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(Wigneron et al., 1998; Kerr, 2007), and plant and weeds
cover (Thorp and Tian, 2004).

Conclusion

Monitoring physical conditions in agriculture and envi-
ronment can be done in various temporal and dimensional
scales and with the application of numerous instruments
and methods reflecting the current development of tech-
nology. The received and processed data increase our
knowledge for the benefit of social, political, and eco-
nomic sustainable development as well as for better under-
standing the nature.
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Definition

Mulch. Mulch is any material, other than soil, placed or
left at the soil surface for soil and water management.
Mulching. In agriculture and gardening, mulching is the
practice of leaving crop residues or other materials on
the soil surface for soil and water conservation and keep-
ing favorable and stable environments for plant growth.

Introduction

Mulching is a form of conservation tillage consisting of
leaving a layer of crop residues (CR) or other materials
on the soil surface. Mulch helps to preserve high and sus-
tainable yields by increasing the soil organic matter
(SOM) content and therefore improving soil physical
quality. Mulch tilling is also a form of minimum tillage
and a cost-efficient alternative for high-yield conservation
agricultural practice.

Leaving CR or other substances on the soil surface is
a traditional practice for protecting soil from erosion and
enhancing fertility (Lal and Stewart, 1995). It has been
reported that conventional agricultural practices, based
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on intensive fertilization and chemical amendments, often
lead to degradation processes, such as erosion (see entry
Tillage Erosion), acidification, and the emission of green-
house gases (see entry Greenhouse Gases Sink in Soils).
Current global problems such as population growth,
greenhouse effect, malnutrition, water quality, reduction
of agricultural land, and soil degradation (see entry
Desertification: Indicators and Thresholds) require the
implementation of conservation tillage practices to
address the problem of sustainability, food security, and
environmental quality.

Materials used as mulch

A wide variety of materials can be used as mulch. Most of
mulches are organic materials (e.g., CR, litter, straw,
leaves, or weed biomass), but other inorganic or indus-
try-derived materials can be also used (plastic film,
gravels, or geotextiles). The election depends in both
availability and objectives.

Organic mulches must be weed free, easy to apply, and
readily available by farmers. The mulch decomposition
time can vary greatly. Depending on the amount and type
of mulch, varying quantities of nutrients and organic mat-
ter enter the soil during the decomposition process. In
agriculture, the most commonly used organic mulches
are crop/plant residues, produced on-site or off-site and
left on the soil surface after cropping (e.g., wheat straw).
A large quantity of residue is produced annually, so that
it constitutes a renewable and easily available resource.
Other mulches used in agriculture and gardening are wood
chips, pine bark, and pine needles. Some wastes, such as
shredded or composted clipped grass, litter, and small
branches can also be used.

Inorganic materials such as geotextiles can be used as
mulch. Some of the advantages of using geotextiles is
the prevention of weed growth (at least in a great propor-
tion), and the normal aeration and water exchange. Rock
fragments and gravels can be used as inorganic mulch
materials. They show low decomposition rates and do
not require annual replacement, but cannot be suitable
for all crops. Plastic films help control most weeds and
contribute to water conservation. Plastic films are used
predominantly in extensive crop areas, but show some
problems: interruption of air, water, and nutrients flow
between the topsoil and the atmosphere, as well as other
environmental problems such as disposal of plastic
materials.

Effects on soil physical properties

Soil structure and aggregate stability

Soil structure is extremely important for the maintenance
of soil quality and productivity. Aggregate stability (AS)
affects root density and elongation (see entry Root
Responses to Soil Physical Limitations), air and water
flow and erosion (Amézketa, 1999). Some of the main fac-
tors affecting soil aggregation are SOM content (see entry

Soil Aggregates, Structure, and Stability), texture and
moisture content, but external factors as crop type, tillage
practices, or microfauna are also important. Long-term
tillage affects AS (Angers et al,, 1993; Unger et al,
1998; Alvaro-Fuentes et al., 2008), as tillage destroys
aggregates leading to a decrease in aggregate size and pore
clogging by fine particles. It has been reported that decom-
position rates of SOM are lower with minimum tillage and
residue retention, and consequently it increases over time
(Loch and Coughlan, 1984; Dalal, 1989).

AS is determined by the cohesive forces between parti-
cles. Therefore, it can be used as an index of structure and
physical soil stability. Soil texture, clay mineralogy, cat-
ions, and the quantity and quality of SOM are key factors
controlling aggregation. Plant roots (see entry Plant Roots
and Soil Structure), microorganisms (especially fungi),
and organic substances are also involved in the formation
of aggregates and AS. AS may vary seasonally (Hillel,
1998) or during tilling. After mulching, increased SOM
content contributes to enhance aggregation, as it has been
reported under a diversity of climate areas (Mulumba and
Lal, 2008; Jordan et al., 2010) even in the short term
(Hermawan and Bomke, 1997).

Inorganic mulches (e.g., plastic film) show limited or
no effect on soil structure. Zhang et al. (2008), for exam-
ple, reported that under no tillage, the increase in SOM
content and AS in soils under straw cover was higher than
under plastic film; in this case, soil quality under plastic
mulch was similar or even lower than in non-covered
soils. In contrast, geotextiles may increase SOM content,
improving topsoil structure and AS (Bhattacharyya et al.,
2010).

Bulk density and porosity

The effects of CR on soil bulk density (BD; see entry
Bulk Density of Soils and Impact on their Hydraulic Prop-
erties) are highly variable. Although high BD has been
observed under mulch relative to conventional tillage
(Bottenberg et al., 1999), decreased bulk densities have
also been reported by Oliveira and Merwin (2001) and
Ghuman and Sur (2001). In other cases, there is no rela-
tionship between mulch rate and BD. This variability
may be due to differences in management practices, soil
type, and the type of mulch material used in the experi-
ments. However, Mulumba and Lal (2008) found that
BD increased for mulching rates between 0 and 5 Mg
ha~' wheat straw mulch, but strongly decreased for higher
rates.

Pores of different size (see entry Pore Size Distribu-
tion), shape, and continuity are created by abiotic and
biotic factors (Kay and VandenBygaart, 2002). Mulumba
and Lal (2008) found that total porosity increased signifi-
cantly with increase in mulch rate after an 11-year treat-
ment in the USA. Increased porosity due to mulch
application has been also reported after shorter periods
(Oliveira and Merwin, 2001; Jordan et al., 2010).



494 MULCHING, EFFECTS ON SOIL PHYSICAL PROPERTIES

Penetration resistance

Many studies have reported greater penetration resistance
in soils under no-tillage practices than in other conven-
tionally tilled soils in the upper centimeters, and, gener-
ally, penetration resistance is higher under reduced
tillage systems with residue cover. Mulch application has
a significant effect on penetration resistance but only at
certain stages of the crop production. After an experiment
with Polish Luvisols under reduced and no-tillage prac-
tices, penetration resistance increased in the growing sea-
son, causing reduced plant growth and crop yield (Pabin
et al., 2003). In this case, straw mulch did not counteract
the negative changes in the parameters of the soil strength.
According to Bielders et al. (2002), differences in penetra-
tion resistance after different treatments are mostly due to
differences in intrinsic soil properties (e.g., cohesion, BD).

Crusting and sealing

Plant residues on the soil surface protect it against crusting
(Sumner and Stewart, 1992), improving AS and infiltra-
tion rates (see entry Soil Surface Sealing and Crusting).
Le Bissonnais and Arrouays (1997) observed that increas-
ing SOM content decreased soil surface sealing. After
a study in western Niger, Bielders et al. (2002) observed
low permeability erosion crusts and discontinuous struc-
tural crusts with partially exposed clay skins in soils under
conventional tillage, in contrast to mulched soils. As it has
been reported in stone-covered soils (Martinez-Zavala and
Jordan, 2008; Zavala et al., 2010), gravel mulch helps to
avoid soil sealing and crusting (Poesen and Lavee, 1994).

The use of plastic film mulches has spread considerably
as a way to reverse the low crop yields (e.g., Zhang and
Ma, 1994), increasing the risk of crust formation (Li
et al., 2005).

Soil temperature

Temperature affects the rate of soil biological and chemi-
cal processes (see entry Temperature Effects in Soil).
The amount of energy entering the soil depends strongly
on soil color, aspect, and the vegetative cover. CR on the
soil surface can affect or completely modify the soil tem-
perature regime by reducing the amount of energy enter-
ing the soil by the interception of radiation, shading the
soil surface, and buffering temperature variations.

Soil temperature range is usually narrower in mulched
than unmulched soils. Wheat straw has a higher albedo
and lower thermal conductivity than bare soil, and there-
fore it reduces the input of solar energy (Horton et al.,
1996). On the other hand, during colder periods, wheat
straw mulch on the soil surface insulates it from the colder
atmosphere (Zhang et al., 2009).

Results after application of inorganic mulches vary
depending on the mulch material. After field experiments
in the UK, Cook et al. (2006) demonstrated that soil tem-
perature reduced with higher mulching rates. In contrast,
the use of inorganic mulches can increase soil tempera-
ture. Nachtergaele et al. (1998) reported that gravel mulch

increased soil temperature and decreased evaporation (see
entry Evapotranspiration) in vineyard soils in Switzer-
land. Organic geotextiles can also attenuate extreme tem-
perature fluctuations, reducing water loss through
evaporation. Inorganic materials such as plastic mulches
are often used to increase soil temperature in horticulture,
leading to high yields. Apart from other environmental
problems, intensive use of plastic mulches for increasing
soil temperature shows some limitations. Enhanced min-
eralization rates can lead to exhaustion of SOM, affecting
long-term soil physical and chemical fertility (Li et al.,
2004).

Soil water

Mulching has a great impact on soil water and surface
water. Mulching decreases runoff by improving infiltra-
tion rate and increases water storage capacity by improv-
ing retention (see entry Field Water Capacity). In
addition, reduced evaporation rates help to extend the
period of time during which soil remains moist.
Mulching improves considerably soil water character-
istics, although different results have been reported.
Organic mulches on the soil surface induce optimal soil
conditions for plant growth, enhancing soil water reten-
tion and availability, and increasing macroporosity
(Martens and Frankenberger, 1992). Much research has
shown that use of mulch can increase infiltration and
decrease evaporation, resulting in more water stored and
reduced runoff rates (e.g., Smika and Unger, 1986).
Wheat straw mulch is considered the best way of
improving water retention in the soil and reducing soil
evaporation. High available water capacities have been
reported under high mulching rates and reduced or no till
practices. Mulumba and Lal (2008) and Jordan et al.
(2010) found that even low mulch rates have a strong
impact on the available water content. Contrasting data
have been reported by Gtab and Kulig (2008), who found
no effect in available water content after applying mulch
and different tillage systems. Results can also vary
between the upper and lower layers of the soil profile.

Soil erosion risk

Many researchers have reported low or negligible soil
losses in mulched soils in comparison with conventional
soil tillage (see entry Water Erosion: Environmental
and Economical Hazard). The hydrological/erosional
response of mulched soils depends largely on the
mulching rates applied during the crop period. It has been
reported that the erosive consequences of moderate storms
in the Mediterranean area could be strongly reduced by
using just 5 Mg ha' year ' mulching rates (Jordan et al.,
2010). A mulch layer increases the roughness and the
interception of raindrops, delaying runoff flow and favor-
ing infiltration (Garcia-Orenes et al., 2009). Low erosive
responses of mulched soils have been reported from
diverse climate arcas of the world. In contrast, Jin et al.
(2009) suggested that the relation between mulching rate
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and interrill soil detachment is not unique and can vary
depending on rainfall intensity. Increasing cover rates
reduce infiltration and lead to an increasing net flux,
which becomes deeper and faster in its concentrated flow
part. In this case, ponding is faster and deeper, thus the
water column pressure is greater and thereafter infiltration
takes place more quickly and penetrates more deeply.
However, this response can be overridden under moderate
rainfall intensity by a dense soil cover or thick mulch
layers.

Plastic mulches substantially accelerate runoff genera-
tion in slopes (Wan and El-Swaify, 1999). According to
Bhattacharyya et al. (2010), the use of geotextiles is an
effective soil conservation practice, but its efficiency
decreases in large areas. Despite synthetic geotextiles dom-
inating the commercial market, geotextiles constructed
from organic materials are highly effective in erosion
control and vegetation establishment (Ogbobe et al.,
1998) and can be an ecological alternative for farmers
(Giménez-Morera et al., 2010). Anyway, experimental
studies under natural and simulated rainfall have demon-
strated that cotton geotextiles reduce soil losses but
increase water losses, probably due to water repellency of
cotton. Although soil erosion can be severely reduced by
geotextiles at the pedon or meter scale, surface runoff may
result in high erosion rates at slope and watershed scales
as more runoff will be available (Giménez-Morera
etal., 2010).

Summary

During the last decades, conservation tillage techniques
have displaced conventional tillage in many areas of the
world. The use of CR left on the soil surface improves soil
quality and productivity through favorable effects on soil
physical properties. Mulch farming is a form of conserva-
tion tillage that preserves soil quality and the environment.
Mulch affects soil physical properties by improving SOM
content, increasing soil porosity and AS. Indirectly,
mulching also regulates soil temperature, and increases
water retention capacity.

An organic mulch layer serves as a protecting layer
against rainfall-induced soil erosion by reducing drop
impacts and modifying the hydrological response of the
exposed surface. CR and other organic mulches intercept
rainfall and contribute to decrease runoff rates and
enhance infiltration, protecting soil from erosion. Inor-
ganic mulches as geotextiles, gravels, or plastic films
show a range of erosional responses to rainfall.
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MUNSELL COLOR SYSTEM

A color designation system that specifies the relative
degrees of the three simple variables of color: hue, value,
and chroma.

Cross-references

Color in Food Evaluation
Color Indices, Relationship with Soil Characteristics
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Definition

The term Mycorrhiza comes from the Greek words
“mycos,” meaning fungus and “rhiza,” meaning root and
applies to a mutualystic symbiosis between roots of most
higher plants and a group of soil fungi belonging to the
phyla Glomeromycota, Basidiomycota or Ascomycota.
By this mutualystic association, the plant receives soil
nutrients (especially phosphorus) and water, while the
fungus receives a protected ecological niche and plant-
derived carbon compounds for its nutrition (Varma, 2008).

The term Osmotic Stress refers to all the environmental
conditions that induce a water deficit in the plant tissues,
limiting plant growth and development. It generally
includes drought, cold and salinity, which directly
decreases the plant water content due to an also low soil
water content (drought) or which difficult the right uptake
of water from soil due to the diminution of soil water
potential (cold and salinity).

Eco-physiological studies investigating the role of the
mycorrhizal symbiosis against osmotic stresses have dem-
onstrated that the symbiosis often results in altered rates of
water movement into, through, and out of the host plants,
with consequent effects on tissue hydration and plant
physiology (Augé, 2001). Thus, it is accepted that the
mycorrhizal symbiosis protects host plants against the det-
rimental effects of water deficit, and that this protection
results from a combination of physical, nutritional and
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