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The country's national scale geochemical mapping can provide crucial geochemical support for Zambia's foundational geology, agricultural productivity, environmental conservation, mineral exploitation, and other domains. This study aims to determine the overall abundance and regional distribution of B and Se in Zambian stream sediments, as well as their impact on the environment and on the agricultural output. The median concentrations of B and Se are 12.74 and 0.056 μg/g, respectively. While the concentration of Se was more noticeable, the distribution patterns of B concentration seemed to be more consistent and lacked distinct indicators for agricultural output. It also offers more robust recommendations for future land planning and agricultural growth. In comparison to other tectonic belts, the Domes Region, Lufilian Arc and Choma-Kalomo Block have greater median and average concentrations of Se. Black shales and vast epithermal metallogenic zones are common in the Kawana-Solwezi-Ndola and the Mansa-Mporokoso- Kasama regions, which also have high Se contents. These regions could serve as promising places for the advancement of selenium-enriched agricultural practices.
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1 INTRODUCTION
Zambia is a landlocked country in central Africa with significant unrealized potential and highly developed agricultural conditions. As a major player in the agricultural partnership known as the “Belt and Road”, Zambia plays an important role. The country has 43.2 million hectares of arable land, which constitutes approximately 58% of the total land area. Zambia covers a substantial land area of 39 million hectares within medium to high-yield food-producting zones. According to studies, there is a significant amount of untapped potential for the development and utilization of arable land, as only 15% of Zambia’s arable land is farmed (Zambia Agri Market Update, 2023). For Zambian agriculture to advance, it is essential to comprehend the quality of arable land and offer scientific guidance on how to improve it. Sediments make up a large portion of the surface or higher layers of the continental crust, and in addition to geochemical research, their chemical elemental characteristics can be used for agricultural and environmental objectives (Papadopoulou Vrynioti et al., 2014; Li et al., 2014; Yang et al., 2014; Castillo et al., 2021; Liu and Lu, 2023; Mao et al., 2023). Many geochemical mapping initiatives have been carried out all around the world in the last 60 years (Xie and Ren, 1993; Cheng et al., 1997; Licht, 2005; Ottesen et al., 2010; Cohen et al., 2012; Smith et al., 2013; Castillo et al., 2021; Wang et al., 2015; Wang et al., 2019; Wang et al., 2021; Xu et al., 2023; Sun et al., 2024). Informed decision-making in land management and evaluation has benefited from the use of geochemical survey data to produce maps that show the spatial distribution of chemical elements. Moreover, it aids in the formulating and establishing an agricultural production layout.
Mineral nutrients B and Se are crucial for the growth and development of plants. Boron is a biologically essential trace element nutrient for plants, enhancing the development of reproductive organs by facilitating the movement of carbohydrates and auxin to flowers and fruits (Rogiers et al., 2006; Hu, 2008; Wang et al., 2014). Selenium is a necessary component of both human and animal proteins that include selenium as well as selenium-dependent antioxidant enzymes such as glutathione peroxidase GSH-Px. It is regarded as the “spark of life” internationally and is involved in balancing the redox reactions in the body (Fordyce et al., 2010; Roman et al., 2014). The transfer of B and Se through metabolic processes makes the amount of B and Se in soil the primary factor influencing its concentration in food, vegetables, feed, and drinking water, which in turn affects human health. Additionally, this transfer method serves as the primary reservoir for the Earth’s ecosystem’s B and Se cycles (EGAS, 1981; EGAS, 1982; Tan et al., 1982; Tan et al., 2002). Meanwhile, studies has demonstrated a strong correlation between elemental concentrations in soil and stream sediments, as well as the effective concentration and total amount of trace nutrients in the soil (Gao et al., 2006; Yang et al., 2019; Bao et al., 2020; Jiang et al., 2021). In order to produce basic information on Se for local agricultural purposes and to perform an initial evaluation of the distribution of B and Se in various regions, identifying areas of enrichment and deficiency, low-density geochemical data from Zambia, at a scale of 1:1,000,000, were used in conjunction with the demarcation of cultivated lands in this paper.
2 REGIONAL SETTING
2.1 Geological setting
From stable Archaean and early Proterozoic cratons to structurally complicated “mobile belts” and younger cover rocks, Zambia has a broad range of geological terrains (De Waele et al., 2008; Sun et al., 2019a). Zambia’s geological complexity and numerous tectono-thermal events are largely explained by its unique geographic location, sandwiched three major cratons: the massive Kasai Craton to the west, and the Zimbabwe-Kaapvaal (“Kalahari”) and Tanzania cratons to the south and north, respectively (Hanson, 2003; Sanislav et al., 2014). The nation’s geological development has been greatly impacted by the buttressing effects of these stable blocks and intercratonic dislocations (Gabert, 1990; Hanson, 2003; De Waele et al., 2008).
The mainland of Zambia is geologically divided into ten tectonic units (Figure 1): the Kibaran Belt, the Bangweulu Block, the Irumide Belt, the Karoo Graben, the Lufilian Arc Belt, the Domes Region, the Hook Granite Complex, the Zambezi Belt, the Choma-Kalomo Block and the Kalahari Desert (De Waele et al., 2006a).
[image: Figure 1]FIGURE 1 | Simplified tectonic map of Zambia (after De Waele et al., 2006a).
The Kibaran belt is a belt of Mesoproterozoic supracrustal units that stretches northeast over about 1,300 km. It is primarily composed of metasedimentary rocks with minor metavolcanic rocks, interspersed with large S-type granitoid massifs and subordinate mafic bodies that are also Mesoproterozoic in age (Kokonyangi et al., 2006; Buchwaldt et al., 2008; Villeneuve et al., 2019). The Bangweulu Block is a crystalline basement composed of schist belts, intruded by metavolcanic rocks and coeval granitoids, and is unconformably overlain by a thick sequence of fluvial, aeolian and lacustrine sediments (Andersen and Unrug, 1984; De Waele et al., 2006a; De Waele et al., 2006b; Sun et al., 2019a; Sun et al., 2021). The Irumide Belt stretches from the center of Zambia to the borders of Tanzania, Malawi, and Zambia in the northeast. It includes deformed basement units and metasedimentary successions, strongly metamorphosed to amphibolite facies, but also well-preserved Palaeoproterozoic volcanic sequences, the whole being intruded by voluminous high-K granitoids during the late-Mesoproterozoic Irumide orogeny (ca. 1.02 Ga) (Rainaud et al., 2003; Rainaud et al., 2005; De Waele et al., 2006b). The Karoo Graben is a region of Quaternary alluvial gravel strata and Mesozoic–Cenozoic sedimentary rocks that is dispersed along the Luano and Luangwa in the middle of the Irumide Belt. The Lufilian Arc Belt, a zone of Neoproterozoic sedimentary strata of the Katanga Supergroup, stretches from the Zambian Copperbelt to the Congolese Copperbelt in the Katanga Province of the Democratic Republic of the Congo (Rainaud, et al., 2005; Ren et al., 2013; Ren et al., 2017; Sun et al., 2019b). Migmatites, gneisses, and deformed granites are found in the Kabompo, Mwombeshi, Solwezi, Luina, Konkola and Lushwishi Domes in the Domes Region of the Lufilian Arc Belt (De Waele et al., 2006b). The Hook Granite Complex in Pan-African formed during the syncollisional stage between the Kalahari and Congo Cratons. It is composed of the bimodal magmatism (mafic to predominantly felsic) and is characterized by both an alkali-calcic and an alkalic suite, with typical A-type (Milani et al., 2015). A thick metasedimentary succession that is unconformably overlaid or in tectonic contact with late Mesoproterozoic basement gneisses and granites in Southern Zambia makes up the Zambezi Belt, an SSW-to SW-vergent fold-and-thrust complex (Katongo et al., 2004; Naydenov et al., 2014). The Choma-Kalomo Block is a Precambrian terrane with a SW-NE trend that is situated in southeast Zambia, consists of a sequence of high-grade metasedimentary gneisses and schists, intruded by Mesoproterozoic granites and granitic gneisses (Glynn et al., 2017). The Kalahari Desert comprises the continental sequence which is subdivided into the sandstones and quartzites of the Barotse Formation and the unconsolidated sands in Western Zambia. According to Kershaw et al. (1972), the sedimentation processes started in the Tertiary and finished in the Quaternary.
2.2 Cropland condition
Zambia has great overall general temperature conditions and a large variety of crops that are suitable for production (Zambia Agri Market Update, 2023). In Zambia, there are primarily two kinds of crops grown: grain crops, which include sunflower, wheat, maize, sweet potatoes, mixed beans, nuts, rice, and soy beans. The most often planted of them are sweet potatoes, maize, soybeans, and mixed beans; the second category consists of economic crops, including avocado, bananas, blueberries, cashew nuts, grapes, groundnuts, mango, macadamia, oranges, and pecans. The most widely distributed planting ranges are for avocado, mango, bananas, and macadamia (Figure 2).
[image: Figure 2]FIGURE 2 | Diversification of crops grown in Zambia (after Zambia Agri Market Update, 2023).
3 METHODS
3.1 Sampling
Determining the quantities and geographic distributions of B and Se elements across Zambia is an objective of the national low-density geochemical mapping (Figure 3). Samples were collected every about 500–3,500 km2 (mostly 500–1,500 km2) of catchment area in large rivers, corresponding to a sampling density of about one sample per 1,000 km2. Sampling was conducted in the dry season, with each sample collected from three locations typically at an interval of 50 m along a river and weighing approximately 4 kg. The samples were air-dried and sieved at the campsites, with fractions below 20 meshes being retained (Wang et al., 2007; Liu et al., 2018; 2019). A total of 735 field samples were collected at 735 sampling sites (Figure 3), covering about 95% of Zambia.
[image: Figure 3]FIGURE 3 | Sample location map for the geochemical mapping in Zambia.
3.2 Laboratory analysis and quality control
In the laboratory, samples were ground to 200 mesh (0.074 mm) with an agate mill for further analysis. The B was determined by the emission spectroscopy. After being treated with a dilute (1:1) aqua regia, the Se concentrations were determined using an AFS-8330 atomic fluorescence spectrometer. The above tests and analyses were completed at the Rock and Mineral Analysis Center of Henan Province, China. The analytical quality was strictly controlled by analyzing national certified reference materials (GSS3a, GSS43, and GSS44; Center for National Standard Reference Material of China), laboratory code samples, and duplicate samples throughout the tests and analyses.
The recovery rates of B and Se were within 100%. The duplicate samples, comprising about 2% of the collected samples, were analyzed, with relative standard deviations of less than 5%. The method detection limits (MDLs) of B, and Se were 0.1 and 0.01 μg/g, respectively, with reportable rates ranging from 95% to 100%. This underscores that high-quality experimental data could be obtained for further research. More details regarding the analytical methods and quality control system are stated by Zhang et al. (2012) and Caritat et al. (2018).
3.3 Data processing and spatial analysis
ArcGIS 10.8 developed by Esri was utilized to process the analytical data. For additional spatial analysis, a spatial database comprising point features was created. The concentrations of B, and Se were chosen for further analysis. Following statistical calculation, the results of critical statistical parameters—means, minima, maxima, and percentiles—were exported to Microsoft Excel 2010 for further analysis.
Geoexpl 2016 (International version), developed by the Development Research Center of China Geological Survey, was employed to plot geochemical maps through data gridding. Using an exponentially weighted Euclidean distance model (CGS, 2016), the interpolation of raw analytical data was conducted to create a regular output grid measuring 25 km × 25 km, with a search radius of 100 km. A total of 18 color zones were determined using percentiles 0–2.5%, 2.5%–5%, 5%–10%, 10%–15%, 15%–20%, 20%–25%, 25%–30%, 30%–40%, 40%–50%, 50%–60%, 60%–70%, 70%–75%, 75%–80%, 80%–85%, 85%–90%, 90%–95%, 95%–97.5%, and 97.5%–100%. The geochemical anomaly map was plotted using the classification of outer, middle, and inner anomaly zones based on the cumulative frequencies of 85%, 95%, and 97.5%. To enhance the readability and comprehensibility of the map showing the B and Se distributions, different shades of color, namely, 2.5 (dark blue), 25 (blue), 50 (green), 75 (yellow), 85 (red), and 97.5 (dark red), were assigned to percentiles. Additionally, IBM SPSS Statistics 20 and Excel were used for statistical calculation Figures 7A, B.
4 RESULTS
4.1 Concentrations of B and Se in Zambia
The statistical summary, histograms and boxplots displaying the statistical distribution of B and Se in stream sediments of Zambia are shown in Table 1 and Figure 4, respectively. The histograms show roughly log-normal distributions (Figure 4), indicating that industrial pollution and human activity have little effect on the concentrations of B and Se, which are mostly due to natural processes.
TABLE 1 | Statistical parameters of B and Se analytical results (μg/g) in stream sediment samples.
[image: Table 1][image: Figure 4]FIGURE 4 | (A) Histograms and boxplots displaying the distribution of B concentration in stream sediment samples; (B) Histograms and boxplots displaying the distribution of Se concentration in stream sediment samples.
The concentration of B in stream sediments ranges from 1.76 μg/g to 314.29 μg/g, with a geometric mean of 14.11 μg/g. The average value is 27.59 μg/g, which is higher than that of the upper crust (15 μg/g, Taylor and McLennan, 1995) and the average values of world soil (20 μg/g, Kamona and Friedrich, 2007), suggesting that B is relatively enriched in stream sediments of Zambia. The histogram shows that the analytical data of B are roughly characterized by a log-normal distribution and the concentration is mostly concentrated between P25 and P85 (5.18 μg/g −58.55 μg/g), with a considerable number of consecutive upper mild outliers (Figure 4A). The concentration of Se in stream sediments ranges from 0.01 to 1.49 μg/g, with a geometric mean of 0.05 μg/g. The average value is 0.09 μg/g, which is higher than that of the upper crust (0.05 μg/g, Taylor and McLennan, 1995), suggesting that Se is relatively enriched in stream sediments of Zambia. The histogram indicates that the Se concentration was concentrated between P25 and P75 (0.03 μg/g −0.10 μg/g), and the boxplot shows that there are a considerable number of consecutive upper mild outliers and a few upper extreme outliers (Figure 4B).
Box length represents the interquartile range (25th to 75th percentiles) and contains the median (thick black line). “○”:stands for values between 1.5 and 3 times box length (interquartile range) from the lower or upper edge of the box; “*“: stands for values more than 3 times box length from the lower or upper edge of the box (Kürzl, 1988; Tukey, 1977).
4.2 General distributions of B and Se throughout Zambia
The amount of B and Se found in stream sediments is closely connected to the amount of each element in the parent material (Zhu and Zheng, 2001; Zhu et al., 2008; Fordyce, 2013; Tian et al., 2016). The enrichment of B is usually related to volcanic activity and the distribution of metamorphic sedimentary rocks (Ma et al., 2016; Li et al., 2019; Zhao et al., 2022), while Se elements are mainly affected by carbonaceous shale, carbonate rocks, and low-temperature hydrothermal mineralization activities (Rudnick and Gao, 2003; Cui et al., 2017; Liu et al., 2021). The geochemical contour maps (Figures 5, 6) illustrate the spatial distributions of B and Se across Zambia. Low concentrations of both B and Se are mostly found in blocks, whereas high concentraitons are typically found scattered throughout the mobile belts. The stratigraphic sequence of geological units primarily influences their dispersion, the specifics are as follows:
[image: Figure 5]FIGURE 5 | B distribution in stream sediment in Zambia.
[image: Figure 6]FIGURE 6 | Se distribution in stream sediment in Zambia.
4.2.1 General distribution of B
High B concentrations (>P75) are mainly distributed in the following three regions (Figure 5): (1) Areas surrounding Lusaka and Munbwa; (2) the northern Kabwe; (3) the eastern Solwezi area. The distribution patterns are usually banded or faceted (Figure 5), which are commonly related to volcanic and metamorphic sedimentary rocks of the Irumide Belt and the Lufilian Arc. The southeast of Kasama also has high B concentrations, which are associated with metamorphic sedimentary rocks from the Irumide Belt.
Low B concentrations (<P25) are mainly distributed in the Mongu area in Western Province and the Kasama area in the northeast (Figure 5), which are mostly related to sedimentary strata of the Bangweulu block and the Kalahari desert.
4.2.2 General distribution of Se
High Se concentrations (>P75) are mainly distributed in the following four regions (Figure 6): (1) Kawana-Solwezi-Ndola; (2) the northeastern Kasama; (3) Lusaka; (4) Northwest of Zambia. The distribution patterns are typically banded or faceted (Figure 6), and they are frequently associated with gray-black shale and low-temperature hydrothermal mineralization activities of the Lufilian Arc, the Demes Region and the Zambezi Belt.
Sedimentary layers of the Bangweulu block and the Kalahari desert are primarily responsible for the low Se contents (<P25) seen in the Mongu area in Western Province and the Kasama area in the northeast (Figure 6). Furthermore, although though the Chipata area is located in an active orogenic zone, its Se content is rather low, further research is necessary to determine the causes behind this.
4.3 Distributions of both B and Se in relation to Zambia’s tectonic framework
Because the enrichment of B and Se is generally linked to volcanic activity, metamorphic sedimentary rocks, carbonaceous shale, carbonate rocks, and low-temperature hydrothermal mineralization processes, the concentration of both B and Se varies significantly amongst different structural units (Rudnick and Gao, 2003; Ma et al., 2016; Cui et al., 2017; Li et al., 2019; Zhao et al., 2022). The statistical results of B and Se concentrations in Zambia’s different tectonic terranes are shown in Table 2, while Figure 7 displays the statistical distributions as boxplots.
TABLE 2 | Statistical parameters of B and Se analysis (μg/g) in the 10 tectonic terranes.
[image: Table 2][image: Figure 7]FIGURE 7 | (A) Boxplots displaying statistical variation of B concentrations (μg/g) in different tectonic terranes of Zambia; (B) Boxplots displaying statistical variation of Se concentrations (μg/g) in different tectonic terranes of Zambia (for summary statistics refer to Table 1).
The dotted lines represent the median concentrations of each element across different tectonic terranes. The box length represents the interquartile range (25th to 75th percentile) and contains the median (thick black line). “○“stands for 1.5 to 3 times box length (interquartile) from the upper or lower edge of the box; “*” stands for more than 3 times box length from the lower or upper edge of the box (Kürzl, 1988; Tukey, 1977). Note: Zambia-All samples; I-Kibaran Belt; II-Bangweulu Block; III-Irumide Belt; IV-Karoo Graben; V-Lufilian Arc Belt; VI-Domes Region; VII-Hook Granite Complex; VIII-Zambezi Belt; IX-Choma-Kalomo Block and X-Kalahari Desert.
In Zambia, element B is comparatively rich, particularly in the Lufilian Arc, Domes Region, and Hook Granite Complex areas. The lower limit of B concentration in the Domes Region is significantly higher than the national median value. Se is relatively abundant in Zambia, especially in the Lufilian Arc, Domes Region, and Choma Kalomo Block areas, where it is mainly influenced by an extensive low-temperature metallogenic domain and widely distributed black shales. Black shales and low-temperature mineralization activities are prevalent in the Lufilian Arc and Domes Region, where the greatest mean values of B and Se are found (Kamona and Friedrich, 2007; Kampunzu et al., 2009; Van Wilderode et al., 2013; Sun et al., 2019a; Sun et al., 2019b). The Kalahari Desert, where quartz-rich Aeolian sandy deposits formed, has the lowest mean values of B and Se (Figure 7; Table 2).
5 DISCUSSION
5.1 Relationship between stream sediment and soil
There is a significant correlation between the geochemical content of different elements in soil and water sediment (Zhou et al., 1998; Zhang et al., 2005; Zhang et al., 2011; Wang et al., 2017), as the surface bedrock forms a common parent material for soil and water sediment after weathering and erosion (Darnley et al., 1995; Lancianese and Dinelli, 2015). Yan et al. (1995) found that the concentrations of 70 elements in various types of sediments in China were essentially consistent with soil background values; Zhang et al. (2005) compared high-precision sediment data from water systems with the corresponding background values of soil elements from the National Environmental Protection Bureau and found that the background values of soil elements in Zhejiang obtained by the two geochemical methods had high consistency; Through comparison study, Yang (2014) discovered that majority of elements in the stream sediment of the Pearl River basin and the nearby soil are essentially the same or related in comparable ways; The average values of 39 elements were also found by Shi et al. (2016) to be similar to the soil background values (Figure 8); Hou (2019) conducted a systematic sampling comparison of sediment in the Qinggeda Lake system and its surrounding soil in Xinjiang, China, and discovered that the majority of the element content between the two was similar. As a result, the elements that are beneficial to humans and necessary for plant growth that are found in stream sediments can also be used to ascertain the distribution of these components in soil, which can be used to assess the quality of the local farmland and give residents advice on how to best develop and manage farmland (Zhu et al., 1994; Zhang et al., 2005).
[image: Figure 8]FIGURE 8 | Plot of the average values of 39 elements in stream sediments against the background values of soil in China, showing that the ratios are almost close to 1. Noten: The values in stream sediments and soil are after Shi et al., 2016.
5.2 Status of existing cultivated land in Zambia
In Zambia, the element B is comparatively abundant, and its minimum value is likewise greater than the lower limit of boron fertilizer application (>1). Compared to the overall distribution of B, the composition of the Se is more regular and provides more information for future agricultural growth and land planning. This suggests that the research of future land resource exploitation in connection to Zambia’s Se distribution pattern is the primary subject of this paper.
Five levels were used to determine the threshold levels for a Se-classification method (Tan, 1989; DZ/T 0295-2016, 2024; Dinh et al., 2018): Se-deficient (<0.125 μg/g); Se-marginal (0.125 μg/g −0.175 μg/g); Se-sufficient (0.175 μg/g −0.40 μg/g), Se-rich (0.40 μg/g −3.0 μg/g), and Se-excessive (>3.0 μg/g). The Se content of 626 samples (85.16%) was less than 0.125 μg/g and these soils were classified as Se-deficient; the Se content of 41 samples (5.58%) was between 0.125 and 0.175 μg/g and these soils were classified as Se-marginal; the Se content of 44 samples (5.99%) was between 0.175 and 0.400 μg/g and these soils were classified as Se-sufficient; the Se content of 24 samples (3.27%) was between 0.400 and 3.000 μg/g and these soils were classified as Se-rich. In general, Se content in the sediment of water system in Zambia is low.
The existing cultivated land in Zambia can be categorized into five regions based on the distributions of cultivated land in sub-Saharan Africa, as reported by GlobeLand30 (2020), as well as the distributions of geological units and river basins (Sun et al., 2025). The details are as follows: (A) the Mansa-Mporokoso-Kasama area in the northeastern Zambia; (B) the Kabwe-Chipata area in the southeastern Zambia; (C) the Kawana-Solwezi-Ndola area in the northern Zambia; (D) the Mongu area in the western Zambia; (E) the Livingstone-Munbwa-Lusaka area in the southern Zambia (Figure 9).
(A) The Mansa-Mporokoso-Kasama area: This area is located in the northeastern Zambia, which is home to several rivers, primarily the Chambeshi, Kalungwish, Luapula, and Lufubu rivers, all of which have abundant water resources. The Bangweulu Block, which comprises metamorphic volcanic rocks, schists, conglomerate, intrusive granite rocks, and tuff, make up the geological backdrop. Although the region as a whole has relatively low levels of Se, classified as Se-deficient, the Mpokoroso area contains a significant proportion of Se-rich covering. A comparatively low rate of arable land utilization is a result of the small population distribution in northeastern Zambia (Figure 9). Nonetheless, the region has abundance of water resources, and low levels of industrial contamination, particularly in Se-rich areas where agricultural cultivation benefits local community, ideal for rice cultivation that has a high capacity to enrich selenium.
(B) The Kabwe-Chipata area: This area is located in the southeastern part of Zambia, with concentrated arable lands developed primarily along the Luangwa River, without the development of carbonaceous shale and carbonate rocks with a high Se content (Li et al., 2017; Qin et al., 2017). The region’s geological setting is primarily composed of clastic sedimentary rocks and metamorphic complexes found in the Karoo Graben and Irumide Belt. As a result, this region has a low voerall abundance of selenium and no regions that are rich in it. The bulk of the region is Se-deficient, with the exception of a few Se-sufficient regions in Chipata’s western section. The region is unfavorable for Se agricultural production.
(C) The Kawana-Solwezi-Ndola area: This area is located in the Central and Copperbelt Provinces of the northern part of Zambia. It is part of the Kafue River basin and is Zambia’s primary agriculture planting area. It is the area in Zambia with the highest concentration of selenium, featuring the greatest total selenium content. The dominant geological setting are the Lufilian Arc Belt and Domes Region, featuring extensive clastic sedimentary rocks, granitic intrusive rocks, and carbonaceous shale. Layers of carbonaceous shale and substantial low-temperature hydrothermal activity involving elements like zinc, lead, and copper may be the main causes of the region’s elevated Se content. This region is a prospective agricultural center in Zambia because of its large population, excellent transportation, particularly well suited for planting legumes and roots that have a high capacity to enrich selenium.
(D) The Mongu area: This area is located in the western part of Zambia, belonging to the Zambezi River basin. The general geological settting in the region consists of quartz sandstone and loose sand from the Kalahari Desert, and the area has an abundance of water resources. It is not suitable for the development of Se-rich agriculture since it is a Se-deficient area with the lowest total Se level.
(E) The Livingstone-Munbwa-Lusaka area, it is a part of the Kafue River basin in southern Zambia. In addition, it is the region with the largest population density and widest distribution of arable land. The Hook Granite Complex, Choma Kalomo Block, and Zambezi Belt contain metamorphic sedimentary rocks and granite intrusive rocks that make up the majority of the geological background. The total Se concentration in the region is rather low, and there are no Se-rich areas. Only a limited area around Lusaka has Se-sufficient conditions, primarily as a result of low-temperature hydrothermal activities that produced silver, zinc, and lead. The region is not suitable for the development of Se-rich agriculture because of the generally low selenium content in the soil, even though its agricultural development is relatively high than other area and the majority of the crops grown there are legumes and other plants with strong selenium enrichment ability.
[image: Figure 9]FIGURE 9 | The division map of the existing cultivated land in Zambia.
6 CONCLUSION
This paper investigates the regional distribution and total abundance of B and Se in Zambian stream sediments, as well as their connection to the growth of Se-rich agriculture on the Sino-Zambian Cooperation project. Measured B and Se concentrations ranged from 1.76 μg/g −314.29 μg/g (with a median of 12.74 μg/g) and 0.01 μg/g −1.49 μg/g (with a median of 0.056 μg/g), respectively. The median of boron is likewise greater than the lower limit of boron fertilizer application (>1.0 μg/g). The concentrations of Se in Zambia varied significantly by regional. The areas of Kabwe-Chipata, Mongu, and Livingstone-Munbwa-Lusaka have low concentrations of Se because they lack carbonaceous shale and carbonate rocks. Black shales and large-scale epithermal metallogenic regions were dominant in the Kawana-Solwezi-Ndola and Mansa-Mporokoso-Kasama areas, respectively, where high contents of Se were discovered, especially appropriate for the planting of roots and legumes with a high selenium-enriching capability. Regional variances are greatly influenced by a combination of geological surroundings and human activity. Our efforts can significantly contribute to formulating a national strategy aimed at preventing endemic selenium-related diseases and promoting selenium-enriched agriculture.
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