



The role of ecosystem transformation and agricultural expansion and its effect on some soil properties in Shingra and Birgonj National Forests, Dinajpur, Bangladesh 


Abstract
Soil quality has critical implications for ecosystem health and agricultural productivity, particularly in regions where land-use practices have transformed natural habitats to a large extent. The paper studied two national forests of Dinajpur, Bangladesh, the Shingra and Birganj National Forests soils, in which their adjacent soils were samples, and their physical and chemical properties were compared of forest soils (FS) with adjacent agricultural soils (AS) to evaluate the physicochemical changes occurred due to ecosystem transformation from forest to agricultural in these two forest areas.   Analysis of soil pH, electrical conductivity (EC), organic matter (OM), total nitrogen(TN), available phosphorus (P), exchangeable potassium (K), available sulfur (S), and cadmium (Cd). Agricultural soils had significantly lower OM, TN, and plant nutrients than forest soils (p < 0.001). For instance, organic matter (OM) content was 1.74% (in forest soils) and 1.26% (in agricultural soils) in Shingra whereas 1.53% (in forest soils) and 1.12 (in agricultural soils) in Birganj. Available phosphorus was 15.1 g kg-1 (in forest soils) and 69.9 g kg-1 (in agricultural soils) in Shingra whereas 15.5 g kg-1 (in forest soils) and 51.0.9 g kg-1 (in agricultural soils) in Birganj. On the other hand, cadmium content was 0.61 mg kg-1 (in forest soils) and 3.68 m kg-1 (in agricultural soils) in Shingra whereas 0.53 mg kg-1 (in forest soils) and 2.35 m kg-1 (in agricultural soils) in Birganj. These results suggest that beside changes of other physic-chemical properties, significant increase of Ca contamination occurs due to high application of phosphorus fertilizers. Keywords: Soil Quality, Land Use Change, Cadmium Contamination, Agriculture Lands, Forest Lands

Introduction
Soil health is a key factor in the productivity of agriculture and natural ecosystems. In ecologies, such as in Dinajpur, Bangladesh, where agriculture and forest conservation often coexist, land use drives soil characteristics. Generally, agricultural practices deplete soil nutrients, while forests recycle or accumulate nutrients through organic matter (Mahmood et al., 2021; Kadoya et al. 2022). Soil quality is generally better than agricultural practices. Assessing these impacts is critical for developing sustainable land management practices and conserving ecosystem services.
Conversion of forests to agricultural lands in Bangladesh is inevitable due to socio-economic challenges, including poverty, population growth, and food security needs (Gol, 2009, Islam & Weil, 2000). Forest cover is a biodiversity hotspot and provides overall ecosystem resilience by regulating nutrient cycling, carbon storage, hydrological cycles, and minimizing soil erosion (Willy et al. 2019). However, as more and more forests were cleared, these ecological services were disrupted, resulting in environmental devastation (Gol 2009). Forest soils contain higher organic matter and nutrients due to the continuous decomposition of plant material, which, in turn, replenishes soil nutrients compared to agricultural soils (Khan & Hoque, 2025). On the other hand, chemical fertilizers and pesticides in high-input farming can lead to low soil quality via increased salinity, acid-saturation, and heavy metal pollution (Nath et al., 2001, Sharma et al., 2023). Pollution of agricultural soils with heavy metals is a significant global problem, especially by cadmium (Cd) contamination as a result of the misuse of industrial fertilizers and irrigation with wastewater (Bayabil et al., 2021; Sikdar et al. 2022). Furthermore, low soil organic matter and nitrogen in agricultural soils lower soil fertility and microbial activity, leading to decrease in soil quality (Willy et al., 2019, Kehokhunu et al., 2024). 
The short-term gains of producing crops drive agricultural expansion into forests but do so at long-term ecological and economic costs. Besides the high O and stability of forest soil structure, they are the foundations for the growth of plants. Nevertheless, these soils have radically and suddenly changed when they are transformed into farmland through mechanical tillage, chemical input, and irrigation. Tillage kills soil aggregates and reduces carbon sequestration potential, and fertilizers alter pH and nutrient dynamics. Higher electrical conductivity in soils (Rahman et al. 2001) suggests irrigation worsens salinity.
Research in the tropics and subtropics shows how forests contribute to soil resilience and nutrient cycling. The disruption of these processes leads to nutrient leaching and the deposition of salts and heavy metals, impeding the transformation of forests into agricultural lands (Li et al., 2024). 
The current study was undertaken at the Shingra and Birganj forests in Dinajpur, where the properties of the soil have dramatically changed over the past 30 years due to the expansion of agriculture. Shingra and Birganj sites with varying land-use intensity and management practices were used to study the localized effects of forest-to-agriculture conversion. The study offers essential insights into soil health by establishing the interrelations between the physicochemical properties of soil (pH, organic matter, nitrogen, phosphorus, potassium, EC, and cadmium content). It provides suggestions on ameliorating soil health by the appropriate use of land. This study aimed to characterize forest-harvest soils from two diverse agricultural systems for potential comparison with soils from natural forest systems.
In this study, the forest and agricultural soils of the Shingra and Birganj National forests were examined and compared for some soil characteristics. We analyzed soil pH, electrical conductivity (EC), organic matter (OM), total nitrogen (TN), available phosphorus (P), exchangeable potassium (K), available sulfur (S), and cadmium (Cd) to evaluate how different land uses affect soil quality. This is an important comparison for understanding how sustainable and beneficial land use practices may be in the long term, including impacts on soil health.
Thus, the present study's purpose was to compare the physical and chemical properties of forest soils and agricultural soils from Shingra and Birganj National Forests and investigate agricultural practices response to influencing soil nutrient availability and contaminants (cadmium) in the soils of the area, which should eventually assist in formulating realistic proposals of soil health enhancing sustainable practices in this region.

Materials and Methods
Study Area
Shingra and Birganj are two national forests in the Dinajpur district. These forests are located in an agricultural matrix, enabling comparison of forest and agricultural soil properties.
Soil Sampling
Soil samples were taken from forest soils (FS) and neighboring agricultural soils (AS). Ten sampling spots were allocated in Shingra, whereas five were allowed in Birganj. Soil was collected from each site at 0—15 cm depth. The specimens were carried to the laboratory in clean containers for analysis under precise conditions. Sampling sites were selected to contrast soil types typical of forest and agricultural land.
Soil Properties Analysis
Soil pH was measured using a digital pH meter in a 1:2.5 soil-water suspension. Soil electrical conductivity (EC) was measured with an EC meter in a 1:5 soil-water suspension. Soil organic matter (OM) was quantified as described by Walkley-Black (Walkley & Black, 1934). Total nitrogen (TN) was determined using the Kjeldahl method (Bremner, 1996). Available phosphorus (P) was extracted using the Bray-1 method (Bray & Kurtz 1945) and analyzed spectrophotometrically. Exchangeable potassium was extracted with NH4-Acetate and was determined using a flame photometer (Jackson 1973). Available sulfur was extracted using a 0.15% CaCl2 solution and was determined by the turbidimetric method (Fox et al., 1964). Cadmium (Cd) content was measured using atomic absorption spectrophotometry (AAS) (Khan et al. 2009).
Statistical Analysis
Statistical data analysis was calculated using Tukey's HSD test on the differences among forest and agricultural soils of both the locations. Data are presented as mean Â± standard error of the mean (SEM), and p<0.05 was considered statistically significant.

Results and Discussion
Soil pH
The average soil pH of the forest soil was 4.11 (in forest soil) and 4.53 (in agricultural soil) in Shingra whereas 3.97 (in forest soil) and 4.39 (in agricultural soil) in Birganj (Figure 1A). Soil pH of the agricultural soils were significantly higher than that of forest soils in both Shingra and Birganaj. Both the forest soils and agricultural soils were found very acidic in both the locations. The increase of pH in agricultural soil than forest soils indicates a long term might be due to application of lime with consequences on soil and crop productivity (Khan et al., 2006).
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	Figure 1. Soil pH (A) and electrical conductivity (EC) (B) of forest soils (FS) and adjacent agricultural soils (AS) from Shingra and Birganj national forests, Dinajpur, Bangladesh. Bars indicates mean ± standard error. For Shingra,  data are average of 10 spots; for Birganj, data are average of 5 spots. Bars indicates mean ± standard error. Means with different letters indicate significant differences at the P≤0.05 level according to Tukey's HSD test.
	Figure 2. Soil organic matter (OM) (A) and total nitrogen (TN) (B) of forest soils (FS) and adjacent agricultural soils (AS) from Shingra and Birganj national forests, Dinajpur, Bangladesh. Bars indicates mean ± standard error. For Shingra,  data are average of 10 spots; for Birganj, data are average of 5 spots. Means with different letters indicate significant differences at the P≤0.05 level according to Tukey's HSD test.




Soil electrical conductivity (EC)
Soil EC was 0.178 mS S-1 for forest soils and was 0.277 mS S-1 for agricultural soils in Shingra whereas EC was 0.123 mS S-1 for forest soils and was 0.213 mS S-1 for agricultural soils in Birganj (Figure 1B). Soil EC was significantly higher in agricultural soils than that of forest soils in both Shingra and Birganj. It was also evident that EC of Shingra soils was slightly higher for both forest soils and agricultural soils. The increasing level of EC is likely to be associated with the overuse of fertilizers in agriculture that has led to a rise in concentrations of various ions. Different agricultural practices, including chemical fertilizers and irrigation practices, have increased salinity and EC, which has an indefinite effect on soil structure and growth (Khan et al., 2011).
Organic Matter (OM) and Total Nitrogen (TN)
In general, forest soil had a significantly higher amount of organic matter (1.735% and 1.534% in Shingra and Birganj, respectively) than agricultural soil (1.264% and 1.122% in Shingra and Birganj, respectively) has been represented in Figure 2A. The OM content showed a 27.1% decrease in agricultural soils of Shingra forest. A similar trend was observed in Birganj too where OM content was decrease 26.9% in agricultural soils than that of forest soils. Such discrepancies are consistent with previous studies identifying undisturbed forest ecosystems as significant contributors to higher organic matter (Kadoya et al. 2022). Organic matter is key in promoting soil structure, water retention, and nutrient cycling, so soil health depends heavily on it (Li et al., 2024). Due to the constant buildup of woody plant biomass in forests and leaf litter, they generally receive greater organic input, from which decomposition occurs to increase nutrient availability for soil biota (Kadoya et al. 2022).
Similarly, forest soils had higher total nitrogen than agricultural soil. In Shingra, total nitrogen was 1.9% (forest soils) and 0.8% (agricultural soils) (Figure 2B). Nitrogen is a critical nutrient for plant growth, whereas high nitrogen contents in forest soils arise from natural biological processes such as nitrogen fixations and decomposition of organic matter. Since crops take up nitrogen for their growth, this nitrogen becomes depleted in the soil, and agricultural soils are normally nitrogen deficient (Khan & Hoque, 2025) unless fertilizers are added.
Phosphorus (P), potassium (K), and sulfur (S) status in forest and agricultural soils
Forest soils in Shingra exhibited an average available phosphorus (P) concentration of 15.14 mg kg⁻¹, compared to 69.93 mg kg⁻¹ in adjacent agricultural soils. In Birganj, available P concentrations were 15.51 mg kg⁻¹ (forest soils) and 50.98 mg kg⁻¹ (agricultural soils) (Figure 3A). Similarly, exchangeable potassium (K) levels in Shingra averaged 0.214 mg kg⁻¹ (forest soils) and 0.257 mg kg⁻¹ (agricultural soils), while Birganj recorded 0.204 mg kg⁻¹ (forest soils) and 0.220 mg kg⁻¹ (agricultural soils) (Figure 3B). Available sulfur (S) concentrations were highest in Shingra’s forest soils (21.29 mg kg⁻¹) and lowest in Birganj’s agricultural soils (15.08 mg kg⁻¹), with intermediate values observed across other land-use categories (Figure 3C).
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Figure 3. Available phosphorus (P) (A), exchangeable potassium (K) (B) and available sulfur (S) (C) of forest soils (FS) and adjacent agricultural soils (AS) from Shingra and Birganj national forests, Dinajpur, Bangladesh. Bars indicates mean ± standard error. For Shingra,  data are average of 10 spots; for Birganj, data are average of 5 spots. Means with different letters indicate significant differences at the P≤0.05 level according to Tukey's HSD test.






These findings are also in line with other studies showing that natural forest ecosystems have a greater ability to cycle nutrients, making nutrients available in greater abundance in the forests than in agriculture (Mahmood et al., 2021). However, many of the earth's agricultural soils have been stripped of nutrients due to the natural nutrient cycling through the soils being interrupted due to continuous monoculture cropping without replenishment of soil nutrients. While we use chemical fertilizers with phosphorus they can also cause an imbalance in other nutrients (potassium and sulfur, for example), which causes deficiencies (Hoque and Khan, 2024, Khan et al., 2001). The high phosphorus loading originating from fertilizers to agricultural systems disturbs the natural process of phosphorus cycling (Maranguit et al,. 2017), which would cause nutrient imbalance and soil degradation. Hence, the absence of difference in available sulfur in forest vs. agricultural soils strongly supports the view that sulfur availability in global soils is less susceptible than some other nutrients (particularly phosphorus and potassium) to change due to land use (Khan et al., 2006).
Cadmium (Cd) Contamination and Phosphorus-Cadmium Correlation
One important outcome from this is elevated cadmium levels in agricultural soils compared with forest soils. The cadmium content in Shingra agricultural soils (farm) was 3.68 µg kg-1, while forest soil in Shingra only had 0.61 µg kg-1 (Figure 4). In Birganj agricultural soils, they are 2.35 µg kg-1 instead of 0.53 µg kg-1. The progressive use of chemical fertilizers normally applied in small amounts and containing heavy metals has resulted in soil infusion with cadmium in fields (Khan et al., 2011). Due to its toxicity to human health and the environment, cadmium (Cd) has raised worldwide concern and is increasingly invading agricultural soils. Long-term contamination by cadmium poses a health risk to plants and humans owing to its accumulation through food crops grown in contaminated soils (Kadoya et al., 2022). The other inferred source of cadmium in agricultural soils is the addition of phosphate fertilizers, sewage sludge, and industrial effluents (Islam and Weil 2000). 
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	Figure 4. Cadmium content of forest soils (FS) and adjacent agricultural soils (AS) from Shingra and Birganj national forests, Dinajpur, Bangladesh. Bars indicates mean ± standard error. For Shingra,  data are average of 10 spots; for Birganj, data are average of 5 spots. Bars with different letters indicate significant differences at the P≤0.05 level according to Tukey's HSD test.

	Figure 5. Correlation between available P and that of Cd content of forest soils and adjacent agricultural soils from Shingra and Birganj national forests, Dinajpur, Bangladesh. 



Cumulated data of available phosphorus and cadmium contents were significantly correlated, particularly in agricultural soil (Figure 5). This positive correlation suggests that further agricultural soil phosphorus application is conducive to cadmium uptake and accumulation. Studies indicate that increased phosphorus availability in soils promotes cadmium bioavailability in plants (Al Yeamin et al. 2025). The available phosphorus was positively correlated with cadmium in agricultural land, with a strong positive correlation (r= 0.72, p < 0.01), indicating that phosphorus fertility can increase its bioavailability in the soil (hydro) (Akhter et al., 2009). The interactions of phosphorous and different heavy metals (e.g., cadmium) in soils are less understood, and thus, investigation is needed to understand how phosphorous could aid in animal husbandry and help improve heavy metal uptake in crops.
Soil health highlights the importance of conservation of natural ecosystems like (forests). One example of a natural environment that issues these benefits is forest soils, which are abundant in organic carbon and nutrients that biota need to increase biodiversity through improved water retention and long-term soil fertility (Islam and Weil, 2000). Agricultural soils, in contrast, can produce crops but are subject to degradation if not managed. It is recommended to use sustainable practices such as organic farming, lower fertilizer application, and crop rotation to restore and maintain soil quality (Khan & Hoque, 2025). The increased soil cadmium levels in agricultural soils highlight the possible hazards of heavy metals contamination to human health through the food web. Furthermore, this soil degradation highlights the necessity of the shift toward the use of organic alternative fertilizers with lower heavy metals (Al Yeamin et al., 2025).

Conclusion
Forest soils contained a higher carbon and nitrogen content along with essential nutrients, whereas agricultural soil was more degraded, exhibiting features like depletion of nutrients and heavy metal contamination. These results reveal the detrimental effects of agricultural patterns and the importance of sustainable agriculture practices to guard soil fertility and prevent pollution. 
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