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Abstract

Introduction

Vegetation is a universal and effective method for water and soil conservation. The significant implications of soil
loss necessitate the adoption of appropriate soil conservation practices and soil management solutions according
to the regional climate. Investigation of the effects of soil cover on the soil erosion process can provide the
information necessary for the success of soil and water conservation practices. In general, vegetation cover can
mitigate runoff by increasing water infiltration, enhancing sediment trapping, reducing the kinetic energy of
raindrop impact, increasing surface roughness, decreasing flow velocity, and controlling runoff hydraulic
properties. The impact of vegetation cover on runoff generation has been studied at different spatial scales, from
experimental to watershed scales, and most studies have shown the effectiveness of vegetation cover in reducing
surface runoff. In arid regions, it may be difficult and economically infeasible to cover the entire surface area of a
soil conservation project with vegetation. Therefore, the question arises as to how much of the soil surface should
be covered to have an optimal impact on runoff generation. The main objective of this study was to evaluate the
effects of different ratios of alfalfa coverage on runoff generation under simulated rainfall conditions.

Materials and methods

A completely randomized design was used with treatments based on the ratio of alfalfa coverage (0, 35, 65, and
90 %) under artificial rainfall conditions. The texture of the studied soil was sandy loam and collected from the
surface horizon of farmlands in Kashan. All experimental plots were 2 m long, 0.55 m wide, and 0.35 meters deep
with a metal runoff collector. Alfalfa seeds were planted at a spacing of 15x15 cm in the 35 % plot, 10x10 cm in
the 65 % plot, and five in 10 cm in the 90 % plot. All plots were subjected to a simulated rainfall with an intensity
of 90 mm hr! for 70 min. To achieve uniform antecedent moisture conditions, all plots were subjected to a 10-
minute long simulated rainfall at an intensity of 90mm h™! exactly one hour before the experiment.

During the experiment, the runoff and sediment samples were gathered using the metal collector (placed at the
plot outlet) at 5-minute intervals. In order to investigate the changes in runoff reduction efficiency in different
treatments and different testing periods, statistical criteria of runoff reduction efficiency were used. The
Kolmogorov—Smirnov, one-way ANOVA, and Duncan’s tests were used for data analysis.

Results and Discussion

The results indicated that the plant cover treatments were most effective in reducing runoff during the first 15
minutes of the experiments. However, their effectiveness decreased as the experiments progressed due to the soil's
inability to pass water at a higher rate once the infiltration reached its final rate. The coverage ratio treatments (0,
35, 65, and 90 %) showed a significant difference in runoff generation (p <0.01). The bare plots had the highest
average runoff generation and were classified into a separate group (a). The plots with 35, 65, and 90 % coverage
ratios had average runoff rates of 0.329 mm min!, 0.222 mm min!, and 0.112 mm min"', respectively, and were
placed in separate groups as well. In the bare soil treatments, the high amount of rainfall drops on the soil surface
without vegetation interception exceeded the infiltration rate and subsequently produced runoff. Additionally, soil
sealing and crusting processes due to raindrop impacts could reduce infiltration and generate higher runoff. The
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effectiveness of runoff reduction was also evaluated at 35, 65, and 90 % alfalfa cover. The results showed that 65
and 90 % cover significantly reduced runoff production, but no significant difference was observed between the
35 and 65 % levels.

Conclusion

In this study, we evaluated the influence of alfalfa coverage ratios on runoff generation in experimental conditions
subjected to artificial rainfall. We found that higher coverage of alfalfa was associated with a delay and reduction
in runoff generation. While all the examined vegetation cover percentages demonstrated an acceptable
performance in reducing runoff and sediment. Furthermore, we were able to determine a practical threshold for
coverage ratio, which could result in a significant decrease in surface runoff production. We found that a minimum
of 65% alfalfa coverage was necessary to achieve this reduction. This threshold could be considered a beneficial
criterion for soil and water conservation practices, especially in arid areas where dense vegetation establishment
can be difficult and more expensive. This study is also particularly important for dry and semi-arid regions that
face challenges of drought and soil erosion. The use of alfalfa as a vegetative cover can help to conserve soil
moisture, reduce erosion, and improve water quality in these areas. In addition, vegetation plays a crucial role in
soil and water conservation, and alfalfa, being a perennial plant with a deep root system, is a suitable option for
erosion and runoff control in various regions, especially in dry and semi-arid areas.
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Figure 1- Experimental plots under rainfall simulator
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Figure 2- Time changes in runoff height under different percentages of vegetation cover
(Each graph is the average of three replicates per treatment)
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Figure 3- Time changes in runoff reduction efficiency under different percentages of vegetation cover

(Each graph is the average of three replicates per treatment)
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Figure 4- Results of comparison of average treatments of plant cover percentage using Duncan's test
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