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Abstract

In arid regions, chemical soil degradation often begins before any visible signs of desertification appear, but due
to the numerical stability of pH, it remains hidden from many conventional assessments. This study, focusing on
the functional divergence between salinity, buffering capacity, and pH, examines two alkaline soils with similar
pH (8.2 and 8.1) but distinct differences in electrical conductivity (12.4 and 31.2 dS/m) and calcium carbonate
content (34.96% and 37.38%) along the shores of Urmia Lake. To better explain soil chemical dynamics, two new
composite indices were defined: the salinity-to-lime buffering capacity ratio (EC/CaCQOs) and the salinity-proton
stress index (SCII = EC/pH). The results showed that the EC/CaCOs and SCII indices for the second site were
0.83 and 3.85, respectively, while for the first site, they were 0.35 and 1.51—a situation indicating the emergence
of latent ionic stress and the gradual collapse of buffering mechanisms in seemingly stable soils. This gap between
the numerical stability of pH and the functional instability of the ionic system highlights the need for a
fundamental revision of classical soil assessments. The proposed analytical framework provides a conceptual
model for the early detection of chemical desertification in arid ecoclimates and opens new horizons for
monitoring hidden soil dynamics.

Keywords: Desertification, lon-Proton Dissociation, Electrical Conductivity, Lake Urmia, Salinity



