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Quantifying the impact of no-till on runoff in southern Brazil at hillslope and catchment scales
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90 founded justifications at the end of the 1990s [START_REF] Caviglione | 674 Espaçamento entre terraços em plantio direto[END_REF]. The abandonment of 91 terracing occurred due to changes in the technological standards of grain production in Brazil 92 (larger agricultural properties, genetic engineering, and developments in the agricultural 93 machinery and equipment sector), erroneously implying this technique would be unnecessary 94 and reduce the efficiency of agricultural operations. Allied to this, the excessive use of 95 agricultural machinery in conditions that were often inadequate significantly increased the 96 problems of soil compaction, including reduced soil water infiltration and storage (Alaoui, 97 Rogger, Peth, & Blöschl, 2018, NRCS, 2004). 98 Estimating runoff is pivotal in soil and environment conservation practices, such as 99 using the Curve Number method (CN) [START_REF] Hawkins | Curve number hydrology: State 723 of the practice[END_REF]100 Mishra, Tyagi, Singh, & Singh, 2006). Runoff volume is estimated from rainfall volume and 101 CN values, which must be obtained from a set of monitored events in which rainfall and runoff 102 are considered. Despite the importance and versatility of the CN method, few studies have been 103 conducted in Brazil (Oliveira et al., 2016;[START_REF] Pruski | Comparação entre dois métodos para a 775 determinação do volume de escoamento superficial[END_REF]Tedela et al., 2013;104 Do Valle Junior, Rodrigues, & de Oliveira, 2019) to estimate CN values under Brazilian 105 conditions, and the correct parameterization of the CN is essential for validating the method for 106 application under different conditions. The surface and subsurface conditions of the NT carried 107 out in Brazil are very particular that must be adapted in hydrological and erosive modeling 108 [START_REF] Huang | Runoff and sediment responses to conservation 726 practices: Loess plateau of china[END_REF][START_REF] Polyakov | Long-term 772 runoff and sediment yields from small semiarid watersheds in southern Arizona[END_REF]. 109

The analysis of hydrological responses as a function of soil use and management can be 110 performed by comparing hydrographs in paired catchments (Rinaldo, Vogel, Rigon, and 111 Rodriguez-Iturbe, 1995;[START_REF] Nadal-Romero | Rainfall, run-off, and sediment transport 757 dynamics in a humid mountain badland area: Long-term results from a small catchment[END_REF][START_REF] Williams | Soil and water conservation in the Pacific Northwest 820 through no -tillage and intensified crop rotations[END_REF]112 Solyom and Tucker;[START_REF] Rose | An introduction to the environmental physics of soil, water, and watersheds[END_REF]. In NT, geomorphology control is crucial since erosive processes 113 are concentrated in the thalweg, and there is a great demand for information on the effects of 114 different conservationist management practices on controlling runoff at catchment scale. This 115 data is essential for choosing the best set of practices, considering farmers' interests and need 116 to protect water resources. In this context, this study aimed to evaluate the hydrological 117 variables obtained through the hydrological monitoring of catchments and paired slopes under 118 NT to evidence the effects of the farming practices on runoff. The objective was to generate 119 information from hyetographs and hydrographs capable of quantitatively demonstrating the 120 efficiency of the amount of biomass, chiseling, and terracing in reducing runoff. 121 122 123 2. Materials and Methods 124 125

The study is based on the monitoring of rainfall and liquid discharge representing the 126 volume of runoff in two zero-order catchments and four paired macroplots. These monitoring 127 units represent different surface conditions in NT. The information extracted from the events 128 was used to characterize the runoff in each of the studied conditions. Monitoring was performed 129 between 2014 and 2018 in southern Brazil (29°13'39"S, 53°40'38"W) in a region belonging to 130 the Southern Plateau, which was formed from successive volcanic spills with the formation of 131 extrusive volcanic rocks (Figure 1) and characterized by a smooth wavy relief and 5-13% 132 slopes. The region has a Cfa climate (humid subtropical) with hot and humid summers and dry 133 and cold winters, according to the Köppen classification (Alvares, Stape, Sentelhas, De Moraes 134 Gonçalves, & Sparovek, 2013). The soil has >30% of clay content and is classified as Rhodic 135 Nitisol (Dystric) [START_REF] Wrb | World Reference Base for Soil Resources 2014, update 2015. International soil 823 classification system for naming soils and creating legends for soil maps[END_REF]. The average annual rainfall is 1678 mm, evenly distributed 136 throughout the year. 137 138 Figure 1. Location of the experimental area and six monitoring units. 139 140

The six monitoring units were placed side by side on a slope with similar soil and relief 141 characteristics and representative of the physiographic conditions of the region. A previous 142 physical and chemical soil characterization of the slope demonstrated the homogeneity of the 143 area [START_REF] Deuschle | Erosion and 684 hydrological response in no-tillage subjected to crop rotation intensification in southern 685 Brazil[END_REF]Londero et al., 2016). A detailed topographic survey and analysis 144 of topographic attributes of the slope, slope shape, accumulated runoff, and moisture content of 145 the terrain were then performed using the digital elevation model (DEM). These indices were 146 used to define the monitoring units. Different sizes, positions, and directions of the units were 147 tested to seek the maximum similarity. Homogeneity was considered within the units and 148 between them. 149

Two different scales were used considering the area of contribution and form. One of 150 them was the hydrographic catchment with the largest contribution area and converging 151 curvature in the plane and a length slope of ~200m to evaluate the runoff control management 152 (broad-based terraces). The other scale explored was the slope scale with the smallest 153 contribution area with rectilinear curvature in the plane and length slope of ~80m to assess the 154 influence of soil and crop management. 155 156 157 2.1 Zero-order catchments and macroplots 158 159

The two zero-order catchments are paired and have similar soil and relief characteristics. 160 The catchments were named non-terraced catchment (NTC) and terraced catchment (TC) with 161 2.43 and 2.35 ha, respectively, with approximately 200 m in length, converging curvature in 162 the plane, and convex in the profile favoring the concentration and spread of runoff. Small 163 ridges (40 cm high) were built to delimitate the experimental units and prevent runoff from 164 coming in from outside of the catchment. Five medium-level infiltration terraces were built at 165 the TC. The terraces were distributed and dimensioned according to the estimated runoff 166 volume for a design rainfall of 110 mm based on a ten-year return period (RP) for 6 h of 167 duration. The basic infiltration velocity is measured in concentric rings in the order of 20 mm 168 h -1 . The terraces are 40-70 cm high, have ~2 m 2 cross-sectional areas, and were built with their 169 ends closed to prevent water from leaving the system and enable total runoff quantification 170 (Figure 2). 171 172 Figure 2. The terraces controlling the runoff after a rainfall event. 173

258

Rainfall characterization is important to define the range of magnitude and patterns 259 that the set of monitored events provided. The information obtained from the runoff data 260 and its relationship with rainfall is essential to define the proportion of the rainfall that is 261 converted into runoff, which has a high potential for degradation. The information related 262 to lag times reflects the effects of the roughness generated by the different managements 263 applied in runoff propagation time. The effects are due to terracing in the catchments and 264 land surface roughness imposed by the amount of phytomass and/or chiseling in the 265 macroplots. The results of each variable were analyzed using the paired t-test to compare 266 the means of each monitoring unit. The mean of the variables of each unit is compared by 267 considering that each event can be paired with the observations in the other unit. Statistical 268 significance was expressed as a p-value, followed by a Student's t-distribution under the 269 null hypothesis that there is no difference between treatments [START_REF] Casella | Statistical inference[END_REF]. 270 271 b) Total apparent infiltration 272 273

The concept of apparent infiltration rate (I ap , mm h -1 ) [START_REF] Rose | An introduction to the environmental physics of soil, water, and watersheds[END_REF] was used to 274 demonstrate the infiltration pattern as a function of rainfall intensity (mm h -1 ). Analysis of all 275 instantaneous values led to Eq. 1, where I ap is calculated by the difference between the 276 instantaneous values of rainfall intensity (R, mm h -1 ) and runoff (Q, mm h -1 ). 277

ap i i I R Q   (1) 278 279
The analysis was performed with the paired values of R and I ap for all events to 280 characterize each monitoring unit The CN model (NRCS, 2004) is a widely used method in hydrological models to 288 estimate runoff generated in a rainfall event as a function of the rainfall (P), initial abstractions 289 (I a ), and the estimate of the maximum water storage capacity of the soil (S). The value of S is 290 estimated according to an empirical parameter called CN. This dimensionless parameter varies 291 between 0 and 100 and represents the soil characteristics regarding permeability, use, and soil 292 management. The CN parameter was empirically derived from a network of experimental 293 catchments in the USA to design conservation practices [START_REF] Hawkins | Curve number hydrology: State 723 of the practice[END_REF]. In this study, S 294 and CN values were estimated for each event and the different monitoring units, considering 295 the monitored values of rainfall (mm) and runoff (mm) using Eqs. 2 and 3: 296

297 (2)   2 5 2 4 5 S P Q Q PQ           298 299 (3)   25400 254 CN S   300 301 302 3. Results 303 304
The El Niño climate phenomenon occurred from 2014 to 2015 and generated above-305 average rainfall, increasing high-magnitude rainfall events. In 2016, the La Niña climate 306 phenomenon reduced the number of monitored events (NOAA, 2018). This time series favored 307 the analysis of the hydrological behavior in the monitoring units in contrasting conditions (e.g., 308 high soil moisture and low soil coverage). Moreover, runoff occurred in events of all 309 magnitudes, from small rainfall events (14 mm) to the largest one (160 mm). The boxplot of 310 Figure 4 shows the median (middle line), first and quartile (box), maximum and minimum 311 values (whiskers), and extreme values (points) of the R monitored at three different durations 312 (10, 30, and 60 min). The 30-min rainfall intensity (R 30 ) reached the average magnitude of 25 313 mm h -1 and several events with values >50 mm h -1 . 314 315 Figure 4. Rainfall intensity for 10, 30, and 60-min intervals. 316 317

The main characteristics of the rainfall to represent its magnitude are shown in Table 318 3. Six events (9%) had a RP of rainfall between 1 and 10 years, five events (8%) between 11 319 and 70 years, and one event (1.6%) exceeded the 100-year RP. 320 321 Table 3. Major rainfall events classified by decreasing return periods. 322 323 324 3.1 Zero-order catchments 325 326 a) Hydrological characteristics 327

The runoff in the study period, considering the 63 monitored events, is described in 328 Figure 5. The terraces (TC) significantly reduced runoff (p-value = 0.038). The terraces 329 overflowed in some events, especially in 2015, although there was a significant reduction in 330 runoff volume during these events. On average, the terraces reduced runoff by 56%, despite the 331 reduction tending to be greater in smaller events. It should be noted that 2015 was the year with 332 the highest number of high magnitude events (1413 mm of total monitored rainfall), where the 333 total runoff was 19% in the NTC and 10% in the TC. Furthermore, there was 781 mm of rainfall 334 monitored in 2017, which provided 13% of runoff in the NTC and 6% in the TC. 335 336 Figure 5. Rainfall and total runoff volume in the NTC and TC during rainfall events. 337 380 15% (p-value = 0.0391). The mean TLPC values were similar between NTC and TC, with no 381 significant differences between them. 382 383 b) Apparent infiltration 384 385

The apparent total infiltration (I ap ) was estimated using data pairs (I ap and R) and 386 considering 30-min intervals (Figure 9). The distribution generates different regions in the 387 graphs: a) R 30 < 25 mm h -1 , b) 25 < R 30 < 65 mm h -1 , and R 30 > 65 mm h -1 . In the first section, 388 I ap ≈ R and practically all the rainfall infiltrates. In the intermediate section, there is high data 389 dispersion due to the influence of soil moisture in the infiltration process (i.e., infiltration may 390 be higher or lower depending on the initial soil moisture in similar R values). In the final section, 391 there is a tendency to form an asymptote that expresses the maximum possible infiltration. 392 393 Figure 9. Total apparent infiltration model for 30-min rainfall intensities at the NTC and TC. 394 395

Equations 4 and 5 describe the apparent total infiltration model of each catchment. The 396 values of 95 and 154 mm.h -1 , in the NTC and TC, respectively, mathematically express the 397 asymptote of the curve and physically express the maximum infiltration limit when the 398 maximum area is saturated. 399

𝐼 𝑎𝑝 = 95 * [ 1 -𝑒𝑥𝑝 ( -𝑅 95 )] (4) 𝐼 𝑎𝑝 = 154 * [ 1 -𝑒𝑥𝑝 ( -𝑅

)]

(5) 400 401 c) Determination of the CN parameter 402 403

The CN values determined in both catchments for all events are shown in Figure 10. The 404 average CN values for the NTC and TC were 69 and 59, respectively, clearly showing the 405 effects of terracing. The figure also shows the analysis of CN behavior as a function of rainfall. 406 Moreover, there is a clear difference in the distribution of points between both catchments. 407 408 Figure 10. CN values as a function of the rainfall that occurred during the monitoring period. 409 410

The points are close to the curve that defines the CN 0 value at the TC, while the points 411 have greater dispersion and are farther from the CN 0 curve at the NTC, showing the inefficiency 412 of the system in controlling runoff. The CN 0 curve represents the minimum runoff value for a 413 given rainfall event (Soil Conservation Service Engineering Division, 1972) 
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Table 1 .

 1 Soil, plant and water managements (treatments) used in each catchment and macroplot.

	.

Table 2 .

 2 Characteristic variables obtained in the analysis of hyetograms and hydrograms.

	Abbreviation	Description	Unit
	P	Rainfall	mm
	R 10 , R 30 e R 60	Maximum rainfall intensity at 10, 30 and 60 minute intervals	mm h -1
	RP	Return period	years
	RC	Runoff coefficient	%
	Q	Runoff	mm
	Q peak	Peak flow	L s -1
	TLP	Time between the beginning of rainfall and peak flow	min
	TLPC	Time between the hyetogram centroid and the peak flow	min
	TLC	Time between the hyetogram centroid and the hydrogram centroid	min
	TLR	Time between the beginning of rainfall and start of runoff	min
	T C	Time of concentration	min

Table 3 .

 3 Major monitored rainfall events classified by decreasing return periods.

	Date	P (mm)	TDP (min)	RP (years)
	05/13/2017	105	102	115.38
	02/10/2018	93	86	67.43
	10/08/2015	160	774	43.66
	11/19/2015	73	66	19.82
	10/18/2016	111	306	16.07
	03/15/2018	82	121	11.22
	01/27/2018	61	69	4.34
	06/07/2017	116	1012	2.1
	12/23/2015	79	230	2.05
	11/03/2014	51	56	1.86
	08/13/2017	80	294	1.35
	10/30/2014	69	192	1.04
	Where: P is the total accumulated rainfall; TDP is the rainfall total duration; and
	RP is the return period.			
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