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Abstract

Soil degradation has as a direct consequence the loss of biodiversity, the
emission of greenhouse gases and the imbalance of the hydrological water
cycle, reducing the productive capacity of the soil and its response to
amendments and conservation activities, generating low yields and greater
water and nutritional requirements. Since these effects are already defined,
it is necessary to know the amount of soil that can be lost in order to size
the problem. The objective of the study was to quantify the erosion pro-
cess in a soil under typical precipitation conditions in the Hoya del Rio
Suérez (Colombia) for the cultivation of sugar cane. For this purpose, an
experiment was carried out evaluating two tillage systems (reduced and
conventional) in closed runoff plots, where the amount of soil and water
washed away in the rainfall events present in a sugarcane crop cycle for
panela production was measured. Statistically significant differences (p <
0.05) were observed when the soil was prepared using the proposed sys-
tem, reducing soil loss by 2.5 times due to runoff compared to traditional
tillage, showing to mitigate soil deterioration.

Keywords: soil erosion, slope, precipitation.

Resumen

La degradacion del suelo tiene como consecuencia directa la pérdida de
la biodiversidad, la emision de gases efecto invernadero y el desbalance
del ciclo hidrologico del agua, reduciendo la capacidad productiva del
suelo y la respuesta de este a las enmiendas y actividades de conservacion,
generando bajos rendimientos y mayores requerimientos hidricos y nutri-
cionales. Dado que estos efectos ya estan definidos, se requiere conocer la
cantidad de suelo que se puede perder para dimensionar el problema. El
objetivo del estudio fue cuantificar el proceso de erosion en un suelo bajo
condiciones de precipitacion tipicas en la Hoya del rio Suarez (Colombia)
para el cultivo de cafia de azucar. Para esto se estableci6 un experimento
evaluando dos sistemas de labranza (reducido y convencional) en parce-
las de escorrentia cerradas, donde se midio la cantidad de suelo y agua
arrastrados en los eventos de lluvia presentes en un ciclo del cultivo de
cafia de azucar para la produccion de panela. Se observo diferencias esta-
disticamente significativas (p < 0,05) cuando se prepara el suelo usando
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el sistema propuesto, disminuyendo en 2,5 la pérdida del suelo por efecto de la escorrentia comparado con el laboreo tra-
dicional, evidenciando que puede ser una estrategia de mitigacion del deterioro del suelo.

Palabras clave: erosion, pendiente, precipitacion.

1. Introduction

Soil degradation by erosion refers to “the loss of the surface layer of the earth’s crust by the action of water
and/or wind, which is measured by humans and brings environmental, social, economic and cultural conse-
quences” (Instituto de Hidrologia, Meteorologia y Estudios Ambientales [[DEAM], Ministerio de Ambiente
y Desarrollo Sostenible [MADS], and Universidad de Ciencias Aplicadas y Ambientales [U.D.C.A.], 2015).
Soil loss is mainly caused by water (water erosion) either by runoff and/or infiltration and wind action (wind
erosion). Rainfall (frequency and intensity), slope (degree and length), type of vegetation, land use and mana-
gement are the factors that favor water erosion (Montenegro Gonzalez and Malagon Castro, 1990). However,
when the soil has been disturbed (preparation of land for planting) and has a slope, soil loss due to water ero-
sion can increase by five times compared to a fallow farmland with the same slope (Verhulst et al., 2010).

Soil losses can be estimated by modeling the phenomenon (indirect methods) using equations such as
the universal soil loss equation [USLE] (Valdivia-Martinez et al., 2022), and by setting up experimental units
in the field (direct methods) such as runoff plots and rainfall simulators (Ledn Pelaez, 2001). These methods
(direct and indirect) have been compared with each other in different studies, such as experimental plots and the
USLE method (Oyarzun Ortega, 1993) in Chile and in Mexico with the use of erosion stakes and the RUSLE
methodology [revised USLE] (Pando Moreno et al., 2012), showing that the use of indirect methodologies ove-
restimates water erosion values in the regions studied.

In Colombia, sugarcane production for the elaboration of panela is located in areas with mountain topo-
graphy (Hoya del rio Suarez region) and, together with the tillage that is carried out for the establishment of
the crop, makes soils prone to erosion (Vargas Diaz et al., 2023). Although, the causes of soil erosion and its
control are already well defined, however, it is critical to know the rates of soil loss (Food and Agriculture
Organization of the United Nations [FAO], 2019). For this reason, it is important to be able to quantify soil
losses due to water erosion in two tillage scenarios and under the precipitation conditions typical of sugarcane
production for the production of panela in the Hoya del Rio Sudrez region.

2. Materials and Methods

The study was located in the department of Santander (municipality of Vélez) at an altitude of 1,518 m above
sea level. The area has average rainfall ranges between 1,000 and 2,000 mm per year and average temperatu-
res between 18° and 28 °C (Alvarez Contreras and Camacho Ariza, 2018). The experiment was carried out on
a soil with Pachic Humudepts taxonomy, mountain landscape, on the structural slope of a crest in predomi-
nantly fine-grained sedimentary rock, the average slope of 12 % and the topographic slope of the experiment
site correspond to the same slope. Main soil characteristics are shown in Table 1:

Table 1. Soil characteristics in the test performed in the department of Santander (municipality of Vélez).

Granulometry Density .
. WAD**  Organic Matter
Fraction % gcm
Class*
Sand Clay Silt True  Apparent mm %
13,44 43,91 42,65 ArL 2,21 1,13 17,35 5,05

* silty clay; ** Weighted average diameter

The experimental design used was a one-factor fixed effects model with two treatments (Montgomery, 2004),
where the factor evaluated is the method of preparation, or primary tillage of the soil, and the two treatments
correspond to a reduced tillage alternative, where the soil is prepared only with a rigid chisel pass (T1) and the
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conventional preparation performed by the farmer, consisting of a rigid chisel pass and two passes of a smooth
disk plow (T2). Evaluating three replicates for each of the treatments for a total of six closed runoff plots. Each
of the plots has a confined area of 75 m? using removable artificial boundaries (constructed with galvanized iron
sheet), and a water storage capacity of 1,250 liters (tank A: 250 L and tank B: 1,000 L) (Figure 1).

ARTIFICIAL BOUNDARIES

& COLECTOR
{} COMNDUCTION

SPFPLITER

Conduction pipe

Figure 1. Layout scheme for runoff plots in the department of Santander (municipality of Vélez).

Rainfall characterization was performed by visualizing rainfall sheets and calculating the temporal rate of rain-
fall, or depth per unit time (mm h') (rainfall intensity) (Chow et al., 1994). After one or more rainfall events,
runoff water samples from each of the plots were collected together with the aggregates present in the hopper
(Figure 2). These samples were taken to the laboratory where they were dried and the dry weight of the sedi-
ments and aggregates were estimated.

The study of the information was carried out using analysis of variance [ANOVA], to establish if there
were differences in the treatments evaluated at the end of the cycle studied. Normality and equality of variance
in the residuals were verified in the ANOVA model. The statistical software R® (R Core Team, 2020) was used
for the analyses.

3. Results and discussion

During the evaluation period, we recorded maximum rainfall on March 16, 2021 with a rainfall total of 75.2
mm, followed by December 16™, 2019, with a value of 63.6 mm, and that recorded on October 12, 2020 and
November 4" with 49 mm and 47.4 mm, respectively. Likewise, two continuous rainfall periods were observed
(Figure 3), the first one being between the end of April and the beginning of August. The second period was
recorded from the end of August to December.
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| Sampling in hoppers ‘

Sampling in tanks

Figure 2. Sampling in the hoppers and tanks of the runoff plots in the department of Santander (municipality of Vélez).
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Figure 3. A Daily precipitation in mm from October 2019 to March 2021 in the department of Santander (municipality of Vélez).

We selected daily rainfall events greater than 12.5 mm (36 rainfall events). From the selected storms, a set of
intensity-duration curves was obtained for the area (Figure 4A). We observed (Figure 4B) that the highest ave-
rage intensities ranged between 20 and 40 mm h! when rainfall durations were less than 30 min.

The soil loss measurement cycle corresponded to 539 days (77 weeks) from October 7%, 2019 to March 29",
2021. During this period, 45 monitoring activities were carried out in which runoff water samples were taken (Table 2).

Figure 5 shows that the total sediment loss [TSL] measured in the runoff plots showed a high correla-
tion (> 0.8) with runoff water loss [RWL] in the evaluated treatments, indicating that the higher the RWL, the
higher the TSL values increase. We observed a similar behaviour in the total accumulated sheet [TAS], where
the positive correlation values within the two treatments showed that the more the water produced by precipi-
tation, the higher the TSL and RWL values tend to increase.

Table 3 shows the total soil loss for each plot in each treatment, where T1 corresponds to the conserva-
tion tillage treatment (vertical tillage with one rigid chisel pass) and T2 corresponds to conventional tillage
carried out by the farmer (one rigid chisel pass and two-disc plow passes). The average soil loss for a sugarcane
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Figure 4. Intensity-duration curves for the 36 storms (A) and intensity-duration curve maximum, average and minimum (B).
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Figure 5. Pearson correlation for the variables: TSL (total soil loss), RWL (loss of runoff water) and TAS (total accumulated sheet).

Table 2. Number of sampling events carried out in the plots under evaluation.

Treatment Plot N° sampling hoppers* N° sampling tanks**
1 12 44
1 2 11 44
3 17 44
4 15 45
2 5 17 45
6 24 43

* The number of samples corresponds to the events where material was found in the hoppers.
** The difference in the number of samples is due to failures in the piping system from the plots to the tanks, being
45 the total number of samples taken.

production cycle (18 months) under the traditional tillage treatment (T2) was 2.63+1.31 t ha! cycle. On the
other hand, for the conservation tillage treatment (T1), the average soil loss corresponded to 0.4+0.3 t ha! cycle™'.
The analysis of variance showed statistically significant differences (p < 0.05) among the evaluated treatments,
indicating that the average soil loss can be reduced (by 2.5 times) using conservation tillage when sugarcane
crops are established compared to conventional tillage.

In order to compare this soil loss rate with other studies, it is necessary to convert it to an annual rate.
Given that the productive cycle corresponds to 18 months, the annual rate was estimated as 66.66% of the total
measured in each plot. Therefore, an annual loss rate of 1.76 t ha! year! was found for traditional tillage and
0.27 tha' year-1 for conservation tillage. Comparing the soil loss rates obtained in the present study, with the
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Table 3. Loss of soil and volume of runoff water by treatment. SD: standard deviation;
annual soil loss corresponds to 66.66 % of the soil loss in the cycle. t: ton, ha: hectare, L: liters.

Soil loss cycle* Annual soil loss Runoff*
Treatment N° Plot
kg ha'cycle! tha'cycle’! tha'lyr! L ha'lcycle! m? ha'cycle’!

1 116,68 0,12 0,08 69.599,6 69,6

2 377,79 0,38 0,25 374.362,0 374,4
1 3 712,08 0,71 0,47 1.267.662,0 1.267,7
Media 402,20 a 0,40 0,27 570.541,2 570,5a

SD 298,40 0,30 0,20 622.658,1 622,7
4 1.775,80 1,78 1,18 4.709.850,0 4709,9
5 1.986,60 1,99 1,32 5.667.691,2 5.667,7
2 6 4.139,51 4,14 2,76 2.344.316,5 2.3443

Media 2.6339 b 2,63 1,76 4.240.619,2 4.240,6 b

SD 1.308,1 1,31 0,87 1.710.654,3 1.710,7

* Average values with different letter are statistically different (p < 0,05).

tolerable soil loss rates that have been established in FAO (2019) according to the average soil formation rate,
those found here are below these threshold values (2 t ha'! yr').

Comparing these soil loss rates with other studies in Colombia, such as the one conducted on sugarcane
cultivation for panela in Cundinamarca, the values obtained in this work are lower than those recorded through
the implementation of a rainfall simulator, which in crops with even-cutting and a topographic slope of 35 %,
the annual soil loss estimated through the application of the USLE model was 27 t ha! yr! (Tauta Muifioz et
al., 2018). Soil loss during the first year of development of a sugarcane crop on a soil with 9 % slope was 2.58
tha' yr' (Youlton et al., 2016), values similar to those found in the present study.

Figure 6 shows the accumulated soil loss during the time of vegetative development of the crop, as well
as the monthly precipitation during the same period. We can see from the graph that, during the entire produc-
tive cycle, the accumulated soil loss was greater for the treatment with traditional tillage (T2), reaching up to
2.5 times greater than the accumulated loss for the treatment with conservation tillage (T1).

Rainfall (mm)

runoff water (m3 Ha-1)
Rainfall (mm})

Rainfall = Treatment1 ——Treatment2 Rainfall —— Treatment1 ——Treatment2

Figure 6. Accumulated soil loss (A) and accumulated runoff water volume (B) during one
canesugar crop cycle for panela production in the department of Santander (municipality of Vélez).

Although the evaluated soil presented favorable conditions such as a very stable soil (WAD > 5 mm) (Gémez
Giraldo, 2016) (Table 1), with high organic matter content (Gonzalez Aguilar et al., 2021), and without limi-
tations for the root development of crops due to compaction (bulk density < 1.5) (Roncallo et al., 2012), it is
important to note that the months with the greatest soil loss were directly related to the periods of precipitation,
with the greatest increase in accumulated soil loss (greater slope of each graph) during the first three mon-
ths of crop development where the soil was without vegetative cover, just after planting the sugarcane. This
behavior in the rate of soil loss reflects the influence of the cover (due to the closing of crop alleys and the
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fall of dry leaves) (Silva et al., 2012), indicating that, with the increase in vegetation cover, there is an expo-
nential decrease in soil loss.

In the case of runoff (Figure 6), the same behavior described for soil loss was observed. The highest
volumes of runoff water during the entire vegetative development period were recorded in the plots with the
traditional tillage treatment (T2). In addition, the graph shows that the significant increases in accumula-
ted runoff volume are directly related to the periods of precipitation during crop development. Finally, it is
important to note that during the first 6 months of crop development, the accumulated runoff in the conser-
vation tillage treatment (T1) is low (asymptotic behavior on the x-axis), which is expected given that tillage
only with chisel forms small “ditches” in the soil that serve as “trenches” or “traps” for both runoff water
and suspended sediments (Ortiz Canavate, 2012).

4. Conclusions

Soil loss and water runoff volume can be reduced in the establishment of sugarcane crops for panela production
in hillside areas, using reduced tillage techniques, and thus mitigating the impact of soil deterioration.

The period of greatest susceptibility to soil loss is after the soil preparation work, since it is exposed to the
environmental conditions, therefore it is important to establish at this moment in time conservation measures
and practices to reduce the effect of erosion.
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