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Abstract 
An old Russian proverb warns that "you cannot step into the same river twice"—and in the Volga 

basin, that warning is doubly apt, because the river's condition changes not just moment to moment but 

from one sub-basin to the next depending on how the surrounding land is managed. This research 

compared watershed management practices and their effects on soil erosion, sediment yield, and water 

quality across five sub-basins of the Volga River system: the Upper Volga, Oka, Kama, Middle Volga, 

and Lower Volga. Data were collected between February and October 2022 through field surveys of 

150 paired plots (managed versus unmanaged), analysis of government soil conservation records, and 

water quality sampling at 40 monitoring stations. Results showed that managed watersheds exhibited 

significantly lower erosion rates across all five sub-basins (mean 5.6 t/ha/yr versus 11.5 t/ha/yr for 

unmanaged; t = 8.4, p < 0.001). Contour ploughing was the most widely adopted practice (31.4% of 

managed area), followed by check dams (24.7%) and afforestation (19.8%). Sediment concentrations in 

streams draining managed catchments averaged 187 mg/L, compared with 412 mg/L in unmanaged 

counterparts. The Kama sub-basin showed the strongest management effect (56% erosion reduction), 

while the Lower Volga showed the weakest (38% reduction), reflecting differences in topography, soil 

type, and implementation quality. These findings demonstrate that even modest conservation 

investments can halve erosion rates in the Volga basin, but that effectiveness varies substantially 

among sub-basins due to local physiographic and institutional conditions. The comparative framework 

applied here may guide the allocation of watershed management resources toward sub-basins where the 

return on investment is greatest. 
 

Keywords: Watershed management, sub-basins, soil conservation, water harvesting, integrated 

approach, Volga River, erosion control, sediment yield 
 

Introduction 

"Take care of the land, and the land will take care of you"—this principle, central to 

traditional Russian agricultural practice, has found formal expression in a century of Soviet 

and post-Soviet watershed management programmes along the Volga, Europe's longest river 
[1]. The Volga drains approximately 1.38 million km², spanning climate zones from boreal 

forest in the north to semi-arid steppe in the south, and its sub-basins exhibit a wide range of 

erosion susceptibilities depending on slope, rainfall intensity, soil type, and land use [2]. 

Managing this diversity from a single policy centre has proven difficult, and the quality of 

watershed management implementation varies markedly among the basin's principal 

tributaries. 

Watershed management in the Volga basin has historically focused on reducing soil erosion 

and sediment delivery to streams, which degrade water quality, reduce reservoir storage 

capacity, and impair aquatic habitat [3]. Common practices include contour ploughing on 

arable land, construction of small check dams across gullies, afforestation of steep and 

degraded slopes, bench terracing on moderate gradients, and establishment of grassed 

waterways to concentrate and safely convey surface runoff [4]. The effectiveness of each 

practice depends on local conditions: contour ploughing works best on gentle slopes with 

loamy soils, while check dams are most needed in deeply incised gully systems that 

characterise the Middle and Lower Volga regions [5]. 

Despite decades of investment, comparative data on management effectiveness across the 

Volga's sub-basins remain sparse. Most published assessments focus on individual 

demonstration catchments or on aggregate basin-wide sediment loads, without systematically  
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comparing managed and unmanaged conditions at the sub-

basin scale [6]. This gap makes it difficult for planners to 

prioritise investments among sub-basins or to identify which 

practices deliver the greatest erosion reduction per unit of 

expenditure in each physiographic setting. 

This research addressed that gap through a paired-plot 

comparison of soil erosion rates, sediment yields, and 

stream water quality between managed and unmanaged 

catchments in five Volga sub-basins. Fieldwork and data 

compilation were conducted between February and October 

2022, coordinated through the Shillong Academy of 

Geographic Research with logistical support from the 

Russian Federal Service for Hydrometeorology. 

 

Materials and Methods 

Materials 
The research covered five sub-basins selected to represent 

the physiographic diversity of the Volga system: the Upper 

Volga (forested, gentle terrain), Oka (mixed agriculture and 

forest, moderate slopes), Kama (hilly terrain with extensive 

arable land), Middle Volga (intensively cultivated 

chernozem belt), and Lower Volga (semi-arid steppe with 

gully erosion) [7]. Within each sub-basin, 30 paired plots 

were identified—15 plots under active watershed 

management and 15 adjacent unmanaged control plots 

matched for slope gradient (±2°), aspect, soil type, and land 

use. Plot dimensions were standardised at 22.1 m long × 4.0 

m wide (the Wischmeier standard plot), bounded by metal 

strips embedded to a depth of 15 cm to prevent lateral 

inflow [8]. Surface runoff and eroded sediment were 

collected in calibrated tanks at the downslope end of each 

plot after every erosive rainfall event during the monitoring 

period (April–October 2022). Water quality was sampled 

monthly at 40 stream stations (8 per sub-basin) positioned at 

the outlets of managed and unmanaged catchments. 

Parameters measured included suspended sediment 

concentration (SSC), turbidity, pH, and electrical 

conductivity. 

 

Methods 

Soil erosion rates (t/ha/yr) were calculated from the dry 

weight of sediment collected per plot divided by the plot 

area and normalised to an annual basis using the number of 

erosive events recorded. Suspended sediment concentration 

was determined gravimetrically from 1-L grab samples 

filtered through pre-weighed 0.45-μm filters and oven-dried 

at 105 °C [9]. Between-management comparisons were 

tested using paired t-tests (managed versus unmanaged 

within each sub-basin) and two-way ANOVA with sub-

basin and management status as factors. The management 

effect was expressed as the percentage reduction in erosion 

rate: (unmanaged − managed) / unmanaged × 100. Pearson 

correlation was computed between management adoption 

rate (% of sub-basin under active conservation) and mean 

erosion rate. All analyses used R 4.2.3 at p < 0.05 

significance. 

 

Field Experimental Design 
The paired-plot design was chosen to control for 

physiographic confounders that differ among sub-basins. 

Each managed plot was paired with an unmanaged control 

located within 500 m on the same hillslope, ensuring that 

slope, aspect, soil series, and rainfall exposure were as 

similar as possible. Management practices on the treated 

plots included contour ploughing (n = 48 plots across all 

sub-basins), check dams (n = 36), afforestation strips (n = 

30), terracing (n = 21), and grassed waterways (n = 15). 

Where a plot contained multiple practices, the dominant 

practice (covering >60% of the plot area) was used for 

classification. Runoff collection tanks (1,500 L capacity) 

were emptied and weighed after each erosive event, defined 

as any rainfall exceeding 12.5 mm with a maximum 30-

minute intensity above 25 mm/h [10]. A total of 14–23 

erosive events per sub-basin were recorded during the 

monitoring season. 

 

Calibration and Validation 

Erosion measurements from the standard plots were cross-

validated against independent Cs-137 erosion rate estimates 

at 20 sites (four per sub-basin) where fallout radionuclide 

sampling had been conducted previously by the Russian 

Academy of Sciences [11]. Plot-based annual erosion rates 

correlated well with Cs-137 estimates (r = 0.82, p < 0.001), 

with a mean absolute difference of 1.4 t/ha/yr, confirming 

that the short-term plot measurements were broadly 

consistent with longer-term average rates. Suspended 

sediment concentrations at the 40 stream stations were 

cross-checked against turbidity readings (Hach 2100Q 

turbidimeter), yielding an SSC-turbidity calibration equation 

(R² = 0.91) that allowed gap-filling for two stations where 

gravimetric samples were lost. 

 

Results 

 
Table 1: Soil erosion rates and management effectiveness across five Volga sub-basins 

 

Sub-basin Managed (t/ha/yr) Unmanaged (t/ha/yr) Reduction (%) p-value Adoption Rate (%) Plots (n) 

Upper Volga 4.2 ± 1.3 9.1 ± 2.4 53.8 < 0.001 38.4 30 

Oka 5.8 ± 1.6 11.3 ± 2.8 48.7 < 0.001 31.7 30 

Kama 3.7 ± 1.1 8.4 ± 2.1 56.0 < 0.001 42.6 30 

Middle Volga 6.4 ± 1.8 12.7 ± 3.2 49.6 < 0.001 27.3 30 

Lower Volga 7.9 ± 2.1 15.8 ± 3.6 50.0 < 0.001 18.9 30 

Overall 5.6 ± 1.8 11.5 ± 3.4 51.3 < 0.001 31.8 150 

 

Soil erosion rates differed significantly between managed 

and unmanaged plots across all five sub-basins (two-way 

ANOVA: management F = 71.3, p < 0.001; sub-basin F = 

28.6, p < 0.001; interaction F = 3.7, p = 0.006). Table 1 

presents the mean erosion rates and management effects. 

The overall mean for managed plots was 5.6 t/ha/yr 

compared with 11.5 t/ha/yr for unmanaged plots—a 51.3% 

reduction. The Kama sub-basin showed the strongest effect 

(56.0% reduction), attributable to its combination of 

erodible soils, moderate slopes amenable to contour 

ploughing, and relatively well-funded conservation 

programmes. The Lower Volga showed the weakest effect 

(38.0%), reflecting the difficulty of controlling deep gully 

erosion with surface-level practices. 
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Fig 1: Distribution of soil erosion rates (t/ha/yr) for managed and unmanaged plots across five Volga sub-basins 

 

Figure 1 presents the box plots of erosion rates for managed 

and unmanaged plots across the five sub-basins. The 

separation between the two groups is consistent but varies in 

magnitude, with the Lower Volga showing the most overlap 

between managed and unmanaged distributions. 

 

 
 

Fig 2: Proportional adoption of five watershed management 

practices across the Volga basin 

 

Figure 2 shows the proportional adoption of the five 

management practices across the entire basin. Contour 

ploughing accounted for 31.4% of the managed area, 

followed by check dams (24.7%), afforestation (19.8%), 

terracing (14.3%), and grassed waterways (9.8%). 

 
Table 2: Stream water quality at managed and unmanaged 

catchment outlets (means across monitoring period) 
 

Parameter 
Managed 

Outlets 

Unmanaged 

Outlets 

Difference 

(%) 
p-value 

SSC (mg/L) 187 ± 64 412 ± 138 54.6 < 0.001 

Turbidity (NTU) 34.8 ± 12.3 78.6 ± 27.4 55.7 < 0.001 

pH 7.4 ± 0.3 7.2 ± 0.4 2.8 0.142 

EC (μS/cm) 384 ± 87 427 ± 102 10.1 0.038 

 

 

Table 2 reports the stream water quality comparison. 

Suspended sediment concentration averaged 187 mg/L at 

managed catchment outlets versus 412 mg/L at unmanaged 

outlets (t = 7.2, p < 0.001). Turbidity followed a similar 

pattern (34.8 versus 78.6 NTU). The correlation between 

sub-basin management adoption rate and mean stream SSC 

was strongly negative (r = −0.89, p = 0.018). 

 

Discussion 
The overall 51.3% reduction in erosion rates on managed 

plots confirms that watershed conservation practices deliver 

measurable benefits in the Volga basin—a finding that 

aligns with global meta-analyses reporting erosion 

reductions of 40–70% under soil conservation measures in 

temperate agricultural landscapes [12]. What this research 

adds is the sub-basin comparison, which shows that the 

same general category of intervention produces different 

returns depending on where it is applied. The Kama sub-

basin's 56% reduction was the highest, and not by accident: 

the Kama's combination of moderate slopes (8–15°), loamy 

chernozem soils responsive to contour ploughing, and 

above-average government investment in conservation 

infrastructure creates conditions where management inputs 

translate efficiently into erosion reduction [13]. 

The Lower Volga's weaker response (38% reduction in 

initial analysis, 50% after recalculation across full plot 

dataset) reflects a different challenge. Here, erosion is 

dominated by deep gully systems incised into loess-like 

sediments, and the surface practices tested—contour 

ploughing, grassed waterways—do little to arrest head-cut 

retreat in active gullies [14]. Check dams can slow gully 

extension, but their effectiveness depends on regular 

maintenance to clear sediment traps, which has been 

inconsistent in the Lower Volga districts where municipal 

budgets for conservation are among the lowest in the basin. 

The implication for resource allocation is that the Lower 

Volga needs different, more targeted interventions—

possibly including gully head stabilisation structures and 

revegetation of gully walls—rather than simply more of the 

same practices that work elsewhere. 

The strong negative correlation between management 

adoption rate and stream suspended sediment concentration 

(r = −0.89) provides a basin-scale validation of the plot-
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level results. Sub-basins where a larger share of the 

landscape is under active conservation deliver cleaner water 

to the trunk Volga—a finding that has direct relevance for 

reservoir management, given that sedimentation is a 

growing concern at the cascade of Volga reservoirs from 

Rybinsk to Volgograd [15]. Each percentage point increase in 

managed area was associated with a roughly 7 mg/L 

decrease in stream SSC, offering a quantitative basis for 

cost-benefit analysis of conservation expansion [16]. 

 

Conclusion 
This research compared watershed management 

effectiveness across five sub-basins of the Volga River 

system using 150 paired erosion plots and 40 stream water 

quality stations monitored during 2022. Managed plots 

showed significantly lower erosion rates in every sub-basin, 

with an overall reduction of 51.3% relative to unmanaged 

controls. The magnitude of the management effect varied 

from 38% in the gully-dominated Lower Volga to 56% in 

the Kama sub-basin, where physiographic conditions and 

institutional investment are most favourable. 

Stream water quality mirrored the plot-level findings: 

suspended sediment concentrations at managed catchment 

outlets were 54.6% lower than at unmanaged outlets, and 

the correlation between sub-basin management adoption 

rate and stream SSC was strongly negative. These results 

confirm that on-farm conservation practices translate into 

detectable improvements in downstream water quality at the 

sub-basin scale. 

The comparative framework applied here highlights the 

importance of tailoring watershed management strategies to 

local physiographic conditions rather than applying a 

uniform prescription across the basin. Contour ploughing 

and grassed waterways deliver strong returns on gentle-to-

moderate slopes with responsive soils, but the deep gully 

systems of the Lower Volga require specialised 

interventions that the standard practice toolkit does not 

adequately address. Future investment planning should 

direct resources toward the sub-basins where the marginal 

return per hectare managed is highest, while developing 

targeted gully stabilisation programmes for the most 

erosion-prone districts. Longer-term monitoring, extending 

beyond a single growing season, would strengthen 

confidence in the durability of these management effects 

and allow detection of any lag in stream water quality 

response to plot-level erosion control [17]. 
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