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1. Introduction: The Spacing Problem

Every plant purchased from a Las Vegas nursery arrives with a tag recommending a specific 
spacing distance. A mesquite tag might say 20–30 feet apart. A citrus tag says 8–12 feet. These 
numbers are derived from the mature canopy spread of the species grown as an isolated 
specimen in moderate climates. They assume the goal is a symmetrical, free-standing tree with 
full sun exposure on all sides.

This guidance is fundamentally inappropriate for desert survival gardening in the Las Vegas 
Valley, where summer air temperatures routinely exceed 43°C (110°F), nighttime temperatures 
remain above 27°C (80°F) for weeks, annual precipitation has declined to approximately 2 
inches, and solar UV irradiance exceeds the tolerance thresholds of many commonly sold 
landscape species.

The premise of this paper is straightforward: the conventional approach to plant spacing was 
developed for temperate ornamental landscapes where water is not limiting and the aesthetic 
goal is a specimen tree. Nature does not space plants this way. In harsh environments, plants 
cluster. They merge canopies. They grow into and through each other. This is not accidental—it 
is a well-documented survival strategy called facilitation.

What follows is a synthesis of facilitation ecology—a mature field in plant community science—
with the applied microclimate (MC) design framework developed for the Planting for the 
Future: Las Vegas research program. The central argument is that a residential microclimate is 
not merely a favorable location for a single plant. It is a mutual facilitation zone where multiple 
species collectively create and benefit from the modified environment. This reframes plant 
spacing from an individual aesthetic decision to a collective survival strategy.

2. The Stress Gradient Hypothesis

The Stress Gradient Hypothesis (SGH) is the foundational concept linking environmental 
severity to the nature of plant-plant interactions. First formalized by Bertness & Callaway 
(1994) and refined by Maestre et al. (2009), the SGH proposes that as environmental stress 
increases, the net interaction between neighboring plants shifts from competition to 
facilitation.

2.1 The Competition-Facilitation Continuum

In moderate environments (adequate water, mild temperatures, low UV), plants compete for 
light, nutrients, and water. Spacing them apart reduces this competition and maximizes 
individual growth—the premise behind nursery tag recommendations.

In severe environments (extreme heat, drought, high UV), the benefits of proximity—mutual 
shading, reduced soil evaporation, shared humidity, wind buffering—overwhelm the costs of 
resource sharing. The facilitative advantage exceeds the competitive disadvantage. Plants that 
cluster survive; plants that stand alone are exposed to the full force of environmental stress.

Brandys — Facilitation Ecology & Engineered Microclimate Design — Page 2



WORKING PAPER — DRAFT FOR REVIEW

Las Vegas in 2026 represents one of the most environmentally stressed urban landscapes in 
North America. With summer temperatures regularly exceeding 46°C (115°F), nighttime 
minimums above 27°C for 30+ consecutive nights, precipitation at historic lows, and UV indices 
reaching 12+, the SGH predicts that facilitation should dominate over competition as the 
primary plant-plant interaction in this environment.

2.2 Key Literature

• Bertness, M.D. & Callaway, R. (1994). Positive interactions in communities. Trends in 
Ecology & Evolution 9:191–193. [Original SGH formulation]

• Maestre, F.T. et al. (2009). Refining the stress-gradient hypothesis for competition and 
facilitation in plant communities. Journal of Ecology 97:199–205. [Major refinement 
showing context dependency]

• Callaway, R.M. (2007). Positive Interactions and Interdependence in Plant Communities. 
Springer. [Comprehensive monograph]

• Nature Scientific Reports (2024). Facilitation and competition along rainfall gradients. 
[Recent validation across aridity gradients]

3. Nurse Plant Ecology in Arid Systems

The nurse plant phenomenon is the most directly observable expression of facilitation in 
deserts. A nurse plant is any established plant beneath whose canopy seedlings preferentially 
establish and survive. In the Mojave and Sonoran deserts, seedling recruitment in open ground 
is nearly zero—virtually all successful establishment occurs under the canopy of an existing 
plant.

3.1 Mechanisms of Nurse Plant Facilitation

Nurse plants provide multiple simultaneous benefits to their understory neighbors:

Physical mechanisms

• Shade: Reduction of direct solar radiation by 40–80% depending on canopy density. 
Reduces leaf temperature, photoinhibition, and UV damage.

• Wind reduction: Canopy and branch structure reduces convective drying. Boundary 
layer humidity increases.

• Soil temperature moderation: Shaded soil surface temperatures can be 15–25°C lower 
than exposed soil in desert summer.

• Reduced soil evaporation: Shade + wind reduction + litter layer combine to retain soil 
moisture 2–5x longer than exposed ground.

Biological mechanisms

• Hydraulic lift: Deep-rooted nurse plants (mesquite, palo verde) bring water from deep 
soil layers to the surface at night, making it available to shallow-rooted neighbors.
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• Mycorrhizal networks: Shared fungal networks transfer water and nutrients between 
established and juvenile plants.

• Litter and organic matter: Leaf drop improves soil structure, water-holding capacity, and 
nutrient availability beneath the canopy.

• Evapotranspiration humidification: High-transpiration species actively humidify their 
immediate surroundings, reducing vapor pressure deficit (VPD) stress on neighbors.

3.2 Temporal Dynamics: Facilitation Strengthens Over Time

A critical finding from recent longitudinal research is that nurse plant effects are not static—
they compound over time. A 12-year study (Springer, 2023) demonstrated that facilitative 
benefits increase rather than diminish as the nurse plant grows, canopy expands, root systems 
deepen, and soil conditions improve. This contradicts the assumption that facilitation is only 
important during establishment and that competition eventually dominates.

For residential landscapes, this means that closely planted groups become more beneficial to 
each other with each passing year—the microclimate they create together improves 
continuously. Year 1 facilitation is the weakest it will ever be.

3.3 Documented Facilitation Pairs in the Mojave and Sonoran 
Deserts

The most extensively documented facilitation relationship in the southern Mojave Desert is the 
white bursage-creosote association. White bursage (Ambrosia dumosa) acts as a nurse plant for 
creosote bush (Larrea tridentata), the dominant perennial of the southern Mojave. The 
California Native Plant Society formally recognizes this as the Larrea tridentata-Ambrosia 
dumosa alliance, the signature vegetation type of the southern Mojave Desert. Bursage 
establishes first on disturbed ground, moderates soil temperature, reduces wind desiccation, 
and traps organic litter. Creosote seedlings recruit preferentially beneath bursage canopy rather 
than in open interspaces.

Miriti (2006) demonstrated that facilitation in Mojave shrub communities operates through 
multiple pathways simultaneously: shade reduces photoinhibition, litter improves soil water-
holding capacity, and the physical structure of the nurse reduces seedling mortality from wind 
abrasion and herbivory. Mahall and Callaway (1992) showed that root interactions between 
creosote and bursage shift from competition to facilitation depending on water availability, 
directly confirming the Stress Gradient Hypothesis at the species-pair level.

The palo verde-saguaro association is perhaps the most iconic nurse plant system in North 
American deserts. McAuliffe (1984) documented that over 80% of saguaro cactus (Carnegiea 
gigantea) establish beneath palo verde (Parkinsonia microphylla) canopy. The nurse provides 
critical shade during the saguaro's first 10-20 years, reducing lethal summer temperatures at 
the soil surface by 15-20°C. Drezner and Garrity (2003) showed this association persists across 
the full range of saguaro distribution.
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Desert ironwood (Olneya tesota) functions as a keystone facilitator in the Sonoran Desert. 
Tewksbury and Lloyd (2001) documented that ironwood canopies support 65% higher species 
richness and 89% higher plant density than open interspaces. The mechanism is primarily 
thermal buffering: ironwood's dense evergreen canopy reduces maximum summer 
temperatures by 8-12°C beneath the crown, creating refugia for frost-sensitive and heat-
sensitive species that could not survive in the open.

Creosote bush itself becomes a nurse plant once established, facilitating annual wildflower 
germination and perennial seedling recruitment beneath its canopy. Badano et al. (2016) 
demonstrated that Larrea canopy increases soil moisture retention by 40-60% compared to 
open ground and reduces surface temperatures by 10-15°C—conditions sufficient to shift 
annual plant diversity from near-zero in interspaces to 8-12 species per square meter beneath 
the shrub.

In Argentine drylands, Prosopis (mesquite) facilitates Opuntia (prickly pear) establishment 
through the same mechanisms: shade, wind reduction, litter-improved soil, and hydraulic 
redistribution of deep water to surface layers. This Prosopis-Opuntia facilitation confirms that 
the nurse plant mechanism is consistent across arid systems globally, not limited to specific 
regional assemblages.

The common thread across all documented desert facilitation pairs is that the mechanism is 
physical environmental modification—shade, wind reduction, temperature buffering, and soil 
moisture retention through canopy cover. Evapotranspiration contributes, but the primary 
facilitative pathways are structural. This distinction is critical for the engineered facilitation 
framework developed in this paper: we can replicate these mechanisms through deliberate 
species placement without depending on high-ET species alone.

3.4 Key Literature

• PMC5395439. Competition and facilitation structure plant communities under nurse 
tree canopies in extremely stressful environments.

• PMC5710651. Conspecific plants as nurses in hyper-arid environments.

• Springer (2023). Do nurse plant effects strengthen over time? A 12-year longitudinal 
study. Journal of Vegetation Science.

• Wiley (Global Ecology & Biogeography). Systematic review of nurse plant mechanistic 
pathways.

• Oxford Academic, Journal of Plant Ecology 9(5):485–493. Facilitation by nurse plants 
contributes to vegetation recovery in human-disturbed desert ecosystems.

• Miriti, M.N. (2006). Ontogenetic shift from facilitation to competition in a desert shrub. 
Journal of Ecology 94:973–979.

• Mahall, B.E. & Callaway, R.M. (1992). Root communication among desert shrubs. PNAS 
89:7932–7935.

• McAuliffe, J.R. (1984). Sahuaro-nurse tree associations in the Sonoran Desert. Ecology 
65:1584–1591.
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• Drezner, T.D. & Garrity, C.M. (2003). Saguaro distribution under nurse plants in Arizona's 
Sonoran Desert. Plant Ecology 164:165–175.

• Tewksbury, J.J. & Lloyd, J.D. (2001). Positive interactions under nurse-plants: spatial 
scale, stress gradients and benefactor size. Oecologia 127:425–434.

• Badano, E.I. et al. (2016). Nurse plant effects on annual and perennial diversity in the 
Chihuahuan Desert. Journal of Vegetation Science 17:145–156.

• CNPS. Larrea tridentata-Ambrosia dumosa Shrubland Alliance. Manual of California 
Vegetation.
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4. Canopy Merging: The Natural Default

4.1 Crown Shyness vs. Canopy Merging

Crown shyness—the phenomenon where tree canopies maintain gaps between them—is 
species-specific and primarily observed in same-species stands of certain broadleaf trees. It is 
the exception, not the rule. Mixed-species stands consistently fill canopy space more 
completely and productively than monocultures (Pretzsch, Forest Ecology and Management, 
2014).

Natural forests do not follow nursery spacing guidelines. Pioneer species form dense colonies 
with interweaving branches. Arid-adapted species grow into and through each other. The 
isolated specimen form is an artifact of human landscape design, not a biological requirement.

4.2 Spacing Guidelines as Human Construct

The UF/IFAS horticultural spacing guidelines recommend 50–60 feet between shade trees. This 
produces the classic isolated specimen form seen in parks, parking lots, and suburban front 
yards. It is designed for:

• Aesthetic symmetry (full canopy visible from all angles)

• Maintenance access (mowing, equipment clearance)

• Liability management (root interference with infrastructure)

• Temperate climate assumptions (adequate rainfall, moderate temperatures)

None of these priorities apply to a residential desert food forest or survival landscape. The 
spacing rule was never designed for desert conditions, and it produces the worst possible 
outcome for plant survival in extreme heat: maximum exposure, zero mutual protection, no 
shared microclimate benefits.

Put simply: the nursery tag that says "space 15 feet apart" is telling you how to grow a pretty 
tree in Ohio. It is not telling you how trees actually survive in the desert.

5. Engineered Facilitation: The MC Framework

The insight at the center of this paper is that facilitation ecology studies what happens naturally 
in arid systems. The Planting for the Future microclimate (MC) design framework asks: how do 
we engineer it intentionally?

5.1 Definition

Engineered facilitation is the intentional design of plant groupings and physical structures to 
create mutual facilitation zones—microclimates where multiple species collectively generate 
and benefit from modified environmental conditions (reduced temperature, increased 
humidity, reduced UV, reduced wind, improved soil moisture). It is biomimicry of natural nurse 
plant relationships, applied prescriptively to residential landscapes.
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5.2 Conceptual Shift

Traditional landscaping treats each plant as an individual with its own space requirements. The 
MC framework treats the group as the unit. The microclimate is the product of the collective, 
and every plant both contributes to and benefits from it.

This is not companion planting (which focuses on pest management or nutrient cycling). It is not 
permaculture guilds (which focus on functional layering). It is specifically the engineering of 
physical environmental modification through deliberate proximity—leveraging the same 
mechanisms that facilitation ecology documents in wild systems.

5.3 Design Principles

1. Closer is better in extreme heat. The SGH predicts that as Las Vegas temperatures continue 
to rise, the facilitative advantage of proximity increases. Tight planting that would cause 
competition problems in Phoenix at 108°F becomes a survival advantage in Las Vegas at 118°F.

2. Mixed species outperform monocultures. Different canopy architectures fill space more 
completely. A tall, open mesquite paired with a dense, low citrus creates a more complete 
microclimate envelope than two mesquites.

3. High-ET species are active facilitators. Plants with high evapotranspiration rates (honey 
mesquite, velvet mesquite, southern live oak) actively humidify their immediate surroundings, 
reducing VPD stress on neighbors. They are not just shade providers—they are atmospheric 
conditioners.

4. Walls and structures amplify facilitation. A wall behind a plant cluster traps the transpired 
moisture and reflected heat, creating an ET-trapping microclimate (documented in Las Vegas 
field observations as a 20°F temperature depression in a walled courtyard). Human structures 
act as artificial nurse plant boundaries.

5. Facilitation compounds annually. Year 1 plantings provide minimal mutual benefit. By Year 
3–5, canopies merge, root systems interlock, litter accumulates, and the microclimate matures. 
The system becomes self-reinforcing—the longer it exists, the stronger the facilitative effect.

6. Soil temperature is a hidden axis. Exposed desert soil reaches 70°C+ (158°F) in summer. 
Root-zone temperatures directly limit nutrient uptake and root growth. Clustered plantings 
moderate soil temperatures through shade, litter, and moisture retention—a facilitative benefit 
that is rarely measured but critically important.

5.4 Evapotranspiration Hierarchy of Desert-Adapted Species

Not all desert-adapted species contribute equally to the facilitation zone. Species with higher 
evapotranspiration (ET) rates transpire more water, actively humidifying their surroundings and 
reducing vapor pressure deficit for neighboring plants. The following table ranks common Las 
Vegas landscape species by their WUCOLS IV water use classification (Region 6: Low Desert), 
which serves as a proxy for relative ET contribution.

Brandys — Facilitation Ecology & Engineered Microclimate Design — Page 8



WORKING PAPER — DRAFT FOR REVIEW

WUCOLS IV Water Use Classification: VL = Very Low (<10% of reference ET), L = Low (10-30%), M  
= Moderate (30-60%), H = High (60-100%). Data from UC Davis WUCOLS IV, Region 6 (Low 
Desert). Plant Factor (Kc) ranges are approximate landscape coefficients.

Common Name Scientific Name WUC
OLS

Kc 
Range

Facilitation Role

Honey mesquite Prosopis glandulosa M 0.4-0.6 Primary facilitator; deep taproot + 
high transpiration; hydraulic lift 
benefits shallow-rooted neighbors

Velvet mesquite Prosopis velutina M 0.4-0.6 Primary facilitator; same deep-root ET 
pump as honey mesquite

Chilean/Argentine 
mesquite

Prosopis chilensis/alba M 0.4-0.6 Primary facilitator; denser canopy 
than native mesquites; higher shade 
contribution

Desert willow Chilopsis linearis M 0.3-0.5 Active facilitator; deciduous canopy 
provides summer transpiration when 
most needed

Chaste tree Vitex agnus-castus M 0.3-0.5 Active facilitator; dense multi-stem 
form creates humidity pocket at 
ground level

Pomegranate Punica granatum M 0.3-0.5 Active facilitator; dense leaf mass with 
high transpiration surface area

Southern live oak Quercus virginiana M 0.4-0.6 Active facilitator; evergreen canopy 
provides year-round ET and shade

Holly oak Quercus ilex M 0.3-0.5 Active facilitator; evergreen 
Mediterranean oak with dense shade

Fruitless olive Olea europaea L-M 0.3-0.4 Moderate facilitator; moderate ET 
with excellent drought tolerance

Blue palo verde Parkinsonia florida L 0.2-0.3 Structural facilitator; open canopy 
shade with bark photosynthesis (low 
leaf ET)

Foothill palo verde Parkinsonia microphylla L 0.1-0.2 Structural facilitator; minimal leaf area 
= minimal ET contribution; shade only

Desert ironwood Olneya tesota L 0.2-0.3 Structural facilitator; long-lived shade 
tree; classic Sonoran nurse plant

Catclaw acacia Senegalia greggii L 0.1-0.3 Structural facilitator; Mojave native 
nurse plant; moderate shade

Shoestring acacia Acacia stenophylla L 0.2-0.3 Structural facilitator; phyllode-type 
leaves limit ET; weeping form provides 
ground shade

Mexican palo verde Parkinsonia aculeata L 0.2-0.3 Structural facilitator; denser canopy 
than native palo verdes; moderate ET

Sweet acacia Vachellia farnesiana L 0.2-0.3 Structural facilitator; bipinnate leaves 
provide filtered shade
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Black locust Robinia pseudoacacia L 0.2-0.3 Structural facilitator; nitrogen fixer 
improves soil for neighbors

Joshua tree Yucca brevifolia VL <0.1 Minimal facilitator; CAM 
photosynthesis = near-zero daytime 
transpiration

Mojave yucca Yucca schidigera VL <0.1 Minimal facilitator; CAM = stomata 
closed during day; no humidity 
contribution

Cacti (all species) Various Cactaceae VL <0.1 Minimal facilitator; CAM physiology 
provides zero daytime ET benefit to 
neighbors

Key insight: WUCOLS M-rated species (mesquites, desert willow, chaste tree, pomegranate, live 
oaks) are the optimal active facilitators for Las Vegas. They are desert-adapted enough to 
survive on reduced irrigation, yet transpire enough to measurably humidify their neighbors. 
Pairing an M-rated facilitator with L-rated structural species and VL-rated CAM plants creates a 
gradient where the highest-ET species conditions the air for its less-transpiring neighbors.

The M-rated desert-adapted species listed above provide facilitation benefits year-round, 
survive on moderate irrigation, and do not require replanting after frost events. They are the 
practical facilitators for a sustainable desert landscape. Their facilitative advantage comes 
primarily from mutual shading, merged canopies reducing soil evaporation, and wind 
attenuation—not from ET alone.
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5.5 Companion Shrubs: Building the Understory Layer

A facilitation cluster is not just canopy trees. In natural mesquite bosques and desert wash 
woodlands, a diverse understory of shrubs fills the space between the ground and the canopy. 
These shrubs add their own transpiration to the humidity pocket, provide additional ground 
shading, fix nitrogen, and create wildlife habitat. The following species are documented 
associates of Prosopis glandulosa in Mojave/Sonoran plant communities and are available in Las 
Vegas nurseries.

Active Understory Facilitators (WUCOLS M — contribute meaningful 
ET)

Common Name Scientific Name WU
COL
S

Facilitation Role & Notes

Yellow bells Tecoma stans M Fast-growing, high leaf area; heavy transpiration; semi-
evergreen in LV; hummingbird attractor; 6-10 ft

Black dalea Dalea frutescens M Nitrogen fixer (Fabaceae); native pollinator plant; 3-5 ft; 
documented mesquite wash associate

Indigo bush Dalea pulchra M Nitrogen fixer; native to mesquite washes; purple flowers; 
3-5 ft; SNWA approved

Autumn sage Salvia greggii M Dense evergreen shrub; year-round ET; 
hummingbird/pollinator corridor; 2-4 ft

Hopseed bush Dodonaea viscosa M Dense evergreen screen; effective wind buffer; good ET 
contribution; 6-12 ft

Lantana Lantana camara M Dense spreading groundcover/low shrub; high leaf area = 
strong ET; butterfly magnet; 2-4 ft

Shrimp plant Justicia brandegeana M Shade-tolerant understory shrub; thrives under mesquite 
canopy; hummingbird plant; 3-4 ft

Purple sage / 
Texas ranger

Leucophyllum 
frutescens

L-M Dense evergreen; zero supplemental water once 
established; excellent wind buffer; 5-8 ft

Structural & Ecological Understory (WUCOLS L — diversity, ground 
cover, nitrogen)

Common Name Scientific Name WU
COL
S

Facilitation Role & Notes

Wolfberry Lycium fremontii L THE classic mesquite understory native; edible berries; 
documented nurse plant beneficiary; 4-8 ft

Fairy duster Calliandra eriophylla L Nitrogen fixer (Fabaceae); delicate groundcover; 
Mojave/Sonoran native; pollinator; 2-3 ft

Chuparosa Justicia californica L Classic mesquite wash understory; red tubular flowers; 
hummingbird obligate; 3-5 ft

Brittlebush Encelia farinosa L Fast-colonizing groundcover; seasonal (summer dormant); 
Mojave native; yellow flowers; 2-4 ft
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Jojoba Simmondsia chinensis L Evergreen; waxy leaves = low own ET but excellent ground 
shade; extremely drought tolerant; 4-6 ft

Desert hackberry Celtis pallida L Edible fruit; dense thorny habit; wildlife habitat; 
documented mesquite associate; 6-10 ft

Greythorn Ziziphus obtusifolia L Classic mesquite community member; edible fruit; 
security barrier; Mojave native; 4-8 ft

Creosote Larrea tridentata L Ultimate desert survivor; allelopathic in open ground but 
coexists under mesquite canopy; 4-8 ft

Kidneywood Eysenhardtia 
orthocarpa

L Nitrogen fixer; fine-textured canopy; Sonoran understory 
native; fragrant flowers; 8-12 ft

Fourwing saltbush Atriplex canescens VL Extreme drought tolerance; alkaline soil specialist; wind-
dispersed seeds; Nevada native; 3-6 ft

Design logic: The three-layer facilitation cluster follows natural mesquite bosque structure. 
Layer 1 (canopy): mesquite or live oak provides the ET pump and overhead shade. Layer 2 (mid-
shrub): M-rated species like yellow bells, dalea, and autumn sage add their own transpiration to 
the humidity pocket. Layer 3 (ground): L-rated structural shrubs like wolfberry, fairy duster, and 
chuparosa fill the ground plane, blocking soil surface radiation and completing the microclimate 
envelope. Each layer reduces temperature, raises humidity, and shades the soil for the layer 
below.

Nitrogen fixers (dalea, fairy duster, kidneywood, catclaw acacia, and mesquite itself) provide 
dual facilitation: ET contribution to the humidity pocket AND soil nitrogen enrichment for all 
neighbors. In nature, the richest understory diversity occurs beneath nitrogen-fixing canopy 
trees. This is not coincidence—it is facilitation operating through both atmospheric and soil 
pathways simultaneously.
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6. Toward a Facilitation Index

No published metric exists for quantifying the facilitative advantage of residential desert 
planting configurations. The academic literature measures nurse plant effects in wild 
ecosystems using survival rates, growth rates, and physiological parameters. We propose a 
composite metric—a Facilitation Index (FI)—that can be measured directly with field sensors 
and expressed as a single number for comparing planting configurations.

6.1 Proposed Axes

Axis 1: Shade hours. Hours of partner-provided shade per day during the critical 11:00–15:00 
window (peak heat stress). Already quantified by the paired-tree shadow model: a dwarf citrus 
at 5-foot spacing receives 22% partner shade in Year 1, increasing to 45%+ by Year 5.

Axis 2: Temperature reduction. Degrees of air temperature reduction at plant level compared 
to an isolated reference. Measurable with paired Grove sensor stations—one in a cluster, one 
in the open.

Axis 3: Soil temperature reduction. Degrees of root-zone temperature reduction at 12-inch 
depth under clustered canopy vs. exposed ground. Measurable with buried soil temperature 
probes.

Axis 4: Humidity gain. Percent increase in relative humidity at plant level within the cluster vs. 
ambient. Directly related to VPD reduction and transpiration efficiency.

Axis 5: Soil moisture retention. Hours or days that soil moisture remains after irrigation, as 
measured by a hand held gauge.

Axis 6: UV reduction. Percent reduction in UV irradiance at understory level. Measurable with 
the LTR-390 UV sensor already deployed at the field station.

6.2 Modeled Example: East-West Paired Trees

We developed a solar geometry model for paired trees planted on an east-west axis in Las 
Vegas (36.17°N). The model calculates the daily shade hours each tree provides to its partner 
based on species dimensions, spacing, and date. Because the sun traverses east to west, the 
eastern tree shades the western tree in the morning and the western tree reciprocates in the 
afternoon. This is engineered mutual facilitation—trees deliberately placed to protect each 
other during different halves of the day.
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Figure 1. Paired planting on an E-W axis: morning shade flows east-to-west, afternoon shade flows west-to-east.

The model demonstrates that even small, newly-planted trees provide meaningful UV stress 
reduction when spaced appropriately on an E-W axis. Consider a 6-foot nursery-stock tree 
(typical 15-gallon container) planted at 8-foot spacing:

Year 1 (8 ft tall, 2.5 ft canopy radius): Each tree receives 1.1 hours of partner shade per day 
during peak summer (July 15). This represents a 7.7% reduction in total UV exposure compared 
to an isolated tree in open ground.

Year 2 (10 ft tall, 3.5 ft canopy radius): Partner shade increases to 1.7 hours per day—a 12.1% 
UV reduction. The canopies are beginning to overlap in the low-angle morning and afternoon 
sun.

Year 3 (12 ft tall, 5.0 ft canopy radius): Partner shade reaches 2.4 hours per day—a 17.1% UV 
reduction. Each tree now spends nearly one-sixth of the summer day shaded by its partner.

For dwarf species (citrus, pomegranate) planted at 5-foot spacing, the same principle applies at 
a smaller scale: Year 1 provides 5.9% UV reduction, Year 2 reaches 10.5%, and by Year 3 the pair 
achieves 13.9% mutual shading. These numbers confirm that facilitative benefit begins 
immediately at planting and compounds annually as canopies expand.

At mature size (15-foot canopy radius, 25-foot height), a pair of Chilean mesquite at 15-foot 
spacing provides 3.9 hours of mutual shade per tree per day—a 27% reduction in total solar 
radiation during peak summer. This is equivalent to moving each tree from USDA Zone 9b to 
the radiation environment of Zone 8b, solely through partner facilitation.
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7. Implications for Desert Landscape Design

7.1 Reject Specimen-Tree Spacing

The single most impactful change a Las Vegas homeowner can make is to abandon nursery-tag 
spacing and plant in deliberate clusters. Instead of one mesquite every 25 feet, plant three 
mesquites at 8–10 feet with understory citrus, herbs, and groundcovers filling the gaps. The 
resulting microclimate will support all of them better than any would survive alone.

7.2 Design for Merging Canopies

Canopy merger is not a maintenance failure—it is the goal. When canopies merge, shade 
becomes continuous, soil surface exposure drops to near zero, humidity stabilizes, and the 
facilitation zone reaches maturity. Species should be selected and positioned so that their 
canopies will merge within 3–5 years, not 15–20.

7.3 Use High-ET Species as Active Facilitators

Some species contribute disproportionately to the facilitation zone through high transpiration 
rates. Honey mesquite and velvet mesquite, with their deep taproots and high transpiration, 
are both shade providers and atmospheric humidifiers. Southern live oak transpires at 
comparable rates. These foundation species should be placed at the center of clusters, not at 
the periphery, with lower-ET companion shrubs and groundcovers filling the understory.

7.4 Leverage Merged Canopies as Biological Mulch

Dense groundcover species planted close enough for canopy merger create a living mulch that 
dramatically reduces soil evaporation. Field observation shows that merged canopies of low-
growing species—ajuga, purple heart, gerbera, daffodils—can maintain soil moisture above 
80% saturation without any synthetic or organic mulch. The key is planting density: spacing 
must be close enough for canopy closure within one to two growing seasons. This merged 
canopy effect is visible at natural sites like the Springs Preserve, where dense native plant 
communities maintain cooler, moister conditions than surrounding open ground through 
mutual facilitation, not through walls or artificial structures.

7.5 Measure the Facilitative Advantage

The Facilitation Index provides a quantitative basis for design decisions. If Configuration A (two 
trees at 15 feet) scores FI = 0.3 and Configuration B (two trees at 6 feet with groundcover) 
scores FI = 0.7, the case for closer spacing is made with data, not opinion. This is particularly 
powerful for challenging conventional wisdom in Extension programs and Master Gardener 
curricula.

8. Conclusion

The conventional approach to residential landscape design in Las Vegas—spacing plants apart 
according to nursery guidelines developed for temperate climates—is not merely suboptimal. It 
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is ecologically backward. In the most stressed urban environment in North America, it produces 
maximum exposure and zero facilitation for every plant in the landscape.

Facilitation ecology provides both the theoretical framework and the empirical evidence to 
support a fundamentally different approach: deliberate clustering, canopy merging, and 
strategic placement of high-ET foundation species with low-ET understory companions. These 
are not gardening tricks—they are applications of well-documented ecological principles that 
have been governing plant survival in arid systems for millions of years.

What is novel here is not the ecology. It is the intentional application of facilitation principles to 
designed residential landscapes, the quantification through a proposed Facilitation Index, and 
the field validation through continuous sensor monitoring. No equivalent framework exists in 
published literature for residential desert planting design.

The nursery tag says space them apart. Nature says bring them together. In Las Vegas at 118°F, 
nature is right.
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