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Preface

Agricultural researchers have been engaged to increase crop productivity in order to
ensure global food security. Resources for food production are limited, and human
food needs are on a continuous rise due to ever-increasing population. Hence, inten-
sive agriculture has become a necessity, which leads to overexploitation and unsus-
tainable use of the land, water, fertilizer, and other resources. Climate change, water
shortage, and pesticide resistance are a few other important challenges that compro-
mise the agricultural sustainability. Some innovative techniques such as mulching
the soil are desired that can provide multiple benefits and contribute to natural pest
suppression, and achieving agricultural sustainability. Although mulches have been
used during old times, their use has regained popularity, and researchers are con-
tinuing to explore several of the benefits of using different mulching systems in the
modern agricultural production. This book has discussed various aspects of employ-
ing mulches in a variety of agricultural production systems. It clearly describes the
recent developments in the use of mulches in crop farming, the restrictions involved
and the gained advantages. The detailed discussion based on the recent literature
explicitly indicates that mulches provide several benefits in the perspective of
organic crop production, dealing with the climate change and resistant pests, and
attaining the agricultural sustainability. Owing to its several benefits, mulching will
be a compulsory component of many of the future cropping systems.

Nigde, Turkey Khawar Jabran
April 7,2019
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Use of Mulches in Agriculture: L)
Introduction and Concepts S

Introduction

Conventional agriculture is required to be introduced with innovative techniques
that may help in improving the sustainable use of resources. In the recent decades,
the water is quickly becoming scarce due to climate change (that changes the rain
patterns including its distribution and concentration), rise in human population, and
contamination of freshwater resources by heavy metals and other pollutants. In
addition to water scarcity, degradation of land resources is also on a continuous rise
due to their unsustainable use. Some easy and economical options are needed that
may diminish soil loss, help to conserve moisture, improve soil microbial activities,
and may add nutrients to the soil.

Non-chemical pest control (including management of diseases, weeds, and
insect pests) has been the aim of agricultural researchers for achieving various
objectives (Jabran and Chauhan 2018a, b; Wang et al. 2018). Importantly, non-
chemical pest control is inevitable for its indispensability for the organic crop pro-
duction. For successful pest control in organic farming, multiple methods of
non-chemical pest control are desired. Other than organic crop production, non-
chemical weed control is also desired in the wake of evolution of pesticide resis-
tance in the pests and for achieving the integrated pest control. Important of all,
non-chemical pest control is desired for the sake of achieving sustainable pest con-
trol in the agricultural systems.

Mulches offer a significant role in accomplishing the goal of sustainability in
modern agricultural production systems. These may help in conserving water and
soil; achieving non-chemical control of insect pests, diseases, and weeds; control-
ling soil salinity; and adding nutrients to the soil (Kumar and Goh 1999; Zhao et al.
2014; Jabran et al. 2015a; Prosdocimi et al. 2016; Cerda et al. 2017; Jabran and
Chauhan 2018c). Mulch means any organic or fabricated material that is employed
in any agricultural systems for the sake of achieving regulation of soil temperature,
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warming or cooling of soil, weed control, and water and soil conservation (Jabran
and Farooq 2007; Farooq et al. 2011a; Kasirajan and Ngouajio 2012). Mulches
have also been exploited to control insect pests or diseases, adding nutrients to the
soil or improving the nutrient availability and improving the activities of various
biological entities in the soil.

Recently, materials such as hay, paper, cardboard, plastic, woodchips, etc. are
being used as mulches for various advantages in agricultural systems. Weed sup-
pression, disease control, water conservation, and soil temperature regulation are
important among such benefits. There is plenty of literature that addresses the
benefits of mulching in various agricultural systems. Most of this literature com-
prises of research papers, while very few review or books are available on the
topic. Nevertheless, the information on utility of mulches in agricultural systems
is available but mostly in patches. For instance, recently a book was edited by
Orzolek (2017) that addressed the utilization of plastics (including use of plastic
films as mulches) in agricultural production. The book did not include anything
about the straw or other kind of mulches but narrated the production of plastics
and their disposal and uses both in the vegetables and row crops (Orzolek 2017).
Probably there is no single source that may fully explain the role of mulching
systems in maintaining the sustainability and productivity of various agricultural
systems. Hence, this book was planned to explain the implications of using vari-
ous kinds of mulches in agricultural production and describe the role of mulching
in agricultural sustainability. The scope of this book includes the organic or non-
organic mulches being added to an agricultural field from several resources; how-
ever, this does not cover the living mulches, cover crops, or biochar. The next six
chapters explain the role of mulches in controlling weeds, insect pests, and dis-
eases, soil and water conservation, improving biological activities in the soil, reg-
ulating soil temperature, and improving the soil fertility. The introductory (current)
chapter explains important concepts about mulches and discusses the types of
mulches and their merits and demerits.

Types of Mulches

This is important to select the most appropriate mulch type keeping in regard the
soil type, the environmental conditions, the crop, and the specific objectives for
which the mulch is being used. Socio-economic situation and availability of mod-
ern agricultural technology also impact the selection or use of mulches (Erenstein
2002). Both degradable or organic (particularly the plant residue) and non-
degradable/inorganic (such as plastic mulches) have been tested under different
agricultural settings for their role in soil and water conservation, regulating soil
temperature, enhancing the soil microbial activities, increasing organic matter, and
controlling weeds. Among the mulches, black plastic (low-density polyethylene)
mulch has a huge utilization in the orchards or greenhouse conditions (in high-
utility in the arable agriculture as well
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(Kasirajan and Ngouajio 2012; Kader et al. 2017). Both the black and transparent
plastics have been used as mulches particularly in the vegetable production for a
period of nearly 70 years (Lamont Jr 2017). The popularity of this mulch has wit-
nessed an increase particularly in the water-short environments. Although black
plastic mulch has been the most popular, the transparent or plastic mulches with
other colors have also been evaluated for their benefits to soil and plants. High
monetary and environmental costs may limit use of plastic mulches in agriculture,
and degradable mulches are under-development as a substitute (Touchaleaume
et al. 2016). Table 1 gives various kinds of mulches that have been tested in differ-
ent kinds of agricultural systems along with their benefits.

In the wake environmental demerits of black or other colored plastic mulches,
use of degradable or biodegradable mulches has been suggested (Moreno and
Moreno 2008; Gao et al. 2019; Sander 2019). The degradable mulches are made
from starch or cellulose (polysaccharides) obtained from crops such potato,
wheat, sugarcane, or maize (or from several other crop sources) (Chiellini et al.
2004; Merino et al. 2019). These mulches are decomposable to H,O, CO,, rem-
nant polymers, or other minerals in the soil environment during or toward the end
of the crop growing season (Sander 2019). There are ways to stimulate degrad-
ability of these mulches if required (Thompson et al. 2019). The degradable
mulches that have a moderate decomposition rate are more effective in the posi-
tive modification of soil and crop environment and the subsequent high yields
(Yin et al. 2019). A higher degradation of potato or maize starch mulches has been
noted under the clay soils than the sandy soils (Villena et al. 2017). Degradable
mulch also declines the soil moisture evaporation but a little lower compared to
the plastic mulch (Gu et al. 2017).

Fabricated mulches (such as black plastic) are expensive than the ones naturally
available (e.g., straw mulch). Further, the plastic mulch does not add organic matter
or other nutrients to the soil (Rao and Pathak 1998). Choice of mulch, along with
other factors, should also consider the easy availability of mulch materials in the
area of use. A 5-year study in China investigated the use of gravel and straw mulches
for improving water contents in soil and water use efficiency and yield of alfalfa; the
authors argued that they had chosen these mulches because of their easy availability
in the cropping area (Jun et al. 2014).

The global straw production from various crops is more than the quantity of
grains produced by these crops. This may be estimated from the quantity of grain
produced and harvest index of the crops. For instance, the three top cereals (wheat,
maize, and rice) produce a grain quantity of 771.7, 1134.7, and 769.7 million tons,
respectively, and these crops have an average estimated harvest index of ~0.4-0.6,
~0.45-0.55, and ~0.4 for wheat, maize, and rice (Sharma and Smith 1986; Moser
et al. 2006; Djaman et al. 2013; Jabran et al. 2015¢; FAO 2017). This implies that
quantity of straw produced by these three crops may surpass 2500 million tons.
Straw of the previous crop is frequently used as a mulch in various cropping sys-
tems including those in the conservation agriculture where mulching the soil with
crop residue is a principal component (Farooq et al. 2011a). However, in many of

f evious is either burned or removed from
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Table 1 Types of mulches and their benefits or disadvantages

Type of mulch Benefits References

Straw mulch Improved rice growth, grain Jabran et al.
characteristics and recovery (2015b)
Reduced soil erosion and run-off, Montenegro

soil water conservation, and
temperature regulation

etal. (2013)

Reduction in the impact of soil Siczek and
compaction Lipiec
(2011)
Increase in soil organic matter and | Garcfa-
aggregate stability and decrease in | Orenes et al.
soil and water losses (2009)
Increase in water use efficiency, Wang et al.
yield, and soil moisture level in the | (2009)
maize fields
Decrease in soil moisture loss Sarkar et al.
(2007)
Reduced evaporation and increased | Kirnak and
water use efficiency and cucumber | Demirtas
yields (2006)
Increase in the essential oil Ram et al.
produced by a medicinal plant (2003)
geranium (Pelargonium
graveolens)
Increased crop growth rate, plant Awal and
biomass, harvest index, and maize | Khan (2000)
grain yield
Pale blue and white painted straw mulch A 15% increase in potato yield Mantheny
etal. (1992)
Aluminum/black and silver/black mulch Increase in cucumber plant growth | Torres-
and yield Olivar et al.
(2018)
Red colored plastic mulch Increase in aroma compounds of Loughrin
strawberries and
Kasperbauer
(2002)
Coupled plastic and straw mulch Decrease in evaporation and Yin et al.
increase in soil moisture levels (2016)

(continued)
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Table 1 (continued)
Type of mulch Benefits References
Black-colored plastic mulch Increase in cucumber biomass, leaf | Torres-
area, and yield Olivar et al.
(2018)
Increase in gross income and net Jabran et al.
returns in the aerobic rice (2016)
production
Increase in rice leaf area, crop Jabran et al.
growth, grain length, and brown (2015b)
and white rice recovery
High soil moisture and temperature | Xiukang
et al. (2015)
An increase of 7% in wheat yields | Wang et al.
(2012)
Low evaporation and higher Kirnak and
cucumber yield and water use Demirtas
efficiency (2006)
Increased strawberry yield, fruit Rajbir and
size, and growth Ram (2005)
Degradable film Increase in soil temperature and Lietal.
water at the start of growing period | (2012)
and a ~30% increase in yield of
maize and its water use efficiency
Degradable film made from A ~10% decrease in Gu et al.
polycaprolactone, starch of maize, evapotranspiration and ~54% and | (2017)
adjuvants, and grease (60%, 30%, 5%, and | ~38% increase in water use
5%, respectively) efficiency and seed yield of
Brassica napus L.
Water hyacinth High harvest index, maize yield, Awal and
and growth Khan (2000)
Mulch of Sesbania and Jatropha residue A ~10-12% increase in yield and | Jat et al.
net returns (2015)
Almond shell mulch Increase in soil enzyme activities Lépez et al.
and organic carbon (2014)
Manure compost and bark chips mulches Reduced accumulation of toxic Krzebietke

compounds (polycyclic aromatic
hydrocarbons) in the soil

et al. (2018)
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the field to feed animals or to use them for other purposes (Erenstein 2002).
For instance, the quantity of crop reside produced only in China counts hundreds
millions of tons, and most of it is either burned as fuel or fed to animals (Gao et al.
2009). Instead of burning or removal from the field, the crop residues are desired to
be used as mulching material for the subsequent benefits such as improved soil
properties, increased soil organic matter status and microbial activities, and
enhanced water holding capacity. If the straw is in high quantity or possesses an
allelopathic potential, it is likely to provide a weed control through a physical sup-
pression and allelopathic effect, respectively (Farooq et al. 2011a; Jabran et al.
2015; Jabran 2017a, b, ¢, d, e, f, g, h, 1, j; Lowry and Smith 2018). Simultaneous
action of both the allelopathic effect and physical suppression is also possible.
Straw mulches from crops such as sunflower, rice, canola, sorghum, wheat, barley,
maize, and rye have expressed an allelopathic activity against weeds (Jabran 2017a,
b, c, d, e, f, g, h, i, j). Some studies showed that straw quantity of 1 or 2 t/ha was
enough to provide weed control in field conditions (Xuan et al. 2005); however, this
may not be enough residue to achieve a good level of weed control (Ranaivoson
et al. 2018). In most of the studies, mulch quantity of 4—6 t/ha or higher has been
used, and this was found to provide reasonable weed control and also had positive
effects on soil environment and crop growth (Ranaivoson et al. 2018).

Compost made from farmyard wastes or the wastes from other sources (such as
municipal solid waste) have also been utilized as mulch. Compost mulch not only
adds nutrients to the soil but also covers the soil to reduce evaporation, increases
soil moisture status, and improves crop water use efficiency and yields. Use of com-
post as a weed control agent has been tested, but it did not provide encouraging
results (Radics and Szné Bognar 2002). In our own research work too (data not
published), the compost mulch enhanced the concentration of soil nutrients and
organic matter and improved its physical properties as well but did not provide an
effective weed control.

The newspapers, craft papers, and cardboards are low cost and degradable and
may easily be used as mulches in vegetables or other agricultural production sys-
tems. Some unique cases of mulches are also on record and may not be limited to
aluminum foil, volcanic residue, and soil and gravel. Some studies indicated the use
of sawdust and water hyacinth as mulch (Awal and Khan 2000).

Benefits of Mulches

Immediate (season-long) impacts of mulches may include reduced evaporation,
enhanced soil moisture retentions, improved water productivity or water use effi-
ciency, regulation of soil temperature, and suppression of some pests. There are
several long-run positive effects of mulches on soils, for example, increased soil
sustainability, enhanced organic matter status of soil, addition of nutrients to the
soil, and improved ecosystem services. Plastic mulches may also modify the micro-

i f h. For instance, silver- or white-colored
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plastic mulch could reflect more of the incident light than the red or black (Decoteau
et al. 1989). This implies that colored mulches could modify the light quantity and
spectral balance within the microclimate of a crop. Red-colored plastic mulch
reflected more of far-red and red light than did the black mulch, and this increased
the size of strawberries and their aroma (Kasperbauer et al. 2001; Loughrin and
Kasperbauer 2002). Straw mulch was applied with different colors to find out a light
reflection pattern most suitable to the potato plants, and the straw painted in white
and pale blue increased the yield of potato by 15% (Mantheny et al. 1992). A meta-
analysis from China considered 266 scientific studies published in the peer-reviewed
journals and concluded that mulches increase the water use efficiency (27.6%) and
crop yields (24.3%) for potato, cotton, maize, and wheat (Gao et al. 2019).

Mulches indirectly positively impact the grain quality of rice grown under the
non-flooded conditions by enhancing the retention of moisture in the soil (Jabran
etal. 2015b). There is a stress to grow rice under non-flooded conditions in the wake
of water scarcity. The rice grown under non-flooded conditions may face a water
stress, and mulches may be used to prolong moisture retention in the soil (through
decreased evaporation and improved physical properties of soil). Both the plastic
and straw mulches improve the water status of soil along with an improvement in
the rice growth, grain characteristics (increase in brown and white rice length and
rice recovery), and crop yields (Jabran et al. 2015a, b). Nevertheless, plastic mulch
earned higher yield and net returns than the straw mulch (Jabran et al. 2015a, 2016).
The use of plastic mulch may be more beneficial in the water-scarce environments
because this reduces the water loss and makes it available for the crop plants. A
comparison of this mulch under the well-watered and water-scarce environment
shows that the mulch improves the crop water use (Zhou et al. 2017).

In addition to these traditional benefits, some unique benefits of using mulches in
the different agricultural systems have also been noted. For example, mulches com-
prising of a manure compost and bark chips could reduce the accumulation of toxic
substances (such as polycyclic aromatic hydrocarbons) in the soils of hazel orchard
(Krzebietke et al. 2018).

Mulches of degradable or biodegradable films are advantageous over the plastic
mulches because of their decomposition in the soil, leaving no hazardous residue.
A degradable mulch made from a mixture of polybutyrate adipate terephthalate
plus starch (15%) had a higher concentration of chlorophyll, rate of photosynthe-
sis, and leaf area index compared to control or other treatments in the study
(Sun et al. 2018).

Disadvantages of Mulches

Most of the studies indicate that mulching benefits the soil as well as the crop
plants (Table 1). In addition to positive effects, some negative impacts of the
mulching are also witnessed (Changrong et al. 2006; Granatstein and Mullinix

008; G 019). F ill impacts of plastic mulch residues on
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the soil and environment are important. Plastic mulch is non-degradable, it is
difficult or even impossible to collect its remains from the field, and these residues
not only hinder the filed management but also damage the aesthetic value of the
agricultural fields (Pande et al. 2005). Crop yields decrease if the plastic mulch
residue in the field exceeds 240 kg/ha (Gao et al. 2019). Residues of plastic mulch
may hinder the water movements within soil and interfere the growth of crop
plants (when present in an unmanaged manner). Further, a soil-applied herbicide
or a fertilizer applied to a field containing plastic mulch residues may not reach
their place of action if intercepted by a plastic mulch residue. A study from China
investigated the effects of plastic mulch residues on the soil properties, water flow,
distribution, and infiltration in the soil (Jiang et al. 2017). The plastic residues
altered the soil properties, disturbed the water velocity inside the soil, decreased
water infiltration, and disturbed the uniform water distribution in the soil (Jiang
et al. 2017). Plastic mulch may also cause a decrease in soil aeration (Pande et al.
2005). Moreover, high cost of plastic mulch is another of its demerits. A study
compared the cost and net returns with the use of plastic and straw mulches in the
non-flooded rice (Jabran et al. 2016). Compared to the no-mulch treatment, the
application of straw or plastic mulches had increased the cost of water-saving rice
system, but these systems also had greater gross income. However, only plastic
mulch had net returns higher than no-mulch, while these were lower for straw
mulch than the no-mulch (Jabran et al. 2016).

Fabrication of degradable mulches that can substitute the plastic mulches may
help to avoid the environmental and soil pollution arising through the use of plastic
mulches. Straw mulches may add more of nutrients and organic matter to the soil,
but the plastic mulches have a stronger effect to conserve soil moisture and suppress
weeds.

Negative impacts of plastic mulches on plant health have also been noted. The
black plastic mulch may cause a rise in soil temperature greater than the optimally
required. Air circulation and gas exchange over the soil surface covered with plas-
tic mulch are reduced. These factors are likely to damage some plant parts and
disturb some of the plant growth processes or the uptake of nutrients. Yield is dam-
aged and nitrogen metabolism is disturbed in potato by overheating caused by
black and transparent plastic mulches, while a white or white-black mulch had
increased the root temperature within optimal limits and hence a higher efficiency
of nitrogen use and potato tuber yield (Ruiz et al. 1999). Many of degradable
mulches allow the gas exchange between the soil and immediate environment, and
this is beneficial both in terms of soil temperature regulation and gas exchange
(Moreno and Moreno 2008).

Some mulches may also negatively affect the microclimate of the field, lower
the soil temperature or overheat the soil, and disturb the mobilization of soil nutri-
ents. For example, mulch containing maize straw lowered the wheat yields by
lowering the soil temperature (Suying et al. 2005), and oat (Avena sativa L.)
mulch slowed the development of maize through allelopathy and reducing soil
temperature (Fortin and Pierce 1991). For weed suppression, the straw mulches
weeds but also cause an allelopathic
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inhibition of the weed seedlings or germinating weed seeds (Farooq et al. 2011b;
Jabran 2017a, b). In some cases, this is likely that straw mulch can pose allelo-
pathic damage to crops as well. Hence the direct contact of crop plants and
mulches may be avoided particularly during the seedling stage of crops. Straw
mulches that are of low quality, i.e., possess a high lignin content and a wide C/N
ratio, are likely to impact the soil microbe and crop’s nitrogen nutrition negatively.
Tian et al. (1995) developed a residue quality index in order to facilitate use of the
most appropriate type of straw mulch.

Impacts on Crop Yields

Generally, mulches benefit the crop plants through water conservation, suppress-
ing weeds and other pests, improving crop nutrition, and modifying the soil envi-
ronment. Subsequently, higher crop or fruit yields are observed in the mulched
plots compared to the bare soil. For instance, a 3-year study from China indicated
that plastic mulch application could enhance the moisture contents and tempera-
ture in the maize fields and ultimately the grain yield in a range of 10-20%
(Xiukang et al. 2015).

Black plastic mulch provided better results than straw and transparent plastic
mulches (an ~18% and 24% increase in yield, respectively) in strawberry cultivation
and increased the size of fruits along with early setting of flowers and fruits (Rajbir
and Ram 2005). A long-term (7 year) study compared the effects of straw and plas-
tic mulch on wheat yields, and the results indicated that straw mulch caused an
average 1.46% decrease in wheat yield, while plastic mulch had caused an average
of ~7% increase in wheat grain yield (Wang et al. 2012). A plastic mulch with dif-
ferent colors on both of its surfaces has also been investigated for its benefits to
regulate soil temperature, improve light reflectance patterns, and increase plant
growth and hence the yields. For instance, white/black, aluminum/black, black, and
silver/black plastic mulches were tested in pickling cucumber (Torres-Olivar et al.
2018). Plant photosynthesis and nutrient concentrations were not greatly impacted,
but the mulches (except white/black) increased the plant biomass, leaf area, height,
and yield (Torres-Olivar et al. 2018).

Conclusions

Most of the relevant research indicate that mulches provided several benefits to
plants in fruit orchards, field crops, or the ones grown under greenhouse conditions.
Rarely the demerits of using mulches in agricultural systems have also been
reported. Plastic mulches usually have expressed a strong influence in the fields
where they were applied. Various colored plastic mulches have been tested for their

i : plastic mulches have been found to be the



10 Use of Mulches in Agriculture: Introduction and Concepts

most investigated, popular, and advantageous than other mulches. Natural or organic
mulches usually include straw (maize, sunflower, rice, wheat, and others), remains
of woody plants (both leaf litter and woody parts), or compost. Cardboards, news-
papers, sand and gravel, carpets, etc. have also been investigated as mulches.

Several of disadvantageous of mulches are also on record. For example, high
cost and pollution are two important constraints that restrict the use of black plastic
mulch. Overheating of soil particularly during summer months is a disadvantage of
plastic mulches. Mulches usually modify the soil environment and microclimate.
Straw mulch may have more of positive effects on modifying the soil environment,
while plastic mulch may be more effective against weeds than the straw mulch.
Allelopathic impacts of straw mulches may negatively impact the crop plants
along with a weed control; this can be avoided through proper application of straw
mulch in the field.

Application of mulches in the fields is a difficult and chaotic task; hence, machin-
ery should be developed that may accomplish the process of mulch application in
the field (Bégin et al. 2001). Water scarcity, degradation of natural soil resources,
and desire for the non-chemical pest control may necessitate the soil covering
(mulching) a compulsory ritual in the future agriculture. Soil mulching is expected
to play an inevitable role in the soil and water conservation in the near future.
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Introduction

Weeds are an unavoidable component of agricultural fields causing a significant
decrease in crop productivity. In addition to decreased productivity, weeds also host
the insect pests or disease pathogens, negatively impact the crop growth, strangle
the field operations, and decline the quality of produce (Oerke 2006).

Herbicides have been providing a reliable weed control in most of the cropping
systems since seven decades. However, recently non-chemical weed control meth-
ods are inevitable due to the issues of environmental pollution and herbicide-
resistant weeds (Pannacci et al. 2017; Jabran and Chauhan 2018a, b). Mulches are
important among non-chemical weed control methods. Application of mulches in
agricultural fields can help to fully or partially suppress the weeds (Abouziena and
Haggag 2016; Hammermeister 2016). Most of the studies report that mulches could
effectively control weeds. For example, mulch of rice residue was effective in sup-
pressing the weeds of wheat by 60—-69% (Nawaz et al. 2017). Similarly, compared
to mechanical weed control, straw mulch could better control the broad-leaved
weeds in organically grown potato, but both the control methods were similar in the
control of grass weeds (Genger et al. 2018). However, very few studies have shown
that mulches were not effective in controlling weeds. For example, the studies con-
ducted by Moore et al. (1994) indicated that mulches could not effectively control
the Amaranthus retroflexus L. and Chenopodium album L. Similarly, mulching may
not be a viable option for effective control of weeds due to low amount of plant resi-
dues available for application as mulch (Ranaivoson et al. 2018).

Several types of mulches can be applied to control weeds in different cropping
systems. Plastic and straw mulches have been mostly investigated for their effec-
tiveness to control weeds (Steinmetz et al. 2016; Grundy and Bond 2007). Black
plastic mulch is getting popular in vegetable production systems for achieving an
effective weed control along with several other benefits. Further, the mulches are
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also important for weed control in fruit and ornamental plant nurseries. Along with
being an individual technique for weed control, mulching may also play a role in
integrated weed management (Swanton and Weise 1991; Jabran and Chauhan
2018a; Jabran and Chauhan 2018c). Hence, the objective of this chapter is to explain
the impact of different kinds of mulches on the growth of weeds and their control.
Implications of using plastic, straw, and paper mulches for weed control have been
discussed in detail and other possible mulch candidate materials.

Plastic Mulch for Weed Control

Both colored and non-colored (transparent) mulches have been evaluated for sup-
pressing weeds. However, colored mulches had a greater effectiveness against
weeds. Currently, mostly black-colored plastic mulches are employed to control
weeds. Like all plants, weeds require sunlight (and other resources) for their photo-
synthetic activity. Colored (black) plastic mulches obstruct the sunlight to reach the
weeds, suppress the weeds through a physical pressure, and also restrict the germi-
nation and subsequent establishment of weed flora in an agricultural field (Ngouajio
and Ernest 2004). Plastic mulches of various colors were tested for their light trans-
mission (between 400 and 1100 nm wavelength) and weed suppression (Ngouajio
and Ernest 2004). Main weeds in the experiment were Spergula arvensis L.,
Elytrigia repens (L.) Nevski, Portulaca oleracea L., Chenopodium album L., and
Vicia villosa Roth. Black plastic mulch had the lowest light transmission (1%) and
highest weed suppression (close to 100%), while the white plastic mulch had the
highest light transmission (45%) and lowest weed control efficacy. Infrared-
transmitting brown and green plastic mulches transmitted light by 26% and 42%,
while a comparatively lower light transmission (17%) was noted for gray-colored
plastic mulches. Considering the photosynthetically active radiation too, the black
plastic mulch was the most effective among the colored or transparent mulches in
reducing the light transmission and suppressing weeds (Ngouajio and Ernest 2004).
Another study from Canada compared the light transmission through various types
of mulches (Brault et al. 2002). A black paper and a double-layered black/white
mulch had the lowest light transmission (>1% and 2%, respectively) (Brault et al.
2002). Black plastic mulch is expected to provide a complete and reliable weed
control in agricultural fields (particularly vegetable cultivation), but these may
express a weaker control of sedge weeds such as Cyperus rotundus L. (Lament
1993). Among the black and transparent plastic mulches, transparent mulch had a
lower efficacy against weeds in maize crop, while application of black plastic mulch
helped to reduce the weed biomass and produce leaf area and crop biomass similar
to hand weeding (Gul et al. 2009).

Hembry and Davies (1993) evaluated black polyethylene as mulch for control-
ling weeds in cabbage and cauliflowers and found that the mulch could provide a
weed control and yield comparable to herbicide treatment. In another study, plastic
f tomato and green bean (Radics and Szné
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Bognar 2002). The results indicated that the mulch could provide weed control
result that was even better than herbicide application and could significantly increase
the yield of both tomato and green bean (Radics and Szné Bognar 2002). A study
from India used black plastic mulch for weed control in baby corn (Mahajan et al.
2007). The mulch caused a more than 60% decrease in both the weed biomass and
density and also increased corn grain yield by nearly 38% (Mahajan et al. 2007).

Plastic mulch was applied in groundnut (Arachis hypogaea L.) to achieve weed
control and other benefits (Ramakrishna et al. 2006). Important weeds in the experi-
mental area were Cynodon dactylon L., Lagascea mollis Cav., Galinsoga parviflora
Cav., Eleusine indica L., Echinochloa colona (L.) Link, and Celosia argentea
L. The mulch decreased the weed score by more than 80% and weed biomass by
70% and also increased the groundnut pod yield by more than 90% along with an
increase in pod weight, plant biomass, and number of pods per plant (Ramakrishna
et al. 2006).

Environmental impacts, difficulties in post-season management, and cost are
important concerns regarding the use of plastic mulch in the agricultural settings.
Keeping in view the negative impacts of plastic mulch on the environment, degrad-
able or biodegradable plastic (and other) mulches have also been developed. Hence,
researchers suggest using degradable plastic mulches instead of the conventional
ones (Prill 2017). For instance, a study from Spain compared the conventional and
biodegradable plastic mulches for controlling weeds in tomato (Cirujeda et al.
2012). Both types of mulches provided equal weed control (>80%) and an increase
in tomato yield (>70% of control) (Cirujeda et al. 2012). In another study too,
degradable plastic mulch could control weeds such as C. album, D. sanguinalis, and
P. oleracea in the tomato crop (Anzalone et al. 2010).

Straw Mulch for Weed Control

Field crops are usually grown to fetch their fruits (grains) for use as food, while
herbage is either fed to animals or goes wasted (Erenstein 2002). Utilizing these
crop residues to maintain a mulch layer in crop fields is one of the principles of
conservation agriculture (Farooq et al. 2011a). A straw layer (mulch) over the soil
could facilitate weed suppression along with providing other benefits (Grundy and
Bond 2007; Farooq et al. 2011a, b). This weed suppression results from either the
allelopathic impact of straw mulch or its physical pressure on weeds or both (Barnes
and Putnam 1983; Cheema et al. 2004; Grundy and Bond 2007; Jabran et al. 2015;
Jabran and Chauhan 2018b). Straws of several allelopathic crops have been used as
mulch for the purpose of suppressing weeds in the field crops (Jabran 2017a, b, c, d,
e, f, g h 1,j).

Residue from the previous crop can be used as mulch, or occasionally the crop
remains from other fields are acquired to be used for weed control in other fields.
Another way is to grow cover crops and then kill these to use as mulch for weed

T 018). F oat (Avena sativa L.), hairy vetch (Vicia
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villosa Roth.), and subclover (Trifolium subterraneum L.) were grown as cover
crop and then mowed in order to be used as mulch for weed control in tomato
(Lycopersicon esculentum Mill.) (Campiglia et al. 2010a, b). The most important
weeds in the experimental field were Poa annua L., P. oleracea, Stellaria media
(L.) Vill., Amaranthus retroflexus L., and D. sanguinalis. Mulching could reduce
weed infestation by 40-72%. Mulch application in strips was found better than the
uniform scattering. Highest weed suppression was noted by oat; however, it also
caused negative impacts on tomato yield, while other mulches in the study had
improved the tomato yield (Campiglia et al. 2010a, b). Similarly, cover crops
including Fagopyrum esculentum, Phacelia tanacetifolia, and V. villosa were con-
verted to mulches and found effective in controlling weeds in apricot (Tursun et al.
2018). A study from the USA used cowpea [Vigna unguiculata (L.) Walp.] mulch
for controlling weeds in pepper (Capsicum annuum L.) (Hutchinson and McGiffen
2000). Cowpea was grown to gain sufficient biomass and killed into a mulch before
sowing of pepper. Major weeds in the experiment were Chenopodium album,
Cyperus rotundus, Amaranthus retroflexus, and Portulaca oleracea. Cowpea
mulch caused a high decrease in density (80-90%) and biomass (67-90%) of
weeds over control, almost doubled the pepper plant biomass, and increased the
fruit yield (Hutchinson and McGiffen 2000).

Straw mulch from wheat (Triticum aestivum L.) was evaluated for controlling
weeds in tomato; however, this did not result in excellent weed control (Monks et al.
1997). Another study also tested the maize residue and straws of barley and rice
(each 1 kg/m?) for weed control in tomato (Anzalone et al. 2010). In the study, the
major weeds were Chenopodium album L., Digitaria sanguinalis (L.) Scop.,
Cyperus rotundus L., and Portulaca oleracea L. The weeds were suppressed by the
mulches except C. rotundus, and rice straw was the best among the mulches
(Anzalone et al. 2010). In a similar study, rye and buckwheat mulches (0, 10 and
20 t/ha) were applied for controlling weeds in tomato and broccoli (Kosterna 2014).
Elymus repens (L.) Gould., Viola arvensis L., Chenopodium album L., and
Echinochloa crus-galli (L.) P. Beauv. were the major weeds in the experimental
field. Both mulches significantly decreased the biomass and density of weeds in
both the vegetables and improved their yield. A mulch rate of 20 t/ha had provided
better weed control; however, 10 t/ha gave a higher broccoli and tomato yield
(Kosterna 2014).

Wheat straw mulch had promising results for weed control in maize crop and
could effectively suppress the grass weeds in a continuous no-till system (Crutchfield
et al. 1986; Mulvaney et al. 2011). A study from Lithuania indicated that the wheat
straw, wood chips, and peat mulches significantly decreased weed germination in
Phaseolus vulgaris L. and Allium cepa L. (Jodaugien¢ et al. 2006). A greenhouse
study in Mexico evaluated the leaves of dried plants as mulches for weed control in
tomato (Caamal-Maldonado et al. 2001). The mulches were mixed in the soil to
assess their impact on weeds and other pathogens. Wild tamarind (Lysiloma
latisiliqguum (L.) Benth.) and jackbean [Canavalia ensiformis (L.) DC.) caused the
highest suppression of weeds, but these also had an extremely negative impact on

8 2001). More than 40% decrease in weed
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biomass and count and a 28% increase in grain yield were recorded after application
of rice straw mulch (at 4 t/ha) in baby corn (Mahajan et al. 2007). Rice straw mulch
was evaluated for its weed suppressing ability in groundnut (Ramakrishna et al.
2006). The mulch decreased the weed score by ~59% and increased the pod yield
by ~40-69% (Ramakrishna et al. 2006).

Three rates (3.5, 7 and 10 t/ha) of sorghum (Sorghum bicolor L.) were applied
as mulch (scattered between the rows) for controlling weeds in cotton (Gossypium
arboreum L.) (Cheema et al. 2000). Cynodon dactylon (L.) Pers., Trianthema por-
tulacastrum L., Convolvulus arvensis L., and Cyperus rotundus L. were the
important weeds infesting the research field. The sorghum mulch (all rates) could
reduce the total weed biomass by nearly 50%. The first two rates of sorghum
mulch had increased seed cotton yield by 53-69%, while the highest mulch rate
had doubled the seed cotton yield compared to the control treatment (Cheema
et al. 2000). Mulches of mushroom compost and barley straw were tested for
weed control in Beta vulgaris ssp. rapaceae atrorubra Krass (Yordanova and
Gerasimova 2016). Major weeds in the study were Amaranthus retroflexus,
Digitaria sanguinalis, Echinochloa crus-galli, and Galinsoga parviflora. The
mulches provided a significant suppression of weeds along with 8-10 times
increase in crop yield over the control.

Agricultural Wastes and Manures for Weed Control

Composts and other organic manures are usually added to soil for the purpose of
improving soil quality and other soil properties. Nevertheless, some role of compost
mulching in suppressing weeds has been noted previously. For instance, use of com-
post was helpful in suppressing weeds in the vineyard (Pinamonti 1998). In apple
orchards too, the compost mulch made from mushroom waste gave a good degree
of weed control but also decreased the apple yields (Saoir and Mansfield 1998).
Mulch of poultry manure compost too had effectively suppressed weeds in apple
orchards, and this weed control was comparable to that obtained by glyphosate
application in the same orchard (Brown and Tworkoski 2004). Similarly, compost of
solid municipal waste also provided some encouraging results for weed control in
vegetables (Roe et al. 1993).

Contrasting results are also reported where various types of compost are not
effective in controlling weeds. For example, Radics and Szné Bognar (2002) eval-
uated compost mulch for controlling weeds in green bean and tomato, but the
mulch did not provide satisfactory results for weed control or increase in the yield
over the control. Results from our own work also indicated that application of
compost as mulch was helpful in improving the soil properties such as water hold-
ing capacity, but it did not help in effective suppression of weeds in the direct
seeded rice (data not published).
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Paper Mulch for Weed Control

Although use of paper mulch for weed control has been tested frequently, the num-
ber of studies on paper mulch may be lower than the plastic mulch. Nevertheless,
paper mulch possesses an advantage over the plastic mulch because paper mulch is
decomposable/degradable and does not leave residue in the field. Hence, paper
mulch may provide an opportunity to avoid the environmental pollution which is
caused if the plastic mulch is applied in fields for weed control. Further, by end of
season, it may be more convenient to manage paper mulch in field compared to the
plastic mulch.

Previous literature indicates that various types of paper mulches have been
tested for weed control particularly in the vegetable crops. These are not limited to
craft paper, newspaper, and cardboard. Black paper was used as a mulch, and it
provided almost complete control of both monocotyledonous and dicotyledonous
weeds although a few dicotyledonous weeds were germinated, but these did not
grow well (Brault et al. 2002). A study from the USA tested the sliced and chopped
newspapers for controlling weeds in tomato (Monks et al. 1997). The newspaper
(either sliced or chopped) with a depth of 7.6 cm could control the weeds by 90%
or similar to chemical control. Mulch of sliced newspaper gave lower tomato
yields than the chopped newspaper mulch (Monks et al. 1997). Another study from
Spain indicated that craft paper mulch could not only control the broad-leaved
weeds but could also better suppress the C. rotundus than the straw or biodegrad-
able plastic mulch (Anzalone et al. 2010).

Paper mulch could provide better weed control and higher yield in green bean
and tomato than the hoeing and herbicide application (Radics and Szné Bognar
2002). The efficacy of paper mulch was impacted by the soil moisture conditions,
and it had a higher weed suppression under dry soil conditions (Radics and Szné
Bognar 2002). A study from Spain compared paper mulch with plastic and straw
mulches for weed control in tomato (Cirujeda et al. 2012). The results showed that
paper mulch was equally effective in suppressing the weeds as do the plastic
mulches. Paper mulch could also increase the tomato yield to almost double of the
control treatment (Cirujeda et al. 2012).

Other Mulches for Weed Control

Black plastic, straw, and paper are the most important among mulches; there may
be several other types of mulches that could be tested or used to suppress weeds in
various agricultural settings (Splawski et al. 2016; Bartley et al. 2017). In this sec-
tion, a few miscellaneous types of mulches are described. For example, Billeaud
and Zajicek (1989) evaluated oak hardwood and pine bark as mulches (5, 10, and
15 cm depth) for weed control in Ligustrum japonicum. Both the mulches signifi-
cantly decreased the weeds and also improved the soil properties. In another similar
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study, pine bark, pine needles, and hardwood were effective in suppressing the
weeds by nearly 50% in the landscape areas (Skroch et al. 1992).

Small cuttings of trees such as lespedeza (Lespedeza cuneata (Dum.Cours.)
G.Don) and mimosa (Albizia julibrissin Durazz.) were applied as mulch in the
continuous no-till system sown with collard (Brassica oleracea L.) (Mulvaney
et al. 2011). These mulches were most effective against sedge and broad-leaved
weeds but also satisfactorily controlled the grasses toward the end of a 3-year
period (Mulvaney et al. 2011). Leaves from trees could also be applied as mulch
for controlling weeds in vegetables, landscape settings, or even field crops. For
instance, a study evaluated leaves from three trees (Gliricidia sepium, Leucaena
leucocephala, Flemingia macrophylla) as mulches to suppress weeds (Budelman
1988). Mulch containing leaves of F. macrophylla was found the most promising
in controlling weeds for long durations (Budelman 1988). In a unique work, black
polypropylene gave effective weed control and high yields in cauliflowers and
cabbage, although this mulch caused slight decrease in yield only in one of the
harvests (Hembry and Davies 1993).

Conclusions

The discussion in this chapter establishes that mulches have the potential to sup-
press the weeds. This provides a good possibility to use mulches as a part of inte-
grated weed control. The potential of mulches to control weeds has not been fully
explored yet, and more research and research funding are required on this aspect.
Nevertheless, sometimes the mulches may be non-sustainable or cause phytotoxic-
ity, but more of studies report the positive effects of mulches on plant growth and
the negative effects on weeds. Negative impacts of mulches on crop plants may be
due to careless or inappropriate use of fertilizer or a change in chemical processes
of fertilizers under mulches—this is required to be studied further (Hammermeister
2016). Straw of weeds has also been occasionally investigated for use as mulch to
control weeds (Khalid et al. 2018); however, it does not seem a suitable idea to use
weed straw for weed control due to likeliness of addition of weed-seeds to soil and
constraints in the availability of weed straw.

Plastic, straw, and paper are the three most important mulches for weed control.
Plastic mulch provides a higher weed control than the other two mulch types, but
paper and straw mulches may have an advantage over the plastic mulch in the envi-
ronmental security perspective. Moreover, weather conditions can impact the effec-
tiveness of mulches; many of the mulches may provide better weed control under
dry soil condition (Radics and Szné Bognar 2002). Importantly, if tree cuttings/
remains are used as mulch, ensure that their residue has no tree seeds to avoid them
from being weed in the applied area.
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Mulches for Insect Pest and Disease @
Management i

Introduction

Insect pests and disease pathogens are included in the most important biotic stresses
to agricultural crops. Although insecticides and fungicides are frequently applied
for controlling insect pests and disease pathogens, there is need for alternative con-
trol methods in the wake of pesticide resistance evolution and environmental pollu-
tion (Barzman et al. 2015). Additionally, many of the insect pests or disease
pathogens do not have a proper chemical control solution. Also, the alternative
(non-chemical) control methods play an important role in integrated pest control
(Barzman et al. 2015).

Mulches are famous for their benefits such as soil water retention, improving soil
health, grain yield and quality, and weed suppression (Jabran et al. 2015a, b; Nawaz
et al. 2017; Jabran and Chauhan 2018). Nevertheless, the mulches can also play a
role in suppressing insect pests and disease pathogens (Brown and Tworkoski 2004;
Farooq et al. 2011). Traditional use of mulches for suppressing diseases and insect
pests in the conventional and organic farming is also on record (Poswal and Akpa
1991; Quintanilla-Tornel et al. 2016). Although residue from black plastic mulch
may have some environmental implications, the straw mulch could be utilized in the
insect pest management programs that are environmentally sustainable (Vincent
et al. 2003).

Organic mulches mainly promote the activities, prevalence, and numbers of
predators for an indirect control of insect pests. There is sufficient evidence that
mulches contribute significantly to both the non-chemical and integrated pest man-
agement (Poswal and Akpa 1991; Brown and Tworkoski 2004). Hence, this chapter
assesses the exploitation of various kind of mulches for suppressing the insect pests
and reducing the disease incidences in various agricultural settings.

pringer Nature Switzerland AG 2019 27
and Agricultural

© The Author(s), under exclusive licence to S



http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-22301-4_3&domain=pdf

28 Mulches for Insect Pest and Disease Management
Use of Mulches for Insect Pest Management

Organic mulches provide an environment that improves the insect pest control by
facilitating the growth and prevalence of predators (Vincent et al. 2003; Flint 2018).
The predators’ density increases under the residue mulching that has been sustained
for several seasons (Roger-Estrade et al. 2010; Quintanilla-Tornel et al. 2016). For
instance, wheat straw mulch caused an indirect negative impact on the Colorado
potato beetle (Leptinotarsa decemlineata) in the potato fields (Brust 1994). Within
15-20 days of this mulch application, there were significant populations of preda-
tors that could feed on the eggs as well as first and second instars of Colorado potato
beetle. Potato defoliation was more than double in the fields without mulch and a
yield decrease of more than 30%. A few important predators were Chrysoperla
carnea, Coleomegilla maculata, and Perillus bioculatus (Brust 1994). Another
impact of straw mulches may include provision of an alternative inhabitancy to the
insect pests, and hence there is a lesser likeliness for pests to feed on crop while
dwelling on the straw mulch. For example, the straw of sunn hemp (Crotalaria jun-
cea L.) was applied as mulch in bush bean (Phaseolus vulgaris L.) to manage the
disease lesser cornstalk borer (Elasmopalpus lignosellus) (Gill et al. 2010). The
mulch decreased the disease incidence, increased the number of surviving plants,
and enhanced the biomass and height of crop plants.

Compost mulch in the apple orchard not only supported the predators but also
suppressed the insect pests including woolly apple aphid (Eriosoma lanigerum) and
spotted tentiform leafminer (Phyllonorycter blancardella) (Brown and Tworkoski
2004). This insect suppression might had resulted from the physical characteristics,
odor, or some chemical constituents of compost that were inappropriate for the
well-being of insect pests.

Popularity of plastic mulches is increasing in agricultural production particularly
in the controlled farming of high-value crops. Many of the plastic mulches can
deflect or repel the insect pests (such as whiteflies, thrips, or aphids) through their
color, odor, or surface characteristics (Vincent et al. 2003; Diaz and Fereres 2007).
The variable light reflectance patterns of the differently colored plastic mulches
could be exploited to deter the insect pests (Vincent et al. 2003). Zucchini squash
(Cucurbita pepo) is an important horticultural commodity and has been infested by
several insect pests and disease pathogens. Both the black plastic and silver spray
could repel the aphid infestation in squash and increased the marketable squash
yield over control (Summers et al. 1995) (Table 1).

Use of Mulches for Disease Management

Mulches positively modify the soil properties to prevent the prevalence of disease
pathogens. The mulches also support the growth and activities of hyperparasites,
microbial communities, and soil fauna that suppress the plant pathogens (Bonilla
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Table 1 Effect of different types of mulches on control of insect pests or disease pathogens
Insect pest/
Mulch type Crop disease Impact References
Transparent Cantaloupe Cucumber Decrease in disease Orozco et al.
plastic mulch | (Cucumis mosaic virus, incidence and populations of | (1994)
melo) aphids, and white | insect pests and increase in
fly the fruit yield
Cotton gin Tomato Southern blight | Decrease in disease Liu et al.
trash development (2007)
Aluminum- Muskmelon Striped cucumber | Decrease in pest density and | Cline et al.
coated plastic | (Cucumis beetles increase in yield (2008)
melo)
Straw mulch | Potato Colorado potato | A possible reduction in the | Finckh et al.
beetle insect pest infestation (2015)

et al. 2012). For instance, compost (or other manures) applied to rhizosphere posi-
tively change the activities and even composition of soil bacteria that can help to
suppress the plant pathogens. Activities or growth of biocontrol agents can be
enhanced with the application of organic mulches that will lead to natural suppres-
sion of many of the plant pests (Tiquia et al. 2002). Addition of mulch (or other
organic amendments as well) may give the soil a disease-suppressive characteristic
through improved soil properties and enhanced biological activities (Bonilla et al.
2012). Concentration and activities of enzymes (such as cellulase and laminarinase)
are likely to be enhanced under the mulching that lead to reduced disease infection
in the soil (Downer et al. 2001). For example, soil applied with Sinapis alba fresh
residue, Brassica carinata pellets, sheep and horse manure (composted and semi-
composted, respectively), and chicken litter (composted or semi-composted) had
higher microbial respiration and concentrations of phosphatase, urease,
B-glucosidase, and dehydrogenase (Nufiez-Zofio et al. 2011). The soil was covered
with a plastic mulch after these applications. Phytophthora capsici, an important
disease of pepper, was decreased by more than 90% with B. carinata + S. alba treat-
ment, and the other composted or semi-composted applications also caused a high
decrease in the disease incidence (Nufiez-Zofio et al. 2011). There was a negative
correlation between dehydrogenase and P. capsici oospores. This is a soilborne dis-
ease, and chemical disinfection of soil has been an effective control method for such
diseases; however, chemical disinfection is prohibited in the wake of its environ-
mental damages. Hence, the non-chemical disease control methods such as applica-
tion of mulches or organic amendments have become more important in this scenario
(Olle et al. 2015).
In many parts of the world where avocado is grown, Phytophthora cinnamomi,
a soilborne pathogen causes a root rot disease in the avocado orchards. A variety
of control methods have been devised, yet the disease has devastating effects on
avocado trees. Thick mulching of tree remains or other straw is helpful in sup-
pressing P. cinnamomi in avocado through enhanced enzymatic (cellulase and
inari ivities (Do al. 2001). Wood mulches provide a cellulase
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enzyme activity of 25 U ml~! or higher, and sporangia production in P. cinnamomi
is reduced when exposed to 10-50 U ml~! cellulase, while higher concentrations
of the enzyme are needed to reduce vegetative biomass (Richter et al. 2011).
White root rot is another important avocado disease (particularly in some parts of
Asia and Europe) that is caused by Rosellinia necatrix. Almond shell and farm-
yard waste are effective in suppressing this avocado disease through a different
mechanism (Bonilla et al. 2015). The yard waste inhibits the disease through
increased microbial populations and diversity and change in their composition,
while almond shell impacts the disease by modifying the enzyme activities and
bulk soil microbiota (Bonilla et al. 2015).

Different kinds of plastic mulches possess an interesting role in the control of
various crop plant diseases. For example, thrips are vector for the tomato spotted
wilt virus, and a UV-reflective mulch could reduce the incidence of this disease
through reduced populations of thrips (Momol et al. 2002). Similarly, mulches such
as silver spray and black plastic delayed the infection of viral diseases in squash
(Summers et al. 1995). The disease incidence was greatly lowered through applica-
tion of the mulches with almost a three-fourth increase in the squash yields
(Summers et al. 1995). In another study, disease (apple scab and brown rot) inci-
dence was reduced in the apple orchards after application of compost mulch (Brown
and Tworkoski 2004).

Conclusions

Insect pests and disease suppression through mulches is particularly important for
organic crop production (Flint 2018). Organic mulches may be used in agricultural
production systems to support the predators and hence improve the insect pest con-
trol. This may have important implications for the environment-friendly pest control
particularly in the agro-environments such as organic crop production. Repellent
characteristics of colored plastic mulches can be exploited to avoid insect pests.
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Introduction

Soil and water are among the factors that are inevitable for crop production. Both
soil and water erosions cause great damage to the sustainability of arable fields.
Erosion not only damages the soil structure but also makes the soil poor in nutrients
(Issaka and Ashraf 2017). Runoff formed during the water erosion causes both the
nutrient and soil losses (Oldeman et al. 2017; Smith et al. 2016). Several agronomic
measures have been evaluated, and many of these were successful in restricting the
water or soil erosion (Smith et al. 2016; Adimassu et al. 2017). Mulching of soil is
one among such measures that could limit the soil or water erosion by decreasing
the impact of wind on the soil, decreasing the influence of raindrops on the soil, and
increasing the precipitation interception (Montenegro et al. 2013; Prosdocimi et al.
2016). Water conservation is particularly important for the arid areas because these
have a low and irregular precipitation. Thus, a low water availability makes the
farming in dry areas a difficult task. Recent events of climate change have made it
inevitable to sustainability conserve soil and water.

If soil destruction is kept continued, the fertile lands being used for food produc-
tion will soon become barren. There is need to exploit various kinds of soil covers
(mulches) for soil protection and water conservation. Along with soil conservation,
the mulches may positively impact the water retention in the soil, moisture evapora-
tion from soil surface, soil moisture contents, and water infiltration in the soil.
Hence, this chapter is aimed at explaining the role and mechanism of mulches in
conserving the soil and water and the role of plastic, straw, and other types of
mulches in conserving the water and soil resources.
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Mechanism

Mulches play a role in conserving the soil and water resources through several of
their positive impacts. The mulches block or at least reduce the intensity of moisture
evaporation from the surface of soil. For example, maize straw mulching reduced
the soil water evaporation by 21-40% compared to bare soil (Suying et al. 2005).

Mulches check the water and wind erosion by decreasing the impact of rain and
wind on the soil and reducing the runoff (Prosdocimi et al. 2016). Another impor-
tant impact of mulches includes the improved infiltration of water that reduces the
soil and water loss through runoff. The infiltrated water is likely to be utilized by
the plants over a long period of time. Further, the mulches also improve the soil
water holding capacity through enhanced amount of organic matter. Mulches (par-
ticularly the organic mulches) also improve the soil properties and soil stability
that indirectly helps to reduce the soil loss through wind or water erosion. For
example, soil properties such as aggregate stability, total porosity, and bulk den-
sity are increased with an application of wheat straw mulch (Mulumba and Lal
2008). Straw mulch also increases the organic matter microbial biomass in the soil
(Garcia-Orenes et al. 2009).

Mulches for Water Conservation

Plastic Mulch for Water Conservation

Covering soil surface with mulch helps to conserve soil moisture contents. This
technique can be employed to extend cropping to areas with limited water supply.
In some parts of the world (particularly China and some African countries), plastic
mulching has been combined with ridge-furrow to achieve conservation of water
and soil. For instance, the practice (plastic mulch covering on a ridge-furrow) could
increase soil water availability, root volume, water-use efficiency, plant dry matter
production, and maize grain yield compared with a flat-sown crop without any soil
covering (Mo et al. 2017). Ridge-furrow combined with a plastic covering has been
evaluated for a water saving in the wheat crop in China, and this increased the
water-use efficiency (~50%), yield components, and grain yield of wheat compared
to control (flat planting) (Li et al. 2016).

Black plastic mulch (alone or combined with a cover crop) could increase the
soil water status, reduce evapotranspiration and water-use efficiency, and increase
apple yield in rainfed dryland areas (Zheng et al. 2017). Black or transparent plastic
applied in potato fields could enhance the water-use efficiency and yield under drip
irrigation system in China (Zhang et al. 2017). Among the three mulches (white
and black plastic and rice straw), black plastic mulch was found to be the best in
1ncreas1ng leaf area 1ndex of tomato fruit yield, and water productivity and decreas-
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plastic mulches, the latter was more effective in decreasing evapotranspiration and
increasing the yield and water-use efficiency of winter oilseed rape (Brassica napus
L.) (Gu et al. 2017). Plastic mulch could decrease evaporation in the vineyard
orchard (Pinamonti 1998).

Positive impacts of mulch application on water retention and grain yield have
been noted in rice farming. An analysis of 36 rice farming sites indicated that cover-
ing the fields with mulch increased the rice grain yield by 18% (Liu et al. 2013).
Mulching of rice soils with black plastic mulch could not only conserve the soil
moisture but also increase the water productivity, grain quality, and paddy yield
(Jabran et al. 2015a, b).

Straw Mulch for Water Conservation

Impact of straw mulch on soil moisture conservation or retention can be variable
depending on the soil properties, type of crop, and environmental conditions. During
summer season, the mulch of Egyptian clover was effective in maintaining soil
water content and improving crop growth, but it did not perform better than the
black plastic mulch (Jabran et al. 2015a, b). Contrarily, for wheat, a winter crop, rice
husk provided a better soil water retention, water use, and yield gains than the plas-
tic mulch (Chakraborty et al. 2008). The Egyptian clover mulch decreased the non-
productive tillers and increased the water productivity in the water-saving rice
systems (Jabran et al. 2015a).

Mulching with straw reduces the water evaporation from soil. For instance,
enhanced water storage and a reduced evaporation were resulted with application of
wheat straw as a mulch (2—4 t/ha) (Ji and Unger 2001). Different kinds of straw
mulches (grass clippings, wheat, and leaf debris) were equally effective in reducing
the water evaporation from soil surface, and a 5 cm depth of these mulches could
decrease the soil surface moisture evaporation by about 40% (McMillen 2013). An
increase in mulch depth to 10 cm enhanced the soil moisture by 10%, but a further
increase in the mulch depth (up to 15 cm) did not bring a further advantage
(McMillen 2013). Wheat straw application (2—16 t/ha) could enhance both the
moisture retention in the soil and its availability (Mulumba and Lal 2008).

Wheat straw and black plastic mulches could ameliorate the impacts of drought
stress on the cucumber plants through decreased evaporation (Kirnak and Demirtas
2006). The mulches not only improved the water-use efficiency of cucumber but
also increased its leaf area and biomass production. Further, a positive impact of
mulches on the size of fruit and plant nutrient uptake was also observed (Kirnak and
Demirtas 2006).
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Other Mulches for Water Conservation

Although plastic and straw may be considered as the mulches that are mostly eval-
uated in scientific studies or applied in the agricultural settings for water conserva-
tion, several other types of mulches also have a potential to be utilized for water
conservation. Compost may be an example of such types of mulches that have the
potential not only to improve the soil moisture holding capacity but also improve
other physical and chemical properties of soil. Compost mulch decreases evapora-
tion, increases water permeability, and enhances soil water storage in vineyard
orchards (Pinamonti 1998). Mulch of compost made from municipal waste
increases the percolation of rainwater by 85% and effectively reduces the runoff
(Agassi et al. 1998).

Sand gravel and volcanic residue constitute unique types of mulches that have
been used in soil and water conservation. A traditional way of conserving water
and soil in the northwest China includes use of sand and gravel as a mulch, and
the method has been in use for centuries (Li 2003). Tephra (volcanic residue) was
highly effective in soil moisture conservation and could increase the water infil-
tration and reduce evaporation (Tejedor et al. 2003). This mulch enhanced the
water retention to double at a 1 m depth and to eight times in the surface layer
(Tejedor et al. 2003) (Table 1).

Table 1 Impact of different types of mulches on the soil water content

Mulch type Impact on soil water References

Plastic mulch Increased soil water contents Lietal. (2012)
Increase in soil moisture contents and water Jabran et al.
productivity (2015a, b)

Improved maize yields through enhanced moisture
availability and modified soil temperature conditions

Lee et al. (2019)

Degradable film
mulch

Increased soil water contents

Lietal. (2012)

Straw mulch

Increased soil water contents

Lietal. (2012)

Enhanced soil water storage

Jun et al. (2014)

Increase in soil moisture contents

Jabran et al.
(2015a, b)

Reduced water needs and enhanced water
productivity

Jat et al. (2015)

Gravel mulch

Increase in soil water content

Jun et al. (2014)

Compost made from
municipal waste

Increase (85%) in water percolation

Agassi et al.
(1998)

Oat straw and olive
twigs as mulches

Decrease in loss of rainfall water

Garcia-Orenes
et al. (2009)

Transparent plastic

Reduced evapotranspiration

Wang et al.
(2009)
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Mulches for Soil Conservation

Stubble and Straw Mulches for Soil Conservation

Straw mulch prevents the soil losses by providing a physical covering to the soil and
also improving the soil properties such as improved soil aggregate stability and
enhanced organic matter (Garcia-Orenes et al. 2009).

Wildfires are likely to cause deforestation, and a post-wildfire degradation of
land resources is common. This land degradation includes damaged soil physical,
microbial, and chemical properties. Mulching with straw can help to prevent the
post-wildfire land degradation or to rehabilitate the soil that have already faced a
damage. The positive impacts (including a reduction in soil erosion) of mulch on
soil stabilization are higher than seeding a crop on a degraded soil (Diaz-Ravina
et al. 2012). Nevertheless, mulching for short term can be useful in preventing the
immediate soil losses, but for the improved soil quality or properties, mulching for
longer durations is required. Straw mulch (200 g/m?) was applied to restore and
conserve the soil after a fire regime (Bautista et al. 1996). Mulching conserved the
soil by declining sediment loss (>7 times), runoff, and crusting and also caused an
increase in vegetation growth (Bautista et al. 1996).

Conclusions

The discussion in this chapter concludes that different kinds of mulches provide a
great opportunity to conserve soil and water under a variety of situations. This is
important in the perspective of sustainable use of these resources. Various kinds of
mulches reduce the evaporation of moisture from surface of soil, increase the
water infiltration into soil, increase water productivity and water-use efficiency,
enhance soil water holding capacity, and stabilize the soil by enhancing organic
matter in it. Although, mulches possess a potential to conserve soil and water, their
high costs are likely to limit their use. Nowadays, this is a great challenge to man-
age or recycle the wastes originating from difference sources. Out of these wastes,
the organic (or even the non-organic) ones that contain no heavy metal or other
harmful material may be modified into mulches, and these mulches can then be
employed to cover the soil in order to avoid or decrease the wind and water erosion
of soil. Hence, converting waste materials into mulches can provide low-cost raw
material for preparation of mulches.
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Mulches for Enhancing Biological ®
Activities in Soil ke

Introduction

Biological activities in the soil are inevitable to maintain soil health, nutrient
transformations (to a form usable by plants), and hence sustain the plant growth.
Living component of soil consists of flora including algae, fungi and bacteria, and
fauna including nematodes, protozoa, earthworms, termites, microarthropods,
arthropods, enchytraeid, etc. (Lal 1988; Roger-Estrade et al. 2010). Fungi, bacteria,
and other living components of soil carry out organic matter decomposition, nutri-
ent transformation, nutrient storage, and aggregation of soil particles and play a role
in nitrogen and carbon cycles and several other processes (Waid 1999; Potthoff
et al. 2005). The rhizosphere part of the soil possesses the highest biological activi-
ties particularly those of microorganisms and soil macrofauna. Importance and
details of metabiosis have been described by Waid (1999).

The soils that witness a biological activity do possess a higher concentration of
nutrients and organic matter and improved texture, porosity, and infiltration (Lal
1988; Paz-Ferreiro and Fu 2016). Soil biological activities are mostly affected by
factors such as soil type, soil composition, plant type, tillage, fertilization, crop
rotation, and soil amendments (particularly the organic amendments) (Bonilla et al.
2012). The role of mulches is well-known in improving the biological activities in
soil (Lal 1988). Mulches that comprise of organic materials increase the microbial
and subsequently the enzymatic (particularly dehydrogenase as it indicates organic
materials’ microbial oxidation) activity in soil. The enhanced microbial activities
are usually measured as an increase in soil respiration or enzymatic (-glucosidase,
dehydrogenase, urease, phosphatase, etc.) activities. Addition of organic matter in
the form of mulches (along with other benefits) facilitates and promotes the soil
flora and fauna (Lal 1988). Due to role of mulches in improving soil health, conser-
vation agriculture also stresses the need for leaving crop residue to soil for improv-
ing its physical properties as well as the enhanced biological activities (Farooq
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etal. 2011; Kahlon et al. 2013). Nevertheless, the high-quality mulch (e.g., the ones
with a narrower C/N ratio) is better to support the population, growth, and activity
of soil living organisms. For example, density of earthworms was impacted not
only by the presence of mulch but also by the quality of mulch, and the high-quality
mulch possessed the higher number of earthworms than the low-quality mulch
(Tian et al. 1997). Although mulches are considered to improve biological activities
in a soil, their impact is mostly high only in the topsoil particularly in the initial
times of mulch application (Yang et al. 2003).

For improving soil productivity and increasing sustainability of food production,
there should be cultural practices that facilitate the beneficial soil organisms and
microorganisms and suppress the plant pests as well (Abawi and Widmer 2000).
Hence, organic mulches are desired to be added to the soil for enhanced biological
activities, i.e., those of beneficial soil flora and fauna. This chapter is aimed to dis-
cuss the role of mulches in supporting the soil biological activities and subsequent
improvement in enzymatic activities, the soil properties, and the crop productivity.

Effect of Straw Mulch on Biological Activities in Soil

Mulching of plant residue for long times enhances diversity of spiders and ground
beetles (Roger-Estrade et al. 2010). Crotalaria retusa L. and Brachiaria ruziziensis
Germain and Ewar mulching in no-till cotton facilitates the rise in populations and
activities of staphylinids, termites, spiders, ants, carabids, and centipedes (Brévault
et al. 2007). Mulching combined with no-till enhances the biomass of soil macro-
fauna (Blanchart et al. 2007). Some mulches (Pennisetum pedicellatum straw and
woody parts of Pterocarpus lucens) were evaluated for rehabilitation of a crusted
soil (Mando and Stroosnijder 1999). Termites were the major biological agents that
had a higher density in the mulched plots and helped to rehabilitate the soil (Mando
and Stroosnijder 1999). Similarly, eucalyptus mulching improved the fungal popu-
lations and microbial and enzymatic activities that could suppress the Phytophthora
disease (Downer et al. 2001). Yard waste from eucalyptus increased the diversity of
bacteria, but the microbial activity was mainly restricted in the topsoil (Yang et al.
2003). Populations of azotobacter, fungi, actinomycetes, and bacteria were enhanced
in green gram and maize with the application of wheat straw mulch (Gaur and
Mukherjee 1980).

Rise in soil respiration and enzyme activities is an indication of the enhanced
microbial activities. Such enzymatic activities are important for catalyzing vari-
ous reactions in the soil including those of nutrient transformations and decompo-
sition of organic matter, etc. (Burns et al. 2013). Macromolecules such as cellulose,
lignin, hemicellulose, chitin, pectin, etc. do require a microbial enzymatic activity
for their recycling. Many studies demonstrate that adding straw mulch (or other
organic amendments) improves the soil respiration or enzymatic activities (Zhang
et al. 2015). The increased enzymatic activities in turn improve the soil quality

f d impact the crop growth positively.
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A 9-12 t/ha of wheat straw mulch was applied in the maize field and this treatment
increased the quantities of microbial organisms in the field including those of
Azotobacter, fungi, and actinomycetes; the enzymatic activities (invertase, urease,
dehydrogenase, protease) were also increased (Zhang et al. 2015). A ~9% increase
in maize yield along with increased photosynthesis and stomatal conductance
were also observed. In another study, mulch of maize stover combined with no-till
helped to increase the abundance of soil macrofauna and supported to establish
predators and decomposers (Jiang et al. 2018) (Table 1).

Effect of Compost and Other Mulch on Biological Activities
in Soil

Composts are rich in nutrients; these not only enhance the soil fertility but also help
increasing the soil microbial activities. For instance, higher microbial respiration,
populations, and biocontrol organisms were found in the soil that was applied with

a compost mulch compared with the non-mulched soil (Tiquia et al. 2002).
Soil covering with materials other than straw or compost may also play a role
in enhancing biological activities in soil. Plastic mulch applied in a continuous

Table 1 Effect of various mulches on the biological activities in soils of different crops

Mulch type Crop Biological activities References

Gliricidia sepium, - More than 50% increase in earthworm | Tian et al.

Leucaena populations (1997)

leucocephala

Leaves maple (Acer | Perennial Increased dehydrogenase and Acosta-

spp.) ryegrass p-glucosidase Martinez et al.
(Lolium (1999)
perenne)

Shredded paper and | Apple orchard | Increase in number of bacterivorous Forge et al.

municipal compost nematodes and protozoa (2003)

Plastic mulch

Spring wheat

Increase in soil microbial biomass

Li et al. (2004)

Wheat straw mulch

Organic tomato

Increase in soil microbial biomass and
respiration

Tu et al. (2006)

Brassicaceae seed | Organic apple | Increase in nematode density Hoagland et al.

meal orchard (2008)

Wheat straw mulch | Soybean Increased nitrogenase activity Siczek and
Lipiec (2011)

Maize stalk mulch | Apple Change in bacteria communities Chen et al.
(2014)

Ryegrass (Lolium Rice Increase in alkaline phosphatase, Hai-Ming et al.

multiflorum L.) B-glucosidase, arylsulfatase, and (2014)

arylamidase activities
Almond shell mulch | Avocado Increase in activity of dehydrogenase, | Lopez et al.

onoesterase, and protease

(2014)
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maize cropping system enhanced biological activities in the soil; this included
~20-24% increase in the number of bacteria and actinomyces and ~12-14%
increase in fungi count, along with enhanced urease activity and soil respiration
(Xishi et al. 1998). Many of the materials that are available easily and without
extra costs may be evaluated for their positive impacts on the biological activities
in soil. However, it should be ensured that these mulch materials do not contain
heavy materials or other pollutants.

Conclusions

Mulches (particularly the organic mulches) possess a strong positive impact on the
biological activities in soil. The recent literature provides sufficient evidence that
mulches have a role in increasing the earthworm populations, enzymatic activities
in the soil, and the microbial biomass in the soil. Importantly, the concentrations
and activities of enzymes such as p-glucosidase, dehydrogenase, cellobiohydrolase,
urease, phosphatase, xylanase, phosphomonoesterase, protease, etc. are enhanced
under organic mulches, and this has positive implications for several of the pro-
cesses in the soil. Further, the mulches also facilitate the prevalence of hyperpara-
sites, which are important for natural pest control.
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Mulches for Regulation of Soil ®
Temperature e

Introduction

Temperature is among the most important factors that impact all the growth stages
of crop plants. Seeds of different plant species require different ranges of tempera-
ture to start and accomplish the process of their germination (Rosbakh and
Poschlod 2015). Synthesis of food in plants (photosynthesis) is directly impacted
by the temperature conditions in the surrounding environment (Kumarathunge
et al. 2019). Temperature extremes can cause several of negative impacts on the
growth of plants such as production of reactive oxygen species (Zhu 2016;
Szymanska et al. 2017). Recently, the climate change including global warming is
worsening the negative impacts of temperature extremes on plants and different
plant ecosystems (Nolan et al. 2018).

A wide range of agronomic, ecological, chemical, and biotechnological
approaches have been used to tackle the negative effects of temperature stress on
plants. One among the options is to use soil covering materials that eventually mod-
ify soil temperature and its microclimate positively. Previous literature clearly indi-
cates the benefits of using mulching materials for positively modifying the soil
temperature. For example, a comparison between red and black plastic mulches
showed that black plastic mulch provided a slightly higher soil temperature (only
0.2 °C) than the red one (Kasperbauer 2000). Among the black, white, and black-
white mulches too, the black plastic mulches caused greater increase in root tem-
perature that had a negative impact on tuber yield and nitrogen metabolism (Ruiz
etal. 1999). As fluctuations in daily temperature could have severe negative impacts
not only on the plants but also on the other biological communities of the soil,
hence, this chapter is aimed at explaining the role of different types of mulches in
regulating the soil temperature. Further the mechanism of soil temperature regula-
tion by mulches and benefits of temperature regulation by the mulches to the plants
have also been discussed in this chapter.
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Mechanism and Importance

Mulches raise the soil temperature owing to absence of an exchange of latent heat,
decrease in outgoing long-wave radiations, and the weakened exchange of sensible
heat (Genyun 1991). This is particularly true for the plastic mulch and partly for the
straw mulch. It is well-known that straw mulches are in form of pieces which does
not restrict air and heat circulation, whereas the plastic mulches are in form of a
single or a few pieces for whole of the field. Usually, this has been noted that straw
mulches lower the soil temperature, while a vice versa impact has been observed in
case of plastic mulches. The straw mulches reduce the direct impact of sunlight on
the soil and do not tightly trap the heat, whereas the colored (particularly black)
plastic mulches not only trap the heat but also reduce the circulation of air and
exchange of heat with the air. This way, the straw and plastic mulches have differ-
ential impact on the soil temperature regulation.

Plastic Mulch for Regulating Soil Temperature

Crops like cotton require a warm soil during the germination, growth of the seed-
lings, and their establishment. A poor germination for cotton is frequently witnessed
under the cold soil conditions. Chilling stress during germination and seedling stage
has also been observed for the maize crop (Farooq et al. 2008, 2017). Further, the
swung in temperature during the germination and seedling growth stages could also
weaken the establishment of crop stand. In this wake, plastic mulch may act as an
excellent insulation to limit temperature fluctuations as well as raise the soil tem-
perature reasonably to improve the germination of seeds and establishment of crop
stand (Wang et al. 2011).

Black plastic mulch consistently raised the soil temperature in maize crop sown
under the ridge-furrow system, and maize grain yield was 13% higher with this
mulch compared to control (bare soil) (Li et al. 2013). In tomato crop too, both the
black and white plastic mulches raised the soil temperature greater than control and
other mulches (Decoteau et al. 1989; Fortnum et al. 1997). In the pickling cucumber
cultivation, the soil temperatures including the average, maximum, and minimum
were raised by silver/black and black mulches, and this supported the plants in get-
ting higher yields compared to mulch-less soil (Torres-Olivar et al. 2018).

Elevated soil temperature through plastic mulching may enhance the crop emer-
gence. For instance, the use of transparent plastic mulch in potato fields raised the
topsoil temperature by ~3 °C during the crop emergence period (Zhao et al. 2012).
This rise in soil temperature accelerated the crop emergence and extended the crop
duration that resulted in increased plant biomass, leaf area and height, and increased
tuber yield. The mulching also bettered the soil moisture status and enhanced the
water use efficiency of potato. There was a slight decrease in soil temperature with
the mulch application toward the end of the growing season that could be ameliorated
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by removing the mulch from the field during that period (Zhao et al. 2012).
Transparent plastic mulch applied in maize crop could reduce the diurnal tempera-
ture fluctuations and increase the soil surface temperature along with improved
maize yields, economic returns, and water use efficiency (Zhang et al. 2019).

Although several of the studies demonstrated that black or even other colored
plastic mulches could regulate the soil temperature, contrary results have also been
observed. For instance, black plastic mulch was ineffective against soil temperature
fluctuations in grapevine (Pinamonti 1998). However, evidence for the ineffectiveness
of plastic mulches in soil temperature regulation is rare, and most of the studies
indicate the importance of mulching in soil temperature regulation (Table 1). An
important issue is that overheating caused by the plastic mulch can damage the plant
tissues (particularly plant roots) as well as other biological entities in the soil. For
example, the rise in soil temperature by the transparent plastic mulch could decrease
the crop emergence and damage the potato crop during the hot weather conditions
(Wang et al. 2009). This implies that plastic (transparent, black, or other colored)
mulch should be used in areas where (along with other factors such as need for weed
control, soil and water conservations, or others) heating of soil is also required in
addition to temperature regulation.

Straw Mulch for Regulating Soil Temperature

Mulching the soil with straw reduces the soil temperature during summer season as
well as narrows the temperature amplitudes during a day. For example, maize straw
mulch was tested for temperature regulation in the wheat crop (Suying et al. 2005).
The mulch not only decreased the soil temperature fluctuations but also enhanced
the minimum soil temperatures and declined the maximum soil temperatures. In
summer, the mulching decreased soil temperature (by almost a half °C), and a vice
versa effect was noted in the spring season (Suying et al. 2005). Similarly, maize
straw applied in maize sown under the ridge-furrow system lowered the soil tem-
perature (compared to control and black plastic mulch as well), which helped to
improve the soil water availability through reduced evaporation (Li et al. 2013). The
grain yield of maize was increased by 15% in the straw-mulched fields compared to
control (Li et al. 2013). Maize straw was better in regulating the soil temperature
than the gravel mulch (Jun et al. 2014). Mulch of wheat straw lowered the soil tem-
perature as well as temperature fluctuations compared to control in green gram and
maize during the summer season (Gaur and Mukherjee 1980). Rice straw mulch
applied in Brassica napus L. decreased the soil temperature (~0.5-1.3 °C), and the
impact was great during the start and middle of the crop growing season (Sarkar
et al. 2007). Occasionally, negative impacts of straw mulch on the crop have also
been observed. For example, mulch of oat could reduce the soil temperature in
maize cultivated in Canada, and subsequently some damage to crop development
was noted (Fortin and Pierce 1991).
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Table 1 Impact of different types of mulches on soil temperature under the various crops

Type of mulch | Impact on soil temperature/crop growth | Crop Reference
Coupled plastic | Decrease (1.26—1.31 °C) in temperature | Maize and wheat | Yin et al.
and straw mulch (intercropping) (2016)
Straw mulch Decrease in soil temperature Alfalfa Jun et al.
fluctuations (2014)
Decrease in soil temperature Maize Lietal. (2012)
Decrease in soil temperature Coffee Gurnah and
Mutea (1982)
Black plastic Increase in average, minimum and Cucumber Torres-Olivar
mulch maximum temperatures et al. (2018)
Increase (1.2-2.3 °C) in soil Maize Xiukang et al.
temperature (2015)
Increase in soil temperature Maize Lietal. (2012)
No impact on fluctuations of soil Vineyard Pinamonti
temperature (1998)
Regulation of soil temperature Tomato Teasdale and
Abdul-Baki
(1995)
Increase in soil temperature Coffee Gurnah and
Mutea (1982)
Transparent Increase in soil temperature Coffee Gurnah and
plastic mulch Mutea (1982)
A 2-9 °C increase in soil temperature | Potato Wang et al.
(2009)
Rise in soil temperature (2.5-3.2 °C), Potato Zhao et al.
early crop emergence (8.1-11.7 days), (2012)
and longer (0.7-15.0 days) growing
season
Increase in surface soil temperature by | Maize Zhang et al.
1.0-2.5 °C/1.6-3.4 °C day/night and (2019)
0.4-1.3 °C decrease in diurnal
temperature amplitude
Degradable film | Increase in soil temperature Maize Lietal. (2012)
as mulch
Compost mulch | Decrease in temperature fluctuations Vineyard Pinamonti
(1998)
Silver/black Increase in average, minimum, and Cucumber Torres-Olivar

plastic mulch

maximum temperatures

et al. (2018)

Conclusions

The discussion in this chapter indicated that other than raising or lowering the soil
temperature, the most important impact of mulches has been the minimization of
difference between the highest and lowest temperature during a day. In other words,
the mulches help to minimize the temperature fluctuations. The reduced tempera-

ture swung

is likely to cause

positive impacts on crop plants and reduce the damages
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caused by the temperature extremes. Plastic mulches (mostly the black plastic) raise
the soil temperature, and the straw mulches usually lower the soil temperature. This
evidence provides an excellent opportunity to select the mulch type keeping in view
the season, the soil and environmental conditions, and the crop. Black plastic mulch
may be used in the low-temperature environments and in the crops that require
warm soil conditions for seed germination and establishment of the crop stand.
Similarly, the straw mulches may be utilized where the soil environment is hot and
dry, and the crop requires a cool microclimate for its optimum growth and develop-
ment. Care is required to avoid overheating damages caused to plant tissues (and
probably to other biological communities in the soil as well) by the plastic mulches.
Similarly, the straw mulch may decrease the soil temperatures lower than the opti-
mum or the one required for root and crop growth, nutrient uptake, and other plant
activities. Such damages should also be avoided by carefully selecting the time of
mulch application. Optimization of the mulches for their type, time of application,
and quantity may help to harness maximum of their benefits.
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Introduction

Plants require nutrients for their optimum growth, development, and productivity.
Nutrient concentrations in the rhizosphere are impacted by fertilizer application,
soil-plant interactions, application of mulches or plant residue, microbial activities,
and other factors. In some parts of the world, it is a common practice to incorporate
plant residues, while in most parts of the world, the remains of crops are either
burned, fed to animals, or used for other purposes (Erenstein 2002). Crop residues
from the previous crops, if used as mulch, do bring several benefits to the soil
including addition of organic matter and nutrients such nitrogen, potassium, carbon,
phosphorus, etc. (Akhtar et al. 2018). Mulches possess a potential of improving the
nutrients status and the other soil chemical and physical properties. Mulches of
organic origin are a natural renewable source that can help in building the soil fertil-
ity (Qu et al. 2019). The role of mulches in soil carbon sequestration has also been
mentioned previously (Lal 2004).

Several kinds of organic mulches are available; these may include (but not lim-
ited to) wood chips, tree cuttings, human waste, yard waste, sawdust, crop residues,
poultry manure compost, compost of fruit remains, etc. (Ibeawuchi et al. 2015).
This is important to select the right kind of mulch keeping in view the soil environ-
ment where these are being added. Mulches containing plant remains could be cat-
egorized as low or high quality based on their lignin concentration and C/N ratio.
The ones with low lignin and C/N ratio were considered as high-quality residue,
while the one with high lignin and C/N ratio were low-quality residue (Tian et al.
1993). The low-quality residue could improve the soil properties through mulching
effect, while high-quality residue could support the crop by adding nutrients to soil
(Tian et al. 1993).

Although mulching (permanent residue retention) brings about several benefits
such as better soil quality, some negative impacts (such as decrease in air circulation
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around the plant roots, high emission of nitrous oxide, increase in denitrification,
etc.) may also be expected. Another aspect is decrease in soil organic matter after
the mulch application. Mulch raises the soil temperature that can increase the
decomposition of organic matter (Steinmetz et al. 2016). However, this kind of
impact may be rarely noted.

This chapter is aimed at explaining the benefits of adding straw mulches to the
soil particularly in the perspective of improving soil properties and addition of
nutrients to the soil. As most part of crop residue is either lost or used for various
purposes rather than incorporation into the soil, it is important to highlight the ben-
efits that can be gained by using the crop straw as mulch in the next-season crop.

Organic Matter and Crop Residue Mulches

Soil organic matter concentration is among the most important indicators of soil
fertility and soil fertility is mainly dependent on the extent of organic matter in the
soil (Loveland and Webb 2003). Organic matter being the most dynamic fraction of
soil has its specific role in improving soil structure, water holding capacity of the
soil, nutrient retention capability of the soil, biological nitrogen fixation, soil aera-
tion, root penetration, nutrient availability to plants, soil conservation by providing
sticking power to soil separates, imparting suitable tilth to soil, supporting micro-
flora and microfauna in the soil, and maintaining buffering and exchange capacity
of the soil (Lal 2009; Pan et al. 2009).

It is imperative to maintain high reserves of organic matter in the soil (Lehmann
and Kleber 2015). However, intensive agriculture in response to soaring food needs
is a reason for decline in soil organic matter. Further, the buildup of soil organic
matter under climatic conditions characterized with high temperature, low rainfall,
and alkaline pH is highly difficult due to high decomposition rates (Kalbitz et al.
2000; Conant et al. 2011). Plant residues may be used as mulches to maintain
organic matter contents in the soils. All nutrients removed from the soil by crop
plants are stored in the crop herbage and grains along with the sun energy embodied
in the form of different compounds. Hence, the crop residues, farm waste, and ani-
mal dung return the nutrients to soil when used as mulches. Soil organisms such as
termites and earthworms start decomposing plant residues to convert them to tiny
pieces when added to soil (Six et al. 2004). The residues, now in smaller size, are
further subjected to action of other microorganisms to degrade micromolecules as
starches, amino acids, proteins, sugars, etc., while the macromolecules as fats,
waxes, lignin, etc., are first converted to simpler compounds for further breakdown
(Liitzow et al. 2006). Lignin-containing residues require more time to decompose.
Microorganisms release certain enzymes to accomplish the decomposition process.
Finally, the residues are converted to CO, which is utilized by soil microbes as
energy source and become their body part and humus, the stable organic matter,
which becomes lasting part of soil (Ajwa and Tabatabai 1994).
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Stubble and Straw Mulches for Adding Nutrients to Soil

Both the stubble and straw are important organic mulches that add organic matter
and nutrients to the soil (Table 1). Crop remains (stubble or straw) have been uti-
lized as mulch in various ways depending on the prevailing cropping systems and
other socio-economic factors. For example, cropping systems that retain the crop
residue as mulch and seeded as no-till have been proposed as alternative to the crop-
ping systems that comprise of conventional tillage and no retention of crop residue.
The objective is to protect the soil from wind and water erosion, enhance carbon
sequestration, increase biological activities in upper soil layer, improve physical
properties of soil, and add nutrients to the soil (Blevins et al. 2018). No-till mulched
cropping systems greatly increase the soil carbon storage and improve the soil
health (Corbeels et al. 2006).

Recent literature clearly indicates that various organic mulches add significant
amounts of nutrients to the soil. For example, a 3-year study from China tested the
Imperata cylindrical var. major mulch (0, 10, 20 and 30 t/ha) for nutrient addition
to soil and improved the growth of poplar (Populus deltoides x P. nigra cv.
Zhonglinmeihe) (Fang et al. 2008). The mulch enhanced the concentration of avail-
able nutrients (potassium, nitrogen, and phosphorus) and increased the poplar
height, breadth, and dry matter production over control. The higher rates (20 and
30 t/ha) of mulch were more effective than the lower rate (10 t/ha); however, the two
higher rates (20 and 30 t/ha) mostly provided similar results. A mulch rate of 20 t/
ha in the newly planted poplar stem cuttings may be recommended particularly in
the poor soils (Fang et al. 2008). In the poplar plantations on the degraded soils,

Table 1 Effect of different kinds of mulches on the soil properties or nutrient additions to the soil

Type of
mulch Impact on soil nutrients/properties References
Compost of | Increase in soil pH Cooper and
chicken Warman (1997)
Leaves of Increase in total soil nitrogen and carbon and infiltration rate | Acosta-
maple (Acer Martinez et al.
spp.) (1999)
Wheat straw | A 30% increase in nitrogen potential availability Tu et al. (2006)
Straw mulch | Increase in soil carbon and nitrogen Dawes (2010)
Mulch of Increase in soil organic matter Chen et al.
maize stalks (2014)
Plastic mulch | Increase in soil organic carbon Zhang et al.
(2017)
Wheat straw | Increase in soil organic matter, organic carbon in the soil, and | Akhtar et al.
mulch enzymatic activities in the soil and addition of nitrogen and (2018)
phosphorus to soil along with an increased availability of
these nutrients
Compost of | Increase in soil porosity and fertility Quet al. (2019)
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mulches from Quercus fabri Hance, I cylindrica, Pteridium aquilinum, and
Coriaria nepalensis Wallich enhanced the annually available nitrogen (~30-40%)
and the mineralization of nitrogen (22-30%) (Fang et al. 2011). These mulches also
improved the long-term availability of several soil nutrients and increased the pop-
lar height, biomass, and breadth over the control (Fang et al. 2011). In another
5-year study, increase in available phosphorus and nitrate-nitrogen was noted with
the application of straw mulch from maize (Jun et al. 2014).

Mulches may also negatively impact the dynamics of nutrients in the soil or the
uptake of nutrients by the crop plants. For example, wheat straw mulch decreased
the nutrient uptake and yield of (non-flooded) rice in a rice-wheat system but
increased the soil nitrogen-phosphorus-potassium balance (Liu et al. 2003). In
another study, rice straw was used as mulch in winter oilseed rape (Brassica napus
L.), and this increased the uptake of nitrogen as well as crop biomass, but the mulch
layer also resulted in nitrogen loss through ammonia volatilization (Su et al. 2014).
This emphasizes the need for fertilizer application methods other than topdressing
in case of straw application.

Mulches from Woody Plants

Parts of woody plants or residues from the wood plants may act as a source of
mulching material to add nutrients to soil and improve its properties (Li et al. 2018).
For example, cuttings of Leucaena leucocephala added high concentrations of
nutrients [phosphorus = 84%, nitrogen = 96%, magnesium = 50%] to soil and
caused the highest increase in maize yield over control and other treatments in the
experiment (Tian et al. 1993). Similarly, addition of Acioa barteri residue to maize
had also increased the plant nutrient uptake [calcium = 92%, potassium = 59%] and
increased the crop grain yield (Tian et al. 1993). In another study, Leucaena was
used as mulch in the coffee plantations and found to increase organic carbon and
nitrogen availability (Youkhana and Idol 2009). From this brief discussion, it can be
concluded that woody plants or their residues possess a potential to be used as
mulch in some kinds of agricultural production and subsequently add nutrients to
soil and improve it properties.

Compost Mulch for Adding Nutrients to Soil

Composts are an important source of plant nutrients and have been particularly
useful in the organic crop production systems. A wide variety of materials (such
as plant trash, fruit remains, wood ash, paper sludge, pulp, etc.) can be used to
produce compost for use as a mulch in the crop production (Campbell et al. 1995;
Qu et al. 2019). Composts have been used as mulch not only for adding nutrients
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to soil but also for other purposes such as improving soil properties, soil conserva-
tion, increasing soil water holding capacity, and suppressing weeds or others of
the soilborne plant pests. Generally, mulching of compost adds higher quantities
of organic matter and other nutrients to the soil compared to other mulch types.
For example, compost mulch was compared with wood mulch and no mulch
application for their impact on soil properties (Tiquia et al. 2002). Compost caused
a significant increase in the soil organic matter and concentrations of calcium,
magnesium, and potassium (Tiquia et al. 2002). Similarly, a comparison between
sawdust and compost mulches indicated that compost not only added higher quan-
tities of organic matter (11 g/kg) to soil but also supplemented several of other
nutrients to soil (Larco et al. 2013). Soil applied with a combination of sawdust
and compost mulches had higher concentrations of zinc, boron, phosphorus,
potassium, and nitrogen than the ones applied either with sawdust or compost
alone (Larco et al. 2013).

Other Mulches for Adding Nutrients to Soil

Plastic mulch takes place among the non-organic types of mulches that do not add
nutrients to the soil. Nevertheless, the plastic mulching can positively impact the
nutrient cycling in the soil. Several of the studies indicate that nitrogen losses are
decreased under plastic mulching, and plant nitrogen uptake is likely to increase.
For instance, an improved C/N ratio was noted under plastic mulching on a ridge-
furrow system (Mo et al. 2017). The same system increased the uptake and produc-
tivity of nitrogen in the maize crop (Li et al. 2016). Plastic mulch also increased the
nutrient uptake in tomatoes along with increase in its root growth, flowering, plant
dry matter, and branching (Wien et al. 1993). Plastic mulch could also increase the
nutrient uptake in rice (grown under non-flooded environment), but the soil balance
of nitrogen-phosphorus-potassium was lowered by the end of growing season (Liu
et al. 2003). Application of plastic mulch was also found to decrease the leaching of
nitrogen under drip irrigation and fertigation (Filipovi¢ et al. 2016).

Application of an organic mulch for a long period may bring benefits more than
nutrient addition to soil. For example, almond shell mulch applied in avocado
orchard formed a new organic layer over the soil after a period of 10 years (Lopez
et al. 2014). Phosphorus, nitrogen, and carbon contents were increased with the
almond mulch. The lower lignin concentration in this mulch reduced the rate of
organic matter decay that prolonged the nutrient availability to the avocado trees
(Lopez et al. 2014). Similarly, a combination of organic and non-organic mulches
could also cause great improvement in the soil characteristics. For example, plastic
mulch combined with poplar tree leaves caused a highest increase in soil organic
carbon, humic acid, and cation exchange capacity compared with maize straw,
sheep manure, or fodder grass (Hu et al. 2018).




58 Mulches for Nutrient Addition to Soil
Conclusions

In general, the application of organic mulches increases the concentration of organic
matter and other nutrients in the soil. However, little is known about the impacts of
mulches on nutrient cycling and dynamics in the soil. There is need for care about
the nitrogen application as topdressing to straw, plastic, or other mulches (Wang
et al. 2018). The nitrogen fertilizer applied this way may be lost; nitrogen fertilizer
should be applied through special equipment and near to root surface. Dripping of
nitrogen is likely to be beneficial. Plastic mulch does not directly add organic matter
or nutrients to soil, but it increases the nitrogen availability and reduces its loss
through leaching. It is also concluded that a combined application of more than one
mulch may better improve the soil properties. Similarly, in some cases, there can be
a possibility to combine fertilizer and mulch application to achieve their improved
impact on soil properties and crop growth (Shi et al. 2009).
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