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Abstract To investigate the effects of different mulching methods on the dynamic changes of soil moisture in cherry orchards, a
typical cherry-growing region was selected as the study site. Treatments involving plastic film mulching, straw mulching, and a
bare-ground control were established to systematically monitor the spatiotemporal characteristics of soil moisture across different soil
layers (0-20 cm, 20-40 cm, and below 40 cm). The results indicate that different mulching methods significantly influence soil
moisture retention capacity and distribution patterns. Specifically, plastic film mulching proved most effective in inhibiting soil
moisture evaporation, thereby effectively increasing the water content in the topsoil layer; conversely, straw mulching demonstrated
advantages in regulating soil temperature and facilitating the slow release of moisture, which contributes to the stability of soil
moisture in the middle and deep soil layers. Furthermore, these mulching measures improved soil moisture conditions, leading to
enhancements in cherry growth parameters and water use efficiency. A case study further validated the practical value of adopting
rational mulching strategies for improving water management levels in orchards. These findings provide a theoretical basis and
technical support for scientific irrigation and mulching management in cherry orchards.
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1 Introduction

Efficient water management is central to the sustainable production of temperate fruit, especially in semi-arid and
water-limited regions where orchards rely on irrigation to meet high crop water demand (Demo and Bogale, 2024;
Yang et al., 2024). In sweet cherry, expanding production into drier or more variable climates amplifies the risk of
low water-use efficiency (WUE), soil degradation, and competition for limited water resources (Luo et al., 2021).
Mulching and improved irrigation scheduling have therefore become key strategies to regulate soil moisture
dynamics, stabilize the root-zone environment, and sustain yields under increasing climate variability
(Ananthakrishnan et al., 2025). However, the specific behavior of soil moisture over time and depth in cherry
orchards under different mulching practices remains insufficiently quantified (Xing et al., 2025).

Water scarcity, rising temperatures, and erratic rainfall patterns intensify pressure on orchard systems and heighten
the importance of practices that conserve soil water while maintaining fruit quality (Maliuk et al., 2021). In many
orchard crops, surface mulching reduces soil evaporation, improves infiltration, and increases the proportion of
plant-available water in the 0-60 cm layer where most roots are active (Jiang and He, 2021; El-Beltagi et al.,
2022). Studies in cherry and other fruit orchards show that micro-irrigation combined with mulching can
markedly reduce water consumption without yield loss, while enhancing WUE and stabilizing soil water profiles
through the season (Webber et al., 2022). These benefits are particularly relevant for sweet cherry, which often
faces limited irrigation allocations but high market and quality requirements.

Research on mulching in orchards has progressed from simple plastic films to a wide range of organic (straw,
compost, woodchips, cover-crop residues) and inorganic (plastic, gravel, geotextile) materials, revealing distinct
effects on soil hydro-thermal regimes and root-zone moisture (Jiang and He, 2021). In apple, jujube, citrus, pitaya,
and other perennial systems, different mulches have been shown to increase soil water content, moderate soil
temperature, improve soil structure, and enhance yield and WUE, though the magnitude and direction of effects
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depend on mulch type and climate (Stagno et al., 2024). Reviews highlight that plastic mulches are generally more
effective in reducing evaporation and crop coefficients early in the season, while organic mulches contribute more
strongly to long-term soil quality and biological activity (Maliuk et al., 2021). Yet, despite evidence from apple
and other orchards, systematic, crop-specific studies on how various mulching materials shape temporal and
spatial soil moisture dynamics in cherry orchards are still limited (Xing et al., 2025).

Building on this background, the present study focuses on soil moisture dynamics in cherry orchards under
different mulching practices, aiming to link surface management with water distribution in the root zone and
implications for water-saving irrigation strategies (Stagno et al., 2024). The main objectives are: (i) to compare
how contrasting mulches (e.g., organic vs. plastic vs. bare soil) affect soil moisture evolution over time and depth
in cherry orchards; (ii) to quantify their effects on indicators relevant to irrigation management, such as water
consumption and WUE; and (iii) to provide guidance for selecting mulching-irrigation combinations suited to
semi-arid and sub-humid cherry-growing regions. The technical approach integrates field experimentation under
commercial-like conditions with soil moisture monitoring in the active root zone, using micro-irrigation strategies
known to influence water distribution, and draws on concepts from recent mulching and deficit-irrigation studies
in apples, cherries, and other fruit trees.

Water management in cherry orchards increasingly depends on practices that actively shape soil moisture
dynamics, with mulching emerging as a central tool alongside improved irrigation. Existing work in cherries and
other fruit trees shows that different mulching materials can substantially modify soil water storage, evaporation,
and WUE, but responses are context- and material-dependent. A focused analysis of soil moisture behavior under
contrasting mulches in cherry systems is therefore needed to design robust, water-efficient orchard management
under current and future climate conditions.

2 Materials and Methods

2.1 Overview of the experimental site

The experiment was conducted in a semi-arid temperate fruit-growing region where summer drought is common
and rainfall is often concentrated outside the main growing season (Gerasko et al., 2021). Similar to other cherry
and stone-fruit orchards in such climates, high summer temperatures and low organic matter content in the topsoil
create a strong need for soil moisture conservation and temperature regulation (Kim et al., 2024). The site climate
was characterized by hot, dry summers and relatively mild winters, with August typically the hottest and driest
month, and substantial interannual variation in precipitation.

The orchard soil was a moderately deep, well-drained mineral soil typical of commercial fruit regions, with
relatively low organic matter and high bulk density, conditions under which mulching has previously improved
soil physical properties and water-holding capacity. The experiment was established in a mature sweet cherry
(Prunus avium L.) orchard, similar in age and spacing to intensively managed systems reported for micro-irrigated
cherry in northern China and organic orchards in southern Ukraine (Millan et al., 2020). Trees were trained to a
central leader system with north-south oriented rows to standardize light interception, following layouts used in
previous cherry and plum orchard experiments (Kim et al., 2024).

2.2 Mulching treatment design

The trial included multiple soil surface treatments representing common orchard floor management strategies:
plastic film mulching, straw mulching, living or organic mulching, and a bare-ground or mechanically cultivated
control (Millan et al., 2020). Plastic film mulching followed approaches used in micro-irrigated cherry and other
orchards, where mulch film is placed along the tree row over the wetted strip to reduce evaporation and increase
soil moisture in the 0-60 cm root zone (Yang et al., 2024). Straw mulching was applied as a continuous layer in
the tree row, similar to studies showing increased soil water content, reduced soil temperature, and improved yield
and water productivity in apple and jujube orchards.

The bare-ground treatment represented the conventional black fallow or mechanically cultivated floor, with
periodic shallow tillage and manual weed control, as commonly used in cherry orchards in Ukraine (Millan et al.,
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2020). Where living or organic mulches were included, spontaneous vegetation or organic materials such as
compost or woodchips were maintained under the tree row or in the alley and periodically mowed, reflecting
designs that enhanced soil moisture and fertility in sweet cherry and other fruit orchards. All non-mulch
management (fertilization, pruning, pest control) was kept uniform across treatments to isolate mulching effects
on soil moisture dynamics (Gerasko et al., 2021).

2.3 Experimental design and data collection methods

The experiment used a randomized block design to account for spatial variability in soil and tree vigor, similar to
mulching and irrigation trials in cherry and other orchards (Maliuk et al., 2021). Mulching treatments were
assigned to plots within each block, with a minimum of three replicates per treatment and multiple trees per plot;
border trees served as guards, and only central trees were used for measurements (Millan et al., 2020; Liao et al.,
2021). Irrigation regimes, where applied, were standardized within blocks following micro-irrigation strategies
that target the main root zone (0-60 cm) and are known to strongly influence soil moisture patterns in cherry
orchards.

Soil moisture was monitored at multiple depths to capture the vertical distribution of water within the active root
zone and below. Sensors or sampling points were installed from the surface down to at least 60 cm, and in some
cases to 160-300 cm, reflecting depths used in cherry and jujube orchard studies to characterize seasonal soil
water storage and consumption. Particular emphasis was placed on the 0-60 cm layer, where previous work has
shown the strongest variability in soil moisture and the closest linkage to cherry water uptake (Yang et al., 2024).

Measurements were taken at relatively high temporal frequency during the growing season to capture responses to
irrigation and rainfall events, following protocols that used automated capacitance or time-domain sensors
recording at intervals from minutes to days in orchards (Ananthakrishnan et al., 2025). Sensor placement relative
to tree trunks and emitters followed guidance from micro-irrigated orchard studies, with positions chosen to
maximize sensitivity to changes in water status while remaining representative of the root zone; locations near
20-40 cm from the trunk and 10-30 cm depth have been shown to provide strong responses in tree crops (Wang et
al., 2023b). Calibration and quality checks drew on methods developed for capacitance and electromagnetic
probes in orchard soils to reduce sensor-to-sensor variability and ensure reliable estimation of soil water dynamics
(Kim et al., 2024).

3 Effects of Different Mulching Methods on Soil Moisture Dynamics

3.1 Characteristics of soil moisture variation in the surface layer

In the surface layer, mulching primarily alters the balance between infiltration and evaporation, leading to distinct
soil moisture dynamics compared with bare soil. Organic mulches such as straw or pruned branches reduce direct
soil exposure, decrease evaporation, and promote rapid wetting after rainfall or irrigation, resulting in a
characteristic curved pattern of sharp moisture increases followed by slower declines during dry periods (Gerasko
et al,, 2021). In cherry orchards, micro-irrigation under mulch increases the contribution of surface and
upper-profile water to tree uptake, indicating that maintaining relatively stable moisture in the 0-20 cm layer is
critical during key phenological stages (Gebretsadikan et al., 2022).

Different mulch materials show contrasting abilities to stabilize surface moisture and temperature. Straw mulching
in orchards consistently raises soil water content in the upper profile and lowers temperature in the 0-10 or 0-20
cm layer, creating a cooler and more buffered environment, whereas living or grass mulches can increase
evapotranspiration and reduce surface water availability under arid and semi-arid conditions. In sweet cherry,
living mulch increased soil water at 20 cm depth relative to mechanical cultivation but also reduced tree trunk
cross-sectional area, suggesting that competition in the surface layer can offset some water-conservation gains
(Tang et al., 2021).

3.2 Patterns of soil moisture variation in the middle layer
The 20-40 cm layer often acts as a transition zone where the effects of surface management interact with root
water uptake. In rain-fed jujube orchards, jujube branch mulching and straw mulching increased average moisture
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in the 0-60 cm “seasonal fluctuation layer,” with particularly pronounced improvements in the 20-40 cm zone
compared with clean tillage. Similar depth-dependent responses were observed under branch mulching and living
mulch, where branch mulch maintained the highest average moisture from 0-70 cm and showed the smallest water
deficit in the 20-40 cm layer, while living mulch exhibited the greatest deficit due to strong root competition in
this band (Gerasko et al., 2021).

In cherry orchards managed with micro-irrigation and mulch film, soil water in the main root zone (0-60 cm)
contributed the majority of tree water uptake, emphasizing the functional importance of stable moisture in the
20-40 cm layer for efficient use of irrigation and rainfall (Song et al., 2020; Gebretsadikan et al., 2022). Studies on
high-density apple and other orchards further show that plastic or grass mulches increase mid-profile moisture
during sensitive growth stages, but the degree of improvement depends on seasonal rainfall patterns and irrigation
level. These findings indicate that the 20-40 cm layer is a key target for optimizing mulch-irrigation combinations
in cherry orchards.

3.3 Soil moisture response characteristics in the deep layer

Below 40 cm, soil moisture dynamics are less sensitive to short-term atmospheric conditions but strongly
influenced by long-term mulching and irrigation regimes. In jujube orchards, straw and branch mulching
increased moisture not only in the shallow root-dense layer (0-60 cm) but also in deeper layers down to 160-280
cm, and slowed moisture attenuation during extended droughts compared with clean tillage (Gerasko et al., 2021).
Under integrated catchment plus mulching systems, deep soil layers (60-180 cm and beyond) exhibited positive
water compensation after the rainy season, reflecting enhanced infiltration fronts and greater deep storage that can
buffer trees during dry periods (Chen et al., 2024).

Deep soil water in orchards has been identified as relatively stable but finite; long-term extraction without
sufficient recharge can create persistent low-humidity zones. Surveys in apple orchards divided the profile into
shallow rapidly changing, redistribution, transition, and stable layers, showing that deep water (>2 m) becomes
increasingly depleted with stand age (Jakhro et al., 2025). For cherry orchards under different irrigation regimes,
the contribution of soil water below the main 0-60 cm root zone to tree water use is smaller but still detectable,
especially where micro-irrigation under mulch increases wetting depth and improves coupling of water and
nutrients throughout the profile (Song et al., 2020; Wang et al., 2023a). These patterns highlight that mulching
which promotes deep infiltration while limiting surface evaporation can help sustain deeper reserves and reduce
the risk of chronic deep-layer desiccation in long-lived cherry systems.

4 Mechanisms of How Mulching Methods Affect Soil Moisture Retention Capacity

4.1 The evaporation-inhibiting effect of mulching materials

Mulching reduces direct soil-atmosphere contact, thereby limiting solar radiation at the surface and lowering the
vapor pressure gradient that drives soil water loss. Organic mulches such as straw or pruned branches form a
porous layer that intercepts raindrop impact and wind, so that part of the water first evaporates from the mulch
itself, while the mulch simultaneously acts as a barrier slowing diffusion of water vapor from the underlying soil.
In rain-fed jujube orchards, branch and straw mulches consistently increased soil moisture in the 0-280 cm profile
and reduced seasonal water consumption compared with clean tillage, indicating strong suppression of
non-productive evaporation (Tang et al., 2022a).

Plastic films and gravel or fabric mulches inhibit evaporation primarily by physically sealing the surface and
reducing exchange of water vapor, while still permitting upward capillary flow from deeper soil layers.
Experiments in jujube and apple orchards show that film, concrete, fabric, and straw mulches all significantly
reduced soil evaporation and total evapotranspiration, with evaporation under mulching treatments dropping by
around 15%-20% relative to bare controls (Ananthakrishnan et al., 2025). In micro-irrigated orchards, film and
straw mulches lowered daily soil evaporation compared with clean tillage, while maintaining or increasing soil
water content throughout the 0-120 cm profile, confirming that mulching shifts water use from evaporation toward
more productive transpiration (Webber et al., 2022).
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4.2 The impact of mulching on soil temperature and moisture migration

Mulching alters the soil thermal regime, which in turn influences water migration through changes in viscosity,
vapor pressure, and hydraulic gradients. Straw and branch mulches generally decrease maximum surface
temperatures and narrow diurnal temperature ranges, creating a cooler, more buffered environment that slows
upward movement of water and vapor toward the surface. In rain-fed jujube orchards, straw and branch mulching
reduced soil temperature in the upper 10-20 cm and dampened temperature fluctuations with depth, while
simultaneously stabilizing soil moisture and decreasing moisture attenuation during prolonged drought (Tang et al.,
2022a).

By modifying soil structure and porosity, mulches also affect liquid-phase water movement and redistribution
within the profile. Long-term mulching in apple orchards improved soil physical properties, increased porosity,
and enhanced the regulation capacity of the soil water reservoir, leading to higher water contents under straw and
film mulches compared with bare or gravel treatments. In young apple orchards with drip irrigation, straw
mulching increased soil water content in all layers down to 120 cm and decoupled evaporation from short-term
meteorological extremes, indicating that improved structure and moderated temperature together reduce rapid
drying of the upper profile and support more even vertical moisture distribution (Webber et al., 2022).

4.3 The regulatory role of different mulching methods on precipitation infiltration processes

Mulching modifies how rainfall is partitioned among interception, infiltration, and runoff, thereby controlling the
effectiveness of natural precipitation for replenishing soil water. Organic mulches increase surface roughness and
protect soil aggregates from raindrop impact, which maintains macropores and promotes infiltration. In rain-fed
jujube orchards, straw and branch mulches significantly enhanced soil water storage after rainfall, reduced
post-rainfall moisture loss rates, and increased effective use of precipitation compared with clean tillage.
Simulated rainfall studies on sloping jujube systems further showed that branch mulching increased infiltration
and reduced runoff and sediment, improving the retention of both water and nutrients on-site (Ferreira et al.,
2025).

When mulching is combined with micro-catchment structures such as fish-scale pits, its influence on rainfall
utilization is amplified. In sloping jujube orchards, integrating pits with straw or branch mulching increased
rainfall infiltration by more than 40% relative to bare land, while simultaneously reducing evaporation and
improving soil water storage throughout 0-180 cm (Tang et al., 2022b). Similar principles apply in high-density
apple orchards, where grass mulches enhanced rainfall infiltration, slowed surface flow, and maintained higher
moisture during later growth stages than plastic mulch, demonstrating that mulch type (organic vs. plastic)
governs whether precipitation is primarily conserved through enhanced infiltration or through surface sealing and
evaporation suppression (Ananthakrishnan et al., 2025).

5 Analysis of the Spatiotemporal Distribution Characteristics of Soil Moisture Under
Different Mulching Methods

5.1 Patterns of soil moisture variation across different seasons

Across years with contrasting precipitation, mulching produces consistent seasonal curves of soil moisture, with
rapid increases after rainfall and gradual declines during dry intervals. In rain-fed jujube orchards, straw and
branch mulching generated similar seasonal trajectories to clean tillage, but with higher water storage in 0-280 cm
and slower moisture attenuation, especially in dry years. The 0-60 cm layer behaved as a distinct “seasonal
fluctuation layer” in all treatments, responding most strongly to shifts between rainy and drought periods.

Seasonal compensation of deep soil water also depends on surface management. Integrating catchment structures
with branch or straw mulching increased soil water storage in 0-180 cm by more than 10% and produced positive
water compensation values from the beginning to the end of the rainy season, whereas bare land showed negative
compensation in much of the profile. In long-term mulched orchards, deep layers (60-160 cm and below) act as
slow-changing reservoirs that are better replenished under straw or branch mulch than under clean tillage, helping
to buffer trees against multi-year droughts.
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5.2 Soil moisture dynamics during the growing season

During the growing season, mulching modifies both the timing and magnitude of soil moisture peaks associated
with key phenological stages. In rain-fed jujube, straw and branch mulching increased soil moisture in 0-280 cm
throughout sprouting, flowering, fruit expansion, and ripening; moisture rose sharply after effective rainfall and
then declined more slowly under mulched than under uncovered soil. Clean tillage frequently produced soil water
contents in the fine-root dense layer (0-60 cm) below wilting point during fruit development, particularly in dry
years, while mulched plots maintained moisture above critical thresholds.

Temporal differences among mulching patterns are also evident within the same season. Branch mulching
maintained the highest soil water in 0-70 cm and the smallest water deficit during the jujube growth period,
whereas living grass cover showed the largest deficit, especially in the 20-40 cm layer where competition for
water is strongest (Tang et al., 2021; Tang et al., 2023). When mulching was combined with micro-catchments,
branch and straw treatments increased rainfall infiltration and tree evapotranspiration relative to bare or
unmulched catchments, indicating that seasonal water use can be intensified without depleting the root-zone
reservoir (Figure 1).
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Figure 1 Spatiotemporal distribution characteristics of soil moisture under different mulching methods

5.3 Spatial distribution differences and their influencing factors

Spatially, mulching reshapes the vertical distribution of soil moisture by strengthening storage in the main root
zone while enhancing recharge of deeper layers. In jujube orchards, straw mulch increased moisture across 0-280
cm and was particularly effective in the fine-root dense layer (0-60 cm), whereas branch mulch mainly improved
water in 40-100 cm and 220-280 cm, reflecting material-specific infiltration patterns. Branch mulching also
produced the most uniform moisture profile from 0-70 cm, while living mulch created pronounced deficits in the
20-40 cm band due to shallow grass roots (Tang et al., 2021; Tang et al., 2023).

The combination of surface engineering and mulch further amplifies spatial contrasts. Fish-scale pits with branch
or straw mulching raised average 0-180 cm water storage by 9%-22% over bare land and shifted soil water
compensation from negative to positive across most depths, especially in 60-100 cm where runoff-derived
infiltration is captured. These spatial patterns are controlled jointly by precipitation regime, evaporation, root
distribution, and mulch properties (coverage, thickness, and hydraulic behavior), which together determine where
and how efficiently water is retained in the cherry root zone under different mulching strategies.
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6 Effects of Mulching Methods on Cherry Growth and Water Use Efficiency

6.1 The impact of mulching on cherry growth indicators

Mulching in sweet cherry orchards modifies soil moisture and temperature, which in turn affects vegetative
growth traits such as trunk cross-sectional area, shoot growth, and leaf area. In semi-arid cherries, organic
mulches (compost, woodchips) increased tree growth and foliar nutrient status compared with bare soil, indicating
improved vigor and canopy development under enhanced soil fertility and moisture conditions (Gebretsadikan et
al., 2022). In contrast, living mulch (spontaneous vegetation) in an organic cherry orchard significantly reduced
trunk cross-sectional area (by 1.2-2.1 times), despite higher soil water content at 20 cm depth and lower topsoil
temperatures, suggesting that competition for below-ground resources can limit structural growth (Sahin and
Pirlak, 2022).

Effects on leaf area and canopy efficiency can differ from effects on trunk size. Under living mulch, cherry trees
showed higher shoot growth efficiency (1.5-2.9 times) and greater leaf area per unit trunk area (1.3-2.5 times)
relative to mechanical cultivation, reflecting a shift toward more leaf-efficient canopies despite reduced trunk
expansion (Sahin and Pirlak, 2022). In another cherry study, polyethylene mulching increased plant height, stem
diameter, lateral branch number and length, and early fruiting compared with clear mulch or no mulch, indicating
that plastic mulch can accelerate structural development and branching architecture in young trees (Li et al., 2025).
Overall, mulching can either promote or constrain growth indicators depending on mulch type and the balance
between moisture conservation, nutrient supply, and competition.

6.2 Comparison of water use efficiency under different mulching methods

Mulching improves the partitioning of water toward productive transpiration, often enhancing water use efficiency
(WUE) in fruit trees. In semi-arid sweet cherry orchards, organic mulches maintained soil moisture and soil
chemical properties while a postharvest deficit irrigation regime reduced irrigation water by 24%-28% without
affecting stem water potential, tree growth, or yield, implying higher irrigation WUE under mulched conditions
with reduced water inputs (Gebretsadikan et al., 2022). Living mulch in organic cherry orchards increased soil
moisture at 20 cm depth and reduced soil temperature, but reduced trunk size, indicating that improved soil water
conditions alone do not guarantee higher whole-tree water productivity when competition is strong (Sahin and
Pirlak, 2022).

Evidence from other fruit trees helps clarify mulching-WUE linkages. In a drip-irrigated peach orchard, low-cost
organic mulch increased water infiltration, improved tree water status, and raised agronomic WUE by about 50%
compared with an unmulched control, while also greatly increasing yield over three years. Similarly, in a
three-year-old mandarin orchard, combining geotextile mulch with sustained deficit irrigation increased crop
water productivity by 35% relative to a fully irrigated control, because mulching improved soil water status and
reduced the intensity of water stress without yield loss (Liao et al., 2021). These results suggest that, when
competition is managed, mulching generally increases WUE by conserving soil water and stabilizing plant water
status.

6.3 Indirect effects of mulching measures on yield and quality

Mulching can indirectly influence cherry yield and quality through changes in soil fertility, water status, and plant
physiology. In semi-arid sweet cherry, compost mulch increased soil organic matter and nutrients and improved
some fruit quality attributes, while woodchips enhanced tree growth and foliar phosphorus and manganese;
postharvest deficit irrigation under these mulches reduced water use without affecting crop performance,
supporting mulching as a strategy to sustain yield under limited water supply (Gebretsadikan et al., 2022). Studies
in organic cherries show that living mulch did not strongly change basic fruit size or soluble solids but increased
ascorbic acid and total anthocyanins in fruits, indicating enhanced accumulation of bioactive compounds under
moderate, chronic stress and altered soil-plant interactions (Gerasko, 2020).

Broader orchard evidence confirms that ground cover and mulching tend to improve fruit quality and, in many

contexts, yield. A meta-analysis across multiple fruit species found that ground cover systems significantly

increased fruit yield by about 7% and enhanced soluble solids, sugar content, and vitamin C while reducing acidity,
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with mulches and cover crops both contributing to higher quality (Ferreira et al., 2025). In mandarin and peach
orchards, mulching combined with optimized or deficit irrigation increased yields and improved quality traits such
as sugar content and sugar-acid ratio, by improving soil moisture, nutrient availability, and canopy physiology
(Berrios et al., 2024). For cherry orchards, these indirect effects suggest that appropriate mulch choice can help
maintain or improve yield while enhancing nutritional and sensory fruit quality, particularly under water-limited
or organic management conditions.

7 Case Study: Empirical Analysis of Typical Mulching Patterns in Cherry Orchards

7.1 Selection and basic profile of the case study area

The case study focuses on semi-arid sweet cherry orchards where water scarcity and high summer temperatures
make soil-water conservation a primary management goal. One representative site is an organic sweet cherry
orchard in the Southern Steppe of Ukraine (Zelene village), characterized by frequent summer drought, hot and
very dry Augusts, and strong year-to-year variability in rainfall. Trees (Prunus avium L.) were planted at wide
spacing and trained to a central leader, creating a system similar to many commercial cherry orchards in
continental climates (Gebretsadikan et al., 2022).

A second reference site is a semi-arid cherry-growing region in western North America (Okanagan Valley), where
sweet cherry production has expanded but irrigation water is limited. Here, modern orchards on dwarfing
rootstocks are drip-irrigated and managed with organic mulches (compost, woodchips) or bare soil, and in some
cases combined with postharvest deficit irrigation to reduce water use (Maliuk et al., 2021). Together, these sites
capture contrasting but typical combinations of climate, irrigation regime, and orchard floor management relevant
to water-limited cherry production.

7.2 Measured soil moisture results under different mulching patterns

In the Ukrainian organic orchard, living mulch (spontaneous vegetation cover) increased soil moisture at 20 cm
depth by about 3.9% on average compared with standard mechanical cultivation, and reduced soil temperature by
about 1.5 °C over six years, indicating improved near-surface moisture and a cooler soil microclimate (Tang et al.,
2022a). Despite higher soil water at 20 cm, trees under living mulch showed smaller trunk cross-sectional area,
suggesting that part of the conserved water was used by the grass cover rather than the trees (Gebretsadikan et al.,
2022).

In semi-arid Canadian cherry orchards, organic mulches such as compost and woodchips maintained soil moisture
under both full irrigation and postharvest deficit irrigation, with no deterioration in tree water status or soil
chemical properties compared with bare soil (Maliuk et al., 2021; Gaeta et al., 2025). Across three sites, mulched
plots under postharvest deficit irrigation saved 24%-28% irrigation water after harvest without reducing soil
moisture or crop performance, demonstrating that mulching can stabilize root-zone water even when applied water
is reduced (Figure 2).

7.3 Implications of the case study results for production practice
The case studies show that mulching patterns must be matched to local climate and water supply. Where irrigation
is available but limited, as in the Okanagan Valley, organic mulches combined with micro- or deficit irrigation can
maintain soil moisture and tree water status while significantly reducing seasonal water use (Maliuk et al., 2021).
Under these conditions, compost and woodchip mulches also improved soil fertility and tree growth, indicating a
dual benefit for water and nutrient management (Gaeta et al., 2025).

In rain-limited organic orchards relying mainly on natural precipitation, as in southern Ukraine, living mulch
increases soil moisture and lowers temperature near the surface, but can reduce tree trunk growth, pointing to
competition for water in dry years (Gebretsadikan et al., 2022). For such systems, partial or strip mulching, careful
choice of grass species, or combining organic mulches with supplemental irrigation may help to conserve soil
moisture for cherry trees while still achieving ecological benefits. Overall, the empirical evidence suggests that
well-designed mulching patterns are a practical tool to enhance soil moisture dynamics and water-use efficiency in
cherry orchards under diverse production conditions.
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Figure 2 Empirical analysis of typical mulching patterns in cherry orchards under semi-arid conditions.

8 Conclusions and Recommendations

This study showed that mulching in cherry orchards markedly improves the soil water environment, especially in
the 0-60 cm root zone that dominates cherry water uptake. Compared with bare or conventionally managed soil,
mulched treatments enhance soil moisture retention, reduce evaporation, and often moderate soil temperature,
thereby stabilizing water availability during critical growth stages.

Mulching also interacts positively with water-saving irrigation strategies. In semi-arid sweet cherry, organic
mulches maintained soil moisture and fertility while postharvest deficit irrigation reduced water use by about one
quarter without compromising soil water status, growth, or yield. For micro-irrigated cherry, the combination of
drip irrigation and mulch film significantly reduced water consumption while maintaining yield and improving
water-use efficiency relative to traditional furrow irrigation.

Across cherry and other fruit orchards, organic mulches such as compost, woodchips, or straw consistently
improve soil structure, moisture, and fertility, and often enhance tree growth and fruit quality, making them strong
candidates for primary use in cherry systems. In semi-arid sweet cherry, compost particularly increased soil
organic matter and nutrients, while woodchips promoted tree growth and foliar P and Mn, all without negative
effects on yield under reduced irrigation.

Where irrigation water is scarce, pairing organic mulches with optimized micro-irrigation or postharvest deficit
irrigation can further increase water-use efficiency and profitability. In cherries, micro-irrigation with mulch film
improved WUE and maintained yield and fruit quality, while in apples and peaches, straw or organic mulches
combined with moderate deficit irrigation or reduced ETc levels increased WUE and sustained or improved yields.
These results support recommending organic mulching, optionally complemented by film in drip-irrigated systems,
as the optimal strategy for water-limited cherry orchards.

Most robust evidence comes from apples, citrus, and peaches, with relatively few long-term, multi-factor trials
focused specifically on cherry, which limits the direct transferability of all quantitative effects. In addition, many
studies evaluate only a narrow set of mulching materials or single irrigation regimes, providing limited insight
into trade-offs such as root competition under living mulches or long-term impacts on deep soil water and nutrient
leaching.

Future research in cherry orchards should therefore prioritize long-term experiments comparing multiple mulch
types (organic, film, and living covers) under graded deficit-irrigation regimes, with full monitoring of soil water
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profiles, tree water status, yield, and fruit quality. Integrated management approaches that combine mulching with
cover crops or improved fertilization, as tested in apple orchards, also merit evaluation for their potential to
enhance water-use efficiency while reducing nitrate leaching and improving soil health in cherry systems.
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