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Introduction
A significant part of the world’s fruticulture is rainfed managed. 

Olive, almond and vine are some of the perennial crops whose social 
and economic importance is huge throughout the Mediterranean 
basin and which mostly continue to be grown in rainfed conditions. 
Cover cropping is the most recommended soil management system 
in fruit growing. However, in rainfed managed orchards, soil tillage 
continues to dominate, and the use of herbicides is also widely used. 
In rainfed conditions there is a high risk of competition for water 
between herbaceous vegetation and trees, which makes difficult 
the widespread use of cover crops. However, there seem to be 
new clues to overcoming the problem, consisting of the use of less 
competitive plants, such as early-maturing self-reseeding annual 
legumes. These plants are able to protect the soil from erosion, 
sequester carbon and increase soil organic matter, fix nitrogen and 
promote the nutritional status of the trees and fruit yield. Their 
growing cycles finish early in spring which greatly reduces the 
competition for water. 

Soil management in fruit growing

Soil tillage is the ancestral method of weed management in fruit 
growing. Soil tillage allowed the control of spontaneous vegetation 
when other methods of weed management on a large scale were 
not available. Currently soil tillage is still in use, with orchard 
floors being managed with cultivators, moldboard ploughs or disc 
harrows, once or twice during the spring and sometimes also in 
the fall. In certain situations, the orchards can be worked up to six 
times [1]. In spite of being an ancestral technique, tillage works, and 
the trees display a certain level of productivity. However, its merits 
started to be questioned, after several studies have highlighted its 
contribution to accelerating the process of soil erosion [2,3] and to 
enhance the mineralization of organic matter [4,5]. Furthermore, 
soil tillage carried out in the spring, close to flowering, may cause a 
severe stress in the trees in sensitive phases like flowering and fruit 
set, due to the destruction of the root system [6,7]. The damage to 
the root system reduces the yield potential of the tree due to the  
great demand of carbohydrates for the annual replacement of the 
rooting system.

The development of herbicide substances has created the 
opportunity of chemical weed control as an alternative or a 
complemental tool to soil tillage. In an initial phase, the use of 
residual or pre-emergence herbicides, those which prevent seed 
germination, was firstly widespread. Residual herbicides are 
usually applied from the autumn and repeated when needed, to 
obtain a bare soil throughout the year [8]. Sometimes residual 
active ingredients are associated with the same commercial product 
with post-emergence herbicides, those which kill growing plants, to 
obtain a most effective effect.

The use of herbicides may increase fruit production in 
comparison to tillage as it does not damage the root system, 
allowing it to explore the most fertile soil layer [9,10]. However, a 
permanent bare soil may favor soil erosion and lead to a progressive 
reduction of the soil organic matter in a similar way as occurs in soil 
tillage [8,11]. In the long term, vegetation becomes more difficult 
to control due to the increased herbicide resistance and changes 
in floristic composition, with vegetation being dominated by a high 
density of a few resistant species to the herbicides currently in use 
[1,12].

In particular situations, herbicides can directly damage the 
trees and other non-target plants. Herbicides may also be associated 
with environmental hazard, especially in aquatic ecosystems 
[13,14]. Because of these problems, the use of residual herbicides 
has been progressively replaced by less harmful non-selective post-
emergence herbicides such as glyphosate. Using post-emergence 
herbicides, herbaceous vegetation can freely develop during the 
winter, protecting the soil from erosion and increasing soil organic 
matter, being destroyed only in spring when competition between 
herbaceous vegetation and trees become more severe [11]. In 
any case, the European Union is committed to reducing the use of 
pesticides in agriculture [15].

In recent years the focus on soil management in orchards has 
been on the introduction of cover cropping. Cover cropping is the 
most efficient way to reduce soil erosion [2,16] and to increase 
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soil organic matter [4,5], two key aspects in the sustainable 
management of the agro-systems. In humid climates and irrigated 
orchards, it is practically the only method of ground management 
currently in use. Usually the covers are managed with residual 
herbicides in the rows, to protect the trees and/or the irrigation 
system, and by mowing between rows [17,18].

In rainfed managed orchards of arid and semi-arid environments 
the use of cover crops is not common. Herbaceous vegetation 
competes for water, which is the main limiting factor of tree crop 
growth and yield. It has been experimentally demonstrated that 
cover cropping reduces crop production, particularly if the orchard 
is kept in rainfed conditions [9,10]. Thus, most rainfed orchards 
continue to be tilled or maintained exclusively with herbicides, 
despite the potential benefits of cover crops in promoting soil 
fertility and the sustainability of agro-systems. Paradoxically, it 
would be the rainfed orchards that would most benefit from the 
protection afforded by cover crops, since they are installed in poorer 
fertility soils and steeper slops compared to irrigated orchards.

Early-maturing pasture legumes for cover cropping in 
rain feed orchards

Cover cropping may refer to spontaneous vegetation or seeded 
species. If the farmer decides to use seeded species, he believes that 
they will bring a benefit over the spontaneous vegetation, since they 
also have supplementary costs of installation and management. 
Among the several species or cultivars that can be used, there 
should be selected those known for bringing advantages and/or 
reducing hypothetical drawbacks. In rainfed orchards, in a semi-
arid environment, such as the Mediterranean basin, the species to 
be adopted should have one main feature: the growing cycle should 
be very short, to grow asynchronously with the trees and reduce 
competition for water. This is the only way to mitigate the impact 
of the covers on crop productivity. In addition, the covers should 
protect the soil during winter and increase its fertility. Installation 
and management should not be too expensive.

A particular group of plants may meet the requirements: 
self-reseeding early-maturing annual legumes. Early-maturing 
to reduce competition for water; self-reseeding to maximize soil 
protection in the fall and reduce costs by avoiding frequent sowing; 
and legumes to grow better on poor soils, sequester more carbon 
in the soil, fix atmospheric nitrogen and increase the biological 
activity of the soil [19].

Furthermore, cover cropping with sown legumes may also 
contribute to the increase of organic fruit farming. Organic farming 
has not been able to expand in fruit growing in the Mediterranean 
basin due to the lack of a natural source of nitrogen. In organic 
farming, industrial Haber-Bosch nitrogen fertilizers are not 
allowed, and commercial organic amendments authorized for 
organic farming are usually expensive to be used in amounts to 
meet plant needs [20].

However, legume cover crops may not be easy to manage. 
Several legume species with potential to be used as cover crops 
have been studied for a long time, their biology, ecology and 
agronomic behavior being sufficiently known, but only under 

pasture conditions. Thus, several new questions are raised when 
it is intended to use pasture legumes as cover crops in orchards. 
Is it possible to achieve persistence of these species without 
grazing? Will these species be maintained as soil fertility increases, 
in particular the availability of nitrogen, due to the competition 
of grasses? Is it possible to graze these covers without causing 
appreciable damage to orchard trees?

There seems to be a great deal of experimental work to be done 
in the near future. Although several studies have demonstrated the 
benefits of cover crops on erosion control and on the increase of 
organic matter and soil biological activity and biodiversity [21,22], 
the problem is the reduction in fruit yield, which usually occurs 
when the ground is managed with cover crops [9,10], and from 
which depends the farmer’s profit, one of the most determinant 
aspects of sustainability. Without profit the farmer does not 
maintain the activity. It is necessary to find models that meet both 
requirements, environmental benefits and good prospects of future 
and adequate short-term profitability. [13,19] have demonstrated 
that cover cropping with early-maturing self-reseeding annual 
legumes in a rainfed managed olive orchard may fulfil all those 
objectives, including olive yield. Cover cropping increases plant 
nitrogen nutritional status and olive yield in comparison with a 
treatment of cover cropping with natural vegetation supplemented 
with 60 kg N ha-1. 
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