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Abstract
Rapid industrialization and urbanization have resulted in elevated global temperature over the years consequently
disturbing the balance of agro-ecological systems worldwide. Therefore, new eco-friendly agricultural practices for
sustainable food production are needed. Mulching could potentially serve the purpose by reducing soil
evaporation, conserving moisture, controlling soil temperature, reducing weed growth, and improving microbial
activities. Additionally, mulches could provide economical, aesthetic, and environmental advantages to agriculture
and landscape. Moreover, in the restoration sites, mulches are widely used for the plantation of trees which need
no significant care. Mulches combat with different stress conditions in agricultural lands as well as in landscapes.
This review paper focuses on multiple significant impacts of mulches for the production and establishment of
different crops in nature. Mulches conserve the soil moisture, enhance the nutrients status of soil, control the
erosion losses, suppress the weeds in crop plants, and remove the residual effects of pesticides, fertilizers, and
heavy metals. Mulches improve the aesthetic value of landscapes and economic value of crops. This paper also
describes some problems associated with various mulch materials. There are contradictions about mulching
materials as some researchers favor mulches and others have denoted some concerns. The selection of mulching
material is important with respect to crop type, management practices, and climatic conditions. The appropriate
mulching technique could provide the aforementioned benefits to the agro-ecological systems. Therefore, the
impacts of low-cost, eco-friendly, and biodegradable mulching materials on soil microbes, nutrient balance, plant
growth, and soil erosion should be explored in the future.
Keywords: Organic mulch, Inorganic mulch, Mulch management, Landscapes establishment, Residual reduction of
pesticides & chemicals, Soil health

Introduction
The word mulch has been derived from the German
word molsch means “easy to decay,” and mulches have
widely been used for vegetable production since ancient
times (Lightfoot 1994). Mulching is referred as spreading
various covering materials on the surface of soil to
minimize moisture losses and weed population and to
enhance crop yield (Nalayini 2007; Kader et al. 2019).
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Mulches could potentially minimize water runoff, improve
infiltration capacity of soil, restrain weed population via
shading, and perform as obstacle in evapotranspiration
(Rathore et al. 1998). Mulching has also some other positive environmental effects such as temperature regulation
of soil and plant roots, minimum nutrient losses, cut
down soil erosion and compactness, and improved
physical conditions of soil (Ngouajio and McGiffen 2004;
Lamont 2005).
Mulches got attention in the late 1930, as these materials can alter the surrounding conditions of agricultural
lands, forest areas, and horticultural lands. Some earlier
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studies showed a number of damaging effects caused by
mulches (Bedford and Pickering 1919). In 1941, deep
mulches were also used for trees and shrub plantation
(Pirone 1941) because these deep-type mulches give protection to drought stress such as frost injury and freezing damage of crop plants in harsh environmental conditions. More
water conservation was achieved when the same quantity of
mulch material was used as mulch compared with that incorporated into the soil (Singh et al. 1991). The by-products
of agricultural and forestry domains have been used as
mulches in the mid 1900s century (Clifford and Massello
1965). However, some other materials were also used as
mulch such as trimmings of trees and shrubs, wastes of
animals, stubbles, and residues of crop plants. Landscape
mulches were also seen in 1957 but there was no scientific
research work carried out on them (Anonymous 1957).
Mulches could be of both organic and synthetic (inorganic) origin. The organic mulches consist of animal and
plant residues. The most commonly used organic
mulches include straws, husks, grasses and cover crops
(live mulches), saw dust, compost, and manures (Rathore
et al. 1998), while the most frequently used inorganic
mulch throughout the world is polyethylene plastic
mulch. The application of plastic mulching in agriculture
is getting popular throughout the world, and its usage is
increasing day by day. In 1999, plastic mulch was used
on an area of more than 22 million hectares of cultivated
land worldwide (Miles et al. 2005). In 2002, plastic
mulch was spread on an area of 15 million hectares in
China (Xing et al. 2003). On an average, 700,000 tons of
plastic sheet are being used annually as mulch worldwide (Espi et al. 2006) and 140,000 tons in USA alone
(Shogren 2001).The black plastic mulch is generally used
in agricultural lands globally (Schales 1990). Utilization
of black plastic mulch is mostly due to its low prices in
relation to other mulches (Ngouajio and McGiffen
2004). Mulches are very supportive in the commercial
crop production on a regular basis in dry and hot regions
of the world. Consequently, finding out the effects of
mulching (both long and short term) on cultivated lands
to handle the weeds and water deficiency problems is
needed (Schahbazian and Nejad 2006; Kader et al. 2019).
The literature review shows that application of mulches
has been addressed; however, to the best of our knowledge,
there is no study in which advantages and disadvantages of
mulches in agriculture and the environment have been
comprehensively reviewed. Therefore, this study aims to
present potential agricultural and environmental benefits of
mulches with respect to an overview on past investigations.

Potential advantages of mulching in agriculture
Soil moisture conservation

Many abiotic factors are responsible for the loss of moisture from the soil and converting it into barren land.
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These variables could be high winds, elevated temperature
levels, harsh climatic conditions, and competing plantation such as weeds. It has been estimated that presence of
weeds could result in loss of water up to 25% due to
evapotranspiration (Harris et al. 2004). Mulches can potentially reduce weed infestation and evaporation losses
and enhance the percolation and retention rate of soil. It
was reported that straw mulch can decrease the rate of
evaporation by 35% (Russell 1939). Likewise, Kacinski
(1951) reported that non-living mulch materials had greatest capability in moisture conservation in soil as compared
to un-mulched soil. A few of the potential advantages of
mulching have been presented in Fig. 1.
The organic mulches have attained greater value than
the inorganic mulches in agricultural lands, as the organic mulches could increase the percolation and water
retention of soil. Organic and inorganic mulches can
better conserve the soil water as compared to synthetic
(Arthur and Wang 1999) and barren (Lakatos et al.
2000) soil. Generally, the livestock wastes, residues of
crop plants, and different types of stone gravels are
used as mulch materials to retain the soil moisture
(Siipilehto 2001; Buban et al. 1996). Moreover, mulches
have more benefits over the cover crops as the cover
crops are considered as the competitor of the main
crop of interest and compete for water resources
(Downer and Hodel, 2001).
Mulches can reduce the irrigation requirement of
crop plants, and sometimes, they can totally finish the
need of irrigation (Ahmad et al. 2015; Kader et al.
2019; Iqbal et al. 2019; Ahmad et al. 2020). Some
organic mulch act as sponge and retain rainfall and
irrigation water thus protecting the runoff and
provides water at the time of crop requirement. The
runoff was reduced by 43% through using the straws
as mulch (Borst and Woodburn 1942). Supplemental
irrigation is lowered by mulches because of their
water retention ability, simultaneously reducing the
runoff of soil profile (Smith 2000).
Minimizing soil compaction and erosion

The mulching materials protect the soil from wind and
water erosion phenomenon and reduce the compaction
of soil which can badly affect the roots of crops consequently reducing the growth and development of plants.
Growing grass is the best example of living mulch on
the slopes which reduces the soil erosion by aggregating
the soil particles by binding in a complex unit (Tanavud
et al. 2001). Sartz (1963) used the barley crop as the living mulch material. According to Borst and Woodburn
(1942), using a thin layer of 0.6 inches of mulch could
reduce the erosion of about 86%. Straws and other residues of cereal crops are most commonly used for the reduction of the soil erosion (Samarappuli and Yogaratnam
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Fig. 1 Advantages of mulching in comparison to non-mulching

1984). Some grasses and legumes have also been used as
living mulch (Samarappuli and Yogaratnam 1984;
Tanavud et al. 2001). The combined use of straw mulch
and erosion net was found to decrease the soil erosion by
95% in comparison to the barren soil in forest areas
(Megahan 1974). The needle-like leaves of pinus have
been found helpful to reduce erosion losses (McCambridge
et al. 1982), and pinus sticks debris was used to control
runoff and erosion losses successfully (Rothwell 1978).
Mulch materials immediately break the speed of water in
hilly areas and increase the infiltration rate of soil, and to
maintain the slope stabilization, engineering techniques
must be used instead of merely dependent on mulching
method (Chalker-Scott 2007).
The problem of compaction due to the heavy implements or machinery is getting severe in many agricultural
lands (Chalker-Scott 2007). The problem of compaction
can be solved with the addition of organic mulch materials
such as bark (Oliveira and Merwin 2001). The mulch material can reduce the beating action of rain drops or alleviate the heavy weight of feet and tires of heavy implements.
It was suggested that mulching should be performed
before the development of soil compaction, as once
compaction was developed, there will be no significant improvement in soil aggregation with mulching (Donnelly
and Shane 1986).
Regulation of soil temperature

Mulching covers the soil surface, and hence, it is helpful
in maintaining the soil temperature which is beneficial
for overall crop growth. Many studies demonstrated that

the application of mulch could keep the soil cool during
very hot climatic conditions (Kader et al. 2019; Long
et al. 2001; Einert et al. 1975; Fraedrich and Ham 1982),
while at normal/warm temperature in chilling days
(Kudinov 1972; Kader et al. 2019). The temperature extremes affect the newly growing roots of plants adversely
reducing the uptake of nutrients and water (Goulet 1995).
The extreme temperature condition under early growth
stages of plants may cause the plants to go under stress
conditions as newly established roots are not able to uptake
the proper amount of water and essential plant nutrients
(Chalker-Scott 2007). Therefore, the judicious maintenance
and regulation of soil temperature is a very critical factor
for optimum plant growth. However, in hot and dry conditions such as in deserts, mulches decrease the temperature
by 10 °C (barren soil) (Martin and Poultney 1992).
The selection of specific mulching type for particular
purpose is of significant importance. For instance, coarse
mulches are more beneficial than the finer ones of the
same category in controlling the temperature at favorable
conditions (Horowitz and Thomas 1994). Various types of
mulches have different effects on soil temperature. Some
mulches increase the soil temperature as compared to the
barren soil or living mulches due to absorption of solar radiation (Montague and Kjelgren 2004). Tilander and Bonzi
(1997) reported that the cobbles mulch had more positive
effects than the gravel mulch, and leaf mulches had
greater optimistic effects than the compost material. Likewise, Van Nierop and White (1958) reported that the
heavy or thicker application of mulches has more positive
impacts on temperature maintenance as compared to thin
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mulch application on soil surface. Moreover, it has been
observed that living mulch and organic mulch materials
are far better in maintaining the favorable soil temperature
compared to other mulch materials (Walsh et al. 1996; Iles
and Dosmann 1999; Martin and Poultney 1992; Montague
and Kjelgren 2004). The turf mulch (living mulch) liberates more water vapors through the evapotranspiration
process and decrease the soil surface temperature due to
its evaporative cooling effect (Montague and Kjelgren
2004) despite the fact that turf mulch uses more water of
soil in relation to the non-living mulch materials. Among
the inorganic mulches, the gravel mulch is more
temperature moderating than the solid-type mulch such
as concrete (Iles and Dosmann 1999; Montague and Kjelgren 2004). Synthetic mulches (plastics, fabrics and asphalt)
have been reported as inefficient in temperature regulation as these could increase the soil temperature instead
of controlling at the favorable level (Duncan et al. 1992;
Litzow and Pellett 1993; Montague and Kjelgren 2004;
Walsh et al. 1996; Chalker-Scott 2007; Kader et al. 2019).
Besides synthetic mulches, some of the other types of
mulches have also been observed as inefficient in soil
temperature regulation. For instance, pine bark mulching
increased the soil surface temperature which affected the
nearest leaves to transpire more water through the leaves
(Zajicek and Heilman 1994).
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Soil fertility improvement

The organic and living mulches possess numerous beneficial impacts on soil quality in terms of enhancing nutrients levels. However, the type of the material, soil
characteristics, and climatic conditions determine the increase, decrease, or no effect on soil nutrients. The application of organic mulches is more beneficial because
these can be decomposed in an appropriate environment, providing the nutrients as described in Fig. 2. Different studies demonstrated that wood chips, straw,
green manures, and bark mulches provide more nutrients as compared to inorganic mulches (Ansari et al.
2001; Downer and Hodel 2001; Pickering and Shepherd
2000; Singh et al. 1991). However, the organic mulches
with higher nutrient supply capability are mostly used
for the landscaping, as the extensive application of these
mulches to agricultural lands can damage the sensitive
crops, living organisms, and water resources. Therefore,
the mulches with higher ability of providing nutrients
must be managed properly (Chalker-Scott 2007). Niggli
et al. (1988) reported that un-composted bark or straw
(low-nutrient mulches) reduced the nitrogen content of
soil without affecting the plant nutrition, resulting in
reduced pollution of watershed. Mulches having high
nitrogen content increase the yield of crop plants
(Tilander and Bonzi, 1997). Mulches having low nitrogen

Fig. 2 Schematic diagram of the conservation agriculture interacts with climate and crop (Kader et al. 2019)
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in them can also increase the nutrition of plants and fertility of soil, e.g., straw mulch (Szwedo and Maszczyk 2000),
sawdust mulch (Arthur and Wang 1999), and bark mulch
(Pfammatter and Dessimoz 1997), are capable of increasing nutrient levels in foliage as well as in soil. Husk
mulched are found to be most effective in increasing the
nutrient levels in soil as compared to leaf or grass mulch
with higher nitrogen content (Singh and Singh 1999).
Water hyacinth as a potential organic substrate can stimulate the growth of diversity of microbial population in
agricultural soils. In general, soil respiration and microbial
population were significantly greater in mulched plots
compared to control. Among treatments, vermicompostmulched plots were recorded for higher bacterial and fungal counts at both surface and sub-surface soil layers
(Balasubramanian et al. 2013).
Mitigation of salt stress

Healthy soils could ensure sustainable crop production for food security. However, due to anthropogenic
perturbations and various other factors, the problem
of soil salinity is increasing day by day by covering
about one third of the land surface. Misuse and mismanagement of these soils results in soil erosion, reduction in crop productivity, lower soil water holding
capacity, a decline in soil biodiversity, and, ultimately,
desertification and loss of carbon. Irrigating the
plants with untreated water from municipal wastes
water with high levels of salts may pose harmful effects on crop growth and development. Moreover, the
extensive use of synthetic fertilizers, pesticides, detergents, and some other chemicals may add salts to the
soils to substantial levels (Chalker-Scott 2007). The
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mulching could affectively solve the salinity problem
by enhancing water retention in soil and reducing
evapotranspiration. Various studies exhibited that the
effect of salts toxicity was reduced with mulching
(Ansari et al. 2001; Landis 1988; Yobterik and Timmer 1994). Organic mulches have been observed as
more helpful for the reclamation of soil and induce
the desalinization of soil (Dong et al. 1996). Organic
mulches can be decomposed by the microbes resulting in the degradation of many harmful residues and
lessens the salt contamination (Gan et al. 2003; Smith
and Skroch 1995). However, the plastic mulches are
not commonly used for the mitigation of salts (Sun
et al. 1994).
Plant growth, development, and yield

Mulching materials are widely used for the establishment of many herbs and tree species. There are many
research studies which showed the positive impacts of
mulches on the germination, survival of newly grown
plants, and transplantation of seedlings and overall performance of crop plants in relation to un-mulched treatments (Table 1). In this way, mulching is favorable for
maximum yield with very low input resources (ChalkerScott 2007; Ahmed et al. 2013; Kwambe et al. 2015;
Kader et al. 2019). Straw mulching combined with wideprecision planting is a suitable measure to compensate
winter wheat grain yield reduction and increase grain
quality (Ahmad et al. 2015; Tan et al., 2019; Iqbal et al.
2019; Ahmad et al. 2020). The adoption of the planting
basin tillage under sorghum stover mulching, a technology designed for smallholder farmers with limited access
to animal draft power, can improve considerably the

Table 1 The improvement in the economic yield of various crops due to mulching
Crop
Tomato

Economic yield tons ha−1
Un-mulched

Mulch

6.02

8.27

% Increase in yield

References

27.20

Moursy et al. (2015)

Chickpea

5.91

7.32

19.26

Fetri et al. (2015)

Cotton

1.67

2.22

24.77

Ahmad et al. (2015)

Mustard

0.41

0.61

32.78

Saikia et al. (2014)

Rice

5.39

6.83

21.08

Devasinghe et al. (2015)

Lentil

0.80

0.89

10.11

Alami-Milani et al. (2013)

Maize

2.49

4.76

47.68

Hashim et al. (2013)

Mung beans

1.02

1.36

25.00

Jiang et al. (2012)

Soybean

1.32

1.57

15.92

Arora et al. (2011)

French beans

12.73

14.10

9.71

Kamal et al. (2012)

Potato

24.00

30.00

20.00

Dvorak et al. (2009)

Barley

3.77

4.27

11.70

Malecka and Blecharczyk (2008)

Wheat

7.24

7.79

7.06

Yang et al. (2006)
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dry-land sorghum grain yield and weight of 1000 kernels
(Masaka et al. 2019). According to Table 1, mulching
can increase agricultural yield from 7 to 47% based on
the results obtained in the past studies. The highest rate
of increase belongs to maize, while wheat shows the
lowest rate of increase.
An experiment was conducted on oak species with
mulching pits in comparison to the control treatment.
Manures and sawdust mulches were used for seedling
survival of oak species. Outcomes of the study showed
the significant effect of germination and seedling survival
in relation to the pits with surface plantings using no
mulch material (Kacinski 1951). Weeds are a serious
agricultural problem and reduce the yield of many crop
plants globally. Mulches reduce the survival of every
plant which comes under the mulch surface. They are
not capable of differentiating between the desired plant
and weed species. Mulches have the ability to reduce the
population of weed species (Chalker-Scott 2007;
Kader et al. 2019).
Mulch depth and seedling age are necessary for the
proper establishment and survival of transplanted seedlings. Deeper mulches can better control the weed population, but these are not as effective in areas which are
grown with smaller seeds. When the mulch material is
used after the broadcasting of seeds, a thin layer is most
effective as compared to heavy mulch application before
seeding of smaller seeds (Rokich et al. 2002). Organic or
live mulches are most favorable than the gravel or stone
mulches for proper seed germination (Montano et al.
1977) which can inhibit the germination of seeds in
deeper layers of soil (Winkel et al. 1995). After the emergence of seedlings from the soil surface, mulches can
enhance their performance in field (Naklang et al. 1999)
and nursery conditions (Mishra et al. 1996; Tisserat and
Kuntz 1984). Mulch materials reduce the evaporation
losses, in this way enhancing the water retention in soil
and helpful in reduction of weed species. This is also
achieved by mulches via increasing the root establishment, growth, and development (Fausett and Rom 2001;
Wood 1994). Mulches permit the desired crop plant to
extend its root system far away from the main trunk as
compared to the un-mulched barren soil. In this way,
mulched plants get more biomass and more heighted
(Burgess et al. 1997; Watson 1988).
In the selection of mulch material, it is very imperative
to know how much soil will be explored by mulching.
Greatest root development and density was achieved
using organic mulches in relation to plastic mulch
(Fausett and Rom 2001), un-mulched soil (Watson
1988), and living mulch material (Green and Watson
1989). Some mulch are used as barriers of water and air
movement such as sheet and film mulches which enhance the root growth above the mulch surface but
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when these mulches are removed, they damage the crops
grown on them (Appleton et al. 1990). A research study
was conducted on plastic mulch with fertilizer as an
addition, and outcomes showed an increased death rate
of transplanted plants (Houle and Babeux 1994).
Organic mulches are better than any other mulch materials because they provide nutrients and water to newly
grown plant roots. Roots also have the ability to extend
in search of water where it is easily available in the plant
root zone (Watson 1988; Watson and Kupkowski 1991).
If the plants’ root grow successfully, then survival of
plant is certain. The use of landscape mulches prevents
the death of newly transplanted plants even in unfavorable environmental conditions, e.g., saline (Ansari et al.
2001; Sun et al. 1994), subarctic (Houle and Babeux
1994), and mines tailing (Munir et al. 1998; Woods et al.
1979). Increased survival of transplanted seedling was
observed under field and nursery conditions (Martin and
Poultney 1992; Maynard 1998; Naklang et al. 1999), silviculture farming (Samra and Singh 1998), plantations of
forests (Gardiner and Yeiser 1998; Hunt 1963), and sites
of restorations (Cahill et al. 2005; Zink and Allen 1998).
Turf which is mostly used as a competitor cover crop increased the mortality rate of transplants (Downer and
Hodel 2001).
Research studies conducted on mulch in 1942 revealed
that the trees which are grown with mulch materials
grew up better than the un-mulched trees (Hopp and
Posey 1942). Some other scientists carried out the mulch
experiments, and their outcomes were also in line with
the early study of mulched trees performed better than
the control treatment (Balvinder et al. 1988; Buban et al.
1996; Calkins et al. 1996; Foshee et al. 1996; Seckler and
Tejwani 1983). The growth and yield parameters which
were influenced by mulch materials are increased plant
height (Balvinder et al. 1988; Ringe and Graves 1990;
Samra and Singh 1998; Singh and Saggar 1997), stem of
plant/trunk of tree diameter (Balvinder et al. 1988;
Downer and Hodel 2001; Green and Watson 1989;
Samra and Singh 1998; Singh and Saggar 1997), increased number or size of plant leaves (Davis 1994;
Downer and Hodel 2001; Martin and Poultney 1992;
Pfammatter and Dessimoz 1997), and maximum production of flowers, fruits, and seeds (Pfammatter and
Dessimoz 1997; Tilander and Bonzi 1997).
The best mulch which is mostly used in field conditions is the organic mulch, and it can increase the overall performance of crop plants and also brings
improvement in soil conditions. These mulches are categorized as rapid decomposers such as compost, leaves,
and grass clippings (Green and Watson 1989; Pfammatter and Dessimoz 1997; Samarappuli and Yogaratnam
1984; Singh and Saggar 1997; Tilander and Bonzi 1997);
moderate decomposers as paper, straw and hay (Davis
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1994; Litzow and Pellett 1993), crop residues (Martin
and Poultney 1992); and slow decomposers, e.g., stem
bark and woody chips (Downer and Hodel 2001; Green
and Watson 1989; Ringe and Graves 1990). Sometimes,
slow-decomposing mulch materials like bark mulch can
make nutritional problem for fast-growing tree species
due to low production of plant root biomass (Davis
1994).
For the optimization of overall plant performance,
stones and gravels are not considered as better materials
as the organic ones (Samra and Singh 1998; Seckler and
Tejwani 1983; Singh and Saggar 1997). Sheet mulches
also have no significant effect on plant performance and
produce very unsatisfactory results (Litzow and Pellett
1993; Seckler and Tejwani 1983). Turf mulch which is
mostly used as competitive cover crop also showed reduced growth rates (Samarappuli and Yogaratnam 1984) as
compared to bare (un-mulched) conditions of soil (Downer
and Hodel 2001; Kraus 1998).

degraded by the cellulose enzyme which is produced by
most of the soil microbes which live inside the mulch
(Downer et al. 2002). Mulching with the aim of maximum colonization of microbes will also be helpful for
the biological control of many harmful pathogens (Entry
et al. 2005). This is the main reason of reducing the diseases using organic mulches such as straw (Bowen and
Behe 1995) and woodchips (Davis 1994) in relation to
polyethylene and fabric mulches.
Mulches are an important part of integrated pest management (IPM). Some mulch can increase the chances of
disease occurrence when used in a poor soil condition.
In 1948, sawdust was used as a mulch material in gardens and it was noticed that sawdust caused root rot disease in many plant species (Matthews 1948). Black
polyethylene mulch caused the bacterial soft rot disease
as compared to woodchips or bark mulch (Davis 1994).
Therefore, selection of the mulch material is imperative
because mulches are a part of IPM plan.

Diminution of diseases

Decline of weeds

Mulching materials have the ability to reduce the evaporation losses and hence conserve the soil moisture, thus
reducing irrigation water requirements. Mulches can act
as barriers against irrigation water or beating action of
rain drops which carry spores of different diseases.
These spores attach themselves with foliage and shoots
of the vulnerable plants. Mulches help in the nutrition of
many beneficial organisms which competes the incoming
pathogenic spores or sometimes release the chemicals for
the inhibition of pathogens; in this way, they reduce the
chances of disease occurrence (Chalker-Scott 2007).
There are many ways of disease reduction in plants
through mulches. Spaulding and Hansbrough (1943) investigated that the needles which suffered from blight
disease worked as mulch on the surface for the better
growth of tree species. Mulches have a direct or an indirect mechanism to lessen the disease. This mechanism
was also elaborated by Downer et al. (2002) who discovered the root rot disease through short- and long-term
mulching effects. The indirect effects of mulches are
helpful for the prevention of plant diseases such as improvement in nutrition of plants, better drainage, moderation of soil temperature, improved soil aggregation,
and conservation of soil moisture. Consequently, mulch
materials provide a healthy atmosphere for crop plants
which optimize the vigorous growth and development of
plants that may remain safe from the pathogenic organisms (Turchetti et al. 2003).
Organic mulches also restrain many soil microbes
which directly compete or degrade the pathogenic organisms with the help of many enzymatic reactions
(Crohn and Bishop 1999). The pathogens of fungus
mostly contain cellulose in their cell wall which is

Mulching is a favorable tool for controlling the weed
populations in nursery as well as field conditions as illustrated in Fig. 2; however, the phenomenon of weeds reduction is not fully understood till now. Wilen et al.
(1999) found that there was 92% reduction of weed
population as compared to non-mulched treatment.
When mulch is spread on the soil surface, they act as
barriers in the passing of light resulting in reduced germination of small-seeded weed species. Different types
of mulches (15 different mulch types) were used in comparison to non-mulched, and outcomes of the study
showed that there was no difference between all mulch
types but a significant difference exists for reduction of
weeds with bare soil treatment (Stinson et al. 1990;
Mohtisham et al. 2013; Kader et al. 2019). Mulches act
as physical obstacles in the emergence of weeds (Ahmad
et al. 2015; Ahmad et al. 2020); however, when the
organic mulches decompose, they quickly come out the
soil surface. Some organic mulch also acts as the allelopathic and releases some toxic chemicals which are
helpful for the reduction of weeds. Besides this, the
environment that is created through the mulch is very
helpful for beneficial microbes which feed on the weed
species or weed seeds (Chalker-Scott 2007). Likewise,
the living mulches are useful to reduce the weeds by
competing for the basic resources such as light, moisture, nutrients, and oxygen. They also have the allelopathic effects on the weed species. Some cover crops
and ground cover are also supportive for lessening of
weed seed germination and their establishment (Griffiths
and Fairhurst 2003). The quantity of mulches should be
limited in field conditions, and if living mulches are used
too much, then they compete for the basic resources of
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light, moisture, oxygen, and nutrients (Chalker-Scott
2007). Even though plastic films and landscape fabrics
have the ability to successfully reduce the weed population, these are not used for a long time. Plastic mulches
such as those of white and green color allow photosynthetic active radiations (PAR) to pass through them, and
in this way, weeds grow beneath these mulches, and at
the same time, the dark-colored mulches do not allow
these radiation to pass, and reduction of weed population occurs. Some weeds are so hardy that they can grow
above the mulch surface, and sometimes, they penetrate
through the plastic mulches also (Horowitz and Thomas
1994). Substitution of the plastic and fabric mulches is
not only a time-consuming process but also an expensive method of mulching the soil surface. When we want
to replace these mulches, they can even damage our
crop of interest (Appleton et al. 1990).
Amongst different mulch materials, organic and inorganic are widely used in better reduction of weed
control when these are used at adequate depth
(Greenly and Rakow 1995) and these are not vulnerable to the compaction of soil (Einert et al. 1975). Inorganic mulches (gravel/stone mulch) when used at a
4-cm depth will avoid the colonization of weed species (Winkel et al. 1995). On the other hand, inorganic mulches provide better soil conditions such as
moisture conservation and moderation of temperature
but there is no light beneath these mulches and weed
seeds who require light for germination do not germinate (Chalker-Scott 2007).
Organic mulches have various capabilities of controlling weed colonization. Compost is organic mulch
which is full of nutrients, fertile the soil, and is not
an excellent mulch to control the weeds (Maclean
et al. 2003; Maynard 1998; Niggli et al. 1988). If this
compost is not fully decomposed, then it will work as
a seed bank of weeds and will be favorable for the establishment of perennial weed species. Mulch material
which is used in a thin layer will sufficiently enhance
the germination of weed seeds; otherwise, if it will be
used in the thick layer, it will reduce the seed germination (Rokich et al. 2002).
Low-nutrient-rich organic mulches which are coarse
in nature when applied in thick layers lessen the weeds
more effectively than the herbicides (Cahill et al. 2005;
Froment et al. 2000). Different crop residues (Davis
1994; Nath and Sarma 1992; Niggli et al. 1988) and
forest-produced materials (Gardiner and Yeiser 1998)
are used in un-composted forms and cause reduction of
weed species in agricultural and landscape lands (Niggli
et al. 1988). Most of the research studies suggest the use
of sawdust as mulch for controlling of weed population
in forest areas (Arthur and Wang 1999) or in container
production system (Montano et al. 1977). Some other
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studies revealed that the thick layer of sawdust will be
impervious for water and gas exchange (Stenn 2005).
Mulching reduce the light penetration below the surface and act as a barrier so there is no process of photosynthesis in weeds, and in this way, weeds cannot
survive without glucose formation. It is the best strategy
for controlling weeds of annual nature (Ahmad et 2020;
Ahmad et al 2015). Intercultural practices in crop plants
grown with mulches can be minimized due to a smaller
number of weeds as mulch restricts weed growth. Polyethylene plastic sheets (as mulch) are reported to be
more effective for weed control in cotton than in organic
mulches. Reduction in weed density with increasing the
amount of mulch was observed by (Ahmad et 2020;
Ahmad et al 2015).

Potential advantages of mulching in environment
management
Remediation of heavy metals

Heavy metals are injurious for both the animals and human health. Mulches are a good source for removal of
these heavy metals from the soils (Chalker-Scott 2007).
Leaves of arborvitae, eucalyptus, pine, and poplar are
mostly used for removing these heavy metals from the
soil solution (Salim and El-Halawa 2002). Using woodchips and compost in forest areas can make complex
with the copper metal and convert it into the form
which is not toxic for proper growth of crop plants
(Kiikkila et al. 2002).
Diminishing of pesticide use

Mulch materials can decrease the stress level on plants
and deal with different pathogens. Plants get resistance
to weed attack and other harmful pests, and in this way,
there will be no use of any type of fungicides, insecticides, and herbicides. Decline in the use of such chemicals will be in favor of farmers in the sense that no
money is used for such chemicals and also the non-use
of chemicals will be in favor of beneficial soil organisms’
population and the environment (Chalker-Scott 2007).
Visual enhancement by mulch

The ground covers and tumbled grass mulches are
good-looking and perform the function of soil protection
against extreme climatic, biotic, and abiotic factors. Aesthetic improvement is not a technically quantified feature, but it shows the selection of the best mulch
according to the landscape designs (Kader et al. 2019).
Some fragrant ground covers and fresh mulch give
pleasurable fragrance to the people. Smooth rock/stone
mulch and soft ground covers also attract people due to
their beauty in an aesthetic sense. However, some people
do not like mulch materials; instead, they prefer bare
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soil because they consider the mulch as “messy”
(Chalker-Scott 2007; Kader et al. 2019).

Economic importance of mulching
Whenever people use synthetic chemicals, fertilizers,
and mulches, they estimate the cost and benefit which
comes out from the investment. Mulch materials are not
so costly as compared to other synthetic materials in
terms of soil heath and the overall performance of crop
plants. When we use mulches, there will be no cost on
pesticide purchasing (Clemens and Starr 1985; Gardiner
and Yeiser 1998) or on other methods of weed control
(Gardiner and Yeiser 1998). Use of locally produced
wood debris for the purpose of rehabilitation of damaged lands increases farmer income and enhances performance of crop growth and development (Munir et al.
1998). For the re-vegetation of roadsides, brush mulch
was found to be the effective and the economical ones in
urban areas (Rothwell 1978). The materials which can be
locally available such as peat and timber harvest residues
are economical and enhance the overall growth and
development of crops (Van Nierop and White 1958;
Kader et al. 2019).
Comparative effects of mulched and un-mulched

Raman et al. (2004) conducted a field experiment to observe the effects of various mulches on cotton growth-,
yield-, and weed-related parameters. Different mulches
used were as follows, i.e., sawdust, coir pith, water hyacinth, sugarcane trash mulch, and rice straw mulch. Very
low density of weeds (20 m-2) was observed in sugarcane
trash mulch followed by coir pith, water hyacinth, rice
straw, and saw dust, and highest in control (225 m−2)
treatment. More weed biomass was also reported in the
control treatment (157 g m−2) followed by saw dust, rice
straw, water hyacinth, and coir pith, and very less in sugarcane trash. In the same way, more weed control effectiveness was present in sugarcane trash (91%), coir pith
(84%), water hyacinth (77%), rice straw (65%), and saw
dust (52%) in comparison to control treatment.
Ather et al. (2013) carried out a research study in field
condition to check the effects of various treatments of
weed control, i.e., wheat straw mulching, manual hoeing,
acetochlor and pendimethalin + prometryne on weed
population, its biomass production, and productivity of
cotton. Wheat straw plots showed 59.25% more efficiency of weed control than the rest of the treatments
used in the experiment at maturity. All other growthand yield-related parameters were also high in mulched
treatment in relation to other plots of experiment.
Motisham et al. (2013) found lower weed densities in
treatments under sesbania and plastic mulch over the
control treatment. Plastic mulch controls the weeds
more efficiently compared to sesbania. It was concluded
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that less weed densities in plastic mulch were due to
higher weed control efficiency of the plastic sheet.
Weeds were mostly present in interplant spaces.
Vasilakoglou et al. (2006) conducted a field research
study to evaluate the impact of different weed control
measures on overall phonological stages of cotton. Three
weed control methods were used namely as (i) herbicides, (ii) cereals as mulch, and (iii) inter-row cultivation.
Findings of the research study showed that the germination and growth of weeds were very less under cereal
mulch, herbicides, and inter-row cultivation as compared to control treatment. Cotton got vigorous growth
under weed control methods in relation to control treatment. From the current study, it is concluded that usage
of cereals as mulch is the effective strategy to reduce
down the intensity of weeds and also to increase the cotton seed yield.
Ayyadurai (2011) conducted field experiment to find
out the critical period of weed crop competition in cotton. Experiment included 12 different treatments (weedy
and weed-free periods at 20, 40, 60, 80, and 100 DAS
and at harvest). Losses in seed cotton yield increased
with increased duration of weed cotton competition and
maximum loss (96.5%) occurred with full-season competition followed by 100, 80, 60, 40, and 20 DAS. Srinivasalu and Rao (2000), Virk et al. (2002), and Bryson et al.
(2003), and Latha (2005) also stated 85% yield losses in
cotton due to weeds. Infestations 20 to 60 days after
sowing were found to be the critical period of weed cotton competition. Significant increase in seed cotton yield
was observed in plots that were kept weed free during
first 80 DAS.
DilBaugh et al. (2010) used plastic mulching, manual
weeding, and mechanical weed control methods to control the population of weeds and concluded that after
30 days of sowing mulched treatment reduced the weeds
intensity in relation to un-mulched treatment about
100% of broad leaves weed and 95.8% of narrow leaves
weed. Comparison of manual weeding or untreated
treatment resulted in 89.7% broad leaves and 91.0% narrow leaves weed which were controlled in the manual
weeding method. Mechanical weed control method +
mulching controlled more broad leaves (10.3%) and narrow leaves weed (4.8%) as compared to the manual
weeding.
Zamurrad et al. (2013) evaluated the effects of increasing rate of wheat straw mulch on the conservation of
soil moisture content. Different rates of wheat straw
mulches were used, i.e., (i) 4, (ii) 3, (iii) 2, and (iv) 1 tons
ha−1 basis were used. From this research study, it was
found out that with increasing the rate of wheat straw as
mulch, maximum soil moisture was retained in relation
to un-mulched treatment. The treatment of (i) 4 tons
ha−1 showed minimum number of weed and very low
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weed biomass as compared to rest of the treatments
used in the experiment. Same findings were also proposed by Garcia-Moreno et al. (2013). Robert et al.
(2000) conducted a field experiment to study the effect
of tillage and mulching on cotton yield and reported
35% higher lint yield in plots covered with wheat stubble
mulch against the control (no mulch). Lower values of
evaporation and higher values of water use efficiency
were also recorded in mulched treatment over control.
Nasrullah et al. (2011) studied the effect of different
mulched treatments (M1 = cultural mulch, M2 = straw
mulch, M3 = plastic sheet, and M4 = chemical mulch)
and planting methods (single row planting, double row
strip planting, ridge planting, and bed planting) on
growth, yield, and water economy in cotton. Results indicated that among the mulches, various growth and
yield attributes like plant height, leaf area index, crop
growth rate, number of bolls per plant, and 100 boll
weights were higher in plastic and minimum in straw
mulch followed by cultural mulch and chemical mulch.
Maximum biological yield (10040 kg/ha), seed cotton
yield (3332 kg ha−1), harvest index (32.75), water saving
(26.53%), and water use efficiency (5.04 μmol (CO2)/
mmol (H2O)) was also recorded in plastic sheet mulch.
The maximum cotton yield and water saving was obtained in bed and furrow planting method with polythene plastic mulch.
Virdia and Patel (2000) evaluated the impacts of straw
mulching and various irrigation methods on different
growth stages and yield attributes of cotton crop and
found that cotton crop under straw mulch produced
more plant height, LAI, and high yield in comparison to
un-mulched treatment used in the experiment. 21.4%
more cotton yield was attained in mulched treatment as
compared to un-mulched treatment. It is mostly due to
mulch materials which provide the plants with the best
conditions of growing. ZongBin et al. (2004) carried out
a field experiment on cotton to check out the effects of
mulching on maintaining soil temperature and retaining
moisture content in various soil profiles and also to see
the impacts of mulching on the overall attributes and
yield of cotton crop. In this experiment, it was found out
that mulched material maintained the soil temperature
at an optimum level of growth and conserved more
moisture content as compared to un-mulched treatment.
Mulched pots lower the soil temperature to about 14%
and increased the moisture near to 3% in comparison to
those without mulch (control) treatment. Mulch-treated
cotton plants attained more photosynthetic rate, LAI,
CGR, root growth, and all other yield-related values
when compared with un-mulched treatment.
Jordan et al. (2010) studied the impacts of wheat straw
mulching on soil water conservation and physical properties. Findings of the research study indicated that
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wheat straw used as mulch improved the physical and
chemical properties of soil. Wheat straw mulch on decomposition increased the soil carbon content up to 10
Mg ha−1 year−1. Higher rates of mulch material improved
the water holding capacity, infiltration rate, and moisture
content of soil. Low rates of mulching have no such significant effects in relation to high-rate application but
have some positive effects in relation to control treatment. Mulches can also reduce the soil erosion.
Similarly, Dahiya et al. (2007) conducted a field experiment to evaluate the impacts of mulch on soil
temperature and soil water retention. Treatments used
in the experiment were as follows: i.e., (i) normal irrigation, (ii) rotary hoeing, (iii) wheat straw as mulch, and
(iv) wheat straw + rotary hoeing. Results of the study
showed that mulches regulated the soil temperature and
also reduced the water loss. Sampathkumar et al. (2006)
investigated the effect of mulch (straw mulching and no
mulching) with drip and conventional irrigation methods
(drip, skip furrow, alternate furrow, full furrow, border
strip, and check basin) on growth of cotton. The highest
plant height (105.8 cm), leaf area index (5.088), and seed
cotton yield (2430 kg ha−1) was observed in mulched
plots with drip irrigation. Kader et al. (2019) analyzed
that mulches conserve the soil moisture and maintain
the soil temperature. Mulches also provide the beautification in the environment and improve the growth and
yield of various crop plants.

Disadvantages of mulching
Lowering the soil pH

A few mulching materials are considered to acidify the
soil; however, there is no proper scientific evidence
about this acidification of soil due to mulching. Bark of
some trees and wood chips are thought to be the main
source of acidification. Most of the studies have dissimilar results by using mulch and describe that there are no
harmful effects of mulches for soil acidification. A research study of pine (needles and bark) used as mulch
had no significant effects on soil pH (Greenly and Rakow
1995). Bare soil is the most acidic soil than the inorganic
mulch covered soil, and organic mulched soil is the least
acidifying in all the treatments used in the research
study (Iles and Dosmann 1999). A study of many years
showed that organic mulches do not affect the pH of the
soil, either it is acidic or alkaline (Pickering and Shepherd 2000). The application of woody materials in nursery production can produce acids such as phenolic
acids due to the decomposition of the woody materials.
However, in field conditions, woody materials have no
or very low acidifying effect because of the localized production of acids. In the real world, there are no significant effects of mulches in causing acidity in soil
(Chalker-Scott 2007).
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Allelopathic effects

Allelopathy refers to the inhibition in germination of
seeds and growth of plants by the release of allelochemicals by the plants or sometimes by living or organic
mulches. Allelochemicals control the weeds in crop
plants. Juglonic acid is mostly isolated from the bark of
black walnut and used in the inhibition of many weeds
and non-desirable plants. This acid can also destroy the
seedlings and shallow-rooted plants though it has no effect on established plants (Harris et al. 2004). Allelopathy caused the inhibition of seed germination by using
an allelopathic compound in the laboratory research experiment (Duryea et al. 1999a), and some scientists consider the same way for the established crop plants. The
seedlings or small seeds are most vulnerable to the
mulch materials than the established plants. Research
studies proved that when the extracts of different
mulches like eucalyptus, acacia, and pine were used they
reduced or totally suppressed the growth of various
weed species which show an allelopathic effect of these
mulches (Schumann et al. 1995). Narrow leaves plants
like grasses are not affected as severe as the broad leaves
plants or dicot species (Schumann et al. 1995). The
contradictory results were also obtained in a research
study conducted on rice crop (Lillaram and Rao 1980).
Landscapes are affected by improper mulch application at
the initial stage of landscaping, so to avoid the allelopathic
effects, proper composting and woody mulch will ensure
no harmful effects on landscapes (Chalker-Scott 2007).
Competition for resources

Competition refers to the struggle of the main crop for
the same resources such as water, carbon dioxide, oxygen, nutrients, and physical space with the competing
organism. The competition for the aforementioned resources could be of inter and intra specific. Both types
of competitions are harmful for the growth and development of the main crop. Bedford and Pickering (1919)
were the first to observe this phenomenon in gardens
where garden floor was covered with grasses and trees
were established. Grasses made a great loss to the trees
in a competitive way. At last, this recovery was made by
the removal of grasses to avoid the competition (Bedford
and Pickering 1919). Turf and various grasses compete
with the main plants (Kraus 1998; Fausett and Rom
2001). In a newly established crop, plants or tree turfs
should be replaced by organic mulch. Organic mulches
promote the rapid establishment of roots and avoid any
competition and in return provide the nutrients on
decomposition (Chalker-Scott 2007).
Disease induction

Diseased plants have mulch materials which have pathogens inside. If we use this type of mulches, then diseases
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will transfer to the healthy plants also. So, before using
mulches, the mulch materials should be fully composted
(Hoitink and Krause 1999). Sometimes, mulch materials
are given a temperature treatment to destroy all the
beneficial and harmful organisms contained in the
mulch. Organic mulches which are available commercially are sterile in nature. We should focus on commercially available mulches to avoid pathogens (ChalkerScott 2007). Honey locust canker which is mostly used
as mulch contains a number of pathogens which are
harmful (Koski and Jacobi 2004). Some contradictory results were also obtained from different studies which
showed that there is no transfer of diseases by using the
diseased mulch as infected maple trees. When wood
chips were made from this type of pathogenic trees,
there was no spread of pathogen occurred in healthy
trees (Dochinger 1956). In various research studies, it
was observed that when mulches were made from such
type of pathogenic trees there was occurrence of pathogens in healthy plants due to the reason that most of the
pathogens dried out when mulches were made as shoestring root rot pathogen (Perez-Sierra et al. 2003). A research study of 6 years gave the similar results that when
butt rot or canker diseased mulches were applied to the
healthy plants there was no transmission of pathogen
found. There was only evidence that when diseased Austrian pine foliage were used as mulch for the same species transmission of tip blight occurred (Jacobs 2005).
Tip blight pathogen of Austrian pine did not affect any
other crop plants. It was being referred that Austrian
pine might be vulnerable to the pathogen. Epidemiology
might be the reason of disease causing not the pathogenic source only (Chalker-Scott 2007).
Soils are another source of pathogen transmission.
Pathogens or micro-organisms are always present in
healthy soils. When the conditions of soil are poor or
anaerobic, these pathogens become active and cause a
great loss to the healthy crop plants (Foreman et al.
2002; Pair 1994). Properly composted mulch materials
should be used always if un-composted materials would
be used they will be the reason of pathogen transmission
(Fraedrich and Ham 1982; Koski and Jacobi 2004; Niggli
et al. 1988).
Flammability

There are different contradictions on the combustion of
rapid-fire mulch. Some mulches combust rapidly than
others. But there are some evidences of rapid flaming of
farmyard wastes (Buggeln and Rynk 2002). Wood
mulches do not generally combust fast. Research study
was conducted to find out the rapid flammability of
mulches (Steward et al. 2003), and it was drawn out that
rubber mulch has the ability to combust fast than rest of
the mulches used in the experiments. Whenever we
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apply mulch material, we should consider the flammability of mulches in regions where there is hazard of fire
occurrence (Chalker-Scott 2007).
Nitrogen insufficiency

There is a misapprehension about the use of woody
mulches that they cause nitrogen deficiency in plants
when used in healthy crop plants or around the trees.
The reason behind this is that the woody materials
have high C to N ratio. The nitrogen is utilized by
the micro-organisms leaving behind the carbon in soil
which will cause the deficiency of nitrogen in soil,
and this would be indicated by the chlorosis in plants
(Chalker-Scott 2007).
Various research studies showed that use of woody
mulch neither caused the nitrogen deficiency in soil nor
the chlorosis in crop plants (Greenly and Rakow 1995;
Pickering and Shepherd 2000). Contradictory findings
also revealed that the woody mulch increased the nutrient level in soil and also in plant foliage (Arthur and
Wang 1999; Pfammatter and Dessimoz 1997; Singh and
Singh 1999; Szwedo and Maszczyk 2000).
Pest infestation

There is also a contradiction in the use of organic mulches.
Some researchers found that organic mulches attract pests,
and some scientists found that organic mulches are used as
repellent of pests (Anderson 2002). Some species of Thuja
are used as a chemical repellent for many pests like moths
of clothes, killing cockroaches, and repelling ants, carpet
beetles, and termites (Chalker-Scott 2007).
We commonly consider that woody mulches are magnets for termites attack. A lot of researches have been
conducted on this fact with amazing results. One of the
recent studies (Long et al. 2001) conducted on organic
(wood) and inorganic (gravel) mulches and gave results
that the termite activity was found higher beneath the
gravel mulch as compared to the wood mulch. When organic mulches used in laboratory experiments were fed
to termites, the death rate was so high. Similar results
were also found in another study (Duryea et al. 1999b)
where termites like the mulches which have higher nitrogen and phosphorus contents in them. So, in areas
where the termites are the major pests, we should use
the organic mulches which have low nutrient content in
them (Martin and Poultney 1992). Landscape fabrics and
black plastic mulch can reduce various pests (Duncan
et al. 1992).
Mulches are dynamic in their ability to attract or repel
pests and mammalian species as well. Many of the mulch
materials by nature have the ability to repel mammals
through their special characteristics of odors, thorns, and
texture (Chaudhary 2003; Szwedo and Maszczyk 2000).
Some of the mulches can attract pests such as rodents
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Table 2 Selection of Mulches according to Ecological Conditions
Sr. No.

Ecological Situation

1

Rainy season

Mulches
Perforated mulch

2

Orchard and plantation

Thicker mulch

3

Soil solarisation

Thin transparent film

4

Weed control through solarisation

Transparent film

5

Weed control in cropped land

Black film

6

Sandy soil

Black film

7

Saline water use

Black film

8

Summer cropped land

White film

9

Insect repellent

Silver colour film

10

Early germination

Thinner film

who find shelter in dense-type mulches (Ferm et al.1994;
Merwin and Stiles 1994; Siipilehto 2001).
Weed infestation

It is considered that some of the mulches are carrier
agents of many weed seeds. The research study on this
aspect is lacking. It is thought that composts and residues which are used as mulch if not properly decomposed carry the seeds of various weed species (ChalkerScott 2007). Good mulch has characteristics of deepness
which inhibit the weeds and promote the healthy plants
and soil. Research studies have proved that weed suppression is directly related to the depth of mulch (Foshee
et al. 1996; McDonald et al. 1996). Organic mulches
which are applied at a higher depth have the ability to
reduce weed species as compared to those applied at
shallow depths (Horowitz and Thomas 1994; Kuhns
1992; Zaragoza et al. 1995). Black plastic mulch is the
cheapest and is easy to handle in field conditions than
all other mulches. There are some general instructions
for selecting plastic mulch in various ecological conditions as shown in Table 2.

Conclusions
Mulching with different materials can potentially conserve soil moisture, reduce evaporation losses, and suppress weed population. Different mulching exhibited
significant impacts on growth, yield, and quality of various crops. The contradictions about the performance of
mulching exist as adverse effects of mulching have been
reported by different scientists. These disadvantages reported by different scientists are not as much dangerous
in real field conditions, although the advantages of
mulches are most dominant on these contradictions.
However, it can be concluded from the literature that
mulches are a cheap source to reduce weed populations
and to conserve the soil moisture contents to a substantial level. Therefore, the properly managed mulching
strategies could compensate the water requirement of
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crops in water deficit/drought conditions. Moreover, integrating the mulching system (wheat straw, cotton
sticks, black plastic, maize straw) with partial root zone
drying (PRD) could serve an efficient technique to enhance overall crop growth, development, and yield.
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