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ABSTRACT

Amendments can control the runoff and soil loss by protecting soil surface. However, scale
effects on runoff and soil loss control has not been considered yet. The present study has been
formulated to determine the efficiency of two plot sizes of 6 and 0.25 m’ covered by straw
mulch with rate of 0.5 kg m? in changing the time to runoff, runoff coefficient, sediment
concentration and soil loss under laboratory conditions. The study has been conducted for a
sandy-loam soil taken from summer rangeland, Alborz Mountains, Northern Iran under
simulated rainfall intensities of 50 and 90 mm h™' and in 3 replicates. The results of the study
showed that the straw mulch had more significant effect in in reducing runoff coefficient,
sediment concentration and soil loss at 0.25 m*plot scale. The maximum effectiveness in
time to runoff for both the scales, observed in rainfall intensity of 90 mm h!. The maximum
increasing and decreasing rates in time to runoff and runoff coefficient observed in the rainfall
intensity of 90 mm h™ with the amounts of 367.92 and 96.71% for 0.25 m*-plot and the
amounts of 110.10 and 15.08% for 6 m*-plot respectively. The maximum change of soil loss
in both the intensities of 50 and 90 mm h™ occurred at 0.25 m*-plot with the amount of 100%
whereas at 6 mz—plot, decreasing rates of soil loss for in both the intensities of 50 and 90 mm
h were 46.74 and 63.24%, respectively.

Key words Hydrology Response, Plot Size, Rainfall Simulation, Stubble Mulch, Sediment
Yield

INTRODUCTION

The soil erosion rates are accelerated by tillage and the low vegetation cover (Cerda et al.,
2009 and 2010). The population increase and growing demand for agricultural products
(Prokop and Porgba, 2012; Zhao et al., 2013) or intensive dry land (Biro et al., 2013) has
generated changes in land use and resulted in erosion and land degradation. There are various
methods for soil conservation but biological methods in bare and degraded slopes need long
time for establishment (Adekalu et al., 2007; Smets et al., 2008a). In this context, various
natural and organic mulches viz. crop residues, leaf litter, woodchips, bark chips, biological
geotextiles, gravel and crushed stones (Ruy, 2006; Smets et al., 2008a; Ruiz-Sinoga et al.,
2010) have been applied for soil conservation. Mulches have extraordinary potential in soil
erosion control (Morgan, 1986) and runoff reduction (Poesen and Lavee, 1991). However,
establishment of degraded areas and bare slopes by vegetation cover takes long time (Adekalu
et al., 2007; Smets et al., 2008a). The effect of mulches depends on many factors including
raindrops erosivity, soil condition, steepness and length of slope, and the mulch rate and type
(Amimoto, 1981; Cogo et al., 1984; Poesen and Lavee, 1991; Morgan, 1995; Auerswald et
al., 2003; Adekalu et al., 2007; Kukal and Sarkar, 2010; Jordan et al., 2010; Choi et al., 2012;
Gholami et al., 2013). Straw mulch as an organic amendment reduce soil erosion but also
recover the main soil properties lost due to the agriculture (Garcia-Orenes et al., 2009 and
2010) this is also done by other materials (Giménez Morera et al., 2010).

Although, there are a lot of studies about soil amendments as soil conservation e.g. Ferndndez
et al. (2012), Jiménez et al. (2012), Garcia-Moreno et al. (2013), Robichaud et al. (2013)
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Lieskovsky and Kenderessy, (2014) and Martins et al. (2014) but the effects of study scale on
effectiveness of various mulch covers has been rarely considered. The present study has been
conducted to determine the effects of spatial scale on the effectiveness of rice straw mulch on
runoff and soil loss for a sandy-loam soil taken from summer rangeland in the Alborz
Mountains, Northern Iran. The study was taken place under laboratory conditions with
simulated rainfall intensities of 50 and 90 mm h™' in two scales of 0.25 and 6 m” with constant
gradient of 30% at rainfall simulation and erosion laboratory of Tarbiat Modares University,
Noor, Iran. There are a few studies about spatial scale variations mulches on runoff and soil
loss. Poesen et al. (1994) reviewed the effects of rock fragments on soil erosion and stated the
spatial scale has an important impact on the soil erosion. They showed that at the microplot
scale, 4 mm? to 1 m?%, sediment yield reached a maximum value with 0% rock fragment cover
and reached minimum value with 100% rock fragment cover. At the mesoplot scale (i.e.
interrill areas), negative, positive as well as convex upward relationships with cover
percentages have been observed, depending on the fine earth structure, on the vertical position
in the topsoil, on the size of rock fragments and on the surface slope. Finally, at the macroplot
scale (i.e. interrill and rill areas), 10-10000 m”, sediment yield decreased exponentially with
rock fragment cover. Cerdan et al. (2002) investigated scale effect (plot to catchment) on
runoff in agricultural areas of Normandy, France. Three database of 450 m* plots, a 90 ha
catchment and an 1100 ha catchment were selected to collect runoff data. Between the three
scales, a significant decrease in the runoff coefficient was observed as the area increased.
Mingguo et al. (2007) also studied the effect of vegetation on runoff-sediment yield
relationship at different spatial scales (plot to watershed) in hilly areas of the Loess Plateau,
North China and found that the vegetation could reduce runoff and soil loss in both scales but
the reduction rate of sediment was more than runoff at plot scale. Smets et al. (2008a)
reviewed the impact of plot length on the effectiveness of different soil-surface covers in
reducing runoff and soil loss. The results indicated that for plot lengths <11 m, there was a
large variation in the runoff and erosion-reducing effectiveness of each soil cover, depending
on various factors. Smets et al. (2008b) also examined the spatial scale effects on the
effectiveness of organic mulches in reducing soil erosion at field and laboratory experiments
(plot length ranges between 0.1 and 30.5 m). Results verified the effectiveness of mulches in
reducing soil erosion by water in various scales. In addition, they reported a positive linear
relation between the erosion-reducing effectiveness of an organic mulch cover and plot
length. On short plots, the response of a soil surface cover on runoff and soil loss was
immediately observed. Nevertheless, on longer plots, the runoff and soil loss response could
be compensated due to the longer plot length. Ferndndez et al. (2012) studied the seeding and
mulching[1+Jseeding effects on post-fire runoff and soil erosion in Galicia (NW Spain) with
rainfall rate of 67 Jmm/h™" and plot scale. Ther showed that the conserved treatments did not
significantly increase soil cover or affect runoff but soil losses were low in all cases. Garcia-
Orenes et al. (2012) demonstrated that the use of a cover (plants or straw) contributes to
increases in soil quality and reduces the risk of erosion. Liu et al. (2012) evaluated the effects
of rice straw mulch and plastic film mulching at plot scale and 2 years in the Xiaofuling
watershed in the Danjiangkou Reservoir area, China. The straw mulch treatment significantly
decreased the sediment yield from 18 to 22%. The results showed that the straw mulch was
beneficial for controlling runoff and sediment.

Scrutinizing the available literatures showed that although there are lots of references on using
straw as mulch for runoff and soil erosion control, but there was no literature in regards to
report the effectiveness of straw mulch in various plot scales. The present study was therefore
planned to determine the efficiency of two plot sizes covered by straw mulch changing the
important runoff and soil loss components under laboratory conditions.
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MATERIALS AND METHODS

The laboratory experiments were conducted by using two sets of 6 x 1 m and 0.5 x 0.5 m
plots installed in the rainfall simulator laboratory, Faculty of Natural Resources of Tarbiat
Modares University (TMU), located in Noor Mazandaran Province, Northern Iran. The
experiments were carried out to study the effect of rice straw mulch on runoff and soil loss
processes by using simulated rainfall in intensities of 50 and 90 mm h” and in 3 replicates (all
of experiments were 24, 12 experiments for rainfall intensity of 50 mm h™', 6 experiments for
control treatments and 6 experiments for conservation treatments, and another 12 treatments
for rainfall intensity of 90 mm h',6 experiments for control treatments and 6 experiments for
conservation treatments). The rainfall simulator consists of a 4000-L water tank and 27
precalibrated nozzles in three parallel lines designed to simulate raindrops of 1.3 mm average
size. The drops fall from a height between 4 and 6 m at the upper and lower parts of the plot,
respectively, reaching a 7 m s speed (Duiker et al., 2001) the study plot.

A sandy-loam (14% clay, 24% silt and 62% sand) topsoil was collected 0-20 cm (Kukal and
Sarkar, 2010) the Alborz Mountains, Northern Iran. The soil was transport to the lab and air-
dried up to optimum moisture content to maintain the relative stability of soil aggregates and
decrease breaking down the aggregates in sieving process (Khaledi Darvishan et al., 2013).
The coarse rock fragments and plant residues were removed from the soil through passing
from 8 mm sieve to obtain maximum homogeneity in soil profile (Hawke et al., 2006). The
pH, EC and organic matter of experimental soil were 7.95, 75.5 umohs cm™ and 2.167%,
respectively.

Three layers of mineral pumice grains with different sizes and total thickness of 15 cm were
used as a filter layer and placed at the bottom of the plots in order to simulate natural drainage
condition and decreasing plot weight (Defersha et al. 2011). A 15 cm-thick soil layer was then
placed on the top and separated from the mineral pumice by a sheet of porous jute (Defersha
et al., 2011). The soil was ultimately compacted by a small PVC roller (a hand-made roller
and filled with cement and sand) to achieve the bulk density of 1.38 g cm™ almost equal to
that measure for the soil under natural conditions (Romkens et al., 2001; Saedghi et al., 2010;
Gholami et al., 2013). Each experiment was also spanned using new soil and straw mulch
cover (Adekalu et al., 2007). The rainfall intensities of 50 and 90 mm h'! with duration of 15
min were considered corresponded with climatological condition in the origin of the soil
obtained though IDF curves analysis for data collected from the nearest synoptic station
(Kojour with longitude 51° 447, altitude 36° 23" and height 1550 m) with the return period
less than 20 years.

The air-dried rice straw mulch was ultimately spread on the soil surface 5 days before
treatments with the cover, thickness and dry weight of about 90% (Das and Agrawal, 2002;
Adekalu et al., 2007; Kukal and Sarkar, 2010), ~ 8 cm and 0.5 kg m?, respectively. A general
view of the experimental plots and setups has been shown in Fig. 1. The control plots
subjected to the study rain storms were monitored under identical lab conditions on bare soils
and just before applying the straw mulch.

Time to runoff, runoff coefficient and soil loss were measured at the outlet of each plot for
control (before mulching) and treated plots (after mulching) in intervals of 2 min (Ruiz-
Sinoga et al., 2010). To know the runoff and sediment fluxes in all experiments, the 2 min
intervals was considered because of the short whole duration of the experiments (15 min). The
amounts of soil loss were then measured using decantation procedure and oven dried at 105°C
for 24 h and weighed by means of high-precision scales (Kukal and Sarkar, 2011; Gholami et
al., 2013).



The General Linear Model (GLM) using the SPSS 17 software (SPSS Inc. Released 2009) was
applied to statistically analyze the main (individual) and interaction effects of spatial scale
(plot size), conservation treatments and rainfall intensity on the quantitative characteristics of
runoff, sediment concentration and soil loss. The necessary prerequisites were also fulfilled
before applying the GLM.

RESULTS AND DISCUSSION

The present study was done to determine the efficiency of scale change in changing time to
runoff, runoff coefficient and soil loss for a rangeland sandy-loam soil in Northern Iran. The
experiments were conducted in 6 and 0.25 m? plots and under lab conditions with simulated
rainfall intensities of 50 and 90 mm h™'.

The amounts of time to runoff and runoff coefficient before and after conservation treatment
in each plot output and each scale are shown in Table 1. The percentage of changes in study
variables in treated plots and in comparison with control plots have been summarized in Table
2.

Tables 1 and 2 showed that the straw mulch increased time to runoff compared to untreated
plots except in rainfall intensity of 50 mm h™ for 0.25 m*-plot and also decreased runoff
coefficient in both the scales. It might be due to water storing effects of straw and also
increasing ponding time on the plot surface. This finding is in the same line with that reported
by Poesen and Lavee (1991), Mingguo et al. (2007) and Smets et al. (2008a and b). Though
the maximum change effectiveness in time to runoff, for two scales, could be found in rainfall
intensity of 90 mm h™. These effects were more serious in 0.25 m*plot with rate of +
367.92%. While, 6 m*-plot compared to 0.25 m?>-plot could reduce the time to runoff in
rainfall intensity of 50 mm h! with rate of + 106.15%.

Figs. 2 and 3 also show the average rates of time to runoff and coefficient in the both scales.
Scrutinizing Table 2 and Figs. 2 and 3 also verified the varying effect of straw mulch on
runoff coefficient from -10.43 to - 96.71% in two scales. The minimum and the maximum
effects were also in rainfall intensities of 50 in 6 mz—plot with rate of -10.43% and 90 in 0.25
mz—plot with rate of 96.71% mm h™, respectively. The 0.25 mz—plot had the maximum
reduction in runoff coefficient for rainfall intensities of 50 and 90 mm h'. These results
showed that the 0.25 mz—plot had the maximum impact on decreasing runoff coefficient and
increasing time to runoff except in case of rainfall intensity of 50 mm h™'. It verified that the
straw mulch pieces could store more runoff leading to more infiltration as already reported by
Poesen and Lavee (1991), Choi et al. (2012) and Liu et al. (2012). The results showed that
there were large variation in the runoff coefficient (Smets et al., 2008a) and time to runoff on
0.25 mz—plots compared to those recoded for 6 m2—plots in various rainfall intensities. In this
study the effectiveness of mulch in reducing runoff was influenced by the plot size. So that,
with increasing plot size the runoff amount increased while the Poesen et al. (1994), Cerdan et
al. (2002) and Smets et al. (2008a and b) showed that runoff amount decreased with
increasing plot size. The differences between mulch type, application manner and density as
well as soil type and rainfall intensity could be supposed as potential reasons behind the
disagreement. But, according to McGregor et al. (1988), plot border effects on runoff rates
were much more important in small plots compared to large ones.

Tables 3 and 4 showed that the conservation treatment essentially reduced soil loss which is
consistent with Poesen and Lavee (1991), Fernandez et al. (2012), Garcia-Orenes et al. (2014)
and Fernandez and Vega (2014). Sediment concentration also decreased in treated plots as
similarly reported by Poesen and Lavee (1991) and Smets et al. (2008a and b). This indicated
that the flow could not get enough power to detach particles. A similar finding has been
reported by Poesen and Lavee (1991).



The sediment concentration and soil loss amounts before and after conservation treatment in
each scale have been shown in Table 3. The relative effectiveness of straw mulch on sediment
concentration and soil loss for two scales has also been summarized in Table 4. Figs. 4 and 5
accordingly show the average rates of sediment concentration and soil loss in two study plots.
Table 4 and Figs. 4 and 5 also showed that the amounts of sediment concentration at two
study scales changed from -43.47 to -100%. The maximum change occurred at 0.25 mz—plot in
both the intensities of 50 and 90 mm h™'. So that, the soil loss was found negligible after
mulching in small plot of 0.25 m? (Poesen et al., 1994). The results also showed that the soil
loss reduced at 0.25 and 6 mz—plots and also the variation ranged from -58.69 to -100%.
Poesen et al. (1994) found that the soil loss reduced by 100% in small plots 1 m?” of with
cover 100%. It was also observed that both the study variables got the maximum effect in
small plot of 0.25 m’ in view point of decreasing sediment concentration and soil loss. It has
also been verified by Mingguo et al. (2007) that the soil loss by water erosion in laboratory
condition reduced as plot size decreased. Poesen and Lavee (1994) and Smets et al. (2008a
and b) also stated that the soil loss by water erosion was influenced by the plot length. They
showed that the small plots with mulch cover were significantly less effective in reducing
relative soil loss compared to longer plots. Whereas, this study stated that the small plot with
straw mulch was more effective in reducing runoff and soil loss amounts (Mingguo et al.,
2007). Therefore, effectiveness of mulch cover in reducing runoff and soil loss by water
erosion decreased with increasing plot size. These results were not consistent with Poesen et
al. (1994) and Smets et al. (2008a and b), whereas it agreed Mingguo et al. (2007).

Poesen et al. (1994), Cerdan et al. (2002), Boix-Fayos et al. (2006) and Smets et al. (2008a
and b) showed that plot length (or spatial scale) can be important in variations of runoff or soil
loss rates and in the effectiveness of surface covers. These results were found to be important
in designing runoff production and erosion plots and modeling runoff and soil loss rates
(Smets et al., 2008a).

Also the results of statistical analysis based on the GLM has been summarized in Table 5.
According to Table 5, changing plot size could have significant effect (P>0.01) on time to
runoff and coefficient, sediment concentration and soil loss. The runoff coefficient (p=0.00),
sediment concentration (p=0.00) and soil loss (p=0.02) were significantly influenced by plot
size as well as conservation treatment of rice straw mulch. The interaction effect of plot size
and conservation treatment on runoff coefficient, sediment concentration and soil loss were
also significant with respective p-values of 0.001, 0.002 and 0.02. However time to runoff
was only influenced by plot size.

CONCLUSIONS

The present study was conducted to study the effects of plot size treated by rice straw mulch
at rate of 0.5 kg m” and two plot scales of 0.25 and 6 m? on runoff and soil loss control under
two rainfall intensities of 50 and 90 mm h™. The straw mulch increased time to runoff
compared to untreated plots except in rainfall intensity of 50 mm h! for 0.25 m2—plot and also
decreased runoff coefficient in both the scales. The maximum change effectiveness in time to
runoff, for two scales, could be found in rainfall intensity of 90 mm h”. The maximum
change of soil loss occurred at 0.25 m2—plot in both the intensities of 50 and 90 mm h™'. The
results showed that the 0.25 m2—plot had the better effectiveness in reducing runoff
coefficient, sediment concentration and soil loss. The results of the study clearly proved the
different responses of the plots in regards to runoff soil loss components which can be
practically applied at time of setting up experimental studies. The results further showed that
the plots are mainly advised to be used for comparative studies rather those leading to
accurate data on larger scale outcomes.



REFERENCES

Adekalu KO, Olorunfemi IA, Osunbitan JA. 2007. Grass mulching effect on infiltration,
surface runoff and soil loss of three agricultural soils in Nigeria. Bioresource Technology
98: 912-917. DOI: 10.1016/j.biortech.2006.02.044.

Amimoto PY. 1981. Erosion and sediment control handbook. California Department of
Conservation Report No. EPA 4 40/3-78-003, 197 pp.

Auerswald K, Kainz M, Fiener P. 2003. Soil erosion potential of organic versus conventional
farming evaluated by USLE modeling of cropping statistics for agricultural districts in
Bavaria. Soil Use Manageagment 19: 305-311. DOI: 10.1111/j.1475-2743.2003.tb00320.x.

Biro K, Pradhan B, Buchroithner M, Makeschin F. 2013. Land use/land cover change analysis
an its impact on soil properties in the Northern part of Gadarif region, Sudan. Land
Degradation and Development 24: 90- 102. DOI 10.1002/1dr.1116.

Boix-Fayos C, Martinez-Mena M, Arnau-Rosalén E, Calvo-Cases A, Castillo V, Albaladejo J.
2006. Measuring soil erosion by field plots: understanding the sources of variation. Earth-
Science Review 78: 267-85. DOI: org/10.1016/j.earscirev.2006.05.005.

Cerda A, Hooke J, Romero-Diaz A, Montanarella L, Lavee H. 2010. Soil erosion on
Mediterranean Type-Ecosystems Land Degradation and Development Editors. DOI
10.1002/1dr.968. DOI: 10.1002/1dr.968.

Cerda A, Giménez-Morera A. y Bodi MB. 2009. Soil and water losses from new citrus
orchards growing on sloped soils in the western Mediterranean basin. Earth Surface
Processes and Landforms 34: 1822-1830. DOI: 10.1002/esp.1889.

Cerdan OY, Le Bissonnais V, Souchere PM, and Lecomte V. 2002. Sediment concentration in
interrill flow: interactions between soil surface conditions, vegetation and rainfall. Earth
Surface Processes and Landforms 27: 193-205. DOI: 10.1002/esp.314.

Choi J, Shin MH, Yoon JS, Jang JR. 2012. Effect of rice straw mulch on runoff and NPS
pollution discharges from a vegetable field. International Conference of Agriculture
Engineering, July 8-12, Spain. 4 p. http://cigr.ageng2012.org/comunicaciones-
online/htdocs/principal. php?seccion=postersandidcomunicacion=12844andtipo=4.

Cogo NP, Moldenhauer WC, Foster GR. 1984. Soil loss reductions from conservation tillage
practices.  Soil  Science  Society  of America  Journal 48:  368-373.
DOI: 10.2136/ss5aj1984.03615995004800020029x,

Das DK, Agrawal RP. Physical properties of soils. 2002. In: Fundamentals of Soil Science.
New Delhi: Journal of the Indian Society of Soil Science 283-295.

Defersha MB, Quraishi S, Mellese AM. 2011. The effect of slope steepness and antecedent
moisture content on interrill erosion, runoff and sediment size distribution in the highlands
of Ethiopia. Hydrology & Earth System Sciences 15: 2367-2375. DOI: 10.5194/hess-15-
2367-2011.

Duiker SW, Flanagan DC, Lal R. 2001. Erodibility and infiltration characteristics of five
major soils of southwest Spain. Catena 45: 103-121. DOIL: org/10.1016/S0341-
8162(01)00145-X.

Ferndndez C, Vega JA. 2014. Efficacy of bark strands and straw mulching after wildfire in
NW Spain: Effects on erosion control and vegetation recovery. Ecological Engineering 63:
50-57. DOI: org/10.1016/j.ecoleng.2013.12.005.

Ferndndez C, Vega JA, Jiménez E, Vieira DCS, Merino A, Ferreiro A, Fonturbel T. 2012.
Seeding and mulching+seeding effects on post-fire runoff, soil erosion and species
diversity in Galicia (NW Spain). Land Degradation and Development 23: 150-156.
DOI: 10.1002/1dr.1064.



Garcia-Moreno J, Gordillo-Rivero A, Zavala LM, Jordan A, Pereira P. 2013. Mulch
application in fruit orchards increases the persistence of soil water repellency during a 15-
years period. Soil and Tillage Research 130: 62-68. DOI: 10.1016/j.still.2013.02.004.

Garcia-Orenes F, Cerda A, Mataix-Solera J, Guerrero C, Bodi MB, Arcenegui V, Zornoza R,

Sempere JG. 2009. Effects of agricultural management on surface soil properties and soil-

water losses in eastern Spain. Soil and Tillage Research 106: 117-123. DOI:

10.1016/j.5til1.2009.06.002.

Garcia-Orenes F, Guerrero C, Rolddn A, Mataix-Solera J, Cerda A, Campoy M, Zornoza R,

Barcenas G, Caravaca F. 2010. Soil microbial biomass and activity under different

agricultural management systems in a semiarid Mediterranean agroecosystem. Soil and

Tillage Research 109 (2): 110-115. DOI: 10.1016/j.still.2010.05.005.

Garcia-Orenes F Rolddn A, Mataix-Solera J, Cerda A, Campoy M, Arcenegui V, Caravaca
F. 2012. Soil structural stability and erosion rates influenced by agricultural management
practices in a semi-arid Mediterranean agro-ecosystem. Soil Use and Management 28(4):
571-579. DOI: 10.1111/.1475-2743.2012.00451.x.

Gholami L, Sadeghi SHR, Homaee M. 2013. Straw mulching effect on splash erosion, runoff
and sediment yield from eroded plots. Soil Science Society of America Journal 77: 268—
278. DOI: 10.2136/ss52j2012.0271.

Giménez Morera A, Ruiz Sinoga JD, Cerda A. 2010. The impact of cotton geotextiles on soil

and water losses in Mediterranean rainfed agricultural land. Land Degradation and

Development 210- 217. DOI: 10.1002/1dr.971.

Hawke RM, Price AG, Bryan RB. 2006. The effect of initial soil water content and rainfall
intensity on near-surface soil hydrologic conductivity: A laboratory investigation. Catena
65: 237-246. DOI: org/10.1016/j.catena.2005.11.013.

Jordén A, Zavala LM. Gil J. 2010. Effects of mulching on soil physical properties and runoff
under  semi-arid  conditions in  southern  Spain.  Catena  81:  77-85.
DOI:10.1016/j.catena.2010.01.007.

Jordén A, Zavala LM, Muifoz-Rojas M. 2011. Mulching, effects on soil physical properties
In: Encyclopedia of Agrophysics Edited by: Glifiski J, Horabik J, Lipiec J. Berlin: Springer,
492-496.

Khaledi Darvishan, A.V., Sadeghi, S.H.R. Homaee, M., Arabkhedri, M., 2013. Measuring
sheet erosion using synthetic color-contrast aggregates. Hydrology Process 9p. DOI:
10.1002/hyp.9956.

Kukal SS, Sarkar M. 2010. Splash erosion and infiltration in relation to mulching and
polyviny alcohol application in semi-arid tropics. Archives of Agronomy & Soil Science
56(6): 697-705. DOI: 10.1080/03650340903208871.

Kukal SS, Sarkar M. 2011. Laboratory simulation studies on splash erosion and crusting in
relation to surface roughness and raindrop size. Journal of the Indian Society of Soil
Science 59(1): 87-93.

Lieskovsky J, Kenderessy P. 2014. Modelling the effect of vegetation cover and different
tillage practices on soil erosion in vineyards: a case study in Vrdble (Slovakia) using
watem/sedem. Land Degradation and Development 25: 288-296. DOI: 10.1002/1dr.2162.

Liu Y, Taoa, Y, Wana KY, Zhanga GS, Liub DB, Xiongb GY, Chena F. 2012. Runoff and
nutrient losses in citrus orchards on sloping land subjected to different surface mulching
practices in the danjiangkou reservoir area of China. Agricultural Water Management 110:
34-40. DOI: 10.1016/j.agwat.2012.03.011.

Mandal, D., Sharda, V. N. 2013. Appraisal of soil erosion risk in the Eastern Himalayan
region of India for soil conservation planning. Land Degradation and Development 24:
430-437. DOI 10.1002/1dr.1139



McGregor KC, Bengtson RL Mutchler CK. 1988. Effects of surface straw on interrill runoff
and erosion of grenada silt loam Transactions of the ASAE 31: 111-116.

Mingguo Zh, Qiangguo C, Hao Ch. 2007. Effect of vegetation on runoff-sediment yield
relationship at different spatial scales in hilly areas of the Loess Plateau, North China. Acta
Ecologica Sinica 27(9): 3572-3581. DOI: org/10.1016/S1872-2032(07)60075-4.

Morgan RPC. 1986. Soil erosion and conservation. Longman Scientific and Technical, Burnt
Mile, Harlow, UK 298 pp.

Morgan RPC. Soil erosion and conservation. Longman, Essex, England. 1995. 198 pp.

Prats SA, MacDonald LH, Monteiro M, Coelho COA, Keizer JJ. 2012. Effectiveness of forest
residue mulching in reducing post-fire runoff and erosion in a pine and a eucalypt
plantation in  north-central  Portugal. Geoderma  191: 115-124. DOL
org/10.1016/j.geoderma.2012.02.009.

Prats SA, Martins MADS, Malvar MC, Ben-Hur M, Keizer JJ. 2014. Polyacrylamide
application versus forest residue mulching for reducing post-fire runoff and soil erosion.
Science of the Total Environment 468-469: 464-474. DOI:
10.1016/j.scitotenv.2013.08.066.

Poesen JWA, Lavee H. 1991. Effects of size and incorporation of synthetic mulch on runoff
and sediment yield from interrills in a laboratory study with simulated rainfall. Soil &
Tillage Research 21: 209-223.

Prokop P, Porgba G. J. 2012. Soil erosion associated with an upland farming system under
population pressure in Northeast India. Land Degradation and Development 23: 310- 321.
DOI 10.1002/1dr.2147.

Robichaud PR, Lewis SA, Wagenbrenner JW, Ashmun LE, Brown RE. 2013. Post-fire
mulching for runoff and erosion mitigation. Part I: Effectiveness at reducing hillslope
erosion rates. Catena 105: 75-92. DOI: org/10.1016/j.catena.2012.11.015.

Poesen JW, Torri D, Bunte K. 1994. Effects of rock fragments on soil erosion by water at
different spatial scales: a review. Catena 23: 141-66.

Romkens MJM, Helming K, Prasad SN. 2001. Soil erosion under different rainfall intensities,
surface roughness and soil water regimes. Catena 46: 103-123.

Ruiz-Sinoga JD, Romero-Diaz A, Ferre-Bueno E, Martinez-Murillo JF. 2010. The role of soil
surface conditions in regulating runoff and erosion processes on a metamorphic hillslope
(southern Spain) soil surface conditions, runoff and erosion in southern Spain. Catena 80:
131-139. DOI: 10.1016/j.catena.2009.09.007.

Ruy S, Findeling A, Chadoeuf J. 2006. Effect of mulching techniques on plot scale runoff:
FDTF modeling and sensitivity analysis. Journal of Hydrology 326: 277-294.
DOI:10.1016/j.jhydrol.2005.11.003.

Smets T, Poesen J, Bochet E. 2008a. Impact of plot length on the effectiveness of different
soil-surface covers in reducing runoff and soil loss by water. Progress in Physical
Geography 32(6): 654-677. DOI: 10.1177/0309133308101473.

Smets T, Poesen J, Knapen A. 2008b. Spatial scale effects on the effectiveness of organic
mulches in reducing soil erosion by water. Earth-Science Reviews 89: 1-12. DOLI:
10.1016/j.earscirev.2008.04.001.

SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS Inc.

Zhao G, Mu X, Wen Z, Wang F, Gao P. 2013. Soil erosion, conservation and Eco-
environment changes in the Loess Plateau of China. Land Degradation and Development
24: 499- 510. DOI 10.1002/1dr.2246.



Fig. 1 A general view of treated plots of 6 m* (a), the runoff collection system at 6 m*-plot
outlet (b) and 0.25 m’ (c) with rice straw mulch under the lab condition

Fig. 2 Average time to runoff for two study scales and two rainfall intensities

Fig. 3 Average runoff coefficient for two study scales and two rainfall intensities

Fig. 4 Average sediment concentration for two study scales and two rainfall intensities

Fig. S Average soil loss for two study scales and two rainfall intensities
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Fig. 1 A general view of treated plots of 6 m” (a), the runoff collection system at 6 m*-plot
outlet (b) and 0.25 m’ (c) with rice straw mulch under the lab condition
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Fig. 4 Average sediment concentration for two study scales and two rainfall
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Fig. 5 Average soil loss for two study scales and two rainfall



Table 1 Time to Runoff and coefficient before and after conservation treatment in study
scales

Plot Arca Rainfall Kinetic Energy Time t?s )Runoff Runoff (((;oefficient
2 Intensity of Rainfall o)
() (mm h") (m? c

ontrol Treated Control Treated

420.00 480.00 24.56 2.03

50 23.41 609.6 368.4 19.60 2.94

025 432.00 372.00 23.86 2.07

69.00 480.00 34.18 1.30

90 24.10 120.00 564.00 49.56 1.18

126.00 300.00 37.91 1.39

38.51 72.52 69.35 60.20

50 23.22 30.27 68.11 68.45 62.95

6 34.34 70.44 69.48 62.48

23.15 56.11 79.42 66.85

90 21.15 30.32 52.27 78.32 72.18

26.70 57.28 77.65 60.90
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Table 2 Changes (%) in time to runoff and Runoff coefficient in treated plots with rice straw
mulch

Pl(;tm é)rea Variable Rair;fgll intensity (mgn:)l hh
0.25 Time to Runoff - 13.06 +367.92
Runoff Coefficient -89.34 -96.71
Time to Runoff +106.15 + 110.10
6 Runoff Coefficient -10.43 -15.08
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Table 3 Sediment concentration and soil loss measured at the outlet of the study plots before
and after applying conservation treatment

Plot Area Rainfall Intensity Sediment Concentration (g ) Soil Loss (g)
(m’) (mm h-l) Control Treated Control Treated
2.04 0.00 1.61 0.00
50 1.13 0.00 0.98 0.00
0.25 1.88 0.00 1.54 0.00
2.69 0.00 3.78 0.00
90 1.56 0.00 342 0.00
2.00 0.00 3.27 0.00
6.13 3.87 226.27 131.38
50 7.43 3.69 266.64 128.94
6 8.27 4.70 302.82 161.62
10.28 4.39 756.69 286.37
90 10.71 4.47 787.94 315.10
10.15 4.01 738.20 239.42
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Table 4 Reduction rates (%) in average sediment concentration and soil loss in treated plots
with rice straw mulch

Pl(;tm é)rea Variable Ran;fgll intensity (mgn:)l hh
0.25 Sediment Concentration - 100 - 100
Soil Loss - 100 - 100
Sediment Concentration -43.47 - 58.69
6 Soil Loss -46.74 -63.24
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Table 5 results of GLM test for plot size and conservation treatment effects on the quantitative
characteristics of runoff and soil loss

Source Dependent Variable nggé}llafg:] Sl\(/llli:?e Slg:lels::clant

Time to Runoff (s) 595564.22 1  595564.22 40.92 0.00

Runoff Coefficient (%) 16413.83 1 16413.83 381.42 0.00

oot Sediment Concentration (g ) 185.59 1 185.59 194.67 0.00
Soil Loss (g) 780024.69 1  780024.69 38.46 0.00

Time to Runoff (s) 40142.53 1 4014253 276 0.11

Runoff Coefficient (%) 231791 1 231791  53.86 0.00

Treatment

Sediment Concentration (g ) 63.64 1 63.64 66.75 0.00

Soil Loss (g) 139578.68 1 139578.68 6.88 0.02

Time to Runoff (s) 14704.47 1 14704.47 1.01 0.33

Plot Runoff Coefficient (%) 616.72 1 616.72 14.33 0.001
Treatment g jiment Concentration (g 1)~ 11.48 | 1148 1204  0.002
Soil Loss (g) 135178.56 1 13517856  6.67 0.02
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