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Introduction

Flow velocity is one of the important hydraulic characteristics of flow that affects many other hydraulic
characteristics such as flow discharge and shear stress. This flow characteristic plays an important role in
soil loss in slope lands and in consequence is directly connected to sediment transport-deposition processes.
The flow velocity in a channel or waterway is affected by various factors including slope gradient, cross-
sectional shape, and surface characteristics. The role of these three factors in flow velocity is well presented
in some empirical equations especially Manning’s equation. In nature, waterways are important paths for
concentrated water flow. Crop cultivation strips that are constructed in the form of ridges and furrows up
to down slope can also play the role of a waterway in sloping rainfed lands. The flow velocity in the strips
can be affected by various factors such as slope gradient, cross-sectional shape, and soil type. Studying the
factors affecting the flow velocity in the rainfed lands can be useful in identifying the lands susceptible to
water and soil loss. Therefore, this study was conducted to determine the flow velocity in cultivation strips
and find the factors affecting it in rainfed lands.

Materials and Methods

The experiment was conducted in five wheat rainfed lands using a completely randomized design at three
replications. For this purpose, rainfed lands with different slope gradients (6.1, 10.6, 14.8, 20.7 and 27.1%)
and having different soil types were considered in a semi-arid region in Zanjan province. For the installation
of furrows, an area with uniform slope was considered in each land. Firstly, the rainfed lands were plowed
up to down slope. The cultivated strips were installed by a grain row-cultivator without wheat seeds. In this
way, strips with 6 m long and 5 cm deep were created along the slope with a distance of 25 cm from each
other. To eliminate the effect of soil moisture on the water flow velocity in the strips, the experiment was
conducted under soil moisture condition of field capacity. Flow velocity in the cultivated strips was
measured using a constant flow rate of two litters per minute as simulated flow based on the runoff produced
under the erosive rainfalls in the rainfed lands in early spring. Flow velocity was measured using the color
method on the basis of the time of color movement per unit of furrow length. Various physicochemical
properties of the rainfed soils were determined in surface samples taken from 0-30cm depth. The analysis
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of variance was applied using the Tukey’s test to determine the statistical differences in the flow velocity
among the rainfed lands. The linear regression analysis was used to quantify the relationship between flow
velocity and land slope. The Pearson’s correlation matrix method was used to determine the role of soil
properties in the flow velocity.

Results and Discussion

The rainfed lands had coarse-textured soils (sandy loam, mostly) and have lower content of organic matter
and higher content of rock fragments (d> 2 mm). The flow velocity of each rainfed land had higher
fluctuations among the replicates. The lowest coefficient of variation, CV (2.53%) was in the rainfed land
with 6.1% slope gradient and the highest value was in the rainfed land with 27.1% slope gradient (CV=
15.86%). The average water flow velocities in the rainfed lands with slope gradient of 6.1, 10.6, 14.8, 20.7
and 27.1% were 15.80, 14.53, 13.10, 10.80 and 16.20 cm h-1, respectively. Significant difference was found
in the water flow velocity among the different rainfed lands (p< 0.01). In general, there was no uniform
pattern in the flow velocity with increasing slope gradient. This result indicates that the slope gradient was
not the only major factor controlling the flow velocity in the strips, whereas soil properties are also
important factors determining the flow velocity in the rainfed lands. Except for slope gradient of 27.1%,
there was a significant linear decrease in flow velocity with increasing slope gradient in the rainfed lands
ranging from 6.1% to 20.7% slope gradient (R?= 0.82, p<0.01). In this range of slope gradient, the decrease
in flow velocity with increasing slope gradient can reflect the role of soil type in controlling flow velocity
in cultivated strips. As a consequence, a slope gradient of 20.7% can be considered as a threshold for the
effect of slope gradient on flow velocity in rainfed lands. The soils haveing higher rock fragments appeared
lower flow velocity. Lower flow velocity in the higher amount of rock fragments is associated with
increasing surface roughness in the cultivated strips.

Conclusions

This study showed that the flow velocity in the cultivated strips in rainfed lands with coarse-textured soils
is affected by two factors: land slope and soil type. A slope gradient of 20.7% is the threshold for the effect
of the slope factor on increasing flow velocity. At lower slope gradients, soil properties play a key role in
controlling the effect of slope on flow velocity. Rock fragment is the most important factor in reducing
flow velocity in this range of slope gradient. The findings of this study can be used to estimate the flow
velocity and predict soil and water loss in the rainfed lands.
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Fig. 2. Means comparison for water flow velocity in the furrows of rainfed lands with different slopes (a) and the
relationship between water flow velocity and slope gradient in rainfed lands with slope gradient ranging from 6.1% to
20.7% (b)
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Table 3. Results of the analysis of soil properties of wheat rainfed lands
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Table 4. Pearson’s correlation between water flow velocity of rainfed furrows and soil properties in rainfed lands with 6.1%
to 20.7% slope steepness (n=12)
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