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Abstract: Several mitigation techniques have been proposed for the control of pollution to surface and ground water systems 
from agricultural activities. Agroforestry, which is the common cultivation of crops and trees, is proposed as one such 
mitigation technique. It has been previously demonstrated that agroforestry alley crop systems have the potential to 
remove nitrogen and phosphorus originating from fertilizer excess and recent studies exhibit the potential for 
pesticides removal. In the present study, the efficiency of agroforestry systems in pollutant reduction is reviewed 
based on a search comprising a significant number of international studies. A search of relevant international literature 
was conducted using Scopus, Science Direct and Google Scholar scientific literature search engines, using all relevant 
keywords for agrochemicals pollution abatement using trees. More than 2000 results were found using various 
combinations of keywords and the most relevant literature has been extensively studied. From the current knowledge, 
it can be generally demonstrated that tree roots in agroforestry systems, are able to reduce nitrogen and phosphorus 
residues in soil from 20% up to 100%, and pesticide transport up to 100%. 
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1. INTRODUCTION  

Intensification of agriculture, which started in the last century and still continues, has resulted in 
degradation of soils, water and the environment in general. Main contributing factors on the 
environmental impact include the excessive and improper use of agrochemicals (nutrients and 
pesticides), and the use of motorized agricultural equipment and genetically modified crop species 
(Gold and Hanover, 1987). Improper agrochemical management may result in soil deterioration, 
and non point-source pollution of groundwater and surface water recipients, among other impacts 
(Reichenberger et al., 2007; DeLonge et al., 2016). Thus, research and determination of protective 
measures to control agricultural pollution of aquatic systems is deemed necessary. Proposed field 
application protective measures include vegetated buffer strips, alley crops, and agroforestry 
systems, among others (USDA, 2004). In the present study, the environmental benefits of 
agroforestry systems (AFS), i.e., the common cultivation of trees and crops in the same field, in 
controlling nutrient and pesticide pollution are briefly presented following a detailed scientific 
literature review.  

2. METHODOLOGY 

The literature search was conducted using Scopus, Science Direct, Google Scholar and other 
scientific literature search engines employing appropriate keywords and keyword combinations for 
agricultural pollution abatement using trees. Representative studies are summarized in this paper. 
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3. RESULTS 

3.1 General environmental and socioeconomic benefits of AFS 

The general idea concerning pollution inhibition abilities of AFS lies on the function of tree roots 
to absorb the pollutants that leach below the rooting zone of alley crops (Figure 1), as a result of the 
deeper and more extended root system of trees. Thus, nutrient recycling takes place and a parallel 
decrease of fertilizer environmental impacts (Allen et al., 2004; Beaudette et al., 2010; 
Andrianarisoa et al., 2016; Gikas et al., 2016). AFS can reduce leaching to groundwater and also 
absorb pollutants from the unsaturated or saturated-low depth zones through their deeper and finer 
tree roots (Jose, 2009; Andrianarisoa et al., 2016). It is noted that tree roots in AFS do not compete 
with crops for beneficial nutrients, since, due to their depth, they only absorb the percentage of 
agrochemicals in the deeper soil layers that may be 60-90% of the applied quantities; depending on 
the chemical properties of the substance used, this part would otherwise remain in the soil or leach 
to groundwater (Nerlich et al., 2013). 

 

Figure 1. Tree roots in AFS act as pollutant filters 

AFS also provide other benefits to farmers and the environment, such as reduction of runoff, 
raindrop interception and reduction of soil erosion, reduction of agrochemicals and nutrient 
recycling, decrease of environmental impacts of fertilizers, soil fertility improvement, increase of 
use of belowground resources by crops and woody species, weed control, nitrogen fixation, carbon 
sequestration, improved soil biomass via tree fallow, accelerated mineralization and remediation of 
soils and shallow groundwaters (Kang, 1997; Alavalapati et al., 2004; Anbumozhi et al., 2005; 
Lovell and Sullivan, 2006; Bentrup, 2008; Jose, 2009; Calfapietra et al., 2010; Straight, 2012; 
Tsonkova et al., 2012; Cerdán et al., 2012; Dawson et al., 2014). Regarding water, AFS provide 
enhanced water infiltration, improved soil water storage, access to lower aquifer water table through 
tree roots, water quality improvement, reduction of leaching to groundwater, removal of pollutants 
from unsaturated or low-saturated zone, salinity protection and flood regulation (Gillespie et al., 
2000; Jose et al., 2000; Bharati et al., 2002; Huth et al., 2003; Alavalapati et al., 2004; Anbumozhi 
et al., 2005; Lovell and Sullivan, 2006; Bentrup, 2008; Anderson et al., 2009; Jose, 2009; 
Calfapietra et al., 2010; Straight, 2012; Tsonkova et al., 2012; George et al., 2012). Agroforestry 
may also achieve air quality improvement, greenhouse gas reduction, gaseous ammonia reduction 
and CO2 recycling, rise and stimulation of soil fauna, micro-climate stabilization, and pollination 
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(Kang, 1997; Alavalapati et al., 2004; Anbumozhi et al., 2005; Lovell and Sullivan, 2006; Bentrup, 
2008; Jose, 2009; Calfapietra et al., 2010; Straight, 2012; Cerdán et al., 2012; Dawson et al., 2014; 
Bealey et al., 2016). Finally, several socioeconomic effects may arise from AFS implementation, 
including, among others, high productivity yields, landscape improvement, additional income from 
timber or fruit production from trees, recreation opportunities, biomass energy production from 
prunings, reduced fire risk and temperature, and wind moderation (Alavapati et al., 2004; 
Anbumozhi et al., 2005; Lovell and Sullivan, 2006; Bentrup, 2008; Jose, 2009; Calfapietra et al., 
2010; Cerdán et al., 2012; Tsonkova et al., 2012; Dawson et al., 2014; Cadoux et al., 2015). 

Typical AFS tree species include the following genera: Populus and Salix, Eucalyptus, Betula, 
Alnus, Robinia and Nothofagus (Ceulemans and Deraedt, 1999; Mitchell et al., 1999; Karacic et al., 
2003; Calfapietra et al., 2010), Juglans (Gold and Hanover, 1987), Prunus, Pinus, Fraxinus, 
Juniperus and Quercus (Reisner et al., 2007; Schultz et al., 1995). Apart from crop-tree 
combination, important parameters concerning the efficiency of nutrient reduction are also the soil 
type, the hydrogeological profile of the area and the prevailing climatic conditions (Nair and Graetz, 
2004; Köhler et al., 2006). In the following section, the efficiency of various AFS on pollution 
abatement potential is presented through previous applications performed worldwide. 

3.2 Efficiency of pollution reduction of agrochemicals 

Many AFS applications have been presented in the worldwide literature in the last three decades, 
with AFS systems mostly found in American, African and European continents, either as cultivating 
techniques or integrated into crop and land management policies (Duchemin and Hogue, 2009). 
Thus, within the context of the present study, previous applications of AFS for pollution abatement 
were investigated. Till today, the emphasis in the various studies has been given mainly on nutrient 
uptake, whilst limited number of studies examined the potential for pesticide uptake. Furthermore, 
the experimental design of most studies till today included only surface runoff as route of 
environmental exposure to pesticides pollution. Studies reported nitrogen reduction in the range 4.6 
to 100% (Schultz et al., 1995; Breman and Kessler, 1997; Allen et al., 2004; Rockwood et al., 2004; 
Anbumozhi et al., 2005; Borin et al., 2005; Schoonover et al., 2005; Nair et al., 2007; Ryszkowski 
and Kedziora, 2007; Dougherty et al., 2009; Borin et al., 2010; Udawatta et al., 2010; Wang et al., 
2010; Izydorczyk et al., 2013; Nerlich et al., 2013; Andrianarisoa et al., 2016; Gikas et al., 2016; 
Yang et al., 2016), phosphorus reduction in the range 12 to 100% (Breman and Kessler, 1997; 
Rockwood et al., 2004; Borin et al., 2005; Schoonover et al., 2005; Nair et al., 2007; Borin et al., 
2010; Wang et al., 2010; Izydorczyk et al., 2013; Nerlich et al., 2013; Gikas et al., 2016) and 
pesticide/herbicide reductions in the range 40 to 100% (Schultz et al., 1995; Popov et al., 2006; Otto 
et al., 2008; Borin et al., 2010; Passeport et al., 2014). 

Following the previous findings, it is hard to determine which plants take up higher amounts of 
agrochemical pollutants; however, Platanus species, poplar and willow tree species are generally 
known and have been reviewed for their ability to absorb pollutants, including pesticides and their 
degradation products, and immobilize them in the woody parts of the tree (Licht and Isebrands, 
2005), whilst, the ability of natural pollution abatement systems to retain pesticides is also 
dependent on the physicochemical properties of the active substance. 

4. CONCLUSION AND FUTURE ASPECTS 

Based on the reviewed studies, the agroforestry cultivating technique constitutes a novel 
approach for the achievement of sustainable agriculture, which offers both high crop yields and 
environmental protection. Previous studies demonstrate the ability of tree roots in AFS to reduce 
nitrogen and phosphorus groundwater leaching up to 97.7 and 90% for nitrogen and phosphorus, 
respectively, and up to 100% for surface runoff attenuation. The respective reduction of pesticides 
was also observed in levels up to 100% for several herbicides and fungicides, however, only surface 
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runoff has been examined till today. Agroforestry systems, as a pollution reduction technique, 
consist a new research sector, particularly for pesticides attenuation, as there is lack in scientific 
information. It certainly deserves further research and experimental or field observations in order to 
offer practical benefits to agriculture, the environment, and in extension to human health and 
welfare, particularly in the Mediterranean region. 
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