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Circumpolar regions are often associated with activities such as reindeer herding, hunting, fishing, and gathering wild foods, but few know that locals have practiced olericulture since ancient times. Under a changing climate, the agricultural frontier will inevitably shift northward, so it is important to understand the current and past patterns of local soil functioning. Olericultural practices in the Arctic region seem difficult due to the harsh climate; however, it is being implemented. In this paper, we report the agricultural practices used by local residents to increase the yield of crops grown in the Yamal region. We also studied the chemical properties and fertility of soils under private gardens (both active and abandoned). At present, the yields of private olericulture in Yamal even exceed those of industrial vegetable-growing farms. It is revealed that private vegetable growers can achieve an increase in soil fertility by increasing the content of nutrients (P2O5 over 1,500 mg kg−1, K2O up to 500 mg kg−1) and organic carbon up to 17%, as well as the regulation of the acid-alkaline regime. It is also found that soil fertility indicators in private vegetable gardens are higher compared to industrial fields. Such soils are not typical for the cryolithozone and can be classified as Anthrosols. Soils of abandoned vegetable gardens can retain a high level of fertility for a long time due to the specific climatic conditions of the Arctic. As a result, the research showed that it is possible to grow vegetables beyond the Arctic Circle by adapting local soils and applying specific practices typical for cryolithozone.
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Introduction

Food security in the Arctic and circumpolar regions remains a pressing issue for many countries. Its solution largely depends on the localization of agriculture directly in the polar territories, which will reduce the cost of transporting products and allow to provide the local population with cheap and high-quality products (Chan et al., 2006; Dudarev et al., 2013; Nilsson and Evengård, 2015; McCartney and Lefsrud, 2018; Ivanov, 2019). Even today, many researchers note the potential of polar regions for agriculture, especially in the context of climate change (Adams, 1989; Wesche and Chan, 2010; Poeplau et al., 2019). High-latitude lands are called “hidden food baskets” because they are underdeveloped, but have great food potential for farming (Hossain et al., 2018; Abakumov and Morgun, 2021; Lemay et al., 2021; Unc et al., 2021).

The main difficulties for farming in the polar regions are the very short production season (usually <60 days) and dark, cold winters with 24-h nighttime periods (McCartney and Lefsrud, 2018; Mølmann et al., 2021). Currently, most farming practices beyond the Arctic Circle focus on protected agriculture, as outdoor vegetable production is limited to crops because they cannot survive the severe climatic conditions of the Arctic region. There is limited knowledge of the indoor cultivation of vegetables and crops in Alaska, Canada, and the Svalbard Archipelago (Dearborn, 1979; Chan et al., 2006; McCartney and Lefsrud, 2018). But for Russia, the only information available is on the size of agricultural land without detailed descriptions of agricultural practices and soil characteristics (Ivanov and Lazhentsev, 2015; Voronina and Yurkevich, 2020; Naumov et al., 2022). Overall, research on agricultural practices and features of olericulture in Russia is lacking.

We consider that the potential of northern latitudes for vegetable farming is underestimated. Localization of farming at high latitudes will provide food security in the Arctic regions (Chan et al., 2006; Lamalice et al., 2018). According to recent sociological studies, farmers across the Arctic Circle are already feeling the effects of climate change and are adapting to them. There is also a need to localize land farming to reduce the cost of transporting food (Poeplau et al., 2019). Investigation of soils of fallow vegetable gardens and fields is of particular priority since fertile soils are a valuable natural resource in the conditions of the far north. Reinvolvement of fallow soils in the agricultural rotation will also reduce ecological risks associated with permafrost soil disturbance, which is especially important in the climate change framework.

In this work, we will consider the features of soils and some of the methods of polar farming in indoor and outdoor vegetable growing, using the example of the Yamal-Nenets Autonomous District. Modern history (In the 20th century) of olericulture in the Yamal-Nenets Autonomous District (YANAO) began with the private vegetable garden of D.M. Chubynin, an agrometeorological engineer. In 1926, he received a plot of tundra for his usage, which he began to prepare for the planting of various crops. Chubynin grew potatoes and vegetables on his plot and tried to experiment with planting berries (strawberries, raspberries, and currants). Having emerged in 1932, the Yamal zonal vegetable experimental agro-station and its successes are in many respects the successor of the experience accumulated through the private practice of vegetable growing (Alexeeva, 2011; Alekseeva, 2017; Tikhanovsky, 2021).

The area of agricultural land in the Yamal-Nenets Autonomous District is 0.3% of the total area of agricultural land in the Ural Federal District (Rosinformagroteh., 2021). As of 2020, according to official statistics, the total area of agricultural land in the YANAO is 223.7 thousand hectares. Of them, 222.6 were forage lands; 0.9 were croplands; and 0.2 were climbing plantations. There is no information about the quantity of abandoned agricultural land (Rosreestr, 2008–2020). According to the latest published data, abandoned fields are in the city of Salekhard, near the village of Yamgort, and they were also found in the vicinity of the city of Nadym (Abakumov et al., 2020; Nizamutdinov et al., 2021, 2022).

The goal of this research was to understand and evaluate how private olericulture farming currently functions in the circumpolar region of Russia (YANAO). The research design is presented in Figure 1. Our objectives were (1) to determine which agricultural practices used by residents increase the yield of cultivated crops; (2) to estimate the soil fertility level in operating private olericultural farms; and (3) to assess the degree of soil fertility in abandoned private olericultural farms.


[image: Figure 1]
FIGURE 1
 Flowchart of the study.




Materials and methods


Research area and its specific features

Our study sites are located in the Yamal-Nenets Autonomous District (YANAO) of Russia, which is the main oil and gas-producing hub. Active industrial development of these territories resulted in an increased population (547,010 people as of 2021, urban population 83.5%) in the region. Most of the region is located above the Arctic Circle (Figure 2), and climatic conditions here are very extreme, formed under the influence of the Arctic and Atlantic Oceans and the Kara Sea (Forbes, 1999). According to the Koppen–Geiger classification, the area is classified as a cold continental (Dfc) and polar (ET) climate type (Peel et al., 2007). Winter is cold, long up to 8 months (average temperature in January is 23.1°C) (Salekhard city), and summer is short and breezy (average temperature in July is 15.0°C) (Salekhard city). Vegetation period (average for region) is 88 to 129 days, with the sum of temperatures >5°C <1,500°C. Precipitation is 220 to 400 mm, evaporation is low, and there is an excess of moisture (Tikhanovsky, 2021).


[image: Figure 2]
FIGURE 2
 Map of the location of the YANAO on the map of Russia and the main settlements in the study area.


Agroclimatic conditions (Table 1) are given according to the works of Tikhanovsky (2021) for the Salekhard city area. The growing season in this area begins in early June and ends in mid-September, the duration of the growing season is about 100 days. The duration of active plant growth is about 70 days. In 2021, the vegetation period lasted for 145 days, with the sum of temperatures >5°C is equal to 1,536°C (Table 2).


TABLE 1 Agroclimatic conditions in the Salekhard city area (1985–2000).

[image: Table 1]


TABLE 2 Agroclimatic conditions in the Salekhard city area in 2021.
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Some particularities of the study sites and research plots

The study was conducted in several settlements of the Yamal-Nenets Autonomous District. The first settlement is the village of Tovopogol. This is a small, almost abandoned village, located on the left side of the Ob River. In summer, one can come here only by water, and in winter, the local population comes here through the river ice. The total population is unknown, according to local people in the village in 2021, there are about 50 residents. The nearest large settlement is the village of Aksarka (4,956 residents), which is 10 km downstream of the Ob River on the opposite bank. We found several private vegetable gardens and greenhouses in the village. Locals grow vegetables (cucumbers and tomatoes) in the greenhouse (Figure 3) and potatoes in the uncovered soil. The design of the greenhouse is very atypical. As shown in the chart (Figure 3), the main shell of the greenhouse is lifted 20–30 cm above the soil cover. The greenhouse has a floor of wooden boards, on which boxes with soil and organic compost are installed and in which the crops are planted. Such methods allow isolating the root system of plants from the influence of permafrost and regulating the temperature regime of the ground in the greenhouse. As previously mentioned, pristine soils in the Far North do not have a high level of fertility, so locals make composts. Compost is placed in wooden boxes inside the greenhouses or directly placed into the topsoil horizons when planting vegetables in the open. The villagers collect various organic wastes, mix them with wood ash, manure, and grass clippings and add local soil (from organic layers), after 6–12 months, the compost is ready for use.


[image: Figure 3]
FIGURE 3
 Greenhouses and vegetable gardens in Tovopogol Village. (A) The layout of the greenhouse, where: A, wooden boxes; B, an air gap between the soil cover and the greenhouse floor (20–30 cm); C, organic compost; and D, wooden floor (sometimes it is additionally insulated with a layer of polystyrene). (B,C) Photographs of the greenhouse and vegetable garden. (D) Wooden box for organic compost.


As the population in Tovopogol is rapidly decreasing, the village has several abandoned vegetable gardens. The one we found, according to the villagers, was abandoned about 25 years ago.

The second research plot is located in Polyarny village. Polyarny was founded in the 1940s near the Chum-Labytnangi railway line in a highland area among the Ural Mountains. Thus, since 2004, the village has been in a state of abandonment (Figure 4), with only a few people living there in summer, who service the railroad and deliver products for the herdsmen.


[image: Figure 4]
FIGURE 4
 Abandoned the village of Polyarny. (A,B) Photographs of the abandoned village of Polarny. (C) Abandoned greenhouse. (D) Abandoned vegetable garden.


The greenhouses here were used to grow vegetables and fresh greens, and the gardens were used for potatoes and some other root crops. There was no industrial vegetable farming in the village, only a few private greenhouses and vegetable gardens. The greenhouses in Polyarny were built using the same technology as in Tovopogol village (Figure 3). Large wooden boxes were filled with soil or mulch, which was raised above the soil cover. Since 2004, the boards have partially rotten, but it is still possible to notice them.

The third research site located in the vicinities of the city of Labytnangi (left bank of the Ob River, opposite the city of Salekhard) consists of private houses with abandoned vegetable gardens and greenhouses (Figure 5). We can assume that these areas have been abandoned for <10 years.


[image: Figure 5]
FIGURE 5
 Vicinities of the city of Labytnangi. (A) Archaeological sites in the city of Labytnangi (an ancient settlement of the Komi people). (B,C) photos of the abandoned vegetable garden and greenhouse.


The greenhouse is arranged according to the classic scheme, and a layer of compost is poured on the open sandy parent material, over which a polyethylene roof is built. Similarly, for the vegetable garden, only the layer of compost is located under the open sky.



Pristine soil conditions

The soil cover of the Far North is not primarily adapted to vegetable farming and does not have favorable agronomic properties (Stanek, 1970). The soil genesis in the Arctic (tundra and forest-tundra) zones is closely connected with the active permafrost layer development. Permafrost-bounded soil-forming rocks create water retention and intensify the gleyic and redoximorphic processes. In the transitional areas of forests tundra and northern taiga, bog and podzol processes of soil formation prevail (Liwerovsky, 1937; Zubrzycki et al., 2014). Mature soils of our study area are characterized by high acidity (pH from 3.5 to 6), anaerobic-gleyic processes, low biochemical activity, slow processes of nitrification, and aerobic nitrogen fixation and nutritional deficiencies (Liwerovsky, 1937; Targulian, 1971; Tedrow, 1977). Typical pristine natural soils in arctic tundra are not enriched in basic nutrients (Jonasson et al., 1999; Mack et al., 2004). Previously published data show that natural soils in the vicinity of Salekhard contain few mobile forms of phosphorus (up to 100 mg kg−1). Concentrations of available potassium are also at a low level. Near the village of Yamgort, the content of potassium in the topsoil was recorded to be below 90 mg kg−1. According to the FAO International Classification, the dominant soil groups in the study area are Podzols and Cryosols (Abakumov et al., 2020; Nizamutdinov et al., 2021; Alekseev and Abakumov, 2022).



Analytical and sampling methods

The objects of the study were searched by interviewing the local population. Samples were taken from each genetic soil horizon. The morphological features and soil classification were described according to the (WRB, 2015). After sampling, the samples were placed in hermetically sealed sterile plastic bags. After finishing fieldwork, the soils were transported to the laboratory for further analysis, where they were air-dried at 24°C, grounded, and passed through a 2-mm sieve. The pH values were determined using the pH/ORP/Temperature Portable Meter Milwaukee Mi 106 (Romania) by potentiometric method (soil solution ratio of 1:2.5) with H2O or 1 M CaCl2 (FAO, 2021b). Basal respiration was determined by closed cell method by capturing CO2 emission from samples with 1 M NaOH solution followed by titration with 0.5 M HCl solution in the presence of phenolphthalein and bromocresol indicators (Jenkinson and Powlson, 1976). Soil organic carbon (SOC) content is determined by the Tyurin method, based on the oxidation of soil organic matter with a mixture of potassium dichromate and concentrated sulphuric acid (FAO, 2021a). Determination of organic carbon was carried out in triplicate, and the mean values are given. The stock of SOC (volumetric concentrations) is estimated according to the following formula:

[image: image]

Where: C is the SOC content, %; h is the depth of the soil horizon, cm; and d is the soil compaction density, g cm-3.

The content of ammonium nitrogen (N-NH4) and nitrate-nitrogen (N-NO3) was determined using the potassium chloride solution (ISO, 2003). The content of potassium (K2O) and phosphorus (P2O5) was determined by the Kirsanov method (VNIIA., 2013). The method is based on the extraction of mobile compounds of phosphorus and potassium from the soil with a solution of 0.2 M HCl (1:5) with photocolorimetric or flame-photometric determination of nutrient concentrations. For organomineral horizons, the determination of the main nutrients was repeated two times.

Laboratory tests were performed in certified laboratories. Measurement control was carried out with standardized soil samples (samples with known physical and chemical parameters). The data were visualized and processed using QGIS 3.16, GraphPad Prism 9, and Grapher 13.




Results and discussions

At first look, it may seem that the climatic conditions of the Polar Regions are completely unsuitable for vegetable farming, but the Polar Regions have some advantages compared to temperate latitudes. It is well-known that the amount of solar radiation plays a key role in plant growth and as you move to northern latitudes, the duration of daylight hours increases significantly (Szeicz, 1974; Mølmann et al., 2021). In addition, due to a more transparent atmosphere, the light here is richer in ultraviolet radiation. In YANAO, the duration of daylight hours at the beginning of the growing season is about 23 h, the 24-h daylight period lasts on average from early June to early July, and by the end of the growing season, the duration of daylight hours is about 14 h. Consequently, the lack of temperature is compensated by the length of daylight hours (Liwerovsky, 1937; Tikhanovsky, 2021). It should also be noted that high humidity, sufficient precipitation, the absence of the harmful effects of high and some agronomic practices which will be described further in the article create favorable conditions for olericulture. To increase the fertility of local soils, manure is often used as fertilizer, various ameliorants such as ash and NPK are also applied, and sometimes liming of the surface soil horizons is done to reduce its acidity (Alekseeva, 2017; Abakumov et al., 2020; Abakumov and Morgun, 2021; Tikhanovsky, 2021; Nizamutdinov et al., 2022; Suleymanov et al., 2022). Below, we will analyze in detail the soils of the active and abandoned vegetable gardens found in the above-mentioned settlements.


Tovopogol village

Soils from the greenhouse and vegetable garden were a loose root-rich, dark-colored mixture, up to 30 cm thick in the greenhouse, and up to 40 cm thick in the vegetable garden. The results of the chemical analysis (Figure 6) showed that the soils were neutral or slightly acidic, with low potential acidity (pH H2O 6.2–7.2). The SOC content is high, more than 15%, but its stock is low because the soils are not dense.


[image: Figure 6]
FIGURE 6
 Main soil properties in greenhouse and vegetable garden. Soil name: Hortic Anthrosols (WRB, 2015).


The soils of the greenhouse and vegetable garden contain an extremely high content of available phosphorus (up to 1,539 mg kg−1), probably due to the usage of compost and fish wastes. At the same time, soils are not enriched with potassium if its content is below 60 mg kg−1. The concentration of nitrate nitrogen is higher than that of ammonium nitrogen, which indicates the predominance of nitrification processes over denitrification.

As mentioned in Section Some particularities of the study sites and research plots, locals use special composting methods and greenhouse designs to improve the production of crops and soil fertility. Previously, according to local villagers, composts were made only from fish waste, which had a positive effect on the harvest. The usage of fish composts is not unique to Arctic regions, fish waste has traditionally been used as fertilizer since ancient times, for example, by Indians in North America (Ceci, 1975), in Alaska (Chambers, 2011), and is actively used in agriculture today (Frederick et al., 1989; López-Mosquera et al., 2011; Ahuja et al., 2020; Lanno et al., 2020). Fish fertilizers and composts decompose quickly and significantly enrich soils with nutrients (especially N and P) (López-Mosquera et al., 2011; Radziemska et al., 2019; Muscolo et al., 2021), so their application in nutritional deficit conditions in the Arctic soils is very reasonable and gives good results.

The soils of the abandoned vegetable garden are over-moistened, the profile is marked with gleyic colors and redoximorphic features (Figure 7), the topsoil horizons are full of undecomposed pieces of wood, and sometimes there are anthropogenic artifacts (broken glass and other debris), especially in the Apu1 (20–30 cm) horizon. Compost for fertilization was also used here earlier, but of lower quality than at the previous site.


[image: Figure 7]
FIGURE 7
 Main soil properties in the abandoned vegetable garden. Soil name: Plaggic Gleyic Anthrosol (WRB, 2015).


The soil is slightly acidic (pH H2O 5.9–6.7), with low potential acidity in the topsoil horizons (pH CaCl2 5.9–6.1) in the most over-moistened BCgs (55–68 cm) and Cg (68–95 cm) horizons, the pH values decrease. The predominance of stagnant, anaerobic conditions explains the low basal respiration of the soil. Therefore, the processes of nitrification are most intense in the most aerated, surface horizon Apu (0–20 cm), which can be estimated by the high content of nitrate nitrogen (24.86 mg kg−1). The content of SOC in the postagrogenic horizons is over 10%, the carbon stock is higher than in the greenhouse and vegetable garden, and the soils are more compact. Among the nutrition elements, the highest content is phosphorus (more than 1,510 mg kg−1), and this soil is also characterized by a high content of potassium (up to 491 mg kg−1).



Polyarny village

The soil of the abandoned greenhouse in Polyarny village is presented by a thick (30 cm) humus-accumulative horizon, which can be divided into three parts by density (Figure 8). The soils here are highly degraded, during the 18 years of abandonment, they are acidic (pH H2O−5.7, pH CaCl2 4.6–5.2) and the content of SOC does not exceed 3%. Stopping fertilizer application reduced basal respiration. Since the soils were not isolated from precipitation for a long time, this led to the removal of nutrients from the profile, the content of available phosphorus (137–142 mg kg−1) and nitrogen (N-NH4–up to 4.7 mg kg−1, N-NO3–up to 11.91 mg kg−1) here is significantly lower compared with the soil of the greenhouse in the Tovopogol village. In general, the distribution of the main agrochemical significant parameters in this soil is homogeneous and changes weakly with depth. Perhaps, good drainability (since the greenhouse is located above the natural soil cover) led to the loss of the initial fertility formed by the application of fertilizers.


[image: Figure 8]
FIGURE 8
 Main soil properties in the abandoned greenhouse. Soil name: Hortic Anthrosol (WRB, 2015).


The next object is an abandoned vegetable garden located close to an abandoned private house and placed on a local elevation of the relief (Figure 9). The house and the vegetable garden were organized on a sandy bank, since the parent rocks here are significantly different from the natural moraine deposits. The humus-accumulative horizon here is shallow, with SOC content <8%, and poorly stocked with a relatively high basal respiration rate. The soil is acidic, pH H2O > 6, changing to slightly alkaline with depth and high potential acidity (pH CaCl2 3.8–4.1). Since the mineral horizons have a sandy texture and the vegetable garden is located on the elevation of the relief, the conditions for high water infiltration capacity of this soil are formed. Therefore, we can observe the migration of nutrients to the depth, especially because it is characteristic for the available forms of phosphorus.


[image: Figure 9]
FIGURE 9
 Main soil properties in the first vegetable garden in Polyarny village. Soil name: Plaggic Anthrosol (WRB, 2015).


Another abandoned vegetable garden in the village of Polarny, probably formed on the site of an old burning, with many anthropogenic artifacts and charcoal in the Ap2 (20–30 cm) horizon (Figure 10). Above it is the surface of the postagrogenic Ap1 (0–20 cm) horizon, formed by nearly decomposed organic matter from grassy plants with the addition of dark-colored organic matter. The boundary between the postagrogenic and mineral horizons is harsh, in color and texture, and the parent materials are formed of rubble skeletal moraine sediments. This soil is slightly acidic (pH H2O 5.5–6.6, pH CaCl2 3.8–5.3), with a high SOC content in the post-pyrogenic horizon Ap2 (20–30 cm) (more than 14%), and in the topsoil horizon, SOC content is slightly above 5%. There is an extremely high content of available phosphorus in the surface horizon, more than 2,000 mg kg−1, and concentrations of other nutrients are significantly lower. The content of nitrogen, both ammonium and nitrate, is below 8 and 3 mg kg−1, respectively.


[image: Figure 10]
FIGURE 10
 Main soil properties in the second vegetable garden in Polyarny village. Soil name: Hortic Anthrosol (WRB, 2015).




Labytnangi (Komi village)

The abandoned greenhouse formed a thick humus horizon up to 18 cm deep, which is underlain by a sandy loam illuvial-iron Bs horizon (Figure 11). Soils of the abandoned greenhouse have retained a high level of fertility: the topsoil horizon (0–18 cm) contains high content of SOC (10.5–16.5%). The soil is slightly acidic (pH H2O 5.6–5.9) with high potential acidity (pH CaCl2 4.4–4.5). There is a high content of nutrients, especially available phosphorus (up to 1,200 mg kg−1) and potassium (up to 397 mg kg−1). The maximum content of nitrogen in the topsoil 0 to 18 cm is N-NH4 up to 15 mg kg−1 and N-NO3 up to 21 mg kg−1.


[image: Figure 11]
FIGURE 11
 Main soil properties of abandoned greenhouse in Komi village. Soil name: Hortic Anthrosol (WRB, 2015).


The soil in the abandoned vegetable garden (Figure 12) is characterized by lower agrochemical qualities. It is also acidic (pH H2O 5.1–5.9, pH CaCl2 3.8–4.5), but the contents of SOC (10.5% in topsoil) and nutrients are lower compared to the soil of the abandoned greenhouse.


[image: Figure 12]
FIGURE 12
 Main soil properties of abandoned private garden in Komi village. Soil name: Hortic Anthrosol (WRB, 2015).


From the morphological aspect, these two profiles are very similar, but chemically, they differ quite significantly. Isolation of soils in the greenhouse contributes to the regulation of temperature and water regimes, which may be the reason for the accumulation of nutrients in the soil profile.



Private vs. industrial olericulture

Earlier studies on the assessment of soil fertility in working and abandoned industrial olericultural fields have been conducted at the territory of Salekhard city (Alekseev and Abakumov, 2018; Nizamutdinov et al., 2021, 2022; Tikhanovsky, 2021; Suleymanov et al., 2022). According to Tikhanovsky (2021), the experimental field plot developed the next agrochemical characteristics in the arable topsoil horizon (0-20 cm) during the 30-year development period: pH−5.75; SOC−3.08%; P2O5−263 mg kg−1, K2O−150 mg kg−1 (Figure 13). The following parameters were recorded in the Yamal Experimental Agricultural Station field (abandoned plot): pH−4.95, SOC−3.2%, P2O5−570 mg kg−1, K2O−140 mg kg−1; N-NH4−18 mg kg−1; N-NO3−2.8 mg kg−1. A recently abandoned agricultural field had the following: pH−5.15; SOC−2.8; P2O5−522 mg kg−1; K2O−284 mg kg−1; N-NH4−6.86 mg kg−1; N-NO3−16.72 mg kg−1 (Nizamutdinov et al., 2021, 2022). These plots are farmed scientifically with regular application of mineral and organic fertilizers (NPK, manure, etc.).


[image: Figure 13]
FIGURE 13
 Main nutrients content (mean ± SEM) in arable soil layer (0–20 cm) in private (active and abandoned) and industrial olericultural facilities, data were obtained from this study and from Nizamutdinov et al. (2021), Tikhanovsky (2021), and Nizamutdinov et al. (2022).


However, as described above, private olericulturals can achieve significantly higher soil fertility values, especially in greenhouses. In Tovopogol village, when using fish composts, it is possible to achieve the content of available phosphorus above 1,500 mg kg−1, as well as, by drainage of soils to approach pH values to neutral. The SOC content is higher compared to industrial olericultural fields, 16 vs. 3%. Significant differences are observed in the content of potassium, but in industrial fields, it comes mainly from the application of mineral fertilizers, and organic compost is often not enriched with potassium because the main sources of potassium are the products of weathering minerals.




Conclusion

The application by private vegetable growers of such practices as composting, mulching, and adaptation of greenhouses to the conditions of the Far North allows them to raise the fertile qualities of Arctic soils to a new level and obtain stable harvests of potatoes, cucumbers, tomatoes, beets, turnips, and even berries. Permafrost conditions force the local community to elevate greenhouses above the soil cover; this reduces the impact of subzero temperatures on the crop, protects it from harmful pests, and makes it easy to regulate the soil's water regime. The soils of private vegetable farms are radically different in properties from the originally unsuitable for vegetable-growing tundra and forest-tundra soils, and local people manage to create a “new soil” and adapt it to local climatic conditions. Soils of private greenhouses are enriched with organic carbon (content up to 17.1%) and phosphates available to plants (content up to 1,550 mg kg−1). There is a lack of available potassium (content up to 55 mg kg−1), as mineral fertilizers are practically not used by residents. Such soils can be classified as agroconstructozems (or Anthrosols according to FAO classification).

The morphological features of the structure of the soil profile of post-agrogenic soils are fundamentally different from the natural, typical for the YANAO soils. The soils of abandoned vegetable and greenhouse gardens have maintained a high level of fertility after a long period of abandonment. We observed thick humus-accumulative horizons (up to 20 cm) rich in organic matter in soils that were abandoned up to 25 years ago. The soils of the abandoned vegetable garden in the Tovopogol settlement are extremely rich in organic carbon (10.7% content in topsoil) and available to plants in the form of phosphorus and potassium (content up to 1,510 mg kg−1 and up to 491 mg kg−1, respectively). Also, an acid-alkaline regime favorable for vegetation was preserved here.

Abandoned soils at other study sites also showed high fertility capabilities and are potentially suitable for agricultural reclamation. For example, the soils of abandoned vegetable and greenhouse gardens in the outskirts of Labytnangi are characterized by a high content of nutrients (P2O5–up to 1,200 mg kg−1, K2O—up to 400 mg kg−1) and organic carbon—up to 16.5%. Extremely high levels of available phosphorus (up to 2,250 mg kg−1) were recorded in the soil of an abandoned vegetable garden 18 years ago in the village of Polarny. However, the potassium and nitrogen contents here are very low.

Vegetable garden soils react differently in the transition to an abandoned state. Excessive moisture and low temperatures typical of the Arctic region help “conserve” the fertile qualities of soils. Interruption of agricultural usage of vegetable gardens leads to the return of over-moistening and low temperatures; therefore, it creates reduction conditions, anaerobic and gleic processes of soil formation return, a slowdown of microbiological processes of nitrification, and aerobic nitrogen fixation.

A comparison of our data with previously published studies showed that the soils of active and abandoned private olericultural facilities are not behind those of industrial agricultural fields in terms of soil fertility. The soils of private farms are often richer in phosphorus available to plants, but they are less in potassium content because local residents practically do not use mineral fertilizers.

The next step is to perform reconnaissance research and monitoring of fallow agricultural soils beyond the polar circle. Research on circumpolar agricultural soils should certainly continue since they are “hidden” natural resources. It is necessary to understand how much fallow fertile soils are located beyond the polar circle and to assess their fertile qualities, and currently, this information is not enough. This knowledge will help to quickly launch the process of agro-industrial development of the Arctic, with minimal involvement in the agricultural rotation of pristine soils.
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