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Abstract: Plant litter, such as fallen leaves, branch trimmings, and other yard waste, plays important
roles in both natural and man-made ecosystems. However, due to common aesthetic perceptions,
land-owners or managers of many residential gardening and municipal landscaping systems consider
these organic residues a burden, and therefore, clear them from the ground and dispose of them
off-site. The removal of these organic resources increases the system’s environmental footprint,
decreases its sustainability, and negates the provision of important ecosystem services. At the same
time, retaining these organic materials on-site could provide the system with substantial benefits.
The most obvious effect is the ground surface shading, which decreases direct solar radiation to
the soil, lowers soil temperature, lessens evaporation rates, decreases risk of soil salinization, and
improves water-use efficiency. Ground surface mulching likewise prevents the raindrop splash
impact, negates the formation of sealed mechanical crusts, improves water infiltrability, and reduces
water runoff and soil erosion. Another benefit is the on-site decomposition of organic materials, which
improves soil quality by elevating organic carbon concentration and contributing to nutrient cycling.
Vegetation patches in such systems encompass "engineered fertility islands", which can be defined
as highly productive, healthy, and functioning habitats. Further, over time, these systems require
less maintenance. This management practice is crucial for tree- or shrub-dominated gardening and
landscaping systems in drylands, where water availability is the major limiting factor of vegetation
growth. However, global climate change, in which extended parts of the world experience increasing
temperatures and decreasing precipitation rates, makes this practice relevant for other climatic regions
as well.

Keywords: ecosystem functioning; irrigated vs. non-irrigated systems; leaf litter removal; pest
control; soil food web; soil functions; soil salinity; weed control

1. Introduction

Gardening in private lots and landscaping in municipal lands are prevalent around the world
for ornamental purposes, small-scale food production, or a combination of both. These systems
sustain environmental quality and food security, and simultaneously, provide local communities
with a wide range of ecosystem services [1,2]. In many of these lands, owners or managers consider
the plant litter as a burden, and therefore routinely clear the ground surface, removing any fallen
leaves, pruned branches, and other yard waste from gardening and landscaping systems [3–6]. This
mode of operation is usually undertaken because of the commonly perceived aesthetic value of cleared
ground surface. By doing so, an important resource is excluded from the garden system, and has
to be replenished by other organic or synthetic materials. Meanwhile, on-site retention of locally
shed plant litter and shredded or chopped branches sustains a range of ecosystem services and soil
functions, such as plants’ soil-water availability [7,8], soil erosion control [9,10], and soil organic carbon
sequestration [11]. Nevertheless, specific studies that assess the potential benefits of this management
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practice in gardening and landscaping systems are relatively scant. Therefore, the objective of this
short essay is to briefly highlight the advantages of this practice by demonstrating the most relevant
geo-ecological impacts and economic implications. As shown in this study, the on-site use of plant
litter and yard waste for mulching is relevant both for dryland and non-dryland regions.

2. Benefits of On-Site Use of Plant Litter and Yard Waste as Mulch

First and foremost, mulching the ground surface with plant litter—whether from native or
introduced plants—regulates the soil-water dynamics. This impact is attributed to the shading of
the ground surface, preventing solar radiation from directly hitting the soil, and lessening the heating
of the soil’s top horizons. As a result, soil-water evaporation rates decrease, thus increasing water
availability for plant roots and improving the water-use efficiency of vegetation [7,8]. This chain
of effects is particularly relevant for places where water availability is naturally limited, such as in
drylands. It is further relevant for hot drylands (defined as BWh according to the Köppen climatic
classification [12], which predominate the lower-middle subtropical zones, compared to cold drylands,
defined as BWk according to the aforementioned classification, which dominate higher latitudes),
where the loss of soil-water through evaporation could be tremendous [13].

While some gardening and landscaping systems in non-dryland regions can be maintained with
limited irrigation or even without irrigation, those in drylands must be routinely irrigated. Particularly
in hot drylands, the loss of (irrigation) soil-water through evaporation is often coupled with soil
salinization processes, usually named secondary salinity [14,15]. This process occurs as the capillary
rise of water from the sub-soil to the surface soil dissolves salts and minerals from the soil matrix and
deposits them in the surface soil horizons. Soil salinity can affect plant growth both physically and
chemically. Regarding the physical effect, the increased osmotic pressure of the soil solution decreases
the plants’ ability to uptake soil-water, leading to water stress conditions for vegetation [15]. Drip
irrigation with saline water can exacerbate this effect in dryland regions because saline water increases
the deposition of salts and minerals on the ground surface and in the periphery of the ‘wet bulbs’
formed by drippers [14,16]. Occasional rainstorms dissolve the salts deposited on the ground surface
and wash them down, exacerbating the osmotic pressure in the rhizosphere zone [17]. In terms of
the chemical effect, the dissolved salts may cause the excessive accumulation of ions in the plant tissues,
imposing toxicity risk for the plants [18,19]. Observations from the drylands of southern Israel, where
many gardening and landscaping systems have received long-term drip irrigation with saline water
(electrical conductivity (EC) ranging between 2.5–7.0 dS m−1: personal communications), showing
that the EC of soil solutions in non-mulched systems with moderate soil textures exceeds 32 dS m−1

(unpublished data obtained by the author; Figure 1), characterizing them as extremely saline [15].
However, mulched gardening and landscaping systems in the same physical settings have proved to
have high effectiveness in preventing salinization, with the EC of soil solutions being generally lower
than 4 dS m−1 (unpublished data obtained by the author; Figure 2), characterizing them as slightly to
moderately saline [15].

In addition to the direct impacts, ground surface mulching by plant litter also indirectly affects
soil-water dynamics. Specifically, preventing the raindrop impact (splash impact) negates the formation
of sealed mechanical crusts on the ground surface, increases infiltration rates, and reduces the generation
of overland flow of water. Alongside the conservation of water, this minimizes the loss of mineral and
organic particles through inter-rill and rill erosional processes [9,10].

Simultaneously, decomposing plant litter forms an (engineered) organic horizon (Ao horizon),
which substantially increases the soil organic carbon concentration and improves the biophysiochemical
quality of the soil’s upper layer. This stimulates the soil’s micro-, meso-, and macro-faunal biomass and
activity, which, in turn, increase nutrient cycling and improve the soil’s macro-aggregation processes
and structure formation [11]. This increases the complexity of the soil food web, with the expected
reduction of soil-borne diseases [20]. Over time, the improved soil conditions increase net primary
productivity (NPP) and overall ecosystem functioning of the gardening or landscaping habitats [11]. As



Sustainability 2020, 12, 7521 3 of 7

reported for natural ecosystems, the pedogenic and floral components of the system tend to strengthen
each other through a web of positive feedbacks [7,21], generating the formation of "fertility islands" [22],
in which pedogenesis and vegetation productivity continuously foster each other (Figure 3). Such
a mechanism can be clearly demonstrated for spontaneously established vegetation, which acts
as a trap for aeolian or alluvially transported plant litter (Figure 4). It is expected that over time,
plant development and the litterfall trapped in these patches strengthen each other through positive
feedbacks, forming highly productive and self-sustained vegetation patches [7,23] with rich and
diverse understory vegetation [24]. Practically, the on-site use of plat litter and yard waste as mulch in
vegetation patches of gardening and landscaping systems, causes the formation of "engineered fertility
islands". At the same time, the soil conditions in non-mulched vegetation patches, and particularly
in those irrigated with saline water, may cause them unintentionally becoming "engineered sterility
islands".

Regardless, ground surface mulching by plant litter is also expected to lower weed infestation,
thus reducing the need for mechanical or chemical weed control [25]. However, it is acknowledged that
mulching may also suppress germination of desirable herbaceous vegetation, lowering the system’s
complexity, stratification, and diversity.
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Figure 1. Soil salinization in planted vegetation patches of Ziziphus nummularia (Burm.f.) Wight and
Arn. (with understory of several herbaceous plant species) (a), Capparis sinaica Veill (b), Nitraria retusa
(Forssk.) Asch. (c), and Lavandula coronopifolia Poir (with Artemisia judaica L. in the background, and
Leptadenia pyrotechnica (Forssk.) Decne. on the left) (d). The 1 m stick shows the scale. The ground
surface’s dark color and oily appearance indicate extreme salinization. These plants are either native
or considered to be native to the hot Arava drylands of southern Israel. The pictures were taken by
the author.
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Figure 2. On-site use of plant litter and pruned branches as mulch reduces evaporation and negates soil
salinization in planted vegetation patches of Senegalia laeta (R. Br. Ex Benth.) Seigler and Ebinger (a),
Pistacia atlantica Desf. (b), Boswellia carterii Birdw. (c), and Commiphora myrrha (Nees) Engl. in the center
and Senna italica Mill on the left (d). The 1 m stick shows the scale. These plants are either native or
considered to be historically native in the hot Arava drylands of southern Israel. The pictures were
taken by the author.
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Figure 4. Trapping of off-site, wind-transported organic debris by the canopy of spontaneously sprouted
native Tephrosia apollinea (Delile) Link plants. The 1 m stick shows the scale. The picture was taken by
the author in the Arava drylands of southern Israel.

3. Limitations and Implications

Careful attention should be paid when planting vegetation species with potentially allelopathic
properties. For example, pine (Pinus spp.) tree needles are known to have a strong allelopathic impact,
adversely affecting the germination of understory vegetation [26]. A similar allelopathic effect of plant
litterfall was also reported for many other tree and shrub genera, such as eucalypt (Eucalyptus: [27]),
poplar (Populus: [28]), tamarisk (Tamarix: [29]), and lantana (Lantana: [30]). Furthermore, invasive tree
and shrub species with allelochemicals or other allelopathic mechanisms should be avoided [31]. In
addition to the on-site detrimental impacts in the gardening or landscaping system, these species
may also harm the surrounding off-site ecosystems, potentially adversely affecting the native plant
community’s structure, richness, and diversity [32].

Overall, litterfall, pruned branches, and other yard waste should not be considered as a burden,
but rather as a high-valued resource. Judicious on-site use of these materials for mulching is an
environmentally friendly practice that is expected to reduce the environmental footprint of residential
gardening and municipal landscaping systems. Furthermore, this management practice is expected to
decrease maintenance costs by reducing expenses for irrigation, herbicides, pesticides, and labor. It is
also expected to reduce additional costs that would have otherwise been imposed on land managers,
such as transportation to disposal sites and payment of fees for landfill services. Despite these
advantages, it is often difficult to retain excess organic debris on-site. This necessitates the transfer of
these materials to other sites, where they can be used as mulch or converted to other products such as
compost, feedstock for bioenergy, etc.

The judicious on-site use of plant litter is most important in drylands, where rainfalls are scarce,
water availability is naturally limited, and the need to maximize water-use efficiency in gardening and
landscaping systems is evident. However, climatic changes, including forecasted elevated temperatures
and increasing frequency and magnitude of long-term droughts in non-dryland regions, as well as
the expansion of global dryland areas (e.g., [13,33]), make this management practice relevant for other
climatic regions as well. Therefore, this practice is pertinent not only for the resource-scarce, developing,
and emerging countries of the ‘Global South’, but also for ‘northern’, wealthy, and developed countries.
However, empiric experiments are needed in order to assess the actual effects of on-site retention of
plant litter, tree trimmings, and other yard waste on ecosystem services in residential gardening and
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municipal landscaping systems in a range of climatic regions. Of these ecosystem services, assessments
of the specific impacts on water-use efficiency, soil salinization prevention, soil erosion control, soil
organic carbon sequestration, soil food web complexity, ecosystem health, and NPP are particularly
relevant. Regardless, extension and demonstration projects may cause a desirable change in the public’s
aesthetic perceptions towards valuing the on-site use of plant litter and yard waste for mulching in
gardening and landscaping systems.
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