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Abstract
We investigated the individual and combined e ects of gypsum, elemental sulfur, vermicompost, biochar and 

microbial inoculation on soil health improvement in saline-sodium calcareous soils. is degenerating. We have developed 
linear and non-linear quantitative soil health frameworks to evaluate the e ectiveness of remedial measures. Combined 
organic and chemical treatments; gypsum + vermicompost and elemental sulfur + vermicompost with increases of 
134% (0.29 vs 0.68) and 116% (0.29 vs 0.62) in the nonlinear index, signiýcantly increased the e ectiveness of the 
modiýcations compared with the control. The increase in the overall health index of the soil ranged from 12 to 134%. 
Microbial inoculation further improves the treatment's impact on soil health. The soil health properties included in 
the indices explained 29ï87% of the variance in wheat growth. The results provide insight into cost-e ective and 
environmentally sustainable methods to rehabilitate degraded saline-sodium soils. In addition, soil health indicators 
are introduced that provide a quantitative assessment of soil treatment strategies. 
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tillage operations are primarily intended to restructure soil particles, 
chemical treatments focus on replacing exchange salts with calcium 
or hydrogen ions by adding gypsum or dissolving existing calcium 
carbonate. using acidic agents such as elemental sulfur or sulfuric acid. 
In contrast, organic treatment of saline-sodium soils is associated with 
more comprehensive improvements in the physical, chemical and 
biological properties of the soil [7-10]. Saline-sodic soils typically have 
poor structural quality and exhibit a range of limited pore sizes, each 
supporting di�erent soil functions and services. �us, limitations on 
soil aeration, hydraulic conductivity, surface penetration, microbial 
population and diversity, and root penetration are closely related to the 
structure of the soil. Poor soil is observed in saline-sodium soils. �e 
organic matter acts as a coagulant for the decomposed soil particles 
due to the migration of sodium ions into the exchange sites. Besides 
being directly involved in the retention and exchange of important 
cations such as Ca2+, K+ and Mg2+, organic additives also facilitate 
the removal of excess salts from the upper cross-section of the material. 
soil by improving the �ow and di�usion of water [11-14]. �erefore, 
the di�erent processes observed during the treatment of saline-sodium 
soils with organic and inorganic agents require an understanding of 
di�erent organic sources. Although a limited number of investigations 
attest to the remarkable functional and economic bene�ts of integrated 
organic-organic remedial strategies, few studies have explored the 
potential impact on soil health of these combined methods. In 
addition, there is a notable absence of comprehensive frameworks for 
assessing soil health for saline soils to measure the rate of improvement 
resulting from the revised practice. To the best of our knowledge, the 
present study constitutes an initial e�ort to develop a framework for 
the physical, biological, and chemical assessment of soil health in the 
context of soil remediation practice. salt-sodium organic-inorganic 
combination. 

Conclusion
�erefore, the objectives of this study were to: (a) develop and 

evaluate the combined e�ects of combined treatments on the physical, 
chemical and biological health of saline-sodium soils, (b) identify key 
soil characteristics that a�ect saline-sodium salinity soil health, and (c) 
develop integrated linear and non-linear indicators of soil health to 
assess revision overview. �e results showed that all the modi�cations 
signi�cantly improved the physical, chemical, nutritional and biological 
health indicators of the soil studied. Combination treatments, 
especially GP/ES + VC, were found to be most e�ective in promoting 
soil health, followed by VC. �ese results suggest that the presence of 
VC can signi�cantly increase the impact of GP and ES on improving 
the health of saline-sodium soils. �e numerical value of SHI increased 
from 12% to 134% a�er incorporating the modi�cations into the 
control soil, depending on the treatment and modeling method. �is 
demonstrates the positive synergistic e�ect of multiple modi�cations 
on SHI, especially those produced by the non-linear model. While the 
linear and non-linear SHI models showed signi�cant improvements 
in soil health across all treatments, those with microbial inoculation 

resulted in higher SHI values. SHI was found to be signi�cantly 
associated with wheat growth indices, including dry and wet weight, 
root length and volume. However, the non-linear SHI model more 
accurately predicts wheat yield and growth parameters than the linear 
SHI model. Overall, the results suggest that organic supplements such 
as vermicompost have signi�cant potential to improve the health of 
degraded saline-sodium soils. Organic amendments can also increase 
the e�ectiveness of conventional chemical treatments such as gypsum 
or elemental sulfur in minimizing the adverse e�ects of soil salinity 
and salinity on growth. of crops and agricultural productivity. With 
the increasing reliance of intensive agricultural systems on chemical 
inputs, there is a need to develop cost-e�ective and environmentally 
sustainable practices. Organic amendments increase the immediate 
availability of essential nutrients and improve soil resilience to internal 
and external stresses by reorganizing soil structure.
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