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Abstract

By evaluating the temporal and spatial variations of soil properties, it is possible to identify the existing potential and
limitations for the development of sustainable agriculture. This research was conducted with the aim of investigating the
temporal and spatial variations of some soil properties in wheat-cultivated lands of Khuzestan province. Two sets of soil
samples including 212 and 718 samples were collected from surface soil (0-30 cm) in wheat farms of Khuzestan
province (15 cities) on 2011 and 2021, respectively. The soil pH, calcium carbonate equivalent, salinity, organic carbon,
and available phosphorus and potassium were measured in the samples. The results showed that the average calcium
carbonate equivalent in the studied soils was 46.3% and the average pH of the soils was 7.4. The results showed that the
wheat-cultivated lands with soil salinity restrictions increased from 42 to 59% in ten years past. Although, the highest
average soil salinity (> 12 dS m™') was revealed in the southern parts of Khuzestan province and in the cities of Shadgan
(16.2 dS m™") and Handijan (14.2 dS m™), respectively, but the highest rate of temporal changes of soil salinity occurred
in Gotvand (209% increase) and Behbahan (191% increase). Moreover, the average of the soil organic carbon content in
the wheat fields of the province decreased by 0.1% after ten years (from 0.76 to 0.66 %), and the fields with restriction
of the soil organic carbon (less than 1%) increased from 77% on 2011 to 90% on 2021. Temporal changes of soil
available phosphorus and potassium in the wheat fields were not significant in 80 and 67% of the studied cities,
respectively. The results showed that despite the different rates of temporal and spatial changes of various soil
properties, in general, agricultural management of wheat-cultivated farms in the last decade has increased soil
limitations with different intensities, which strongly affects production sustainability in agriculture of the province.
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Background and Objective: By determining the temporal and spatial variations of soil properties, it is possible to
identify the existing potential and limitations for sustainable agricultural development (Tumsavas et al., 2019). In
addition to indicating soil ecosystem services and functions, soil properties also reflect soil response to different farm
managements (Lehmann et al., 2020). Therefore, this research was conducted with the aim of investigating the temporal
and spatial changes of some soil properties in wheat-cultivated lands of Khuzestan province.

Methods: Two sets of soil samples including 212 and 718 samples were collected from surface soil (0-30 cm) in wheat
farms of Khuzestan province (15 cities) on 2011 and 2021, respectively. Soil properties including pH, calcium
carbonate, electrical conductivity of saturated extract (salinity), organic carbon, available phosphorous, and available
potassium were measured. The SPSS v.19 statistical software and independent ¢ test at the probability level of 5% were
used to determine significant temporal variation of soil properties. Moreover, mapping and spatial variations of soil
properties were determined by GIS v.10.3 software.
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Results: The results showed that the mean of calcium carbonate content in the wheat-cultivated soils of Khuzestan
province was 46.3% and the mean value of soil pH changed from 7.43 to 7.48 in 2011 and 2021, respectively. In 2011,
about 42% of the wheat-cultivated lands faced soil salinity restrictions, but after ten years, this limitation reached to
59% of the wheat-cultivated lands in Khuzestan province (i.e., 23% increase). The results revealed that the means of
soil salinity in the central part of Khuzestan province, including Ahvaz, Bavi and Shushtar, Ramshir and Mahshar were
less than 4 dS m"!, while Shadegan, Hendijan and Ramhormoz (southern part of the province) had a mean value of soil
salinity more than 12 dS m!. The evaluation of temporal variations in soil salinity over a ten-years period showed that
there was no significant variation in the 11 studied cities. While a significant increase in the mean soil salinity of wheat-
cultivated farms was observed in four studied cities involving Omidie (89%), Ramhormoz (171%), Behbahan (191%)
and Gotvand (209%). The mean soil organic carbon content decreased from 0.76 to 0.66 % and only 23 and 10 % of the
studied soil samples in 2011 and 2021, respectively, had soil organic carbon content more than one percent. Within a
period of ten years, four cities of Khuzestan province (in the northern and southern parts) including Shush (15%),
Shushtar (32%), Handijan (21%) and Mahshahr (29%) showed a significant decrease in soil organic carbon content.
The results showed that the temporal changes of soil available phosphorus and potassium were not significant in 80 and
67% of the studied cities, respectively. A significant decrease in soil available phosphorus was observed in Shushtar
city (31%) and a significant decrease in soil available potassium was also highlighted in Shush (25%), Mahshahr (18%)
and Hoizeh (15%) cities.

Conclusions: The results showed that the mean value of soil salinity in the two cities of Gotvand (with soil salinity less
than 4 dS m™!, and 0.5 to 1% soil organic carbon) and Behbahan (with soil salinity level in the range of 4-8 dS m™!, and
organic carbon content of 0.5 to 1%) is in a caution condition. However, the trend of soil quality degradation in the
wheat-cultivated fields of these two cities is very severe (209 and 191% increase in soil salinity of Gotvand and
Behbahan, respectively). The results showed that despite the different rates of temporal and spatial changes of different
soil properties, in general, agricultural management of wheat-cultivated farms in the last decade has increased soil
limitations with different intensities, which strongly affects production sustainability in agriculture of the province.
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Fig. 1. Spatial distribution of soil surface sampling points in 2011 (Khuzestan province)
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Table 1. Descriptive statistics of soil properties in wheat fields of Khuzestan province
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Table 2. Classification of wheat-cultivated soils in Khuzestan province based on soil salinity
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Fig. 3. Average soil salinity in different cities of Khuzestan province
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Table 3. Classification of wheat-cultivated soils in Khuzestan province based on soil organic carbon content
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Fig. 5. Average soil organic carbon content in different cities of Khuzestan province
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Table 4. Classification of wheat-cultivated soils in Khuzestan province based on soil available phosphorous and potassium contents
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Fig. 6. Average soil available phosphorous (a) and potassium (b) in different cities of Khuzestan province
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