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Abstract: Cover crops can be an effective means to protect soil and reduce risks of erosion in olive
groves. However, for this protection to be significant, the vegetation must attain a significant amount
of ground cover, which is estimated to be at least 30% during the rainy season. In olive groves on
degraded soils, which occupy large surface areas in the olive-growing areas of the Mediterranean
region, the establishment of cover crops may be an arduous challenge, particularly in areas with a high
density of rabbits. In this study, we have selected two olive orchards with scarce natural vegetation
located in Andalusia (southern Spain), in which rabbit populations intensively forage the cover
crops, to test whether the self-seeding of an unpalatable species corn chamomile (Anthemis arvensis L.;
A. arvensis for short) could achieve sufficient coverage for soil protection, in the year following that
in which the broadcast-seeding was carried out for the implementation of cover crops. The hand
broadcast-seeding of A. arvensis was carried out on sixteen elementary plots in the lanes of the two
olive orchards in the autumn of 2015, and seed germination in the subsequent self-seeding took
place in the autumn of 2016. The plant height and A. arvensis ground cover in these plots were
measured throughout the two growth cycles, and aerial biomass was measured at maturity. The
results showed that there were no significant differences in the maximum plant height between the
two growth cycles (mean + SD of 21.2 + 1.6 cm), while the ground cover was significantly greater in
the case of self-seeding, especially during the winter (37.2 + 8.1 and 9.3 + 6.7% for self-seeding and
broadcast-seeding, respectively), and aerial biomass at maturity had more than doubled (99.7 and
43.9 ¢ m~2, respectively). These data suggest that this unpalatable species could establish an effective
herbaceous cover by means of self-seeding in olive groves on degraded soils that are being overgrazed
owing to the high pressure of rabbits. Despite the poor establishment in the broadcast-seeding
year, our findings indicate that A. arvensis might be an alternative cover crop that could help the
sustainability of these threatened olive groves. Its high seed production (2000 to 4000 seeds per plant),
and an early emergence just after the first autumn rains, should result in an increased ground cover
by A. arvensis during the rainy season in the subsequent years of self-seeding. This, therefore, could
contribute to soil conservation, in addition to providing other benefits of increased biodiversity and
improvement for agricultural landscapes.
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1. Introduction

Soil erosion is one of the most serious and widespread environmental threats in the Mediterranean
Basin, and is closely related to not only geo-ecological factors (lithology, topography and climatology),
but also changes in land use and vegetation cover [1]. This is evident throughout the Mediterranean
region, where changes in soil management, which are characterized by the intensification and
mechanization of tillage and the use of herbicides, have been extensive and rapid in recent decades.
This has led to an increase in the surface area of bare soils, which has caused accelerated soil loss
and soil degradation on much agricultural land, accompanied by various negative economic and
environmental impacts [2-5]. The severe problems of soil erosion are clearly visible and worrying
in the olive-growing areas of Andalusia (southern Spain) [6,7], in which olive trees dominate the
landscape in an impressive monoculture that occupies about 1.6 million ha (or 18% of the total regional
surface) [8].

The sustainable management of natural resources is one of the key aspects of the EU’s common
agricultural policy (CAP) [9], including goals such as the conservation of our soils and biodiversity.
In this context, one of the most effective measures by which to reduce soil erosion is the use of cover
crops [10-12], a practice that has been promoted through subsidies and cross compliance from the
CAP [13]. The use of cover crops in the lanes of olive groves has been shown to have a beneficial
environmental impact on experimental orchards by reducing soil erosion [14,15] and increasing
biodiversity [16-18]. However, the establishment of cover crops in commercial olive orchards raises
various agro-economic and practical issues, especially in rain-fed orchards, owing to the competition
between olive trees and cover crops for soil water. In addition, highly degraded soils (owing to
compaction, poor soil fertility and the loss of seed banks), along with overgrazing owing to the
high abundance of European rabbits (Oryctolagus cuniculus L.) make it very difficult to establish an
herbaceous cover with a significant effect on reducing water erosion (covering a minimum percentage
of at least 30% of soil) in these olive orchards [19].

The overgrazing of cover crops owing to the high density of rabbits was addressed in a previous
work using two native species of annual plants, red brome (Bromus rubens L.; Poaceae) and corn
chamomile (Anthemis arvensis L.; Asteraceae). It was carried out in a context of natural food scarcity
(olive groves on degraded soils with a very low density and diversity of weeds), without the rabbits
having any negative effect on the growth of A. arvensis, while B. rubens was massively consumed [20].
The role of cover crops in preventing soil erosion is ineffective when they do not attain sufficient soil
coverage, which is estimated to be at least 30% during the rainy season [21,22]. This percentage of
ground cover was not attained in the study carried out by Carpio et al. [20], and is greater than the
coverage attained by A. arvensis when measured by Carpio et al. [20]. In addition to the influence of
ecological and local environmental factors, to ensure that the adoption of an alternative cover crop
(e.g., A. arvensis) by farmers will not be limited by economic factors, it is also necessary that the cover
crop will guarantee a high capacity for self-seeding. In the aforementioned study by Carpio et al. [20],
A. arvensis was seeded by means of hand-broadcasting, although self-seeding has been shown to be
more effective for the earlier establishment of pasture, which would lead to a faster and greater ground
coverage in winter [23,24]. Corn chamomile is a native annual flowering plant with a short life cycle
and early maturity that germinates in autumn and wilts from early to mid-spring, thus limiting the
risk of competition for water with olive trees [25,26]. It is characterized by its short height (up to a
maximum of 30 cm), which minimizes disturbance for farmers when carrying out agricultural tasks,
since it has also been identified as moderately resistant to trampling [27].

The aim of this study was, therefore, to test the effectiveness of the self-seeding of an unpalatable
species (Anthemis arvensis L.) in olive groves on degraded soils, in a context of high rabbit density
and of scarce natural food resources, in the year following that in which the broadcast-seeding was
carried out. We hypothesized that the self-seeding of A. arvensis would cover a larger soil surface,
exceeding the threshold of 30%, despite a poor establishment in the hand broadcast-seeding year,
thus contributing to soil conservation and to the sustainability of these olive groves.
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2. Materials and Methods

2.1. Study Area

The experimental plots were established in two commercial olive orchards located in the south of
the province of Cordoba (Andalusia). This region is characterized by a Mediterranean climate (with an
annual average rainfall and evaporative demand of 524 and 1418 mm, respectively, and monthly mean
temperatures for the coldest and warmest months, respectively, of 9.2 °C in January and 27.5 °C in July,
over a 17-year span; [28]). The main crops in the study area are olives (Olea europaea L.) and vineyard
grapes (Vitis vinifera L.). The sport hunting of rabbits is a very popular activity in this area owing to
their high densities, and these herbivores are even considered to be a pest species in the study area
owing to the large amount of damage caused to field crops, vineyards and young olive trees [29].
Additionally, soil erosion is a serious problem in most of the olive groves in this area.

The two olive orchards selected (8 km apart from each other) were on compacted soils, with
extremely scarce vegetation cover, and with a high density of rabbits. Since rabbits have previously
been reported to cause severe damage to cover crops in the study area [19], the choice of A. arvensis
as a cover crop is justified, as it is considered to be an unpalatable species that is highly resistant to
predation by rabbits because of the chemical composition and antimicrobial activity of its essential
oils [30]. The soil type in both olive orchards was, according to the FAO (Food and Agriculture
Organization) system [31], Alfisol, and the two soils had a similar silty-clay-loam texture (mean values
of 34.7% clay and 46.7% silt) and organic matter content (an average of 1.43%) for the depth of 0-10 cm.

2.2. Experimental Design and Measurements

In each olive orchard, eight elementary plots (3 X 3 m) randomly distributed in the lanes were
established in autumn 2015. The seeds of Anthemis arvensis were hand-broadcast in each elementary
plot in autumn (9 November 2015), using a dose of 0.1 g m~2 or 850 seeds m~2 (approximately 80%
germination), and 30 kg N ha™! (as ammonium sulphate, 21% N) was added simultaneously with the
seed, both of which were incorporated into the soil using a mini rotary cultivator. In addition, two weeks
after sowing, a light irrigation (16 mm) was applied using a micro-sprinkler system to facilitate the
emergence and establishment of seedlings. In autumn 2016, A. arvensis (hereafter denominated as Aa)
was naturally re-established by self-seeding in the same plots. Machinery traffic was excluded from
all plots.

The growth of the plant height and ground covered by Aa were measured approximately every
three to four weeks, from November to April, throughout the two life cycles. The percentage of ground
surface covered by Aa plants was calculated through the use of plot-surface images, following the
methodology developed by Luscier et al. [32]. The height of the vegetation was calculated as the
average measurement at 10 random points (0.01-m?) on each elementary plot. Aerial biomass was
measured in mid-spring, once Aa had reached maturity. Aboveground biomass was calculated by
sampling three areas of 0.25 m? on each elementary plot, on which the vegetation was cut. These
cutting areas were randomly selected within each plot. Plant samples were dried in an oven at 70 °C
and the dry weight was converted to g m~2.

The rainfall in both olive orchards was recorded every 60 min by means of a high-resolution rain
gauge, and atmospheric water demand or reference evapotranspiration (ETo) (FAO Penman-Monteith
method; [33]) was obtained each day from the Santaella agro-meteorological station [28], which is
located approximately 18 km from the olive orchards. The two climatic variables were accumulated
daily from the beginning of each agricultural year until the end of the Aa growth cycle, (Table 1). The
rainfall recorded in the olive orchards (from 1 September to 30 April, for the years 2015-2016 and
2016-2017) was 367 mm and 318 mm, respectively. The ETo during the same periods was 584 mm and
636 mm, respectively.
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Table 1. Cumulative monthly precipitation and evapotranspiration (ETo) (mm) during the two
agricultural seasons in which the study was carried out. The precipitation (P) was the average
recorded in the two olive orchards evaluated, and the ETo was obtained from the Santaella
agro-meteorological station.

2015-2016 2016-2017
Date
P (mm) ETo (mm) P (mm) ETo (mm)

30 September 10 139 3 157
31 October 63 217 80 249
30 November 119 268 146 292
31 December 123 311 146 325
31 January 194 345 162 368
28 February 242 393 199 414
31 March 264 480 278 504
30 April 367 584 318 636

2.3. Statistical Analysis

Two generalized linear mixed models were applied, using the plant height and ground cover
attained by Aa on each elementary plot as the response variables. In these models, “sowing method”
(hand broadcast-seeding or self-seeding) and “date” throughout the growth cycle (six levels) were
considered as categorical independent variables, while “olive orchard” (two levels) was considered as
a random factor. Assumptions of normality and independence were confirmed, and variance structure
(varldent) was added to the models to ensure homogeneity in the residual spread. This allowed the
residuals to have a different spread across the levels of a categorical variable (in our case, the variance
covariate was “date”). Fisher’s Least Significant Difference (LSD) post-hoc test was also applied to
check for response differences among different levels of categorical variables and the interaction.

Differences in the maximum plant height and maximum ground cover, and in the aerial biomass
dry weight of Aa between the self-seeding and broadcast-seeding plots (1 = 16 pairs), were checked
using a Wilcoxon paired test. InfoStat software was used in all the statistical procedures.

3. Results

With regard to the Aa models (plant height and ground cover), the “sowing method” was
significant (p < 0.0001) for both models (Table 2), since the plant height of Aa was, throughout its
entire growth cycle, higher in the year of self-seeding than in the year of cover crop establishment by
hand broadcast-seeding (general mean values +SD of 13.6 + 7.2 cm and 9.0 + 8.0 cm, respectively).
This was also the case of the Aa ground cover (30.4 + 10.7% for self-seeding and 10.8 + 7.3% for
broadcast-seeding, for the whole growth cycle). The “date” was also significant for the plant height
and ground cover models (p < 0.0001) (Table 2), owing to the fact that throughout the development
cycle there is growth in plant height and vegetation cover (up to the maximum around March).

Table 2. Fixed effects (F) of the explanatory variables on ground cover and height of A. arvensis; df
refers to degree of freedom of the numerator; df of denominator = 125 (Fisher’s LSD test).

Variables df Ground Cover Plant Height
F p-Value F p-Value
(Intercept) 1 5.39 0.0219 8.84 0.0035
Sowing Method 1 237.31 <0.0001 88.48 <0.0001
Date (growth cycle) 5 25.57 <0.0001 133.78 <0.0001
Sowing Method x Date 5 13.87 <0.0001 5.36 0.0002

Maximum plant height was attained in early spring (Figure 1), with average values (+SD) of
22.3 cm (+8.5) for self-seeding and 20.0 cm (+4.9) for hand broadcast-seeding, without significant
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differences (p > 0.1). With regard to percentage ground cover by Aa plants, Figure 2 shows how the
maximum coverage was attained in late winter for self-seeding and in early spring for broadcast-seeding,
approximately one week after full flowering. Significant differences were observed (Wilcoxon test;
p < 0.001) between the mean values of the maximum coverage attained by Aa in the year of self-seeding
(46.5 + 16.9%) when compared to the year of broadcast-seeding (23.4 + 7.8%). Wilcoxon’s test also
showed significant differences (p < 0.05) between self-seeding and broadcast-seeding as regards the Aa

aerial biomass dry weight at maturity (99.7 + 22.3 g m~2 for self-seeding and 43.9 + 21.7 g m~2 for
broadcast-seeding).
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Figure 1. Plan height (cm) of A. arvensis throughout its growth cycle for the two agricultural seasons
evaluated, according to the sowing method (mean values). Error bars are standard error of the mean.
Different capital letters indicate significant differences (p = 0.05) in monthly plant height between both
sowing systems according to Fisher LSD tests.
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Figure 2. Change in ground coverage (%) by A. arvensis throughout its growth cycle for the two
agricultural seasons evaluated, according to the sowing method (mean values). Error bars are standard
error of the mean. Different capital letters indicate significant differences (p = 0.05) in monthly ground
coverage between both sowing systems according to Fisher LSD tests.
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In the case of self-seeding, average ground coverage by Aa > 30% was attained at the end of
autumn (Figure 2), signifying that the soil could remain protected against the risk of water erosion
throughout the winter and until mid-to-late spring, a period in which more than two-thirds of the
annual rainfall that falls in the study area is recorded [28]. However, in the case of broadcast-seeding,
30% of the ground cover by Aa occurred very late in the winter, and only on a few elementary plots,
on which the soil coverage achieved by self-seeding exceeded 60%. These differences in the growth of
Aa between both agricultural seasons (or “sowing method”) were not related to the precipitation or
the evaporative demand, since both the total amount and the distribution of rainfall were similar, as
was also in the case of the ETo, during the two growth cycles of Aa. More so, if it is taken into account
that a little less rainfall and a little more ETo were recorded in the year of self-seeding (Table 1).

Ground coverage by Aa plants progressively decreased during the stepped maturation of the
seeds owing to leaf senescence and fall (Figure 2), although these plant residues on the soil surface
contribute to helping protect the soil against erosion until they are decomposed, from mid-to-late
spring. A slight decrease in vegetation height was similarly measured after Aa attained its maximum
height (Figure 1). This could be attributed to the variability in the time at which the seedlings emerge,
since early emergence seems to have competitive advantage as regards the growth of the seedlings and
the size attained by a plant in a population, which will also complete its life cycle earlier.

4. Discussion

Our results, despite being obtained in olive groves on degraded soils under intense rabbit grazing,
showed that the self-seeding of A. arvensis allowed the average soil coverage from late autumn onwards
to exceed the critical threshold of 30% that is estimated to be the minimum value to have a significant
effect in reducing soil erosion by water [21,22]. According to this threshold value, vegetation cover
helps to reduce sediment yields from natural and agricultural areas in the Mediterranean region by
intercepting the kinetic energy of rainfall, and by reducing the amount and velocity of runoff [34-36],
although the minimum percentage of ground cover required to reduce soil erosion was not attained
during the year in which hand broadcast-seeding was carried out to implement the cover crop.
However, the self-seeding in the following agricultural year achieved the required vegetation coverage
sufficiently early to protect the topsoil against erosion from the end of autumn, despite the fact that
these areas undergo intense herbivory by rabbits. The seed germination of A. arvensis appears to
increase substantially after four months of the achenes being stored in the soil, as the seeds have a tough
seed coat (pericarp) that must be softened before germination can occur [27]. Soil microorganisms,
faunal digestive systems, and perhaps soil moisture—temperature cycles, remove the seed coat [37,38].
In the case of self-seeding, therefore, the fact that the achenes have remained in the field for a few
months (late spring-to-early autumn) allows this physical barrier to be broken and seed germination to
take place sooner. This early emergence, just after the first autumn rains, will accelerate initial plant
growth owing to the high temperatures in early and mid-autumn in this region, which will allow the
attainment of a faster and greater A. arvensis ground cover during the winter. In addition, an early
emergence also allows an earlier flowering and maturity, which will limit competition with the olive
trees for soil water.

Although the benefits of using cover crops in Mediterranean woody crops have been well
documented on experimental farms, on which they have been shown to reduce runoff and soil loss
and increase biodiversity [11,18,39], the adoption of cover crops in commercial orchards has, to date,
been constrained by economic and ecological factors, and by various management problems [14,15].
In order to ensure that farmers will not hesitate to use this agro-environmental technique, identifying
new alternative native plant species whose implementation is easy and cost-effective, thus helping
overcome existing barriers to their adoption, has become a continuous research goal. This study has
shown that the self-seeding of A. arvensis achieved sufficient vegetation cover in winter to help protect
the soil against erosion in the first year of self-seeding, despite a context of high rabbit densities and
natural food scarcity. An average-sized A. arvensis plant commonly produces 2000 to 4000 seeds, which
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can remain alive for several years [27,38]. This feature should result in an enhancement and increased
ground cover by A. arvensis in the subsequent years of self-seeding, signifying that this unpalatable
species could be a viable alternative as regards providing a cover crop in woody crops in areas of high
grazing pressure. The self-seeding of A. arvensis could, therefore, be an effective aid with regard to
soil conservation in these threatened olive groves during the winter and until the middle of spring
(the rainy season in Mediterranean environments, during which the risk of soil erosion increases
considerably) by means of vegetation and residue cover, which would contribute to increasing the
sustainability of these olive groves in Andalusia, and also to greater on-farm biodiversity and an
improvement to the agricultural landscape.

5. Conclusions

The self-seeding of A. arvensis has been shown to be an efficient cover crop in winter—spring,
since it covers the ground above the minimum threshold required to reduce soil erosion. Self-seeding
promotes the early emergence of seedlings, just after the first autumn rains, which stimulates the early
plant growth owing to the high temperatures in this region in early and mid-autumn reinforcing its soil
protection role. It additionally allows the reduction in agricultural labor and costs and we, therefore,
suggest the use of this species in areas in which overgrazing by rabbits prevents the use of alternative
palatable herbaceous species. Further research is required in order to identify new cover crops for their
establishment in olive orchards on degraded soils with a high density of rabbits, as well as follow their
performance under machinery traffic conditions typical of olive orchards.
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