
ArticleRev Bras Cienc Solo 2021;45:e0210015

1https://doi.org/10.36783/18069657rbcs20210015

* Corresponding author: 
E-mail: jean.minella@ufsm.br

Received: March 19, 2021
Approved: August 19, 2021

How to cite: Hörbe T, Minella 
JPG, Schneider FJA, Londero AL, 
Gubiani PI, Merten GH, Schlesner 
A. Managing runoff in rainfed 
agriculture under no-till system: 
potential for improving crop 
production. Rev Bras Cienc Solo. 
2021;45:e0210015. 
https://doi.org/10.36783/18069657rbcs20210015

Editors: José Miguel Reichert  
and Jackson Adriano Albuquerque .

Copyright: This is an open-access 
article distributed under the 
terms of the Creative Commons 
Attribution License, which permits 
unrestricted use, distribution, 
and reproduction in any medium, 
provided that the original author 
and source are credited.

Managing runoff in rainfed 
agriculture under no-till 
system: potential for improving 
crop production
Tiago Hörbe(1) , Jean Paolo Gomes Minella(1,2)* , Fabio Jose Andres Schneider(1) , 
Ana Lúcia Londero(1) , Paulo Ivonir Gubiani(1,2) , Gustavo Henrique Merten(3)  
and Alexandre Schlesner(1)

(1) Universidade Federal de Santa Maria, Departamento de Solos, Pós-Graduação em Ciência do Solo, Santa 
Maria, Rio Grande do Sul, Brasil.

(2) Universidade Federal de Santa Maria, Departamento de Solos, Santa Maria, Rio Grande do Sul, Brasil.
(3) University of Minnesota-Duluth, Department of Civil Engineering, Duluth, Minnesota, United States.

ABSTRACT: Strategies to mitigate degradation and ensure food and water security are 
among the main challenges in agricultural development. Unconsolidated information 
about the positive impact of conservationist practices on productivity increase is 
fundamental for their adoption by farmers. This study evaluated if the saved rainfall 
excess in catchment with terrace generates higher soybean and corn yield due to greater 
water availability in the crop rooting zone. Experiments were conducted in southern 
Brazil during the agricultural years of 2016/17 (soybean) and 2017/18 (corn) in two 
paired zero-order catchments (~2.4 ha) with similar topography and soil properties. 
One catchment has no terraces, while the other has five broad-based terraces as a 
complementary practice to control runoff. Soybean and corn yield was compared between 
catchments through five paired transects, totaling 47 sampling points. The fraction of 
available water (FAW – the current in relation to the total available water) was monitored 
at two points in each catchment, one at the base and the other at the top, considering 
the elevation. The FAW was monitored with CS616 probes at eight soil layers (from 0.00 
up to 1.60 m) at each point during the crop growth cycle. The FAW was higher in the 
terraced catchment than the non-terraced catchment during the soybean (14 %) and 
corn (8 %) cycles. The terraced area provided higher soybean (12 %) and corn (10 %) 
than the non-terraced area. These results highlight the importance of terraces to increase 
productivity by managing runoff on hillslopes, indicating the potential of terraces to 
mitigate water deficits.

Keywords: broad-based terraces, infiltration, conservationist agriculture, water 
productivity, catchment. 
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INTRODUCTION
Defining strategies of soil and water management are essential to meet diverse 
demands, such as improving agricultural production and ensuring food security with 
minimum water consumption (Godfray et al., 2010; Foley et al., 2011; Pfister et al., 
2011; Grassini et al., 2015; McNeill et al., 2017). Food production must increase 
from 60 to 110 % to attend to the global demand for food until 2050 (Alexandratos 
and Bruinsma, 2012; Tilman et al., 2011). As a result, water consumption by 
agriculture, which currently stands at 7100 km3 yr-1, will have to increase by 30-40 %  
(de Fraiture et al., 2007). This increment can be as high as 90 % if the water productivity 
(kg mm-1) is not optimized (Evans and Sadler, 2008; Rockström et al., 2009; Bossio et al.,  
2010). The increase in water productivity will result in greater water availability for 
other uses, such as urban and industrial supply.

Water deficits are one of the main limiting factors in agricultural production (Bhatia et al.,  
2008; Van Ittersum et al., 2013; Aramburu Merlos et al., 2015; Fisher et al., 2015; 
Battisti et al., 2016; Zhang et al., 2016; Guilpart et al., 2017). Water soil refilling is 
necessary to create appropriate moisture conditions in crop root zones and relies on 
rainwater infiltration (Reichert et al., 2009). Therefore, cultivation strategies to maximize 
infiltration and conserve soil moisture in the crop rooting zone are vital to optimize 
water availability and increase crop productivity (Rockström et al., 2010). 

No-till (NT) is commonly used in Brazil for this purpose and is based on sowing crops 
without eliminating cultural residues and minimal soil mobilization (Derpsch et al., 2014). 
No-till is employed in approximately 33 million ha of land (Fuentes-Llanillo et al., 2021), 
with roughly 86 % of agricultural fields sown with soybean and corn (Conab, 2019). The 
wide adoption of NT resulted from its ability to conserve and maximize soil environmental 
functions after a long period with high soil losses, as in the 1970s and 1980s (Lal et al., 
2012; Williams et al., 2014). In that period, conventional tillage was responsible for high 
water erosion rates (Busscher et al., 1996; de Freitas and Landers, 2014). 

Nonetheless, water and soil losses caused by runoff have been significant on catchment 
(Didoné et al., 2014, 2015) and hillslope (Deuschle et al., 2019; Londero et al., 2021) 
scales in southern Brazil, even after approximately 30 years of no-till consolidation. 
In a stormwater event, runoff will be conveyed according to the spatial variability of 
the topography (Berry, 2005), leading to erosion and sediment transfer to water bodies 
(Morgan, 2005). Furthermore, topography analysis can be useful to spatially soil moisture 
(Fraisse et al., 2001). The influence of topographic wetness index on the spatial variability 
of crop productivity and its high correlation with yield was evaluated by Marques and 
Silva (2008) and Schwalbert et al. (2019). 

Complementary conservationist practices (e.g., terracing) are recommended for 
water management in no-till areas in Brazil (Merten et al., 2015; Deuschle et al., 
2019) to reduce soil water losses by runoff. Runoff control structures such as water 
management methods aim to detain and infiltrate the runoff generated by rainfall 
that exceeds the soil infiltration capacity, and terraces may reduce runoff remarkably 
(Al Ali et al., 2008; Londero et al., 2017). These benefits are more noticeable in periods 
of abundant rainfall, and the infiltrated rainfall excess is turned into noticeable positive 
increases in available water to plants in the following periods of rainfall shortage  
(Freitas et al., 2021). However, the benefits of terracing on crop yield in no-tilled soils 
of Brazil have still not been investigated. Given this scenario, the main objective of 
this study was to evaluate if the saved rainfall excess in the catchment with terrace 
generates higher soybean and corn yield due to greater water availability in the 
crop rooting zone. We also investigated if terracing diminishes the spatial variability 
in soybean and corn yield, which is crucial to achieving crop yield stability over the 
years. The assumption is that the soil water availability is higher on terraced hillslopes 
determining their higher productivity. Although scarce, hydrological monitoring data 



Horbe et al. Managing runoff in rainfed agriculture under no-till system: potential...

3Rev Bras Cienc Solo 2021;45:e0210015

in no-tilled soils is relevant to assessing how terracing affects soil available water and 
influences crop yield.

MATERIALS AND METHODS
This study was conducted in a region representative of the grain production system 
under NT to evaluate the influence of the presence and absence of terracing (Figure 1) 
on water availability and crop productivity. The study is part of a soil conservationist 
project to improve soil conservation practices, reduce water and soil losses, and maximize 
water availability. 

Site description

The experiment was performed in two paired zero-order catchments, one without terracing 
(non-terraced catchment - NTC; 2.43 ha) and the other with terracing (terraced catchment 
- TC; 2.35 ha), located in Rio Grande do Sul State, which is the southernmost state of 
Brazil (29° 13’ 39” S and 53° 40’ 38” E) in the southern basaltic plateau at an elevation 
of 514 m a.s.l. (Figure 2). The relief is undulated with slopes varying between 5-13 %. 
The catchment contributing areas have similar soil and topography characteristics. 
The soil in both catchments is well-drained, deep, and has low natural fertility. The soil 
is classified as Rhodic Dystric Nitisol (WRB, 2014), and in the Brazilian System of Soil 
Classification, as Nitossolo Vermelho Distrófico típico (Santos et al., 2018). The climate 
is humid subtropical (Cfa) according to the Köppen classification system, with rainfall 
regularly distributed throughout the four seasons and an annual average of 1678 mm. 
The minimum and maximum precipitation over the period 1997 to 2018 were 1.161 
and 2.541 mm, respectively. The annual average of the minimum and maximum air 
temperatures are 8.8 and 28.4 °C, respectively, with the maximum solar radiation being 
21.0 MJ m-2 day-1 (Wrege et al., 2018).

No-tillage system without terrace has been the main soil tillage system in this region 
and the experimental area for the last 20 years. The main summer crops were soybean 

T5 T4 T3 T2

T1

Figure 1. Terraced catchment and effect of the terraces in controlling runoff after a stormwater 
event (07/20/2015) with rainfall volume of 65 mm and maximum 30-min intensity of 18 mm h-1.
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[Glycine max (L.) Merr.] and corn (Zea mays L.), while winter crops were wheat 
(Triticum aestivum L.) intercropped with black oat (Avena strigosa L.), throughout this 
period. The historical (1976 to 2016) average rainfall for the months when soybean 
(November to March) and corn (September to February) were grown is 670 and 
920 mm, respectively. The total potential evapotranspiration in the soybean and corn 
cycles are approximately 837 and 570 mm, respectively (Matzenauer et al., 2002). 
The broad-based terrace was chosen because it is well accepted among farmers in 
southern Brazil and allows operations with agricultural machinery and cultivation on 
the soil. Terrace allocation was based on equation 1 of Lombardi Neto et al. (1994) to 
estimate vertical spacing between the terraces. Calculations were performed using 
Terraco for Windows 4.1® software (Griebeler et al., 2005).

VE = 0.4518 K S0.58 (u+m)/2           Eq. 1

in which VE is the vertical spacing, K is the erodibility factor, S is the slope (%), u is the 
land-use factor, and m is the soil management factor. 

A digital elevation model (DEM) was obtained from a field campaign with a high definition 
GPS-RTK (Java D model Triumph 1). A high-quality DEM was created with Qis 3.10 software 
using the IDW interpolation algorithm with a final spatial resolution of 1 m. The terraces 
were distributed and dimensioned according to the estimated runoff volume for a design 
rainfall of 110 mm based on a ten-year return period for 6 h of duration. The basic 
infiltration rate is measured in concentric rings in the order of 20 mm h-1. The terraces 
have ~2 m2 cross-sectional areas that are ~0.50 m high. The terraces were built in level 
using a 3-disc plow. A 6 m wide strip of soil was mobilized to build five broad-based 
terraces. The vertical spacing between terraces was 2.7 m and horizontal spacing ranges 
between 30 and 40 m. The non-terraced catchment (NTC) and terraced catchment (TC) 
had similar organic matter and chemical soil properties, while soil physical properties 
were slightly different at the 0.00-0.10 m soil layer (Table 1).
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Figure 2. Location and slope characterization of the non-terraced catchment (NTC) and terraced 
catchment (TC) in Rio Grande do Sul State, southern Brazil.
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Crop implementation and yield measurement 

Soybean cycle was monitored from November 2016 to March 2017, and the corn cycle 
from September 2017 to February 2018. During the 2016/17 agricultural year, soybean 
was sown on 11/7/2016 after black oat cultivation. The cultivar used was Nidera 5909RR, 
with a final population of 250,000 plants ha-1. In the 2017/18 agricultural year, corn 
sowing was carried out on 09/13/2017 after cultivating black oats intercropped with 
radish (Raphanus sativus L.). The corn plant population used was 70,000 plants ha-1. 
Both soybean cultivar and corn hybrid are the most commonly cultivated in southern 
Brazil. Other crop management techniques, including herbicide, insecticide, and 
fungicide application, followed the technical recommendations for each crop (Oliveira 
and Rosa, 2014). 

Mineral fertilizer rates were adjusted to the expected production of 4 and 10 Mg ha-1 
for soybean and corn, respectively. For soybean, 40 kg ha-1 of P2O5 and 60 kg ha-1 of 
K2O were applied to the sowing line. For corn, 21 kg ha-1 of N, 105 kg ha-1 of P2O5, 
and 70 kg ha-1 of K2O were applied to the sowing line. Additionally, in the four- and  
eight-leaf collar stages (V4 and V8, respectively) of corn, broadcast N was split into two 
equal applications of 70 kg ha-1 of N.

Crop grain yields were estimated by manually harvesting soybean and corn plants at 
47 sampling points georeferenced and distributed in five lines at different elevations in 
the catchments (Figure 3). A 3-m² area was delimited for crop harvesting in each sampled 
location. The weight of the grains was adjusted to 13 % moisture. The water productivity 
was calculated from the crop production data and accumulated rainfall during the crop 
cycle in the experimental units by converting kg of grain per millimeters of rain. The 
method used to analyze water use efficiency is based on Rockström et al. (2009).

A productivity map was generated for the experimental units to evaluate the spatial 
variability of crop performance in both study units by the inverse square distance 
interpolation method. Minimum, maximum, standard deviation, mean, and median of 

Table 1. Chemical and physical soil properties at 0.00-0.10 m soil layer in the agricultural year 
2016/2017, for the non-terraced catchment (NTC) and terraced catchment (TC), in the Rio Grande 
do Sul state, south Brazil

Property
Catchment

p value
NTC TC

pH(H2O) 5.7 5.7 0.04
P (mg dm-3) 25.7 21.7 0.03
K (mg dm-3) 138.5 147.4 0.02
CEC (cmolc kg-1) 11.3 11.6 0.06
Organic matter (g kg-1) 27 27 0.15
Coarse sand (g kg-1) 154 147 0.29
Fine sand (g kg-1) 228 205 0.03
Silt (g kg-1) 273 267 0.37
Clay (g kg-1) 348 380 0.04
Total porosity (m3 m-3) 0.405 0.431 0.01
Macroporosity (m3 m-3) 0.354 0.390 0.01
Microporosity (m3 m-3) 0.073 0.061 0.01
Bulk density (Mg m-3) 1.6 1.5 0.10
Ksat (mm h-1) 143 71 0.12

pH is the hydrogenic potential (at a soil:solution ratio of 1:1); P is the phosphorus content; K is the potassium 
content; CEC is the cation-exchange capacity; Ksat is the saturated hydraulic conductivity; p-value is the result 
of the statistical analysis based on T-test distribution.
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the fraction of available water (FAW) were calculated with the R software (R Development 
Core Team, 2018) for each catchment. The Bayesian inference method (Kruschke, 2013) 
was used to analyze the differences in grain yield between both crops. The analysis 
considers the known yield thresholds for each crop and assesses the probability of a 
difference in each yield class.

Soil moisture measurements

Soil moisture (θ; cm3 cm-3) was measured every 24 h by frequency domain reflectometry 
sensors (CS616-L, Campbell Scientific, Logan, Utah, USA) in eight homogeneous layers 
from 0 to 1.50 m in four monitoring points (Figure 4) during the agricultural years 2016/17 
(soybean) and 2017/18 (corn). A data logger (CR1000, Campbell Scientific, Logan, Utah) 
connected to the CS616 sensors recorded the θ for 143 and 191 days (soybean and 
maize, respectively). The readings of θ provided by the device were corrected with a 
calibration function (R2 = 0.72) generated with direct moisture measurements under 
different soil moisture conditions (Pereira, 2017). The θ was used to calculate the FAW 
of plants (dimensionless) for each soil layer to evaluate the relationship between water 
availability dynamics and terrace and crop productivity.

FAW =

1 if θ ≥ θfc

if θpwp < θ < θfc

if θ ≤ θpwp

1

AWa
AWC

0

          Eq. 2

in which AWa is the actual available water (cm3 cm-3) and AWC is the available water 
capacity (cm3 cm-3) of a soil layer:

AWa = (θ – θpwp)             Eq. 3

AWC = (θfc – θpwp)            Eq. 4

in which θ is the current volumetric moisture (cm3 cm-3), θpwp is the permanent wilting 
point (cm3 cm-3), and θfc is the field capacity (cm3 cm-3) of a soil layer. The θpwp and θfc 
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Figure 3. Sampling for crop grain yields and moisture monitoring points in the non-terraced 
catchment (NTC) and terraced catchment (TC) in Rio Grande do Sul State, southern Brazil.
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were acquired from Pereira (2017), who determined θpwp as the volumetric moisture 
at a matric potential of -15000 cm and θfc as the volumetric moisture at a matric  
potential of -100 cm.

RESULTS
The amplitude of FAW was greater towards the surface and higher on the NTC than on 
the TC (Figure 4). The range containing the second and third quartiles of FAW (horizontal 
bars) moved further away from the maximum FAW (FAW = 1) and extended further 
towards lower FAW at NTC points in corn and soybean cultivation. Conversely, the range 
containing the second and third FAW quartiles was closer to the maximum FAW (FAW = 1) 
and extended less towards lower FAW at the TC points. Using a FAW = 0.75 as a reference 
for comparison purposes, one notices a large proportion of FAW <0.75 at NTC points 
and a large proportion of FAW >0.75 at TC points. The water availability throughout the 
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Figure 4. The fraction of available water for plants (FAW) during the corn and soybean cycles in 
eight layers of the soil profile at the top and bottom position in the non-terraced catchment (NTC) 
and terraced catchment (TC) in Rio Grande do Sul State, southern Brazil.
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soybean and corn cycles was higher in the TC than in the NTC when comparing the FAW 
interquartile variability.

In addition to more significant interquartile variability, FAW minimums were lower in 
almost all soil layers in the NTC in the soybean and corn cycles, both showing lower 
water availability at the NTC. The FAW decreased with soil depth. However, considering 
the four monitoring points, this value is higher in the presence of terraces. 

During the soybean cycle and considering the two measurement positions (top and 
bottom), the average FAW in the TC was 14 % higher than the NTC (Figure 4). Particularly 
for the two monitoring points located at the slope base, FAW in the TC was 20 % higher 
than the NTC. Nevertheless, FAW in the TC was 8 % higher than the NTC at the top of 
the slopes. During the corn crop cycle, the average FAW (considering both monitoring 
positions) of the TC was 7.8 % higher than the NTC FAW. When comparing the TC and 
NTC in both measurement sites, a 15 % difference in FAW for the TC and a 4 % difference 
in FAW for the TC were observed for sites at the bottom of the slope. The coefficient of 
variation (CV) of the FAW for the top and bottom was 1.5 and 1.4 times higher in the 
NTC and TC, respectively. In addition, this was even higher for corn, being the CV for 
NTC 1.4 and 1.7 times higher for the top and bottom, respectively, compared to the TC. 

Terraces in no-till provided above-average soybean and corn yields (12 and 10 %, 
respectively; Figure 5). Soybean yields varied between 3.133 and 4.543 kg ha-1 (CV = 9 %) 
in the NTC and between 3.920 and 5.739 kg ha-1 (CV = 9 %) in the TC (Figure 5). Corn 
yields varied between 7.170 and 13.015 kg ha-1 (CV = 14 %) in the NTC and between 
10.665 and 14.345 kg ha-1 (CV = 8 %) in the TC.  

The water productivity for corn production was 9 and 10 kg ha-1 mm-1 in the NTC and TC, 
representing 11 % of difference in corn productivity. Even without rainfall restrictions, 
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Figure 5. Histogram of grain yield for soybean and corn in the non-terraced catchment (NTC) and terraced catchment (TC) in Rio 
Grande do Sul State, southern Brazil.
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the improvement was substantial. The amount of rainfall recorded for the corn cycle 
from September to February (1222 mm) was higher than the total crop demand 
defined by Bergamaschi et al. (2006) (600 mm). The water productivity for soybean 
production was 7 and 8 kg ha-1 mm-1 for the NTC and TC, respectively, being 12 % 
higher. Different from the previous monitoring cycle, the amount of rainfall recorded 
(590 mm) from November to March was lower than the optimum limit for the total 
soybean demand (800 mm) defined by Matzenauer et al. (2003) and Zanon et al. (2016)  
in southern Brazil.

In the NTC, yield decreased from the top towards the bottom of the hillslope and with 
higher variation compared with TC (Figure 6). The yield map indicates that the positive 
effect of the terraces on increasing infiltration leads to higher crop yields. The terraces 
improved the water redistribution on the hillslope, thus increasing productivity (Figure 7). 

DISCUSSION
The higher crop yields in TC demonstrate the efficiency of the terraces as a strategy 
to mitigate water deficits and enhance their positive impacts on crop yield since 
their presence was associated with higher water availability and soybean and corn 

Figure 6. Yield map of soybean and corn in the non-terraced catchment (NTC) and terraced 
catchment (TC) in Rio Grande do Sul State, southern Brazil.
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productivity (Figures 4 and 6). There was only a rainfall deficit for soybean, which 
allowed us to observe a more significant water use efficiency in the terraced areas, 
as detailed below. Notably, the water deficit was indicated as one of the main factors 
responsible for productivity gaps in soybean in the order of 800 kg ha-1 in India (Bhatia 
et al., 2008), 900 kg ha-1 in the United States (Zhang et al., 2016), 1260 kg ha-1 in 
Argentina (Aramburu Merlos et al., 2015), and up to 2500 kg ha-1 in southern Brazil 
(Sentelhas et al., 2015). Regarding corn, there is evidence that water deficit caused 
productivity gaps of approximately 4500 kg ha-1 in Argentina (Aramburu Merlos et al., 
2015) and 3500 kg ha-1 in Brazil (Affholder et al., 2013) and China (Liu et al., 2017). 
Furthermore, this study demonstrates that these productivity gaps can be significantly 
reduced using terraces, given that soybean and corn productivity increased by 490 
and 1100 kg ha-1 in the TC, respectively (Figure 6). In addition, the yield gains in 
soybean and corn described herein are similar to the 20 % yield increase of wheat 
crops in terraced fields in Pakistan, where there was a 16 % increase in soil moisture  
(Rashid et al., 2016).

Changing soil management significantly affects the hydrological regime. Among the 
most critical processes, we can emphasize soil-water replenishment and runoff control 
(Rushton et al., 2006; Seyfried and Wilcox, 2006; Harman et al., 2011). However, the 
effects of rainwater management in highlands are poorly understood. Although terraces 
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Figure 7. Flow accumulation area (FA) and topographic wetness index (TWI) for the non-terraced 
catchment (NTC) and terraced catchment (TC) before (B) and after (A) the construction of the 
terraces in the Rio Grande do Sul State, southern Brazil.
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are a recognized method of reducing erosion problems by controlling runoff (Posthumus 
and De Graaff, 2005; Maetens et al., 2012; Miranda et al., 2012; Londero et al., 2021), 
there is still little research on the economic benefits of terracing. The combined effects 
of maximizing production with better use of rainwater and controlling soil degradation by 
erosion are essential to regulate runoff and significantly alter the hydrological dynamics 
of hillslopes in favor of farmers and society. Water productivity for corn in different regions 
of the world is on average of 13 kg ha-1 mm-1, whereas this yield can be increased by 
improving soil management (Rattalino Edreira et al., 2018) and can reach a value of 
28 kg ha-1 mm-1 (Grassini et al., 2009).

Water productivity results emphasize the importance of terraces to maintain plant 
productivity in years of low rainfall and severe droughts. Therefore, under reduced rainfall 
conditions (e.g., summer droughts), productivity differences are expected to be even more 
significant; or even under conditions of greater fragility in relation to water loss (e.g., 
greater slopes). At the top of the hillslope, where the slope is less steep, the direction of 
flow is predominantly vertical, favoring infiltration and greater water availability. At the 
base of the hillslope, the greater slope favors lateral flow direction with the formation 
of runoff. A similar pattern for corn as a function of the steeper hillslope was described 
by Leuthold et al. (2021). The influence of climate and management factors on the 
yield potential of soybean crops in a subtropical region was evaluated, and the results 
evidenced that the attainable water productivity was 9.1 kg grain ha-1 mm-1, which is close 
to the 9.9 kg ha-1 mm-1 obtained by Grassini et al. (2015) in the USA (Zanon et al., 2016).

Terraces in no-till provided more efficient rainwater use by plants, which is positively 
related to FAW during the crop growth cycle (Figure 5). In this way, differences in efficiency 
in using rainwater were in the order of 135 mm for corn and 76 mm for soybean. The 
terraces reduced the CV of the FAW, as it conditions a more constant flow of water to 
the lower layers and decreases their fluctuation in the different soil layers to be lower 
in the terraced area. Figure 8 illustrates the variation of FAW at the 0.00-0.30 m soil 
layer in response to the rainfall regime. The highest FAW in the TC study unit occurs at 
important phenological stages, affecting the production components of the crops and 
increasing crop productivity in the TC. 
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Until now, the leading management strategies to reduce the soybean yield gap 
in Brazil are related to improvements in chemical and physical quality to form a 
deeper soil profile (Battisti et al., 2018). Liang et al. (2019) highlight that terracing 
increases water availability in the soil to improve productivity during dry periods. 
The drought effects in South America, which are primarily a result of the La Niña 
phenomenon (ENSO), has a substantial economic impact on a society that is highly 
dependent on the production of summer grains, including soybean and corn (Aramburu 
Merlos et al., 2015; Sentelhas et al., 2015). Droughts in southern Brazil generally 
occur between December and February and strongly affect agricultural production  
(Matzenauer et al., 2003). The period of more frequent droughts is from October to 
December in southwestern Brazil, coinciding with the growth period of the main crops 
in the region (Pereira et al., 2018). 

Crops yield is related to a complex combination of factors (Shemdoe et al., 2009). The 
water productivity can also be influenced by the proportion of water lost through runoff 
if this fraction would be necessary to allow plenty of plant growth and production. During 
the two-season period, Londero et al. (2017) determined runoff in both catchments. There 
was an accumulated rainfall of 550 mm and no runoff formation during the soybean 
cycle in both TC and NTC. It is important to emphasize that during this period there 
were no rainfall events of high magnitude and intensity with the capacity to generate 
runoff, even at NTC. In this case, it is assumed that the terraces provided a larger crop 
yield due to the better redistribution of moisture over time and space. There was an 
accumulated rainfall of 1222 mm for corn, although 70 mm were lost by runoff in the 
NTC and only 27 mm in the TC (a difference of 43 mm). Although rainfall was abundant, 
corn yield was even higher in the TC (Figure 6), where terraces controlled runoff. This 
indicates that even in a year without rainfall deficits, the crop productivity was higher 
in the catchment with terrace. Furthermore, as the roughness promoted by the higher 
phytomass accumulation in no-till is not enough to control runoff, especially in stormwater 
events (Deuschle et al., 2018), terraces are essential to maximize infiltration and prevent 
runoff from causing erosion and water resource contamination. The water availability 
controlled by the management system adopted is essential to improve conservationist 
agriculture and its adoption by farmers. As demonstrated in figure 6, terracing in no-till 
can act as a key strategy for water redistribution and reduce the spatial variability of 
yield imposed by the hillslope. 

CONCLUSIONS
Soil water availability and crop yields were higher in the catchment with terrace. Terracing 
in no-till provided higher corn and soybean productivity by 10 and 12 %, respectively, 
thus demonstrating the efficiency of the terraces as a strategy to mitigate crop water 
deficits by managing runoff.
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