerant crops in discharge areas. 
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Other benefits of the practice 
Combating desertification, improved living conditions and better quality of life 
 
Challenges for scaling up the practice 
This is an easily adaptable practice from technological point of view. However, farmers need to be 
convinced via pilot plants and farms. 
 
The views expressed in this information product are those of the author(s) and do not necessarily 
reflect the views or policies of FAO. 
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Figure 2. Production site of basic grains in the Morelia-Querendaro Valley in the Volcanic Belt of Mexico. Climograph of 
own elaboration with information from National Water Commission of Mexico (CONAGUA) 

 
Increase in productivity after adding biochar in saline soils 
The benefits of applying biochar on soils have been widely explored in the scientific literature. 
Currently, the data on the effect of biochar on pH and electrical conductivity in soils are not 
conclusive, and in some cases it is contradictory. However, benefits are reported in plant nutrition. 
In our studies, the changes in chemical properties have not been statistically significant; possibly 
because they are short-term studies (1 to 2 years, in corn and wheat, respectively). But they present 
significant data regarding production levels as seen in Figure 3. 
 

 
Figure 3. Production of wheat with biochar and without biochar under controlled conditions on basic grain production 

soils. 
 
Recarbonization of soils 
Biochar in farming areas of Central Mexico can be a strategy to increase the production and Re-
carbonization of soils. The application of biochar with the rates suggested (1 %) in our 
investigations, can store up to 9.2 ton / ha in soils cultivated with wheat. 
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Costs of the practice 
The construction cost of a rustic bioreactor like the one presented here amounts to approximately 
45 dollars and conversion rates of 25 percent from biomass to biochar. The capacity of the bioreactor 
is 25 kg and two hours of conversion time. The biomass used comes from the residues of corn cobs 
from a previous agricultural cycle; therefore, the cost for the producer is low. The increase in the 
production of wheat with biochar, compared to the production without biochar, represents a profit 
of USD 96 per ton. Applied to regional yields of 7 ton per ha, it represents a profit for producers of 
USD 672 per hectare. 
 
Challenges for scaling up the practice 
The main challenges for the adoption and scaling of the biochar practice in this region, consists of 
the training for producers to build the reactors and have reactors of a larger size, but at low cost. 
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Figure 2. Land levelling & Incorporation of green manure 
 
Context of the practice 
During the dry season, many localities of Northeast Plateau will develop a salt crust. The soil 
fertility is very low. The climate of Thailand is classified as tropical. 
 

  
 

Figure 3. Landuse 
 

The positive impact of the practice in addressing soil salinity / sodicity 
Utilization green manure is a practical method to improve soil organic matter, nutrients and 
structure while soil electrical conductivity decreased. Finally, it increases rice yields by up to 30 
percent.  

 
 

Figure 4. After soil improvement 
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Other benefits of the practice 
Farmers can produce seeds for sale back to Land Development Department and get more income. 
 

 
 

Figure 5. Seed production 
 
Costs of the practice 
Total costs are about 15 000 Baht per ha. The costs including labor cost for land preparation, 
planting rice, harvesting, rice seed, green manure seed and chemical fertilizers. 
 
Challenges for scaling up the practice 
Utilization of green manure has remained constrained by factors such as insufficient availability of 
seed, low seed germination, photoperiod sensitivity and increased variable costs. The other one is 
participation of stakeholders for sustainable land management. 
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Figure 4. Dixie grass (after three years) as pasture for cattle 

 

  
 

Figure 5. Better biodiversity and environment (after three years) 

 
Other benefits of the practice  
Dixie grasses can be used as cattle feed. Farmer can sell the Dixie shoots for propagation to Land 
Development Department. They can get higher income.  
 
Costs of the practice  
Total costs for technology are about 15 000 Baht per ha. The costs include labor cost for planting 
Dixie grass, Dixie seedling cost (10 000 plants per ha) and fertilizers as compost and chemical 
fertilizers. 
 
Challenges for scaling up the practice 
The challenges are to raise awareness and participation in the rehabilitation of saline soils within 
the community, and to create a model from successful farmers in order for farmers in nearby areas 
to have incentives in their own areas. And the staff must continuously educate and publicize the 
project. 
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Table 3. Potential barriers for adoption of the practice / case study   
Barrier YES/NO Explanation (short, referenced) 

Biophysical NO 
 

Cultural YES Strong awareness among stakeholders is needed. 
Social YES Community to adopt marketing for new farm products. 
Economic YES High initial cost. 
Institutional NO Government extension institute and NGO are active. 
Legal (Right to 
soil) 

YES Most of the land owned by few peoples, absentee owners. 

Knowledge YES Poor excess to knowledge hub. 
Natural resource NO 

 

TOther 
 

Total polder management with strict sluice gate operation to ensure proper drainage 
management. 

 
 
Economic benefits of the practice / case study 
Initial cost of establishment of this practice is about BDT 200 000/ (USD 2400) and the farmer 
can able to earn about BDT 350 000/ (USD 4100) per year per ha. There is a minimum cost for 
maintenance, amounting to only USD100 per year per ha. Therefore, this a very positive cost-
benefit ratio.  
 
Photos and graphical representations of the practice / case study 
 
 
 
 
 

 

 

 
 
 
 
 

 
Figure 1. From left to right: Top: Creeping Vegetable on dyke, Vegetables on two dykes joined with net, Farmer 

describing his experience.Bottom:  Unconverted land besides converted land, Harvesting vegetable from boat, Unconverted 
single cropped land. 
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Figure 4. Farmer who manage the Gher 

 
Figure 5. A sketch of Gher 

 
Figure 6. Gher bunds where not used for crop 

 
The views expressed in this information product are those of the author(s) and do not necessarily 
reflect the views or policies of FAO. 
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Description of the good practice 
Seaweed crops could make currently degraded lands productive again using saline groundwater as 
a resource. Where saline groundwater has the equivalent concentration of the minerals necessary 
for seaweed growth, it could be helpful in the cropping of seaweeds. The cultivation, harvest, drying, 
and baling of seaweed is as easy as making hay. All farmers who face the high-water table salinity 
problems can use seaweed as a crop to maintain the sustainability of production on otherwise 
degraded lands. Seaweeds are large, multicellular algae. They are eaten raw, cooked, or processed, 
and their products (e.g. agars, carrageenans, and alginates) are essential ingredients in many 
cosmetic and pharmaceutical products. Also, seaweed cultivation enables carbon sequestration, 
breeding grounds for fish and shellfish, pollution abatement, and animal feed and fertilizers (NAAS 
2003). Seaweeds are effective in mitigating eutrophication. Rising global demand for seafood has 
increased the demand for seaweed cultivation (Neoria et al., 2004). Seaweed harvests could mitigate 
the costs of engineering investments and costs for salinity restoration programs. Farmers who 
currently have salinity problems and need a crop to substitute for the loss of traditional crops on 
their salt-degraded land can use seaweed as their primary crop.  
 
Context of the practice  
Seaweed cultivation assists those farmers disadvantaged by saline groundwater and enables them 
to consider these waters as a resource for a crop cultivated in saline water. 
 
The positive impact of the practice in addressing soil salinity/sodicity 
Seaweed sales could, at the minimum, mitigate the costs of land rehabilitation and drainage basin 
operations. Seaweed production can make productive, profitable, and sustainable use of salt-
degraded land that is currently unproductive. Seaweeds also work as a soil additive and function as 
both fertilizer and soil conditioner.  
 
Other benefits of the practice 
It could increase the economic sustainability of farms through the use of currently non-productive 
land. Seaweed will soak up excess nutrients from irrigation drainage water and help to remove 
saltwater from the environment, and it helps in carbon sequestration. Cows fed certain seaweed 
species belch 58 percent less methane (Mernit, 2018).  
 
Costs of the practice 
Gracilaria, a type of seaweed dried and exported in bales, can generate at least $500-1000 per tonne 
to processors for the production of agar gel, which has a growing international market as an additive 
in the food and biotechnical industries and takes more than 35,000 tonnes of dried Gracilaria per 
annum (Cordover, 2007).  
 
Challenges for scaling up the practice 
Future research and development are required to understand the major practices required for its 
cultivation.  
 

https://e360.yale.edu/features/how-eating-seaweed-can-help-cows-to-belch-less-methane
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