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Summary 

This literature review focuses on Avocado Soil Health and is a component of the ‘Advanced 

Management Workshops’ that are part of the Avocado Industry Development and Extension project 

(AV17005). These workshops aim to reassess and update current best practices, identify research 

gaps, and highlight regional extension needs on behalf of the Australian avocado industry.  

The overall objective of this literature review is to compile information about soil health focusing 

mainly on recently published papers that encompass soil health and avocados. This literature review 

will be reviewed by the summit delegates, which are growers, consultants, and researchers with 

experience in the topic. The literature review will then be discussed and shared with the whole 

avocado industry alongside the comprehensive summit report. 

 

Introduction 

What is soil health? 

Soil health is “the capacity of a soil to function as a vital living system within ecosystem and land use 

boundaries to sustain plant and animal production, maintain or enhance water and air quality, and 

promote plant and animal health” (Doran & Zeiss, 2000). 

Soil health is defined mainly by soil function and represents a composite of its physical, chemical, and 

biological properties, such as soil structure, nutrient availability, and biological activities (Figure 1). 

Good soil health indicates the soil is suitable for agricultural production and has no issues such as soil 

erosion, acidification, salinity, and soil-borne diseases. In other words, soil health is an integrative 

property that reflects the capacity of soil to respond to agricultural intervention, so that it continues 

to support both agricultural production and the provision of other ecosystem services (Kibblewhite et 

al., 2008).  
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Figure 1 -Soil health derives from a strong interaction between the physical, chemical, and biological components 
of the soils 

 

Soil quality is defined in some literature as the fitness of a specific kind of soil and changes with 

humans' desired use of that soil. It may relate to agricultural output, but it also can be connected to 

the capacity to support wildlife, protect the watershed, or provide recreational outcomes (Laishram 

et al., 2012; Tahat et al., 2020). In agricultural terms, soil quality is directly related to the ability of the 

soil to sustain agricultural plant growth and provide consistent yields.  

Soil health and soil quality are terms used interchangeably to describe soils that are not only fertile 

but also possess adequate physical and biological properties to sustain productivity, maintain 

environmental quality and promote plant and animal health while it does not undergo degradation 

(Mandal et al., 2020; Tahat et al., 2020). Lehmann et al., (2020) argue that soil health is distinct from 

soil quality, as the scope of soil health extends beyond human health to broader sustainability goals 

that include planetary health, whereas the scope of soil quality usually focuses on ecosystem services 

with reference to humans. 

The term soil health, is therefore, widely used within discussions on sustainable agriculture to describe 

the general condition or quality of the soil resource. It is proposed that soil health is dependent on the 

maintenance of four major functions: carbon transformations; nutrient cycles; soil structure 

maintenance; and the regulation of pests and diseases. Each of these functions is manifested as an 

aggregate of a variety of biological processes provided by a diversity of interacting soil organisms 

under the influence of the abiotic soil environment (Kibblewhite et al., 2008).  

Another important term is soil fertility, which is only one component of soil quality. Fertile soils are 
able to provide the nutrients required for plant growth and its part of the chemical components of 
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soil. Soil organic matter, cation exchange capacity and pH are important soil properties that affect the 
capacity of the soil to supply nutrients to the plant (Reddy et al., 2014). Furthermore, a prominent 
player in soil health is the microbial component. Essential parts of the global C, N, P, and S, and water 
cycles are carried out in soil largely through microbial and faunal interactions with soil's physical and 
chemical properties. Moreover, soil also serves as an essential reservoir of water for terrestrial plants 
and microorganisms and a purifying medium through which water passes (Doran & Parkin, 1994). 
 
This literature review will discuss the interactions among the different components of the soil in 
avocado orchards, focusing on soil health. It will also encompass the impacts that soil use and 
management can have on the production of avocado and the environment. 

The importance of soil health to profitability 

In agricultural systems, a healthy soil is positively correlated to land productivity, and it can maintain 

or increase farm profitability. A healthy agricultural soil can be described as the one that is capable of 

supporting the production of food and fibre, to a level and with a quality sufficient to meet human 

requirements, together with continued delivery of other ecosystem services that are essential for 

maintenance of the quality of life for humans and the conservation of biodiversity (Kibblewhite et al., 

2008). 

Soil is a non-renewable resource, and its preservation is essential for food security and a sustainable 

future (Doran & Parkin, 1994). This alone should be a solid reason to maintain a healthy soil. But more 

than this, the soil is primarily responsible for providing most of the food items consumed by 

humankind and is also vital in maintaining a healthy environment.  

There is evidence that prolonged inappropriate management practices, such as using excess fertiliser, 

can result in soils becoming more acidic, and excessive tillage increases erosion levels. Those practices 

result in severe implications regarding the long-term economic productivity of soils. It is important to 

consider that soil is a living system and as such is distinguished from weathered rock mainly by its 

biology. Soil functions operate by complex interaction with the abiotic physical and chemical 

environment of soil (Kibblewhite et al., 2008). 

As avocado is a permanent crop, choosing the right site to establish a new avocado orchard should be 

carefully considered to reduce the likelihood of future problems that are difficult to manage and lead 

to a non-economically viable crop. Before establishing a new plantation, soil conditions such as soil 

pH, soil drainage ability and salinity should be determined by soil analysis. Additionally, no historical 

background of the occurrence of soil-borne diseases should be reported (Kourgialas & Dokou, 2021). 

These characteristics are going to be described in more detail in this review. We will also explain the 

soil properties and the indicators of soil quality that are important for healthy and productive avocado 

(and potentially other crops). Finally, we aim to apply the knowledge obtained from this literature 

review into better practices for the avocado industry. 

Physical aspects of soil 

Physical properties of soil include colour, texture, structure, porosity, density, consistency, and 

temperature. These properties are related the soil particles and their arrangement. Soil texture and 

structure together regulate porosity, density, compactness, retention, and movement of water and 

air in soil (Osman, 2013). 
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Soil texture 

Soil is made of mineral particles classified into three categories - sand, silt, and clay and the soil texture 

depends on the proportions of sand, silt and clay that the soil contains. Soils are rarely comprised of 

a single-size class of particles. Instead, one or two size classes usually dominate the physical behaviour 

of the soil. Clay particles, for example, have a larger surface area and negative and positive electrical 

charges on their surfaces. Because of these properties, clays have high water and nutrient holding 

capacity, and they participate in chemical reactions in the soil (Osman, 2013). 

Soil texture is one of the characteristics of the soil that is not easily altered and not usually changed 

by management practices. Texture controls aeration, maximum water-holding capacity, saturated and 

unsaturated water flow, compactability, resistance to root penetration and nutrient-holding capacity 

(i.e. cation exchange capacity). The physical behaviours of different soil textures are summarized in 

Table 1 (Osman, 2013). 

Table 1- Physical behaviours of soil with different textures  

 

Source: Physical Properties of Soil (Osman, 2013). 

Understanding the soil in the orchard location is fundamental for a good production system.  In this 

direction a decision support system that assist farmers to sustainably manage upland soils was 

developed by The Institute of Agricultural Sciences for Southern Vietnam in conjunction with the 

Queensland Department of Environment and Resource Management, Australia. The Soil Constraints 

and Management Package (SCAMP), uses simple field observations and tests to identify soil 

constraints to productivity (such as compaction, hardsetting surfaces, periodic waterlogging, acidity, 

salinity, sodicity). Inferences are then drawn about how individual soils should be managed to 

maximise their productive potential. The goal of SCAMP is to have farmers recognise that soils of 

different colour, texture or structure will require different management practices to maximise 

sustainability and profitability (Moody & Cong, 2008) and can be used in avocado cultivated in upland 

soils to support growers to make more informed decisions. 

Crop plants have adapted to different soil conditions during their evolution. There are suitable ranges 

of moisture, air, and nutrient requirements for specific crops. Different crops generally prefer different 

soil textures. In particular, avocado prefers well-drained soil, a feature generally found in more sandy 

soils (coarse-textured soil) and well-structured clays and clay loams.  

Regarding the root distribution in horizontal layers, the avocado root system is relatively shallow. 

Commonly, more than 70% of the roots are concentrated in the upper 0.6 m of the soil, with the 

maximum rooting depth in well-drained soils reaching 1.2–1.5 m (Lahav & Whiley, 2002).  

Salazar-Garcia & Cortés-Flores (1986) observed that the number of roots of mature avocado trees (cv. 

Fuerte) in the sandy soil (8,646 g dry weight per tree) was almost four times the amount in the clay 

one (2,650 g per tree) under an individual basin irrigation system. In contrast, in a study about soil 

structure and irrigation management on the development of avocado Salgado & Cautín (2008) 

calculated the cumulative root frequency (no. of roots cm2) and observed that fine soil contained over 

25% more roots than the coarse soil under a drip irrigation management. The roots were counted on 
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walls 3 m long and at three soil depths (0–25; 25–50; 50–75 cm) in trenches dug out from each 

sampled tree trunk along the planting line. Those differences might be explained by the fact that root 

frequency of avocado is not only affected by soil texture but also by irrigation and soil management 

which, if not correctly applied, can reduce soil aeration and consequently negatively affect root 

production (Silber et al., 2012).  

Salgado and Cautín (2008) observed the highest root frequency within the first meter for both coarse 

and fine-textured soils, although some differences were observed between drip and microsprinkler 

irrigation (Table 2). E.g. in fine soil, there was a higher density of roots under drip irrigation compared 

with under microsprinklers.  

Difference in root concentration was observed according to soil type when using micro sprinkler 

irrigation. In fine soil, the most significant root concentration was located at approximately 200 cm 

from the trunk and 50–60 cm deep. In contrast, in coarse soil, it was very close to the trunk, within 

the first 30 cm, and much closer to the soil surface, at approximately 25 cm depth. This difference was 

not observed for drip irrigation where roots were concentrated within the soil profile beneath the 

emitter but slightly displaced by about 20–25 cm on either side of the vertical projection of the emitter 

for both soil types. This observed pattern of the root distributions may be the result of a high degree 

of plasticity of tree root systems to sense and adapt to fluctuating and heterogeneous soil conditions 

and the study suggests different irrigation approaches for different textured soils.  

Table 2- Root frequency distribution by soil texture and irrigation system for each soil layer (average of three 
sampled trees and three growing seasons for each combination of soil texture and irrigation system)

 

Table extracted from (Salgado & Cautín, 2008). 
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Soil water-air relationship  

Several studies show that avocado trees planted in fine-textured soils are prone to root hypoxia or 

anoxia. Hypoxia refers to the reduction of oxygen below optimal levels and occurs in poorly drained 

soils or during periods of short-term flooding. Anoxia refers to a complete lack of oxygen generally 

occurring in soils after prolonged flooding (Schaffer et al., 2006). Hypoxia or anoxia can significantly 

damage avocado roots which can negatively affect plant water relations by reducing the root water 

absorption capacity due to root damage and reduced stomatal conductance and transpiration (Silber 

et al., 2012). Additionally, root hypoxia or anoxia of avocado usually results in inhibition of leaf 

expansion, a reduction in root and shoot growth, moderate to severe stem and leaf wilting, leaf 

abscission, and root necrosis, see Figure 2 (Schaffer et al., 2006). Insufficient oxygen availability to the 

roots under waterlogged conditions is partly responsible for reductions in growth and yield (Reeksting 

et al., 2014). 

 

 

Figure 2 - Effects of Phytophthora cinnamomic and flooding on ‘Duke 7’ avocado plants. Healthy control plants 
(A), flooded plants (B), infected plants (C), and flooded and infected plants (D). 
Source: (Reeksting et al., 2014). 

 

Several studies have reported a decrease in the yield of avocado planted on clayey soils irrigated with 

treated-waste water and from any water supply with high EC and > 100 ppm Cl, especially in countries 

such as Israel. This reduction in productivity might be related to an insufficient supply of oxygen to the 

plant roots due to the poor soil aeration, but also due to the increase of salt originating from treated-

waste water that tends to attach to clay particles (Russo et al., 2020). 
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It has been reported that clay and clay loam soils have a relatively high water-air ratio (and are more 

susceptible to compaction), which was associated with lower total avocado tree biomass, leaf area, 

and leaf retention compared to trees in sandy or sandy loam soils. This was related to a lower soil 

oxygen diffusion rate in clay soils compared to sandy or sandy loam soils (Bonomelli et al., 2019). 

Furthermore, in clay textured soils, root growth and metabolism are negatively impacted by 

mechanical resistance (penetration resistances) or mechanical resistance (penetration resistances) in 

the soil. Plants respond to high impedance by ceasing root elongation, although root diameter is often 

increased when soil impedance is high (Silber et al., 2012).   

Additionally, soils with clay textures combined with poor to very poor drainage, less than 91 cm deep 

with slow to very slow subsoil permeability are considered severe hazard soils for Phytophthora 

cinnamomic.  In heavy clay soils, planting trees on soil mounds (1 to 1.5 m in diameter and 0.5 to 1 m 

high) or ridges has been shown to increase survival and improve the growth of avocados in California 

by as much as 1800% during the first three years in P. cinnamomi-infested soil. Mounding breaks up 

the soil, provides a well-drained soil, and allows young trees to become established before 

encountering the less permeable surrounding soil (Menge & Zentmyer, 1999). 

Soil Structure 

Whilst soil texture is the composition or relative proportion of three soil particle types (sand, silt, clay), 

soil structure is the arrangement or geometry of these soil particles. Soil structure modifies the effects 

of soil texture. Soil structure has a tremendous environmental and agricultural significance as it 

regulates the size, number and distribution of pores and total porosity of the soil. Thus, soil water 

retention and movement, including infiltration, permeability, percolation, drainage, and leaching, 

depend on soil structure (Osman, 2013). 

Soil with a good structure has a wide range of pore spaces or empty spaces between the soil particles, 

and there is some evidence that the destruction of soil aggregates may diminish the ability of a soil to 

prevent/suppress disease (suppressive capacity of the soil). This is thought to be related to 

disturbances to soil microbial communities that are associated with the soil aggregates (Smith, 1981). 

 

 

 

 

 

 

 

 

 

 

 

 

Soil Structure influence: 

• How easy the water will move to the root zone; 

• Nutrient availability in soil; 

• Nutrient absorption capacity of roots; 

• Soil air, aeration, and evaporation; 

• Root growth, rooting depth, and volume of roots differ in soils of different porosity;  

• Accommodation, movement, and activity of soil organisms; 

• Surface sealing; 

• Compaction layers; 

• Erosivity. 

• Microbial processes like organic matter decomposition, mineralization, nitrification, and 

nitrogen fixation are also influenced by soil structural conditions.  

“Soil structure is the key to soil fertility.” (Osman, 2013). 
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Soils with angular blocky, granular, and fine granular (powder like) structures are regarded as being 

suitable for avocado growing. If the aggregate shape is crumb (sub-angular) then hydraulic 

conductivity and clay content needs to be assessed (Figure 3) (Crowley, 2007; Dubrovina & Bautista, 

2014). 

 

Figure 3 - Decision tree for the scale of suitability of the soil for avocado growing. Clay is represented as 
percentage and soil depth in centimetres). 
Source: Dubrovina and Bautista (2014). 

 

In pursuit of high-quality soil, growers generally try to build highly "structured" soils. Soil management 

practices such as tillage, irrigation, fertiliser and manure application, liming, and cropping patterns 

have positive and negative impacts on soil structure, being that over-tilling, over-irrigation, and mono-

cropping damage soil structure. On the other hand, green manuring and fallowing improve soil 

structure. Cultivation of the soil for a prolonged period reduces soil organic matter and destroys 

aggregation (Osman, 2013). 

Regardless of the original soil texture, the introduction and accumulation of soil organic matter is 

essential for developing soil aggregates that lead to improved soil structure and to the development 

of pore spaces for water and gas entry, root growth, and prevention of wind and water erosion 

(Crowley, 2007). For example, clay soils, which are likely to be impervious, may be porous if well-

structured (Osman, 2013). 

Some management practices have been used to modify the soil structure for avocado cultivation. Soil 

amelioration with organic matter such as humic acid showed a positive effect in increased soil 

macroporosity, improved physiological responses, and increased biomass production in avocado 

trees. (Bonomelli et al., 2019). 
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Macro porosity is an essential characteristic of soil structure. It influences the flow rate and directional 

movement of water through the soil and over the soil surface as persistent or frequent waterlogging 

provides conditions conducive to P. cinnamomi survival and infection. Therefore, maintaining good 

soil drainage is an essential first line of defence against P. cinnamomic (Keen, 2006). Similarly, an early 

study by (Broadbent et al., 1989) observed that a high incidence and severity of Phytophthora root rot 

is highly related to soil drainage. The authors state that a primary requirement of avocado soil is fast 

internal drainage; therefore, maintaining good soil structure is essential for avocado production. 

Soil porosity  

Soil air capacity and oxygen content are related to the physical properties of the soil, such as the 

texture, structure, organic matter content and bulk density. All these parameters contribute to pore 

size and distribution which determine soil porosity. Porosity is the pore space in soil between mineral 

particles (and solid organic matter) filled with either air or water. The air permeability describes the 

soil’s ability to conduct gas by mass flow; this variable depends on the size and continuity of pores. In 

this way, not just the total amount of pore space is important, but the size distribution of the pores 

and the continuity between them determines the function and behaviour of soil (Bonomelli et al., 

2019). 

 

 

 

 

 

 

 

 

 

 

Avocado trees evolved in andosol soils (generally fertile soils), which are considered the optimum type 

for tree growth due to their physical properties, mainly low bulk density (0.5 – 0.8 g/cm3) and high 

macro porosity (approx. 46%). In Chile, avocado plantations are primarily located in fine-textured soils, 

with bulk densities between 1.3 and 1.5 g/cm3 and macro porosities below 20%. Due to these soil 

conditions, severe problems of poor root aeration are observed, which may reduce crop production 

levels (Ferreyra et al., 2008). 

Additionally, avocado growing in their native environment have shallow roots, extremely suberized 

with very low hydraulic conductivity, a low number of root hairs, high demand for oxygen and poor 

water uptake. Due to these factors, a lack of oxygen, even for short periods, results in inhibition of 

leaf expansion, reduced root and shoot growth, root necrosis, and moderate to severe leaf abscission 

(Ferreyra et al., 2008). 

Poor soil aeration reduces oxygen supply, resulting in reduced root absorption of nutrients and water 

and reduced tree performance.  The avocado crop is very sensitive to root asphyxiation or anoxic 

Soil porosity 

• Pores are filled with either air or water or both, depending on the soil moisture content;  

• Roots and soil organisms, both macro- and microflora and fauna, occupy these pores; 

• There are small or large pores depending on the texture and structure; 

• Large pore spaces (macropores, >0.75 mm) allow fast infiltration and percolation of water 

through soil; 

• Small pores have strong, attractive forces to hold water in the pore. 
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conditions (Bonomelli et al., 2019). For avocado trees, root hypoxia or anoxia usually results in 

reductions in stomatal conductance and net CO2 assimilation, which are physiological responses that 

can negatively affect root and shoot growth and leaf expansion (Gil et al., 2012). 

High sensitivity of avocado trees to low oxygen levels in the soil was reported in several investigations. 

Soil air content lower than 17% restricted the oxygen diffusion rate to less than 20 μg cm-2 min-1, the 

threshold value for normal avocado tree development (Ferreyra et al., 2008). Valoras et al., (1964) 

also observed that avocado trees growing with less than 1% oxygen levels wilted and died. With a 5% 

level of O2, avocado trees could survive, but at the same time, they exhibited tip burn on the leaves. 

Similarly, Stolzy et al., (1967) indicated that oxygen levels less than 5% in the soil might damage and 

kill the roots of avocado trees, and in soils with oxygen diffusion rates below 0.17 µg cm-2 min-1, 

‘Mexicola’ avocado trees had 44-100% of their roots damaged. Additionally, some studies also 

reported a reduction in avocado yield due to low oxygen levels in the root zone (Nemera et al., 2021). 

Gil et al., (2012) have reported that avocado trees grown in soils with high air capacity (sandy loam 

and sandy soils) have greater biomass, more leaf area and longer leaf retention than trees grown in 

clay loam soil with less root oxygenation. 

Various management techniques to improve the aeration of the root zone of avocado trees have been 

studied. Reducing irrigation frequency and the use of soil amendments, such as adding earthworms, 

whose actions are related to soil porosity and fertility, allow for the formation of humus, which 

promotes the availability of certain nutrients (López-Hernández et al., 2004). Soil application of 

sulphuric acid has been reported as a management practice that changes soil physical characteristics 

and has been currently applied in some avocado orchards established on clay soils. Sulphuric acid is 

supposed to promote a positive effect on tree physiology and crop production; however, the effects 

of sulphuric acid applications have been shown to increase soil electrical conductivity and to affect 

soil biology negatively (Bonomelli et al., 2019; Ferreyra et al., 2008). 

A management practice that has been reported to degrade the soil properties and lead to a 

pronounced decrease in soil aeration on avocado orchards planted in clayey soils is the use of treated 

wastewater (the primary water source for agriculture in Israel). The treated wastewater adds Na and 

organic matter into the soil, inducing the degradation of soil hydraulic properties, and leading to 

limited oxygen availability to the roots. The oxygen stress may result in lower water uptake and 

decreased selectivity against Na uptake by the roots. This, in turn, may hinder root growth, which may 

diminish the water uptake by the plant, thus leading to higher water content in the soil which further 

deteriorates the oxygen availability in the root zone (Yalin et al., 2017). 

Low porosity has been found to affect avocado growth due to physical impediments and low nutrient 

absorption. Bonomelli et al., (2019) explained that a lower macroporosity of poorly structured clay 

soil could have caused a greater impedance for root growth. Also, lower aeration of the rhizosphere 

could have affected the vegetative and root dry weights, together with Ca absorption, even though a 

higher concentration of this element was present in this soil. 

Compaction  

Soil compaction decreases porosity, particularly macroporosity, which reduces the void ratio and 

airspace and increases bulk density (Bonomelli et al., 2019). Soil compaction may occur on the surface, 

within the tilled layer, frequently just below the tillage zone, or at greater depths. Compact layers may 

vary in thickness from a few mm (smearing) to typically 20 - 100 mm in agricultural situations or more, 

where heavy machinery has traversed wet soil. Compaction results in decreased pore space around 

the root zone of the plant; consequently, reduced rate of both water infiltration and drainage is 
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observed. Low soil porosity can also be detrimental to soil biological activity. Indirect effects of 

compaction include denitrification, likely to lead to crop nitrogen deficiency. Crop growth, yield and 

quality may be adversely affected. These adverse effects may be caused by a restriction in root depth, 

reduced nutrient uptake, or the formation of waterlogged or anoxic zones. Generally, soils with high 

clay content are more susceptible to compaction, however subsoils composed of sand, although 

porous, commonly inhibit the entry of roots which may be thickened and stubby and unable to 

penetrate for more than a few cm (Batey, 2009; Bonomelli et al., 2019).  

In orchards planted in easily compacted soils or that are naturally slow to drain, proper irrigation 

management is critical for maintaining adequate soil aeration and preventing tree damage and 

mortality. Irrigation frequency and timing must be well planned in slow draining avocado orchards to 

prevent soil hypoxia and maintain adequate soil moisture (Schaffer et al., 2006). The soil management 

practices in avocado orchards should reduce compaction and improve water permeability and 

retention. For new potential planting sites prone to flooding or poor soil drainage, pre-planting 

techniques such as deep soil tillage and installing a tile drainage system may enhance soil aeration and 

water drainage. Those practices would also improve the development of rootlets, which occur in more 

significant numbers in the top 60 cm of the soil profile (Bravo-Espinosa et al., 2014; Schaffer et al., 

2006). 

Soil erosion 

Mechanical cultivation and the continuous growing of row crops resulted in soil loss through erosion, 

decreases in soil organic matter content and intensive crop production also resulted in excessive loss 

of topsoil through wind and water erosion (Doran & Parkin, 1994). 

Avocado orchards usually remain bare after planting. This bare soil remains loose and consequently 

vulnerable to wind or water erosion. It is recommended that avocado orchards are not established on 

slopes of more than 15%, as steeper slopes are at a major risk of erosion (Atucha et al., 2013). An 

apparent relationship between soil erosion or loss of topsoil and phytophthora root rot in avocado 

plantings for many years has been observed in California. It has been suggested that the apparent 

susceptibility of avocados to root rot on these eroded soils might be due to their general loss of tilth 

and fertility, loss of organic matter, or depletion of their available phosphorus (Borst, 1974). 

Appropriate irrigation management, increasing the organic matter and adding mulch or other ground 

covers are examples of different management strategies and approaches to avoid or minimise runoff 

and to avoid bare soil in avocado orchards. 

The use of groundcovers as an alternative management system for hillside avocado orchards 

negatively affected tree growth and productivity during the first 3 years after orchard establishment. 

These economic downsides partly explain the reluctance of avocado growers to change their soil 

management practices. However, according to long-term studies, short-term competition between 

trees and groundcover affects tree growth and fruit productivity less than the deterioration of 

biological activity and soil conditions in orchard soils in the absence of weeds. (Atucha et al., 2013; 

Kourgialas & Dokou, 2021). 

Organic matter 

The soil organic matter is the major currency of the soil system, and it governs the microbial activity 

in the soil. It can be amenable to manipulation via agronomic factors such as crop type, and residue 

and other organic waste management (Kibblewhite et al., 2008). Soil organic matter is a pool for C, N, 
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P, and S, and the cycling and availability of these elements are constantly being altered by microbial 

mineralization and immobilization (Doran & Parkin, 1994). The  decomposition of organic matter is 

not only a key ecosystem function but also the main source of energy for driving other  functions such 

as nutrient cycling and soil structure maintenance (Kibblewhite et al., 2008). Several studies have 

shown that soils with less than 3.4% organic matter might be more prone to structural deterioration 

(Loveland & Webb, 2003).  

Organic matter plays important roles in modulating soil functions, for example via the provision of 

surface charges, expressed as the cation exchange capacity, or influencing hydrological properties 

such as wettability (Kibblewhite et al., 2008). Beneficially, increases in organic matter may reduce soil 

compaction by increasing resistance to deformation and/or by increasing soil elasticity (rebound 

effects) (Soane, 1990). Additionally, organic amendments (such as compost) can foster increased 

resilience to plant pathogens through promotion of beneficial microorganisms (Lehmann et al., 2020). 

Avocado accumulates litter on the soil surface naturally which, after decomposition, provides soil 

organic matter to improve soil structure and water holding capacity. However, despite the importance 

of litter as a source of energy for soil organisms, avocado litter has very low quality (low N and P, high 

C:N ratio, high lignin) and, therefore, is insufficient to meet the nutrient requirements, particularly for 

nitrogen and phosphorus. This implies that the litter biomass from avocado trees needs to be 

supplemented with inorganic fertilizers to enhance the nutrient supplies necessary for fruit 

production (Murovhi et al., 2012). 

The same author mentions that the placement of leaf litter on the soil surface affects soil water 

balance by increasing rainfall interception and infiltration. It also increases the boundary layer for 

gaseous diffusion, soaks up rainfall, reduces evaporation from the soil surface, and protects soil from 

erosion by runoff water. Additionally, tree residues applied as soil mulch increased earthworm, 

termite and ant populations. These macro faunas control the decomposition of soil organic matter 

and other plant residues. 

Biochar 

In horticultural soils, the incorporation of organic materials, especially compost and peat-based 

materials, is widely practised and the benefits may, in part, be related to the reduced compaction of 

soils treated in this way (Soane, 1990). The use of biochar for soil amelioration and its impact on soil 

properties and plant growth has been reported in many studies. The incorporation of biochar to 

promote organic matter in the soil was done in an avocado orchard in Western Australia. The effect 

of wood biochar on avocado growth, fruit production and the economic benefit was determined by 

applying biochar at 0%, 5%, 10% and 20% volume by volume basis (incorporated on a depth of 500 

mm). Biochar significantly improved the growth of avocado seedlings and increased fruit yield in the 

first three years after planting. There was an overall increase in soil carbon, fruit yield, tree diameter 

and height in all biochar treatments relative to the control over the seasons. Trees planted with 

biochar had 18–26% greater growth rates (height and stem diameter) than the control. Additionally, 

heavy bearing trees typically have a lower yield in the subsequent year but despite this, the following 

year fruit counts were higher in aggregate for the biochar amended trees (20%) relative to the control. 

This trial has provided evidence that biochar can significantly improve the growth of avocado trees 

(Figure 4). The fruit yield in the first two years also increased, resulting in a positive net financial 

benefit (dependent on a low biochar price and sensitive to biochar price increases) (Joseph et al., 

2020). 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/soil-carbon
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Figure 4 - Top of the hill with control row on left and biochar treatments on the right. 

In the same experiment, it was observed that the biochar application consistently raised pH in all 

treatments/soil types/depths compared to the control, especially in the first 10 cm of soil in the 

biochar treatments than the control. This could indicate a higher uptake of P and N in the trees as a 

significantly higher biomass weight was observed in the biochar treatments compared with the 

control. Additionally, spectroscopic analysis of the biochar demonstrates that there could be some 

differences in the interactions between the application rate of biochar and soil properties and 

microbial population dynamics. 

Studies have shown that soil-applied biochar promotes systemic resistance of plants to several 

prominent foliar pathogens in a variety of crops such as tomato, pepper and strawberry. This 

phenomenon was partially attributed to root-associated microbial elicitors whose presence is 

somehow augmented in the biochar-amended soils  (Kolton et al., 2011). The same author compared 

the bacterial community composition on roots of 3-month-old pepper plants in biochar-amended and 

non-amended potting mixtures and observed that Flavobacterium was the most abundant genus 

detected on the roots, and relative abundance of this group was almost three-fold higher in the 

biochar-amended samples than in the non-amended samples. 

Compost 

The use of compost is one alternative to reduce the adverse effects of inorganic fertilisers on the soil 

and crop. Compost can build a healthy soil system by modifying all soil properties, hence increasing 

tree performance and yield (Mohale et al., 2022).  

Eucalyptus-based compost (thermophilic compost), prepared from Eucalyptus wood chips (40%) and 

sawdust (20%), chicken manure (20%), and cattle manure (20%), was applied in an 8-year-old ‘Hass’ 

avocado orchards in four different amounts (0, 5, 10, and 15 ton ha−1 year−1) in South Africa. The 

eucalyptus compost application under avocado trees lead to improved soil microbial counts (total 

bacteria and fungi), and these effects were compost application rate and time dependent. The highest 

number of bacteria and fungi was observed for the 15 tons ha−1 compost application rate. 

Furthermore, the values of bacterial and fungal numbers increased with time post compost 

application. The total bacteria and fungi showed the most significant impact on soil biological fertility; 

future studies are recommended to determine their species composition and identity and establish 

complex interactions within the avocado ecosystem (Mohale et al., 2021).  

The same author also investigated the application of eucalyptus-wood-based compost (0, 5, 10, and 

15 t ha−1 year−1) on yield, fruit size distribution and foliar nutrient content. Compost was observed to 

have cumulative effects on leaf nutrients (N, P, K, Ca, Mg, Fe, Mn, Na, Cu, and Zn), fruit yield and size. 

Compost quantity significantly affected those variables and proportionally increased with application 
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rates. The highest values were recorded in the second year of an application under a 15 t ha−1 

application rate, corresponding to the highest yield (19.6 t ha−1). Although the ≥10 t ha−1 year−1 

application rate can be used, compost saturation levels of the soils should be determined to avoid 

possible danger of nutrient toxicity if high application rates are continuously used for >3 years. 

(Mohale et al., 2022). 

Bonilla et al., (2015) analysed the use of different organic amendments (yard waste, pruning waste 

and Almond shells) against Rosellinia necatrix and their effects on soil microbial communities and 

enzymatic activities. Two-year-old avocado trees were grown in soil treated with composted organic 

amendments and then used for inoculation assays. The soil amended with yard waste and almond 

shells reduced disease development compared to unamended control soil. All the organic 

amendments were able to suppress white root rot. However, their suppressiveness appears to be 

mediated differentially. The authors recommend these amendments should be considered an 

effective agricultural practice for controlling white root rot in organic avocado crops. 

In a more long-term study, microbial profile present in a 40-year-old avocado orchard historically 

amended with composted almond shells was analysed. It was observed that the microbes present in 

an avocado orchard soil helped suppress Rosellinia necatrix, the causative agent of avocado white root 

rot, after the historical use of composted almond shells as organic amendments. Soil amendments 

with composted almond shells resulted in a composition of the complex microbial community that 

could be more active against some groups of phytopathogenic fungi (Vida et al., 2016).  

Similarly, it was observed that the use of composts (animal and vegetable compost, manure and blood 

meal addition) was related to high bacterial diversity in the superficial soil layer in avocado orchards. 

The addition of commercial composts (especially the animal compost) to avocado soils increases 

culturable populations of several microbial groups and bacterial diversity and affects bacterial 

community structure both in shallow and deep soil (Bonilla et al., 2012). 

Mulching  

Naturally, avocado trees evolved in a cool, mesic highland rainforest, and the tree's own natural mulch 

protects the dense proliferation of fine roots close to the surface. The decomposing litter feeds those 

shallow roots. Mulching is the process of applying a material over the soil surface and can reduce soil 

erosion, suppress weed growth and maintain soil temperature (Moore-Gordon, Cowan &  

Wolstenholme, 1997). Overall, the main idea of mulching in avocado orchards is to bring the orchard 

floor closer to the natural environment where avocados used to grow (Matava, 2009). This is especially 

important as avocado trees are still considered wild, as they have not been subjected to extensive 

breeding programs. 

Mulch offers an opportunity to improve soil by naturally enhancing the soil's physical, chemical and 

biological characteristics. Physically, the use of mulch supports the aggregation of soil particles, 

improving both the aeration and infiltration of water. Chemically, mulch provides a slow-release form 

of nitrogen and humic acids to mildly chelate other nutrients available in the soils, - to help increase 

their uptake. Biologically, mulch has a place as part of an Integrated Pest Management Program to 

control Phytophthora root rot, providing both antagonistic and competitive microbes. However, an 

important aspect to consider is irrigation management, as mulch is only regarded as worthwhile in 

orchards with adequate irrigation practices (Matava, 2009).  

Mulching with suitable materials has additional benefits in most orchard situations. Still, pros and cons 

(including availability, cost, C:N ratio, and rapidity of decomposition) must be understood and tailored 

to particular orchard environments and conditions. (Moore-Gordon, Cowan & Wolstenholme, 1997).  
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A study conducted in South Africa evaluated the effect of composted chips, eucalyptus chips, and grass 
applied to a thickness of 15 cm around the base of the tree compared to the non-use of mulch on the 
soil chemical, physical, biological and nematode community structure in a 3-year-old commercial 
avocado orchard. Twelve months after application, mulching did not affect standard soil chemical or 
physical variables and trophic groups, except that composted chip had a significantly higher 
percentage of carbon and active carbon contents. Potentially, no difference was observed due to the 
short period of the study (12 months). Interestingly, the findings of this study showed that mulching 
with grass, raw chips and composted raw chips reduced the population of plant parasitic nematodes 
by 52, 15 and 21%, respectively, when compared with the untreated control, but increased the relative 
abundance of fungivores (Table 3) (Nzanza & Pieterse, 2013). 
 
Table 3 - Nematode trophic groups (%) and ecological indices as influenced by different mulch types in 
commercial avocado orchard. 

 
Source: (Nzanza & Pieterse, 2013). 

 
On the other hand, consistent use of mulches over several years has shown to provide significant N to 
avocado. A study in California of a 3-year-old avocado orchard mulched annually for 3 years with 
chipped eucalyptus showed that the total N in the mulched soil was double that of the control. 
Mulched intact soil cores released 53 kg ha−1 more N annually than control treatments. A litterbag 
study showed that net mineralization of the applied mulch commenced approximately 8.5 months 
following application. Another benefit observed by this study was that the mulched soils tended to be 
warmer and moister than control soils, and temperatures varied less (Valenzuela-Solano et al., 2005).  
 
Faber and Menge (2001) studied the effect of organic mulches in avocado orchards over four years, 

and they observed a pronounced effect of mulches on soil moisture (reduced evaporative loss), weed 

growth (substantially reduced with mulch) and soil nutritional values (increased). Mulching affected 

root architecture, and an increase in root length and spatial distribution in avocado was observed. 

This root pattern was thought to be partially responsible for improved disease resistance in avocados. 

In addition to improving the physical, chemical and biological characteristics of soil, the use of mulch 
has also been used to manage the devastating disease caused by Phytophthora cinnamomi (root-rot 
diseases) in avocado (Wolstenholme & Whiley, 1999). Avocado orchard is a cropping system that has 
the most documented success of using mulch to suppress Phytophthora disease pressure (Costa et al., 
1996). The same authors observed a positive correlation between the higher levels of organic matter 
accumulated after more extended periods of soils treated with mulches (yard waste and Sudan grass) 
with the ability of mulches to trap zoospores (considered the main source of infection), and 
consequently reduced their mobility and the disease incidence in Persea indica seedlings. The same 
study indicates that besides increasing the organic matter and microbial activity, mulches enhanced 
salinity tolerance and elevated the soil's pH and C: N ratio. Additionally, one of main effects of mulch 
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is the release of cellulases by decomposer fungi. Phytophthora has cellulose cell walls as opposed to 
true fungi that have chitin. Cellulase enzymes activities produced during decomposition of the 
mulching degrade Phytophthora cell walls during the various life history stages of Phytophthora 
cinnamomic (Downer et al., 2002). 
Moore-Gordon, Cowan & Wolstenholme, (1997) investigated whether mulching with a thick 

composted pine bark could be a practical, cultural method of increasing mean Hass fruit size and 

overall yield and assessed whether this practice was a commercially viable option for growers. The 

authors observed that mulched trees showed more prolonged and extensive root growth over three 

seasons (the experiment period) (Figure 5).  Mulching elevated average fruit yields by 22.6% and 

increased mean fruit mass by 6.6%. The number of fruits considered ‘highly suitable’ and ‘acceptable’ 

for export increased by 45% and 20%, respectively. Initial costs of the pine bark were offset within two 

seasons, thus providing growers with a practical means of boosting financial returns with this practice. 

 

Figure 5 - Composted pinebark mulch compared with untreated soil 
Source: (Moore-Gordon, Cowan, & Wolstenholme, 1997). 

 

The type of mulch for avocados orchards should be chosen carefully. Preferably, coarse material 

should be chosen to allow free drainage of water and with a carbon-nitrogen (C:N) ratio ranging from 

100:1 to 20:1, as low C:N ratio decomposes too rapidly and raises the N level to high, and a High C:N 

ratio can cause a nitrogen drawdown (BPR, 2022). 
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Table 4 - Carbon:nitrogen (C:N) ratios in a range of dried materials (after Handreck, K.A. & Black, N.D. (1994), 
Growing media for ornamental plants and turf (revised edition), University of New South Wales Press. 

 

* This figure is for mill mud only. Some sugar mills blend fly ash with mill mud and this mixture would have a 
different C:N ratio. 
Source: (BPR, 2022). 

Chemical properties of soil 

The chemical properties of the soil are directly related to soil fertility, and their interaction with the 

physical and biological characteristics, influence soil health. The chemical characteristics of the soil are 

determined through leaf and soil analysis. This review will focus briefly on the chemical aspects of the 

soil essential for healthy soil. Please refer to the Avocado Plant Nutrition Review (Newett et al., 2018) 

(available in the Best Practice Resource) for a comprehensive review of avocado plant nutrition. 

Maintaining good soil fertility is essential for soil health, and nutritional practices should be followed 

to avoid soil degradation.  

The nutrient requirement of the avocado may vary according to its seasonal growth pattern, soil 

conditions, cultivar type, yield potential, etc. Therefore, synchronising fertiliser nutrient supply based 

on crop demand can improve fruit yield and quality, enhance nutrient uptake, reduce nutrient losses 

and sustain the production system from environmental degradation (Selladurai & Awachare, 2020). 
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Avocado trees require inputs of macronutrient elements to replenish those removed by harvesting 

fruit or that are not efficiently recycled within the soil (Crowley, 2007). The nutrient requirement of 

an avocado cultivar at different growth stages can be formulated based on periodic soil analysis, 

monitoring leaf nutrient concentration at different growth stages, total nutrient removal by harvested 

fruits, and yield potential (Selladurai & Awachare, 2020). 

In general, chemical fertilizers play a significant role in increasing the productivity of soil; however, 

they may have a negative impact on soil microbial community and can cause environmental 

degradation as a result of excessive use  (Paul et al., 2021). 

Soil pH 

Soil pH influences nutrient availability. For avocados, the recommended soil pH is between 5.5 and 

6.5 and should be checked and adjusted with lime or dolomite if necessary. Liming materials should 

be applied before the final cultivation to ensure that they are well incorporated into the soil (Whiley, 

2000). Trees can grow successfully in pH of up to about 7.5, although iron chlorosis can be an issue. 

Alkaline environments prevent the tree's absorption of vital cations such as  iron, magnesium, and 

zinc (Taleb et al., 2021). In particular, avocado cultivation is not recommended when soil pH values 

are above 7 in combination with high calcium carbonate (CaCO3) values (Kourgialas & Dokou, 2021).  

Major nutritional constraints (Fe and P deficiency), micronutrient scarcity, and toxicity of sodium (Na) 

coupled with excess bicarbonates (HCO3), water deficiency, mechanical impedance and poor aeration 

are encountered in high pH soils ranging from calcareous (around pH 7) to alkaline saline and sodic 

soils (pH 8 and higher) (Rengel, 2015). 

The effectiveness of alternative strategies rather than synthetic iron chelates (Fe) to prevent iron 

chlorosis in avocado cultivated in calcareous soil have been investigated. Different acidifying nitrogen 

fertilizers were tested. The results suggested that the fertilisation strategy based on ammonium 

sulphate ((NH4)2SO4 ) + 3,4-dimethylpyrazole phosphate (DMPP), a nitrification inhibitor, or urea can 

be an effective and sustainable alternative to counteract iron chlorosis symptoms in avocado trees 

and is also effective at reducing the soil pH (Granja & Covarrubias, 2018). 

The ideal pH range for avocados is also within the range suitable for P. cinnamomi reproduction and 

pathogenic activity. Reducing soil pH is not suitable for avocados, which have a limited ability to 

tolerate conditions below pH 5.0 (Falcon et al., 1984; Keen, 2006). 

Some studies have shown calcareous soil amendments, such as gypsum (CaSO4·2H2O), to decrease 
avocado root rot. Favourable calcium levels in the soil, and not high pH per se were responsible for 
disease suppression. High manganese (also probably high aluminium) levels and associated low 
calcium and phosphorus were conducive to the disease (Falcon et al., 1984). 
 

Summary of the essential nutrients for avocado:  

Nitrogen is the most limiting nutrient for avocado growth and fruit production and the rate of 

application changes according to the plant development (14 to 100g of elemental nitrogen per square 

metre of canopy area per year) (Newett et al., 2018). Although chemical fertilizers are the most 

common source of N added by growers, this element is also provided to trees through nutrient cycling 

from decomposing plant litter, organic mulches, manure, or other organic amendments that can 

supply part or all of the required N through the mineralization process. Consistent use of mulches over 

several years can provide significant N to avocado. In California, a 3-year-old avocado orchard mulched 
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annually for 3 years with 12–14 Mg.ha−1 (0.25-0.38 m3 per tree) chipped eucalyptus showed that total 

N in the mulched soil was double that of the control. Mulched intact soil cores released 53 kg.ha−1 

more N annually than control treatments, and the net mineralization of the applied mulch commenced 

approximately 8.5 months following application (Valenzuela-Solano et al., 2005). 

Phosphorus is primarily found in soils in the form of minerals, has low mobility and solubility, and has 

a maximum availability to plants at pH values between 6.5 and 7.0. Uptake by plants with coarse root 

systems such as avocado can be poor (often overcome by the formation of symbioses with mycorrhizal 

fungi). Fertiliser forms of phosphorus include soluble salts such as ammonium phosphate and triple 

super phosphate (Crowley, 2007). Phosphorus accumulation in the top layers of soil (5 cm or 

shallower) is related to surface applications of P (fertilizers and manures) and build-up of plant 

residues under reduced tillage systems (Duncan et al., 2019).   

Potassium Avocado trees have a relatively high requirement for potassium. Potassium is relatively 

soluble and is easily leached from soils with a low cation exchange capacity. Orchards are routinely 

fertilised with potassium, perhaps over fertilised with potassium (Newett et al., 2018), but the 

importance of fertilisation is most significant in sandy soils where this element is readily leached below 

the root zone. Orchards that use manures and other organic materials to supply nitrogen will generally 

have abundant potassium (Crowley, 2007). The application of potassium chloride and potassium 

sulphate fertilizers increases soil acidity at higher doses (Paul et al., 2021), and should be avoided as 

avocado is sensitive to salinity (Lahav & Whiley, 2002). 

 
Micronutrients 

Of the many different elements that are required in trace amounts for plant nutrition, boron, iron and 

zinc are of greatest concern to avocado growers. The solubility of these minerals is directly controlled 

by pH. 

Zinc deficiencies occur in both acid and alkaline soils. In acid soils, zinc deficiencies result when zinc 

has solubilized and leached into the subsoil so that total soil quantities are depleted in the root zone. 

Zinc deficiency depends largely on the soil pH and the amount of organic matter available to form 

metal complexes. Other factors that influence zinc deficiency are high nitrogen and phosphorus 

fertilisers. It is essential to use plant leaf tissue analysis to determine which type of mineral deficiency 

is occurring when deficiency symptoms arise and then treat with the appropriate material to avoid 

toxicity. Zinc fertilisers have been applied to trees by foliar application, soil application of fertilisers, 

trunk injection and fertigation but fertigation or soil application of fertilisers is the most effective.  

Iron -Physiological responses to iron deficiency were characterized in the roots and leaves of avocado 
plants. Iron deficiency in avocado causes and increased uptake of other micronutrients such as 
manganese and zinc (Manthey & Crowley, 1997).  
 

Nutrient loss 

Leaching of nitrogen and phosphorus from agricultural fields is a water quality concern worldwide due 

to increased nitrate concentrations and eutrophication of water supplies. Nutrient leaching is also 

affected by fertilisation and irrigation practices, crop characteristics, and production system 

management. For example, for nitrogen, the typical nitrogen use efficiency by the plant is 50%. The 

other 50% is lost by leaching of nitrate nitrogen and denitrification, in which microorganisms convert 

nitrate into nitrogen (N2) and nitrous oxide(N2O) gas during respiration. In high pH soils, ammonia 
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volatilisation is another pathway that can lead to nutrient loss (Crowley, 2007). In the case of 

phosphorus, there are two major routes for agricultural phosphorus losses: water runoff and sediment 

transport. Some studies showed that the phosphorus from runoff water from agricultural land 

accounts for 75–95 % of the phosphorus losses. Sediment transport losses were 2.8-fold higher than 

those dissolved in runoff water (Atucha et al., 2013; Zuazo et al., 2004). 

Kiggundu et al., (2012) observed the effect of fertiliser rate and irrigation scheduling on nutrient 

leaching and fruit yield of young avocado trees and suggested that efficient irrigation methods have a 

greater potential to reduce nitrate nitrogen (NO3-N) leaching than reduced fertiliser applications. On 

the other hand, it was observed that phosphorus leaching in this experiment was attributed to the 

high phosphorus content (3,500 mg kg-1), such that with excess irrigation, phosphorus dissolves and 

becomes available for leaching. Overall, efficient water application reduced fertiliser loss through 

nutrient leaching by reducing the occurrence of saturated flow and drainage. 

Ground cover is another management practice that can limit nutrient loss. Atucha et al., 

(2013) reported that cover crop management could significantly decrease runoff and soil loss by 

62.0% and 99.5%, respectively, in an avocado orchard in Central Chile. 

Compared to traditional clean (bare ground) tillage management, ground cover has multiple functions 

to improve the environmental performance of tree crop systems, including: improving soil physical 

structure, nitrogen and phosphorus retention, elevating soil organic carbon and land productivity, 

enhancing soil microbial diversity and enzyme activity, thus increasing soil and nutrient cycling. In 

addition, a growing number of field studies have shown that, compared to clean tillage management, 

effective ground cover management can significantly reduce soil loss, runoff and nutrient loss in tree 

crops. Although soil erosion and nutrient loss in runoff may not be totally prevented by ground cover 

management, the goal should be to implement best practices that minimize these losses to the 

environment and improve the sustainability of tree crop systems (Liu et al., 2021).  

The same author conducted a worldwide meta-analysis (85 peer-reviewed publications) and the 

results were that ground cover management significantly reduced runoff, soil loss, and nitrogen and 

phosphorus losses in runoff by 48.5%, 70.5%, and 53.4% and 56.9%, respectively.  However, the 

magnitude of the effect of ground cover management mostly depended on ground cover types, land 

slope and climatic conditions. It was also observed that cover cropping showed more efficiency in 

reducing runoff, soil and nutrient losses than mulch management. Legume cover crops were less 

effective than non-legumes, which was mainly attributed to the greater vegetation coverage of 

the perennial non-legume grasses than the annual legumes.  

In avocados orchards, cover crops offer an essential opportunity to build soil health. The primary 

consideration in selecting a cover crop is to identify the purpose and objectives for its use, as different 

cover crops can address different issues. Deep-rooted crops can break up soil compaction. Grasses 

can be used to build biomass and increase soil organic carbon. A variety of rooting types and diversity 

of plants can keep beneficial insects around. A permanent tree orchard can't be rotated but cover crop 

rotation can provide benefits such as soil fertility, nutrient cycling, and erosion control. There are 

guides, resources, and research to inform decision-making about what to cover crop and when, but 

some on farm trials are recommended  (Rowe, 2019). 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/crop-management
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/soil-organic-carbon
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/catalytic-activity
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/soil-nutrients
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/perennials
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Soil contaminants 

There are many cumulative contaminants that occur in primary production sectors. Metals such as 
zinc (Zn) and copper (Cu) are present in pesticides applied to horticultural crops. Cadmium is often 
present as a contaminant in some sources of phosphate fertilisers. Many of these metals are still in 
use as pesticides and therefore continue to accumulate (Mills et al., 2005).  
 
The accumulation of heavy metals in productive sector soils due to the application of fertilisers and 
pesticides is of particular concern because it is largely irreversible. Unlike other contaminants in the 
environment, metals cannot degrade over time (Mills et al., 2005). Soil can therefore function as a 
reservoir for heavy metals if not regulated. Soil contamination is determined by comparing existing 
metal levels in soil with pre-industrial levels (Reddy et al., 2014). 
 
Foliar application of copper is extensive in Australian horticultural industries to control fungal diseases 
such as downy mildew and anthracnose. Foliar application of these fungicides leads to an input of 
copper to soil through direct application, drift or dripping of excess sprays from leaf surfaces.  It was 
observed that copper residues in surface soils of an established avocado orchard were significantly 
greater than a nearby reference site under natural vegetation, and the repeated application of copper 
fungicides on the orchard (over 20 years) significantly impacted the microbial biomass (Merrington et 
al., 2002). Additionally, Van Zwieten et al., (2004) observed that worms preferred non-contaminated 
control soils sourced from adjacent areas to the orchard soil, when copper residues in the orchard 
soils reached 4–34 mg Cu.kg−1. A corresponding field study showed that earthworms occurred at a 
lower density in orchard soils with a history of copper fungicide use. 
 
A study has shown that avocado fruits have negligible concentrations of cadmium, cobalt, chromium, 
lead and selenium, despite the concern of the contaminants in the soil; hence, it is not an accumulator 
of these metals. The studied soil was moderately enriched by lead but avocado did not show uptake 
of lead into the fruit (Reddy et al., 2014).  
 

The adverse impacts of soil contaminants can be minimized by appropriate soil health management. 

Managing soil health includes retaining pollutants and others in the soil to avoid water contamination 

and buffering against them and biotically transforming them. Increasing soil organic matter will retain 

heavy metals and organic toxins, some of which show nearly irreversible adsorption to organic matter. 

Using buffer zones, such as vegetative filter strips near agricultural areas or constructed wetlands, can 

slow the migration of nitrate, phosphate or pesticide contamination into waterways. Soil biota can 

transform organic pollutants into harmless compounds. Therefore, both organic-matter content and 

microbial activity, key properties of soil health, improve the quality of the water that is draining from 

the soil (Lehmann et al., 2020). 

Salinity 

The avocado tree is one of the species most sensitive to salinity. Salinity is generally associated with 
avocado tree cultivation in semi-dry climates where limited rainfall can result in high salt 
concentrations in the soil and poor-quality water (California, Chile, Israel, and Southern Australia) 
(Castro et al., 2009; Lahav & Whiley, 2002). Avocado plant growth under salt stress conditions can 
decrease by up to 50% (Bonomelli et al., 2018). This abiotic stress associated with water stress has 
diminished avocado production in countries like Chile and Israel (Barra et al., 2017; Kourgialas & 
Dokou, 2021). 
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Salt stress is one of the adverse environmental factors influencing physiological aspects of plants and 
restricting productivity. High salt concentrations in the external solution of the plant cells cause 
diverse effects such as iron deficiency chlorosis (Bar & Kafkafi, 1992), osmotic drought (Bar et al., 
1997), toxicity due to high chloride and sodium retention, and nutritional imbalance (Alvarez-Acosta 
et al., 2018; Castro et al., 2009; Musyimi et al., 2007). 
 
Physiologically, both water shortage and salinity cause a decrease in the soil water potential, leading 

to diminished root growth, water and nutrient uptake, and subsequent lower plant growth and crop 

yields. As a direct consequence of these and other environmental stresses, plants produce increased 

amounts of ethylene that generate so-called ‘stress-ethylene’. The increased ethylene levels cause 

root growth inhibition and initiation of senescence in a feedback loop that finally leads to plant death 

(Bar et al., 1997; Barra et al., 2017). Root growth of avocado is even more detrimentally affected by 

salinity and associated chloride toxicity than shoot growth, such that the root system may be impaired 

before the appearance of visual symptoms in the leaves (Nadeem et al., 2012). Salinity affects leaf 

mineral content in different ways. For example, salinity increases the concentration of potassium, 

sodium, chloride, zinc and cooper, and decreases the concentration of nitrogen, phosphorus, 

magnesium and manganese  while it does not significantly affect the concentration of calcium, iron 

and boron (Celis et al., 2018). Additionally, soil salinity makes roots more susceptible to attack 

from Phytophthora by inhibiting root defence systems (Downer et al., 2002). 

The salt concentration in the soil is also affected by the amount of water and the irrigation method. 
The sensitivity of plants to salinity is typically measured as a function of electrical conductivity (EC). 
The threshold salinity levels in irrigation water (EC saturated paste) at which salinity impairs avocado 
fruit yields is 0.57 dSm−1 (Oster et al., 2007); however, Kourgialas & Dokou (2021) observed that 
avocado yields begin to decline at irrigation water EC above 0.75 dSm−1. The general recommendation 
is to keep EC values below 4.0 dSm−1 (in soil solution) (Crowley, 2007) The chloride concentration 
 thresholds vary based on the subject, with permissible chloride concentrations for Mexican cultivars 
at 120–150 ppm, for Guatemalan subjects at 200–250 ppm and for West Indian cultivars at 350–500 
ppm (Kourgialas & Dokou, 2021).  
 
Avocado rootstocks have traditionally been selected based on their tolerance to Phytophthora root 

rot. Arguably, the second greatest limiting factor to avocado growth and yield worldwide is high levels 

of soluble salts in the soil (Mickelbart et al., 2007). The avocado rootstock has shown to influence scion 

vigour, nutrient absorption, fruit quality, and disease tolerance (Ceballos & Rioja, 2019). Restriction of 

ion transport to the leaves is one of the mechanisms associated with salinity tolerance of avocado, 

where ‘Nabal’ seems to show the highest probability of being a rootstock that provides this tolerance  

(Castro et al., 2009). 

In California, Celis et al., (2018) evaluated the salt tolerance of the Hass scion grafted onto 13 different 

avocado rootstocks. The rootstocks R0.06, R0.07, PP14, and R0.17, which had high concentrations of 

Chloride and Sodium in the leaves, were the least salt tolerant, with 100% mortality in the rows 

irrigated with saline water for 23 months. The rootstocks R0.05, PP40, R0.18, and Dusa®, which had 

low concentrations of Chloride ions in the fully expanded leaves, were least affected by salinity. These 

rootstocks exhibited the greatest yields, largest trunk diameters, and most significant survival 

percentages (66.7%, 66,7% 62,5% and 42,9%, respectively) in the saline treatment. All rootstocks in 

the salt-treated rows had extensive leaf burn, with Dusa®, PP40, R0.18, and R0.05 ranking as the 

varieties having the least amount of leaf burn. 

In Israel, Lazare, Cohen, et al.,(2021) evaluated the physiological salt response of avocado ‘Hass’ trees 

grafted on 20 different rootstocks and concluded that the rootstock strongly influences avocado 
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response to salinity exposure in terms of physiology, anatomy, and development (Figure 6). The 

author observed that the most salt-sensitive rootstocks were VC 840, Dusa®, and VC 802, while the 

least sensitive were VC 159, VC 140, and VC 152.  In this experiment, Dusa® was the second most 

susceptible rootstock, but was reported by Celis et al., (2018) as a top producer under saline conditions 

similar to this experiment (EC = 1.5 dS.m-1). However, in the Lazare, Cohen, et al.,(2021) study, Dusa® 

leaves accumulated more chloride ions in the second year of the experiment, compared with the first 

one), which suggests a gradual response to salt exposure, similarly to Celis et al., (2018).  Lazare, 

Cohen, et al., (2021) believe that the rootstocks that were included in the Celis et al., (2018) 

experiment were relatively salt-sensitive, while their rootstock collection comprised a wide range of 

responses to salinity, including various levels of tolerance, as reported in the Table 5. 

Table 5: Salt susceptibility of avocado rootstocks under EC 1.4 -1.5 dS.m-1.

 

 
Figure 6 -Salt damage in the orchard with a salt-sensitive rootstock (VC802) after a year of irrigation with water 
high in salt (B): healthy avocado leaves. (C): leaf necrosis. (D): severe leaf burns. (E): defoliation Source: (Lazare, 
Cohen, et al., 2021). 
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In another study, the same author, (Lazare, Yasuor, et al., 2021) found that despite its high 

susceptibility to salinity-induced damage, physiological and metabolic mechanisms of salt tolerance 

are indeed present in avocado. It was suggested that mutual scion–rootstock relationships enable 

marked tolerance to salt stress. Although salt ions accumulate mainly in the roots, the primary 

metabolic response of a relatively salt-tolerant avocado tree to salinity is observed at the scion rather 

than at the root level. In this study, ‘Hass’ -were grafted onto VC152 (least sensitive) and VC840 (most 

salt-sensitive) and it was observed that the rootstock, VC840, did not restrict the transport of irrigation 

solution components to the scion, leading to salt accumulation in the trunk and leaves. The other 

rootstock, VC152, functioned selectively, moderating the movement of toxic ions to the scion organs 

by accumulating them in the roots. The scion grafted on the selective rootstock (VC152) acquired the 

standard level of essential minerals without being exposed to excessive salt concentrations, and no 

salt damage or nutrient deficiency was detected. 

Some studies have investigated sustainable strategies to alleviate the negative consequences of salt 

and water stress on crops through the inoculation with plant growth-promoting bacteria. (Bonomelli 

et al., 2018) observed the application of seaweed extract reduced the effects of abiotic stress only at 

an early stage, and increased potassium and calcium concentrations in leaves. However, no benefits 

of seaweed extract were observed in relation to final plant height, final leaf number, stem diameter 

or foliar necrosis. 

Barra et al., (2017) demonstrated that halotolerant bacteria (adapted to conditions of high salinity), 

isolated from adult avocado trees, are able to mitigate the effects of water shortage and salt stress on 

avocado tree seedlings grown in a commercial nursery and under field conditions, and higher growth, 

biomass accumulation and chlorophyll contents were observed. Nadeem et al., (2012) observed that 

a large variety of indigenous bacteria known as abiotic stress alleviators are present in the rhizosphere 

of avocado trees in saline soils, and these bacteria may contribute to salinity tolerance. More studies 

about activities of plant growth promoting rhizobacteria (PGPR) in the rhizosphere that can improve 

root growth under saline conditions, thereby improving nutrient uptake, water use efficiency, and 

ultimately crop yields, are recommended. In the future, the use of bioinoculants for avocado plants 

subjected to water scarcity or grown under salt-affected areas may be necessary. 

Biological aspects of soil 

Soil biological activity regulates the formation of soil humus, nutrient cycling, and some soil physical 

properties. Soil bacteria and fungi are engaged in the transformation of organic matter into soluble 

nitrogen, nutrients, amino acids, and ammonium (Mohale et al., 2021). 

Improving soil health means improving soil ecosystem services to overcome the soil constraints and 

soil biology is an excellent indicator of soil health. However, soil management should be performed 

considering the soil limitations and should avoid focusing only on the soil microbiology. It is important 

to remember the importance of soil chemistry and physical aspects, especially at scales relevant to 

microbial growth and colonisation (Coyne et al., 2022).  

The living component of soil or soil biota represents a small fraction (<0.05% dry weight), but it is 

essential to many soil functions and overall soil quality. Some of these critical functions or services for 

production in agriculture are nutrient provision and cycling, pest and pathogen protection, water 
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availability, and formation of stable aggregates to reduce the risks of soil erosion and increase water 

infiltration (Lehman et al., 2015).  

Rhizosphere  

Despite often being conceptualized as a thin layer of soil around roots (from 1 to 4-5 mm from the 

root surface), the rhizosphere is a dynamic system. The rhizosphere extends past the physical 

association of root and soil particles to a more complex volume of overlapping and functionally 

integrated zones around the roots. This integrating process has as components the microbial 

community, macro-organisms, mucigel, water, root exudates (depletion or accumulation zones of 

nutrients), volatiles, and gases (Barea, 2000; York et al., 2016) 

The rhizosphere microbiota plays a fundamental role in plant growth, health, productivity, and in soil 

quality, as it may increase plant nutrient availability and uptake, abiotic stress tolerance, and protect 

the plant against the attack of soil-borne pathogens. Rhizobacteria associated with crops constitute 

an essential source of potentially beneficial microorganisms with plant growth promoting activity or 

antagonistic effects against phytopathogens (Méndez-Bravo et al., 2018). The rhizosphere is the zone 

of plants associated with the microbiota and soil constituents, and one of the functions is the supply 

of nutrients to plants, including those derived from microbial activities. The plant supplies exudates 

and other carbon compounds to the microbial population as either signals or growth substrates; 

thereby, microorganisms are stimulated to grow around plant roots (Barea, 2000).  

Studies of the soil microbial community helps evaluate the short-term health status of the soil to guide 

long-term soil fertility planning and serve as early indicators of soil degradation or improvement 

(Mohale et al., 2021). There are few studies regarding avocado rhizosphere biology. Most focus on 

identifying microorganisms (fungus and bacteria) related to healthy or unhealthy avocado trees and 

aim to identify microorganisms to use as a biological control strategy (Tzec-Interián et al., 2020).  

Guevara-Avendaño et al., (2018) identified Bacillus subtilis and Bacillus amyloliquefaciens species 

from the avocado rhizosphere with the ability to control in vitro the phytopathogenic fungi Fusarium 

euwallaceae and Graphium sp. which are the causal agents of Fusarium dieback. The same isolates 

and an additional isolate identified as Bacillus mycoides, inhibited the growth of P. cinnamomi by up 

to 25%. Méndez-Bravo et al., 2018 evaluated the plant growth promoting activity of bacterial isolates 

obtained from the rhizosphere of healthy avocado trees and from avocado trees that survived root 

rot infestations. Isolates from genera Bacillus, Pseudomonas and Arthrobacter, promoted plant 

growth (in vitro) and presented antagonistic effects against P. cinnamomi through the production of 

volatile organic compounds. 

Bejarano-Bolívar et al., (2021) observed a shift in rhizosphere bacterial communities of avocado trees 

after Fusarium dieback in California: the disease decreased the avocado rhizosphere diversity and 

affected the structure of bacterial communities. A few bacteria taxa 

(Armatimonadetes, Sporocytophaga or Cellvibrio) were exclusively associated with the rhizosphere of 

asymptomatic trees, and their presence in asymptomatic trees may enhance plant fitness and help 

reduce disease incidence. On the other hand, lower rhizosphere bacterial diversity in Fusarium 

dieback symptomatic trees was observed. Genera such as Myxococcus or Lysobacter, which have been 

described as effective biocontrol agents against phytopathogens, were only found in the rhizosphere 

of Fusarium dieback symptomatic trees. This can be explained in the infected plant as a defence 

mechanism that changes the root exudation patterns and attracts beneficial microorganisms to 

counteract a pathogen infection. 
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In contrast, Solís-García et al., (2021) found Phytophthora root rot caused an increase in opportunistic 

fungal pathogens and saprotrophs (Pseudomonadales and Burkholderiales) on the avocado 

rhizosphere microbiome of symptomatic trees, but reduced bacterial taxa (Actinobacteria, Bacillus 

spp. and Rhizobiales) known as plant growth-promoting bacteria and reported to suppress or 

antagonize P. cinnamomi. These shifts are likely to be mediated by the liberation of carbohydrates 

through necrotised roots and by changes in root exudate patterns in response to pathogen infection. 

Similarly, Shu et al., 2019 confirmed bacterial and fungal communities usually present in the avocado 

rhizosphere varied in root rot-affected trees, and the rhizosphere microflora of avocado trees affected 

by root rot showed enhanced bacteria carbohydrate, lipid and amino acid metabolism. 

Yang et al., (2001) reported that roots infected with P. cinnamomi were colonized by more diverse 

bacterial communities than healthy roots. Healthy roots were colonized by a few predominant taxa 

(Pseudomonas sp., Polyangium sp., Cytophaga sp.) and an unidentified eubacterium were present in 

most healthy root tips but not in infected root tips. However, it is still unclear whether the 

communities associated with healthy roots promote suppression or reflect the root exudate release 

patterns of healthy roots as opposed to those of infected trees.  

Mycorrhiza 

Most plant species live in symbiosis with certain soil fungi by establishing what is known as mycorrhiza 

(Barea, 2000). Mycorrhizae are symbiotic associations between plant roots and fungi. This association 

is essentially the norm for most families of plants growing in soil. There are four major types of 

mycorrhizal association, and these differ anatomically, physiologically, and by host range. These four 

types are arbuscular, ecto, ericaceous and orchidaceous mycorrhizae. All fungal forms involve 

networks of extra-radical hyphae which permeate the surrounding soil pore networks, exploring for 

nutrients and water (York et al., 2016). After the biotrophic colonization of the root cortex, the 

mycorrhizal fungi develop an external mycelium, connecting the root with the surrounding soil 

microhabitats (Barea, 2000). 

AMF are also called vesicular-arbuscular mycorrhizae (VAM) or endomycorrhiza, and they colonize 

plant roots forming an extended mycelial net (arbuscules) that provides multiple benefits to the host 

plant (Quilambo, 2003). Arbuscular mycorrhizal fungi proliferate in soils beyond the root zone. Thus, 

extraradical hyphae constitute a network that enhances the soil volume connected to the plant 

(Bitterlich et al., 2018). 

Past research has shown that avocado roots are colonized with arbuscular mycorrhizal fungi (AMF) 

(Soti et al., 2021). It has been noticed since 1965 that avocados tress in orchards have a mycorrhizal 

relationship. These fungi are extremely common and under normal conditions, they are present 

wherever avocados are grown (Menge et al., 1978). Some authors assumed that the AMF relation with 

avocado is because avocado has no roots hairs (Lara-Chávez et al., 2013). However, avocado does 

have a few short root hairs (Mataré & Hattingh, 1978), and recent studies showed that these are 

118.00to 146.34 μm in length, and that density and length vary according to the season (longer during 

the wet periods) and are regulated by the scion (Shu et al., 2017). 

AMF establish symbiotic relationships with plant roots and perform important functions, contributing 

efficiently to the growth due to the absorption of nutrients such as phosphorus, copper and zinc 

(Bárcenas et al., 2007; Tamayo-Velez & Osorio, 2017) and in particular influence the uptake of 

phosphorus from beyond root zone areas (Bitterlich et al., 2018). Enhanced nutrient uptake is not the 

only function of AMF symbiosis. Glomalin is an AMF-derived protein that accumulates in soil and may 

improve soil conditions such as soil aggregate stability and reducing susceptibility to soil erosion (Violi 
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et al., 2007); therefore, AMF contributes to ameliorating the soil structure (Tamayo-Velez & Osorio, 

2017). 

Additionally, similar to roots, AMF contribute substantially to the hierarchical formation of aggregates 

by merging smaller aggregates of the sediment into larger macroaggregates and they also alleviate 

the resistance to water movement through the substrate in substrate areas outside of the root zone 

(Bitterlich et al., 2018). It was also reported that AMF increases the survival of crops due to the 

capacity to increase water uptake (Augé, 2004). However, soil disturbance in the root zone can reduce 

the feeder roots and influence the avocado-AMF symbiosis through repeated damage to AMF hyphal 

mats. Furthermore, changes in the soil environmental conditions such as soil compaction, nutrient 

levels, soil pH, light, and temperature resulting from soil disturbance can influence the mycorrhizal 

fungi colonization (Soti et al., 2021). 

Begum et al., 2019, in a comprehensive literature review, report that plant survival under stressful 

environmental conditions such as salinity, extreme temperatures, drought, acid soils, toxic elements 

or root pathogens is augmented by the presence of AMF. Figure 7 represents mycorrhizal functions to 

regulate various processes, (especially antioxidant activities and down regulation) in the ecosystem 

and in plant growth promotion under abiotic stress conditions. 

 

Figure 7 - Diagrammatic representation of mycorrhizal functions to regulate various processes in the ecosystem 
and plant growth promotion under abiotic stress conditions. 

Source: (Begum et al., 2019).  

 

Some studies have suggested that avocado plants have a mycorrhizal growth ‘dependence’. For 

instance, percentages of mycorrhizal colonization of ~80 to 100% have been observed in avocados 

trees (Dorantes et al., 2012). Previous research showed that avocado heavily relies on AMF fungi to 

increase water or mineral nutrient absorption and enhance resistance to Phytophthora root rot 

(Mataré & Hattingh, 1978). AMF improve the growth of avocado seedlings, especially by increasing 

the availability of phosphorus (Menge et al., 1978; Soti et al., 2021) and the presence of Glomus in the 
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soil was reported to improve leaf zinc levels - in avocados under low soil phosphorus (Menge et al., 

1980). 

The influence of arbuscular mycorrhizae on avocado development depends on the AMF species. Da 

Silveira et al., (2002) studied the effects of six species of AMF on root colonization, nutrient uptake, 

reserve substances, and vegetative development of ‘Carmen®’ avocado plants and observed that the 

responses of the avocado plants to the different AMF species seven months after grafting were 

distinctly different. The species Scutellospora heterogama, A. scrobiculata, Glomus etunicatum, 

and Glomus clarum aggressively colonize the root system of avocado plants, which favours vegetative 

development, while Gigaspora margarita and Glomus manihotis are less competent in promoting 

plant development (Table 6). 

Table 6 - Height, trunk diameter, dry weight of aerial part, fresh and dry weight of roots and ratio between dry 
weight of roots and aerial part of cv. ‘Carmen®’ (Persea sp), inoculated with 6 AM species. 

 

Shu et al., (2017) observed the effects of the scion on AMF types in the rhizosphere soil of rootstock 

and the absorption of the mycorrhizal root. The study showed the main types of AMF in avocado 

seedling trees and trees grafted with five scions were nearly identical, however, the scion affected 

both the root-directed and AMF absorption pathways systematically. Some scions showed stronger 

absorption from higher AMF colonisation and root hair density than others using the same rootstock. 

Although the mechanism by which the scion regulates AMF colonisation and root hair development 

remains largely unknown the authors believe that plant hormones, carbohydrates, and primary and 

secondary metabolites, which are synthesised by the above ground shoots and leaves and then 

transported to the roots, are vital for AMF colonisation and root hair development. 

Tamayo-Velez & Osorio (2017) evaluated the individual and combined effects of treatment with the 

phosphate solubilising fungus Mortierella sp. and the AMF Rhizoglomus fasciculatum on the plant 

growth and phosphate uptake on plantlets of avocado ‘Hass’ grown in a nursery. Dual inoculation with 

R. fasciculatum and Mortierella sp. significantly increased plant growth and plant phosphorus uptake 

compared with individual inoculations and uninoculated control plants. However, the mycorrhizal 

colonization and phosphate solubilising fungus colonization of fine roots decreased when both were 

co-inoculated, compared with when they were individually inoculated, which suggest that the two 

different fungi competed for root space. Despite this competition, the dual inoculation showed that 

they had positive additive effects and the co-inoculation with AMF and phosphate solubilising fungus 

can increase avocado plant phosphorus uptake and growth. 

On the other hand, Violi et al., (2007) observed that a dual inoculation with Glomus intraradices and 

Scutellospora heterogama resulted in a negative response on plants. The interspecific interactions 

between mycorrhizal fungi reduced plant growth rates and uptake of phosphorus, zinc, and iron 

relative to plants inoculated with G. intraradices alone. Overall, S. heterogama produced more 
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glomalin than did G. intraradices. Despite the negative impact of interspecific interactions on plants, 

supporting multiple arbuscular mycorrhizal fungi was of greater benefit than not having mycorrhizal 

fungi present. 

Alvarado et al., (2013) assessed the effect of two arbuscular mycorrhizal fungi inoculants in the 
development of avocado rootstocks. Seedlings of Mexican landrace avocado were used, with two 
commercial inoculants: T1 containing Glomus fasciculatum, G. constrictum, G. tortuosum, G. 
geosporum, and Acaulospora scrobiculata, and T2, containing G. mosseae and G. cubense. The plants 
inoculated with AMF showed more rapid growth than the no inoculant control. However, no 
significant differences were observed between the two inoculants and both inoculants improved 
growth rate and vigour of avocado nursery rootstocks producing higher quality plants (see Figure 8). 
 

 
 
Figure 8 -Avocado plants roots colonized with AMF (T1 and T2) and non-colonized roots (T3 control). Microscopic 
image.  (Alvarado et al., 2013).  

 

Soils from avocado orchards in Israel and California (both sites with a Mediterranean climate), were 

found to have similar numbers of fungal spores in both soils, but the dominant AMF species were very 

different. In Israel, the most common fungi were Sclerocystis sinuosa and Glomus macrocarpum. In 

California G. constrictum was present in every orchard examined and G. fasciculatum was nearly as 

widespread. Acaulospora spp. and other Glomus spp. also were found, including A. elegans which has 

never before been reported from California soils. The differences in AMF populations and species 

constituents found on two continents but in areas with similar climates and soil types may be due to 

host or soil factors. Different avocado rootstocks are used in the two countries and lower pH and 

higher soil fertility levels were present in California soils. In Israel no fungus spores were found in three 

orchards; available phosphorus, calcium, manganese and copper levels were high in these soils (Haas 

& Menge, 1990). 

Different farm nutrient management practices can affect AMF colonization. Balderas-Alba et al., 

(2019) quantified the infectivity by these fungi in two avocado orchards with different farm nutrient 

management practices in Mexico and observed that chemical fertilisers had negative effects on the 

intraradical fungal structures, and the orchard that received agrochemicals had a lower mycorrhizal 

colonization. It was observed that the use of agrochemicals has a positive effect on yield, but negative 

effects on below-ground microorganisms. The AMF can reduce the use of agrochemicals, promoting 

soil health, plant performance and quality in agroecosystems. Therefore, according to the author, 

more research on the interactive effects of management practices and mycorrhizal symbiosis in 

avocado crops is recommended. 

González-Cortés et al., (2012) explored the response of species richness and composition of the AMF 

communities to land use change from temperate forests to avocado plantations and maize fields in 

central Mexico and observed the impact of land use change is greater on the composition of AMF than 

on the richness of AMF. It was observed that the conversion of forests to avocado plantations had a 
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minimal effect on AMF communities, but the conversion of forests to maize fields reduced AMF 

species richness.  

Most plants have natural associations with AMF, however, this relationship is mostly species-specific 

(Bárcenas et al., 2007). Due to the benefits that AMF has on avocado growth and health, some species 

could potentially be used as a bio-fertilizer, especially in the early stages of plant development. Some 

studies show that the nursery stage of avocado plant production provides the best opportunity for 

introducing mycorrhizal inoculants. The benefits of inoculation with the fungi that form arbuscular 

mycorrhizae can improve seedling survival, increase plant growth in a shorter time, reduce nursery 

time, save fertiliser costs, and increase production and product quality. Therefore, it is important to 

investigate the inoculants that are most efficient to the crop and its relationship with the native 

microbiota, as it could interfere in the establishment of introduced AMF (Banuelos et al., 2013).  

Carreón-Abud et al., (2015) analysed the use of several different treatments: three single-species 

inocula (Acaulospora laevis, Cetraspora pellucida and Pacispora scintillans), an inoculum using a 

combination of these three species, an inoculum from a native orchard mycorrhizal community and 

an uninoculated field soil control in combination with 8, 17, or 25 g of chicken manure per kg soil. It 

was observed that responses to mycorrhizal inoculation on ’criollo’ avocado rootstocks (7 months 

after sowing) were minor and increasing fertilisation negatively affected plant development. The 

author suggests that mycorrhizal inoculation with efficient local symbionts (those promoting growth 

or not causing growth depression) should be encouraged in nurseries, despite the lack of clear growth 

promotion. Inoculation should ensure that the roots are colonised with compatible, efficient AMF 

when transplanted to the field and that the multiple benefits of mycorrhizal symbiosis are expressed 

during the many years of tree growth in the avocado orchards. 

From a practical standpoint, it is easier to inoculate plants as early as possible. However, it should be 

considered that  excessive fertilisation (actually unnecessary during the first two months) could inhibit 

the establishment of mycorrhizal colonies in roots and that inoculation should not be performed too 

early to ensure that the mycorrhizal propagules do not senesce before the plants can allow the 

mycorrhizal fungi to initiate colonisation, a process that can take several months in avocado plants 

(Carreón-Abud et al., 2015). 

An earlier study Jaizme-Vega & Azcón (1995) observed that the growth of the avocado and other 

tropical crops improved when they were inoculated with selected AMF during the first phase of 

development. Among four AMF tested, avocado developed highly functional compatibility 

with Glomus fasciculaturn, the most effective fungus at improving plantlet nutrition and growth (176% 

more than control). The inoculation of AMF conferred the most significant benefit on avocado and 

other tropical crops.  

Similarly, the same endomycorrhizal fungus (Glomus fasciculatus) was observed to stimulate avocado 

growth, and nonmycorrhizal plants were much smaller and weighed 2.8 times less than the 

mycorrhizal plants (Mataré & Hattingh, 1978). The authors also evaluated the nonmycorrhizal and 

mycorrhizal plants in the presence of the P. cinnamomi pathogen. However, both mycorrhizal and 

nonmycorrhizal plants grown in soil infested with P. cinnamomi started dying off during the 

experiment. This usually took 2-3 weeks longer in the case of mycorrhizal plants, due probably to their 

initial higher nutritional status. It therefore seems unlikely that G. fasciculatus had any important 

effect upon infection by P. cinnamomi or subsequent disease development.  

Sotomayor et al., (2019) reported the use of microorganisms to increase the absorption of several 

macro and micronutrients in ‘criollo’ avocado rootstock seedlings. Glomus iranicum var. 
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tenuihypharum increased the absorption of calcium and iron in the root but no major effect was 

observed in the aerial part of avocados seedlings and Trichoderma harzianum increased the 

absorption of nitrogen and magnesium in the roots; while in the aerial parts (leaves and stem) it 

increased the absorption of nitrogen, calcium, manganese, magnesium, and copper.  

Menge et al., (1978) observed that avocados inoculated with beneficial mycorrhizal fungi (Glomus 

fasciculatus) have up to a 250% greater growth rate than non-mycorrhizal avocados in sterilized soil, 

and that mycorrhizal avocados resist transplant shock better because of better water absorption 

(Figure 9). 

 

Figure 9 - Mycorrhizal and non-mycorrhizal avocado seedlings 24 hours after transplanting. Non-mycorrhizal 
seedlings exhibit excessive wilting. Source: (J. A. Menge et al., 1978).  

 

Despite the growth benefits that AMF symbioses have with the host, they also have an impact on plant 

interactions with other organisms and alleviation of damage caused by soil-borne pathogens has also 

been widely reported in mycorrhizal plants (Alvarado et al., 2013). 

AMF presence in the rhizosphere of avocado trees with symptoms of root rot caused by P. cinnamomi 

were determined by (Lara-Chávez et al., 2013). Three strains of Trichoderma (T. erinaceum, T. 

aggressivum and T. arundinaceum) were applied for the control of P. cinnamomi. The application of 

Trichoderma to control root pathogens of avocado encouraged the growth of arbuscular mycorrhizal 

fungi spores in the rhizosphere of the crop by 38% compared to where Trichoderma was not applied. 

This indicates that AMF are compatible with other biological control agents and help the health of 

plants.  

Avocado soil-borne diseases 

Regarding pests and diseases, the most serious threat to avocado production is the soil-borne disease 

Phytophthora root rot (known in Mexico as “la tristeza del aguacate” or “sadness of the avocado”) 

which is caused by Phytophthora cinnamomi Rands. In addition to P. cinnamomi, other 

microorganisms have been reported to cause root rot, such as Verticillium sp., and the abiotic disorder 
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of hypoxia-anoxia or waterlogging (Ramírez-Gil & Morales-Osorio, 2020). This review will focus on the 

most common soil-borne diseases in avocados: root rot caused by Phytophthora cinnamomi, 

Verticillium wilt and brown root rot caused by Phellinus noxius. 

Phytophthora root rot 

Phytophthora root rot (PRR) is the most destructive and important disease of avocado, limiting 

production in most avocado-producing countries (Pérez-Jiménez, 2008). Phytophthora is caused by 

the oomycete Phytophthora cinnamomi, which destroys the small absorbing feeder roots of avocados. 

Lesions progress rapidly, giving the roots a brownish-black colour and resulting in brittle root tissue. 

There is almost no progression into the larger roots, but small feeder roots may be completely absent 

in the advanced stages of decline. After infection, the leaves on the tree become smaller than normal 

and turn pale green to yellow-green (Van Den Berg et al., 2021). These are secondary symptoms 

resembling drought and result from reduced water uptake and nutrients. Plants become chlorotic, 

with smaller leaves than normal, which wilt frequently and drop prematurely, and new growth is 

limited, giving diseased trees a bare appearance (Figure 10).  

 

Figure 10 -A: Avocado tree expressing advanced above-ground symptoms of Phytophthora root rot. B: Feeder 
roots of avocado; white-healthy roots (left) and black-necrotic roots infected by P. cinnamomi (right). 

Source: (Pérez-Jiménez, 2008) 
 

Large numbers of small fruits may be commonly observed on infected trees (Pérez-Jiménez, 2008). In 

severely infected trees, shoots die back from the tips and eventually, the tree is reduced to a bare 

framework of dying branches. Eventual tree death can occur within a few months but may take several 

years, depending on soil characteristics, cultural practices, and environmental conditions (Van Den 

Berg et al., 2021). Its survival is strongly determined by clear temperature ranges, though soil moisture 

levels are also critical. Root rot is more severe and develops more rapidly in soils with poor drainage 

(Dann et al., 2013) 
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Management of Phytophthora root rot  

There are currently no known methods to completely eradicate P. cinnamomi from an infested site 

(Fick et al., 2022). However, there are general mechanisms by which soilborne plant pathogens can be 

suppressed. 

Management of phytophthora diseases is based on several principles, such as avoiding infection 

through basic hygiene, managing drainage and irrigation, improving soil health, disease-resistant 

rootstocks, and biological and chemical control (Drenth & Guest, 2004). The main cultural practices 

are discussed below individually, however effective control of phytophthora diseases in avocado 

production systems is often only achieved through an integrated approach, involving cultural practices 

that promote conditions to suppress P. cinnamomi as described by Ken Pegg and represented in the 

Figure 11. 

 

 

Figure 11 - Pegg Wheel - integrated management system for controlling Phytophthora root rot in avocado 
orchards. 

Source: (DAF, 2016). 
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Soil characteristics related to P. cinnamomi  

It has been found that the development of P. cinnamomi in avocado and other hosts is highly 

correlated with soil variables. To a lesser extent, the most detailed soil studies showed moisture, 

environmental conditions, fauna and microbial diversity, and physical and chemical properties as 

factors that determine the avocado wilt complex progress. These studies concluded that impermeable 

soil layers, heavy texture, high clay content, mechanical impedance, high values of apparent density 

and low porosity favour the development of P. cinnamomi in avocado and other hosts (Ramírez-Gil et 

al., 2021). 

Soil with poor drainage, high clay content, high water tables, hard pans, clay pans or where water 

pools after irrigation or rainfall have historically been associated with sites where avocado root rot is 

severe. Soil with a high risk of avocado root rot, or soils which already have P. cinnamomi present, 

should be avoided when planting an avocado orchard. Soils with high salinity should also be avoided 

since salinity reduces avocado growth and yields and also severely exacerbates avocado root rot 

(Menge et al., 1999). Similarly, soils susceptible to waterlogging should be avoided, as waterlogging 

can affect the plants and may increase the aggressiveness of P. cinnamomi (Ramírez-Gil et al., 2021). 

It has been reported that the addition of gypsum increases water infiltration by deflocculating clay 

particles in high-sodium soils and by promoting soil aggregation and drainage. For this reason, gypsum 

applications are recommended for routine use in avocado production soils and are particularly 

important in soils with high clay content where promoting soil drainage and oxygen diffusion are 

essential for root health (Crowley, 2007). The incorporation of gypsum in the soil has been reported 

to significantly reduce root rot in avocado seedlings in a highly controlled greenhouse situation, but 

root resistance to infection by zoospores did not appear to be affected. It was observed that adding 

gypsum reduced root rot regardless of whether the soil drainage was good or poor, although root rot 

is often reduced in well-drained soils (Messenger et al., 2000). Additionally, gypsum could act as a 

weak fungicide against Phytophthora (Giblin et al., 2005). 

Ramírez-Gil & Morales-Osorio (2021) observed that high copper, high clay content in the soil, and 
moisture retention capacity were positively correlated with avocado wilt complex development and 
possibly with root rot development. The results obtained may be used as technical parameters for 
selecting the most suitable areas for the establishment of avocado crops based on eliminating areas 
that may favour the disease. 
 

Association between soil organic matter and P. cinnamomi  

Several studies have indicated that high organic matter may be necessary for developing and 

maintaining P. cinnamomi suppressive soils. Since the early 1970s, researchers have demonstrated 

that soil organic matter influenced Phytophthora activity by increasing antagonistic microbial 

populations. Some studies found that animal manures reduced Phytophthora populations through 

microbial suppression and ammonia production (Giblin et al., 2005). 

Ramírez-Gil & Morales-Osorio (2020) observed that bovine manure increased different microorganism 

populations in the soil, which may promote antagonism to P. cinnamomi and improve the 

physiological conditions of avocado trees. The addition of different sources of organic matter (Bonilla 

et al., 2012) and wood-based mulches (Richter et al., 2011) has helped integrate the management of 

Phytophthora root rot disease. Most recent studies show that applying a number of soil additives 

(chicken manure, wood mulch and leaf litter) on avocado plants under glasshouse conditions were 

beneficial in reducing Phytophthora root damage (Farooq et al., 2022).  
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The Ashburner system of biological control is well known as a method for reduction of Phytophthora 
cinnamomi in avocado groves. This method utilizes copious additions of organic mulches as well as a 
calcium source such as lime or gypsum and manures. to suppress root rot disease. It is theorized that 
rain forest ecology may suppress Phytophthora because high organic matter, calcium, and nitrogen 
levels stimulate antagonist microorganisms; the soil pH becomes favourable for bacteria, high organic 
matter and calcium levels increase soil structure and drainage; high calcium levels increase host 
resistance; and healthy plants remove water from the soil thus decreasing waterlogging. Additionally, 
the success of the Ashburner system is partially regulated by the increase of microbial activity and 
cellulase enzyme activities in mulched trees. These enzymes are known to lyse cell walls and prevent 
sporulation by Phytophthora, because the cell walls of Phytophthora are composed of cellulose and 
related glucans (Downer et al., 2002). 
 
Generally, soils suppressive to P. cinnamomi normally contained greater than average amounts of 

organic matter.  Organic matter has the propensity to act as a trap for zoospores. Zoospores can encyst 

on organic matter in the soil rather than on the roots. The exact mechanisms of this zoospore trapping 

phenomenon are unknown, and further research is necessary to investigate if it is antagonism or 

simply induction of encystment (Costa et al., 1996; Keen, 2006).  

You et al., (1996) isolated Actinomycetes from the organic mulch used in avocado plantations in 

Western Australia, and their ability to suppress Phytophthora cinnamomi was examined. The 

actinomycetes appear to be capable of contributing significantly to both disease and pathogen 

suppression in mulch. The actinomycetes were probably involved in interactions with other 

microorganisms in the mulch, resulting in the protection of the avocados from root rot and the 

promotion of plant growth.  

 Biological agents to control P. cinnamomi  

A number of studies suggest the possibility of using biological agents to control PRR. In avocados, 

several beneficial microbe species have shown a positive response in managing PRR caused 

by P. cinnamomic.  

Studies aiming at isolating bacterial strains capable of inhibiting the growth of P. cinnamomi or 

associated with its suppressiveness have shown promising results. Isolates belonging to the 

genera Bacillus, Pseudomonas and Arthrobacter have been identified as potential candidates for 

biological control of Phytophthora root rot. Bacteria belonging to the genus Bacillus have been 

considered good candidates to develop active biological formulations, such as biofertilizers or bio-

fungicides, due to their ability to produce endospores that favour long-term storage (Méndez-Bravo 

et al., 2018). 

Most recently, a bacteria isolated from the roots of native avocados, identified as Serratia sp, 

demonstrated antagonistic activity and bioactive secondary metabolite production 

against phytopathogens (Phytophthora cinnamomi and Colletotrichum gloeosporioides). The isolated 

bacteria showed control of the pathogens in vitro conditions and might be a promising candidate for 

controlling avocado pathogens in the field (Granada et al., 2018). 

Trichoderma asperellum and T. harzianum were also isolated from avocado plants and tested in vitro 

and in greenhouse experiments against P. cinnamomi. The inoculation with Trichoderma spp. showed 

that the severity of P. cinnamomi infection decreased, and the health of avocado seedlings increased 

by a reduction in the percentage of wilting, root rot, and death of plants (more than a 50% increase). 

Therefore these strains of Trichoderma could contribute to the biocontrol of soil-borne pathogenic 

oomycete P. cinnamomi (Andrade-Hoyos et al., 2020). 

https://www.sciencedirect.com/topics/immunology-and-microbiology/serratia
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/secondary-metabolite
https://www.sciencedirect.com/topics/immunology-and-microbiology/phytopathogen
https://www.sciencedirect.com/topics/immunology-and-microbiology/phytophthora-cinnamomi
https://www.sciencedirect.com/topics/immunology-and-microbiology/glomerella-cingulata
https://www.sciencedirect.com/topics/immunology-and-microbiology/phytophthora-cinnamomi


Soil health literature review - September 2022 

40 
 

Similarly, different Trichoderma strains on the control of Phytophthora cinnamomi in ‘Zutano’ 

rootstock under greenhouse conditions was evaluated. Five isolates of Trichoderma were tested: 

Trichoderma sp.; two strains of Trichoderma harzianum; Trichoderma viride; and a commercial strain 

of Trichoderma sp.. It was observed that all strains controlled root rot and could be used in the 

integrated control of PRR (Gastañadui et al., 2021). 

A systematic review of biological control of phytopathogenic Phytophthora cinnamomi reveals that 

Trichoderma spp., mainly Trichoderma harzianum, T. virens, and T. asperellum are very promising 

fungal species in the control of different Phytophthora spp.  Additionally, the Bacillus genus is also 

very promising in controlling and inhibiting several Phytophthora spp. (de Andrade Lourenço et al., 

2022). According to Ramírez-Gil & Morales-Osorio (2020) the use of Trichoderma sp. and Bacillus sp 

for plant protection and growth promotion in avocado should be considered fundamental. 

It is important to mention that most of the studies described in vitro or glasshouse experiments with 

these agents as opposed to field-based studies, and the efficacy observed in an in vitro environment 

(where the microorganism is cultivated under rich organic medium) do not necessarily mean efficacy 

in the field. Additionally, there are many challenges around applying living organisms to large and 

deep root systems such as mature orchards, primarily because high population densities of the 

beneficial microorganisms are required to exert significant effects that can be measured. 

Induced protection: Rootstocks 

Resistance or tolerance amongst rootstocks to PRR in avocados has been a key selection trait for the 

past 35 years, with varying levels of success (Whiley & Dann, 2021). To date no PRR-resistant avocado 

rootstock variety has been discovered, although certain rootstock varieties have been shown to be 

more tolerant than others (Table 7) (Van Den Berg et al., 2021). Previous studies conducted in several 

avocado-producing countries have described the ‘Dusa®’ avocado cultivar as a rootstock with high 

tolerance to root rot and inducing high yields of the ‘Hass’ scion (Lahav & Lavi, 2009; Moraes et al., 

2022). 

Table 7 - Avocado rootstocks and their resistance status to P. cinnamomi. List of avocado rootstocks where the 
terms resistance and tolerance are not used consequently and differ between studies. 

 

Source: (Van Den Berg et al., 2021) 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/scions
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In Australia, Dusa® has been planted for a number of years, and Velvick, a Queensland selection, is 

extensively cultivated as a seedling rootstock and performs well under high PRR disease pressure. 

Recently (October 2020), a new rootstock named Procado® was registered. This rootstock was 

identified in the early 2000s as a healthy “escape” avocado tree (Hass grafted to an unidentified 

seedling rootstock). Procado® is an Australian-developed rootstock with a level of commercially useful 

resistance to Phytophthora root rot, which, if used with other disease management practices, will 

assist in maintaining orchard health (Whiley & Dann, 2021). 

The selection of more tolerant rootstocks through to release of commercial rootstocks is a long 

process, and new technologies are being used to accelerate the selection. A recent study used 

genomic analysis to understand the mechanism at a molecular level of how a partially resistant 

rootstock (Dusa®) can suppress P. cinnamomi growth. This rootstock demonstrates an increased 

immune response following infection by phytophthora by activating a specific protein called NLR 

(Nucleotide binding-Leucine rich repeat) that form an integral part of pathogen recognition and 

triggered immune responses and this governs whether a plant would be successful in countering 

pathogen attack. Furthermore, the identification of those specific proteins in avocado may be used to 

develop resistant rootstock selection tools, which can be employed in the avocado industry to 

accelerate rootstock screening programs (Fick et al., 2022). 

Chemical control of PRR 

Cultural practices rarely give complete control of P. cinnamomi root rot, and chemicals are required 

to reduce disease severity and improve tree health, and no individual control methods of PRR are 

sustainable over time (Ramírez-Gil & Morales-Osorio, 2020; N. Wolstenholme & Sheard, 2010). It is 

recommended that fungicides should always be used in an integrated program incorporating the 

previously discussed cultural practices. In avocados, two groups of fungicides, metalaxyl and 

phosphonates, have been found to be the most effective chemicals for root rot control. Metalaxyl is 

directly toxic to Phytophthora and will suppress the pathogen populations in the soil. However it use 

can be limited due to rapid biodegradation by soil microorganisms (Wolstenholme & Sheard, 2010).  

Phosphonate is a systemic fungicide that moves in both the phloem and xylem of the tree (up and 
down). Phosphonate can be applied as either trunk injections or foliar sprays but should not be applied 
via the soil. 

Alternatives to the use of chemical fungicides for PRR disease control are highly desirable. Ramirez-

Gil et al., (2017) recommends a method that may be easily implemented by avocado producers and 

presents additional positive effects in the long term, such as soil improvement and conservation. The 

author observed that individual control methods are not as effective as when applied in combination. 

The recommended method consisted of metalaxyl+mancozeb applied in drench; injection of 

potassium phosphite to each plant stem; potassium silicate applied in drench; addition of a layer of 

organic mulch and incorporation of 10 kg of composted substrate, both applied to the ground around 

the base of each tree (experiment was carried out on 6-year-old trees). Using this strategy, the area 

under the disease progress curve (disease severity scale) for avocado root rot was reduced by up to 

68.6%, and the extra-quality avocado fruit class increased by as much as 44% compared to the 

diseased control plants. With the combined treatments, farm income showed a 9.5-fold increase, 

probably due to an increase in the percentage of viable roots by up to 9.4-fold, which would have 

improved nutrient and water uptake. This approach contains some, but not all, of the elements 

recommended in the integrated approach promoted by the Pegg Wheel (see above). 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/fungicide
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No single approach is known to control P. cinnamomi  and the implementation of an integrated 

management program that includes several strategies of control is needed to achieve economic and 

environmental sustainability for avocado production (Ramírez-Gil & Morales-Osorio, 2020). 

Verticillium spp. 

Verticillium wilt is usually not a major problem in avocados, but it has been detected in young trees in 

south-west Western Australia, and it is of economic importance within avocado crops in Colombia. V. 

alboatrum and V. dahliae have been reported causing wilt disease on avocados in several countries 

around the world. The genus of fungi Verticillium comprises a group of Ascomycetes, classified as 

devastating plant pathogen species that cause vascular wilt and plant death in several crops. 

Verticillium spp. may survive in the soil environment for long periods through resistant structures and 

it has a wide range of host plants (Ramírez-Gil et al., 2021). The characteristic symptom is rapid wilt of 

young trees, or single branches in older trees, followed by desiccation of leaves, and young trees may 

die, additionally a vascular browning can be observed (Dann, 2019).  

In Australia, Verticillium Wilt (Verticillium dahliae) is a moderate priority in most growing regions, 

except NSW, where it is rated low priority. Currently, there is no treatment available for infected trees 

apart from removing and mulching dead limbs.  

Phellinus noxius 

Phellinus noxius is the causal agent of Brown root rot and was first identified as causing avocado tree 

death in 2002 in the Sunshine Coast hinterland. Brown root rot is a severe soil-borne pathogen rated 

as a high priority in Far North Queensland and a moderate priority in Southern Queensland. It is not 

considered to be an issue in NSW and WA (Dann et al., 2010). Brown root rot is caused by the 

basidiomycete fungus Phellinus noxius, and is characterised by rapid leaf wilting and tree death, with 

a fungal crust or “stocking” sometimes evident on the trunk (Dann et al., 2013). 

Once the disease is present in an orchard, the focus must be on preventing the spread between trees. 

It can spread via root-to-root contact, spores are not considered air-borne.  

It has been reported that Trichoderma asperellum has an antagonist effect against P. noxius and its 

application was effective in preventing and delaying the infection P. noxius in some plant species 

(Chou et al., 2019). However, no studies using Trichoderma to control for P. noxius in avocados have 

been reported. 

Soil management principles and general conclusion 

A soil said to have good soil health suggests that the soil is suitable for agricultural production and has 

little or no issues such as soil erosion, acidification, salinity, and soil borne diseases. Achieving or 

maintaining soil health in an avocado orchard requires a grower to pay attention to and manage the 

soil's physical, chemical, and biological properties. Soil health is related to productivity and good soil 

health has the potential to maintain or increase farm profitability. More than this, a healthy 

agricultural is capable of supporting the production of food and fibre, to a level and with a quality 

sufficient to meet human requirements, together with continued delivery of other ecosystem services 

that are essential for maintenance of the quality of life for humans and the conservation of 

biodiversity. 
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Avocado accumulates litter naturally on the soil surface which, after decomposition, provides soil 

organic matter to improve soil structure and water holding capacity. Due to this characteristic, 

avocado orchards benefit from the use of composts and mulching, and both are related to high 

microbiological diversity in the topsoil. 

The chemical characteristics of the soil are monitored using leaf and soil analysis. For avocados, the 

recommended soil pH is between 5.5 and 6.5. The nutrient requirement of the avocado may vary 

according to its seasonal growth pattern, soil conditions, cultivar type, and yield potential. Avocado 

trees require inputs of macronutrient elements to replenish those removed by harvesting fruit or that 

are not efficiently recycled within the soil. To help reduce nutrient losses, strategies such as mulching, 

or ground covers are essential management techniques. 

Also, the living component of soil is essential to many soil functions and overall soil quality, and 

regulates the formation of soil humus, nutrient cycling, and soil physical properties. Avocado roots are 

colonised with AMF and these symbiotic relationships contribute efficiently to plant growth due to 

the absorption of nutrients such as phosphorus, copper and zinc, early inoculation (nursery stage) is 

recommended.  

Regarding pests and diseases, the most severe threat to avocado production is the soil-borne fungal 

disease PRR. Currently, no known methods exist to remove P. cinnamomi from an infested site 

completely. Effective control of Phytophthora diseases in avocado production systems should be 

achieved through an integrated approach which includes having healthy soil.  

Best practices for growing avocados involve avoiding areas with poor soil drainage, incorporating 

organic matter, using beneficial microorganisms such as Trichoderma sp. and Bacillus sp. to enhance 

plant growth and protection of the avocado plants, and using phytophthora root rot tolerant 

rootstocks. 

In a nutshell, to achieve soil health, the three soil components should be in harmony and Coyne et al., 

(2022) summarised this concept. ``Soil is a “field of dreams” - if you build it, they (the biology) will 

come. Good infrastructure (aggregation) and good services (aeration, hydration, nutrition, etc.) make 

for a good neighbourhood. While we debate the necessity of Soil Health to preserve the many soil 

functions that enable us to live, we must not forget that no amount of biology and particularly 

microbiology, can restore an environment that no longer exists. No biology or microbiology can be 

properly understood, appreciated, or investigated without consistently recognising the chemical and 

physical context in which it exists``. In another words, soil management needs to focus on the three 

soil components, physical, chemical and biological. A well-structured soil that contains sufficient 

organic matter is essential for the biological component, which in turn will provide the first line of 

defence, resilience and nutrient cycling essential for avocado development and production. 
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Definitions and abbreviations 

AMF - arbuscular mycorrhizal fungi 

Conducive soil - soil in which disease incidence and severity are moderate to high in the presence of 

the pathogen, a susceptible host, and environmental conditions favourable for development of 

disease. 

Suppressive soil - suppressive soil can therefore be defined as a soil in which disease incidence and 
severity remain low, despite the presence or introduction of a pathogen, a susceptible host plant, 
and environmental conditions favourable for development of disease. 
 
PGPR - Plant growth promoting rhizobacteria  

PRR –-Phytophthora Root Rot 

NSW - New South Wales 

QLD - Queensland 

WA - Western Australia 
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