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H I G H L I G H T S

• Prevailing management (tillage and
herbicide treatment) keeps soil bare
and prone to erosion

• Assessment of runoff and erosion for
three management types (tillage, herbi-
cide and covered)

• Herbicide treatment causes 1.8 and 45.5
times more erosion than tillage and
covered respectively

• 60 rainfall simulation experiments
showed tenfold lower erosion rates
with covered soil

• Soil erosion was extremely high in her-
bicide treated orchards, even higher
than in tilled orchards
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Soil erosion is extreme in Mediterranean orchards due to management impact, high rainfall intensities, steep
slopes and erodible parent material. Vall d'Albaida is a traditional fruit production area which, due to the
Mediterranean climate and marly soils, produces sweet fruits. However, these highly productive soils are left
bare under the prevailing land management and marly soils are vulnerable to soil water erosion when left
bare. In this paper we study the impact of different agricultural land management strategies on soil properties
(bulk density, soil organicmatter, soilmoisture), soil water erosion and runoff, bymeans of simulated rainfall ex-
periments and soil analyses. Three representative land managements (tillage/herbicide/covered with vegeta-
tion) were selected, where 20 paired plots (60 plots) were established to determine soil losses and runoff. The
simulated rainfall was carried out at 55 mm h−1 in the summer of 2013 (b8% soil moisture) for one hour on
0.25 m2 circular plots. The results showed that vegetation cover, soil moisture and organic matter were signifi-
cantly higher in covered plots than in tilled and herbicide treated plots. However, runoff coefficient, total runoff,
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sediment yield and soil erosion were significantly higher in herbicide treated plots compared to the others. Run-
off sediment concentration was significantly higher in tilled plots. The lowest values were identified in covered
plots. Overall, tillage, but especially herbicide treatment, decreased vegetation cover, soil moisture, soil organic
matter, and increased bulk density, runoff coefficient, total runoff, sediment yield and soil erosion. Soil erosion
was extremely high in herbicide plots with 0.91 Mg ha−1 h−1 of soil lost; in the tilled fields erosion rates were
lower with 0.51 Mg ha−1 h−1. Covered soil showed an erosion rate of 0.02 Mg ha−1 h−1. These results showed
that agricultural management influencedwater and sediment dynamics and that tillage and herbicide treatment
should be avoided.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Acceleration of soil erosion rates is the main cause of land degrada-
tion and, as a consequence, leads to loss of soil fertility and decrease in
agricultural production and farmers income,which results in unsustain-
able agriculture (Colazo and Buschiazzo, 2015; Novara et al., 2015; Yan
and Cai, 2015). Acceleration of soil erosion rates is the result of in-
creased runoff on soil surfaces that are vulnerable to soil detachment
(Van Oost et al., 2009). If a soil has characteristics (Stanchi et al.,
2015) that prohibit infiltration of water (e.g. crusting, slacking, lack of
macro pores) the runoff coefficient will be higher (Liu et al., 2014).
However, if the soil has a rough surface (Gao et al., 2015), runoff will
be delayed by ponding water, allowing water to infiltrate and reducing
the soil erosion on such sites. But in the casewhere the soil is covered by
vegetation infiltration rates are generally higher as a result of better soil
structure, and the soil is protected against sediment detachment, which
reduces the vulnerability to soil erosion (Seutloali and Beckedahl,
2015).

Agriculture is the main cause of soil losses and runoff (Cerdà et al.,
2009a, 2009b; Novara et al., 2011; Laudicina et al., 2015) and orchards
under rainfed agriculture have some of the highest soil erosion losses
due to the lack of land levelling, terraces, intense tillage, compaction
due to heavy machinery and herbicide application (Bisantino et al.,
2015; Prosdocimi et al., 2016). Tillage has been part of the Mediterra-
nean agricultural practices for millennia. Farmers have used this as a
tool to avoid the competition for water with the crops, to enhance the
infiltration by creating a rough and permeable surface. In addition the
tillage breaks the capillary routes for the water to evaporate after a
rain event. In Vall d'Albaida the tradition of an intense ploughing was
used also to produce “dust” that protect the plant against insects

(farmers personal communication). Because of the long tradition of
Mediterranean farmers to keep their fields clean of weeds, farmers con-
tinue to do this, evenwhen from a sustainability or productivity point of
view this is no longer necessary and this is now a key point in the edu-
cation for a better soil management (Keesstra et al., 2016a, 2016b). In
Vall d'Albaida the ploughing use to take place 3 to 4 times per year,
but many farmers over-tillage because this tradition of produce “dust”
and avoid any weed. In Fig. 1B can be seen how farmers plough already
bare orchards.

High erosion rates have been observed in avocado (Atucha et al.,
2013) and olive orchards (Gómez et al., 2003; Vanwalleghem et al.,
2010), new citrus plantations (Cerdà et al., 2009b; Li et al., 2015) and
vineyards (Novara et al., 2013; Tarolli et al., 2015). Almond (Faulkner,
1995), persimmon (Cerdà et al., 2015), and apricot (Abrisqueta et al.,
2007) orchards have also shown high erosion rates, but little research
has been carried out comparing agriculture land management in fruit
orchards. Also no research has been reported in other orchards such
as apples, cherries or pears even though theworldwide land area devot-
ed to fruit production is growing due to demand for fresh fruits and
juices (Jackson et al., 2011). Until recently, most of the research in soil
erosion has been done in areas occupied by cereals. These annual
crops show high erosion rates due to intense tillage and a lack of vege-
tative cover (Cerdà et al., 2009a, 2009b; Stevens et al., 2009;
Rodríguez-Blanco et al., 2013; Ligonja and Shrestha, 2015). High erosion
rates result in the loss of soil, andwith that the loss of services soils pro-
vide for society (Brevik, 2009; Keesstra et al., 2012; Berendse et al.,
2015; Brevik et al., 2015; van Leeuwen et al., 2015).

Apricot (Prunus armeniaca) production in Spain was 119.400 Mg in
2013, which is 3% of the total world production (FAO, 2015). In Spain,
25 to 50% of the total apricot production is exported to European

Fig. 1.Views of apricot orchards in the province of Valencia. Pictures A and B show evidence of high erosion rates after a thunderstorm that dropped 40mmof rain in 30min on 2-year old
apricot orchards. Pictures C and D show chipped branches spread over the soil between the trees in mature apricot orchards in winter.
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