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ABSTRACT

The ability of landscape architectural projects to mitigate
the worst effects of climate change will depend upon
designed ecological systems. These systems will be

built with plants. Despite the recognition of ecology as

an essential driver of landscapes, the professionals of
landscape architecture too often lack the knowledge

and practical skills to create robust vegetative systems.
New approaches and tools are required. This article
outlines principles and methods for designing biodiverse
plant systems for urban sites. Planting methods that
increase species richness, functional diversity, and
spatial complexity are emphasized as a way of developing
more resilient plantings. Selecting species with

similar evolutionary adaptions to stress, disturbance,

and competition—as well as creating multi-layered
compositions of diverse plant morphologies—allows
designers to create compatible, long-Llived plant mixes. To
balance the increased visual complexity of diverse plant
mixes, the article explores design techniques to make
plantings more appealing to the public. The strategies
explored here are based on the projects, experience, and
research of Phyto Studio, a Washington, D.C. based studio.
The methods build on work described in the author’s book,
Planting in a Post-Wild World, an exploration of how to
create designed plant communities.
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1 The Need for Ecologically Informed Planting Design

If the profession of landscape architecture is to have a meaningful impact on climate
change, it will depend upon the success of designed ecosystems. These systems

will be composed of many elements: earth, water, stone, structures, and pipes; but
perhaps the most consequential element to their ecology is plants. Plants working
together as dynamic systems have an outsized role in the function of terrestrial
ecosystems. They drive the carbon and oxygen cycles, build soil, regulate hydrologic
cycles, and feed the world. Despite the recognition of ecology as an essential

driver of landscapes, the professionals of landscape architecture too often lack the
knowledge and skills to create robust vegetative systems. Conventional planting
approaches still dominate the profession, resulting in designed environments

that lack the complexity and functionality of their natural counterparts. New
approaches and tools for the design of plants are needed. This article outlines the
principles and methods for designing diverse plant systems for urban sites. The
strategies explored here are based on the projects, experience, and research of Phyto
Studio, a Washington, D.C. based studio.

The potential for improving a landscape’s ecological function through planting
design is immense. A more rigorous application of ecological thinking can create
innovations, mitigating bigger environmental issues such as drought, flooding,
erosion control, and invasive species. It can also help address persistent urban
issues like weed control, overreliance on chemical inputs to manage vegetation, and
insufficient maintenance resources.

To achieve a greater level of ecological health in landscape architectural
projects, a renewed focus on planting’s functionality, as opposed to its formal
aesthetic qualities, is required. This is not to say the aesthetics of plantings do not
matter; in fact, the need for the public to perceive a naturalistic planting as ordered
and even beautiful is critical to its success. However, formalistic concerns cannot
drive their selection, arrangement, and management. Instead, ecological principles
derived from contemporary ecological sciences and restoration ecology must be the
primary drivers of planting design.

Ecological function, in this article, is defined by how well a designed plant
community provides ecosystem services. Naturally occurring plant communities
provide a wide range of well-documented ecosystem services'"! that are essential
for soil microbiology, nutrient cycling, support of invertebrates and other fauna,
sequestration of atmospheric carbon, stormwater infiltration and storage,
detoxification of wastes, and mitigation of floods and droughts'”. There are several
characteristics which can increase the ecosystem services of a planting. Species
richness (the total number of species), functional diversity (the functional roles that
different species play in a planting), and spatial complexity (where and how species
inhabit) are some of the main drivers of ecosystem services. Simply put, increased
diversity increases the functional services of the planting”'. Even when two species
appear to perform the same function within a community, one may outperform

another in different years as environmental conditions change!*. This kind of
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functional redundancy within a planting enables it to better withstand the impacts

of climate change.

2 Beyond Monocultural Massing: A Critique of Current Landscape
Architectural Planting Approaches

A casual survey of award-winning landscape architectural projects in China,
North America, and Europe reveals that planting approaches primarily focus on
arranging plants in patterns to express design ideas. There are notable exceptions,
of course, but in most of these projects, a planting’s visual and compositional
qualities are prioritized—as opposed to functional or ecological dynamics.

This is not new. The use of monocultural “blocks” or “masses”—the defining
feature of formalistic design tradition—has united most of the history of planting
design. While the patterns have changed over time, the arrangement of plants in
monocultural groups or blocks has not. Since the classical European gardens of
André Le Nétre or the Italian Renaissance, plants have been arranged in patterns to
express formal, symmetrical geometries—Even during more naturalistic movements
like the British picturesque (or the American counterpart in Frederick Law
Olmsted’s work), while the shapes of plant masses were natural and amorphous,
plants were nonetheless arranged in monocultural groups.

Arranging plants in groups of the same species is a useful compositional tool.
This method of arrangement makes patterns more legible and conveys a sense
of intentionality and care that distinguishes it from wild vegetation. From an
ecological perspective, the problem is the exclusive use of monocultural blocks.
Monocultural blocks have several disadvantages. First, the plantings of same species
have the same shape, behavior, and temporal sequence. That means they rarely
cover ground effectively—FEven in a dense grouping, there are often gaps created
between or below the plants. Gaps are also created during dormancy. These gaps in
space or time are where weeds and invasive species establish. The exposure of open
soil between plants to sunlight degrades soil microbiology, releases carbon into the
atmosphere, and reduces the soil’s ability to infiltrate water. Deep bark mulches or
pre-emergent herbicides (prevalent in North America) are often used to deal with
this issue—each of which results in negative environmental consequences. Second,
the reliance on monocultural blocks results in large-scale projects with minimum
biodiversity. Traditional plant spacing gets 3 to 6 plants per square meter, whereas
more ecological approaches can get anywhere from 9 to 15 plants in the same

space.

3 An Alternative: Diverse Plant Systems

An alternative is to replace monocultural groupings with diverse mixes of
compatible species (Fig. 1). Aesthetically, a group of plants can function like a
monoculture. If the height of the mix is the same, and its texture from a distance

appears consistent, it can convey the same sense of pattern and legibility as a single
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species grouping. Diverse mixes of plants—particularly herbaceous dominated
ones—offer unique aesthetic advantages such as multiple flowering events, dynamic
seasonal changes, and a lush counterpoint to hardscape. Understanding how to
assemble plants into stable communities is the key.

The central idea is planting as a community. Naturally occurring plant
communities are assemblages of different populations, all adapted to tolerate
specific environmental conditions. Thousands of years of co-evolution results in
plants with a high degree of fitness both to its environment and between each
other. These wild plant communities are often claimed by landscape architects as
inspiration. The difference is not just using plant communities as an inspiration
for species selection (a more conventional approach), but instead using them as
templates for functional systems.

The distinction here is critical. If a designer merely uses a wild plant community
as an inspiration for a plant list, but ignores their functional role as an assembly,
the result will be a planting that requires labor and maintenance to persist. The goal
is to increase diversity while providing the conditions for stability between different
species. Stability is created when plants within a community inhabit different niches
in space and time. For example, shade-tolerant herbaceous species actively cover
the ground during cooler months. In summer many of these species go dormant
while taller, sun tolerant species grow above them. This kind of niche differentiation
increases ecosystem services while providing stable, long-term combinations.
Stability, by itself, does not make a planting more functional. In fact, both stable
and highly dynamic plant communities can provide ecosystem services. However,
stability is important for reducing maintenance in designed landscapes. Species
must be compatible with each other—each interlocking together like a puzzle,

and their dynamic qualities should balance each other. For example, if one species
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blooms in early summer, another will bloom in mid-summer. In this way, they are
complementary.

Selecting complementary species requires thinking about planting in ways
that are often ignored in traditional horticulture. Above all, species must tolerate
the same environmental stresses. The key concept is to define a site by the
external factors that limit plants’ growth. A plant’s tolerance to different kinds
of stress—low light, water or nutrients—will to a large degree influence its
distribution on site. British ecologist John Philip Grime’s concepts of plant
survival strategies”' (C-S-R theory) are a useful shorthand for designers. He
describes three limitations that plants face in the wild: 1) strong competition
from other species found in sites with abundant moisture, sun, and soil fertility
(Competitors or “C”); 2) highly stressful conditions like drought, limited fertility,
or temperature extremes (Stress-tolerators or “S”); and 3) high levels of external
disturbance (Ruderals or “R”). Grime’s strategies highlight different systems
that might be applied to different urban conditions. Urban green infrastructure
with its high disturbance and moist soils favors ruderals and competitors,
whereas a green roof with its shallow soils and high temperatures favors stress-
tolerators. It also shows that some species—even those from the same biome—
are incompatible. For example, North American prairie species might be the focus
of a designer’s plant list. Mixing a stress-tolerator like Echinacea pallida with a

competitive Monarda didyma and Eutrochium purpureum together in rich soils,

VOLUME 9/ISSUE 1/ FEBRUARY 2021



FARAGRIET . NI B — G0, AN ZORE X e ) A A [RLE R PR B
YIRS M

4 %A

F 2 REAE P AL G 10 G BEAE Tl A ) o0 )2, W M SRR T B AR
Hio AT TG X L D RE AR R UL R B T AN I 2
X B2 T IX AL, R HOR A M b XA T SRR 8 A7 2 )
0, BRI EORIEE R A AL, B AP i TR MR AT 55
HHEY, OSBRI S RS BT S ey ik
JEN]: AEYA G LGRS PRy R,

HNTHEBEER, NLRIHWEYHEGEAEAFRNEERR,
H—RAESFETIEEARMNMA G, N TSR EWAEA
2 MR YA T M A BRI, 5 iR B B A A R
Z (kBB X—REmEYE e s E S ER

L2 S 4 el it 1 A b A AR B R4S . RAF R AR 2
t, YR E S, K ir 2 YR O R, e
] AR S Y —— N5 AEE (Fragaria spp.) .« MUEE (Geum
spp.) . EFERE (Epimedium spp.) . B EE (Ajuga spp.) .
LT ENE (Packera spp.) . Z#HE (Geranium spp.) . WHUR
( Antennaria spp.) FEE (Asarum spp. ) ——IWIEEREF, FLK)E
YIRS R A4 . AR, PIINERE (Carex spp.) .
TR (Paris spp.) . WHJE (Heuchera spp.) . &S (Primula
spp. ) FEEARJE (Sesleria spp.) o FITEARZETY WG 1T 40 T 5o AR 1)
LWEAE)E (Dicentra spp.) . AEALE, LIKIKAN (Narcissus spp.) 55
FaZERY), 520 B 8 S AR 2 58 FUR 8 45, R —
FATAT A A

FREZRAMEG FOWBT R AR, BAEW TR B LR
FARTYFEHEAR . F 2PN R . Ao H A . SRR 2

!

MR/ MWESIFE  LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS

FREFTBEYITh

All possible species

DA TRENS . EYREBENINITRESE, KPER, FENEEDMEERELT

Site filter: Plants that will thrive on site and climate, persist long-term, and support beneficial fauna

REmENG: BEYZETEEES

Competition filter: Plants that will not outcompete one another

EEEENG . EYRTERNEERATEREK

Management filter: Plants that thrive with the same management

EFENG: ERR) BESRRE

Aesthetic filter: Size, color, and texture

@ © Phyto Studio LLC

will result in the death of the Echinacea. It is important not to mix species with

different evolutionary adaptations to stress.

4 Covering the Ground With Multiple Layers

The key to assembling diverse plant mixes is to densely cover the ground by
layering plants. Covering ground is the most important concept of creating a
functioning plant community. In most temperate climates, except for extreme or
disturbed sites, bare soil is almost always a temporary condition. Every bare spot
is an available niche, and in the wild, all niches are filled with plants. This fact
prompts a simple, yet underutilized design principle for landscape architects: plants
themselves can function as mulches'.

To effectively cover the ground, plant mixes are designed at different vertical
layers, each performing different roles throughout the year. Start with two basic
layers: the base layer composed of low ground-covering species, and a second (upper)
layer composed of tall, upright species that tend to be more visually dominant
species.

The base layer describes a mix of low, hummocky plants which are shade
tolerant. Good base layers are a combination of plants with different spreading
behaviors. Many are clonal species that spread horizontally around the base of
taller species (such as species in the genus of Fragaria, Geum, Epimedium, Ajuga,
Packera, Geranium, Antennaria, and Asarum). Other base layer species may be
clump-forming plants that more often spread by seed (Carex, Paris, Heuchera,
Primula, Sesleria, etc.). Mixing species allows the designer to balance species
that are showy in spring but ephemeral (Dicentra, Primula, and geophytes like
Narcissus) with species that are stable and winter present (Carex and Heuchera).

The upper layer is composed of plants more traditionally associated with
landscape architectural plantings, including ornamental grasses, upright forbs, and

shrub-like mounding perennials. Upper layer plants should be clump-forming, non-
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spreading, and long-lived. In terms of proportions of the two layers, the base layer
should have more diversity of species and biomass. The upper layer species are
spaced farther apart and at lower densities, creating more stability in the plantings
over time as the taller species are less likely to shade out the ground layer. Good
upper layer plants include emergent vegetation with leafless upper stems such as
Agapanthus, Allium, Eremurus, Galtonia, Kniphofia, and Yucca. Summer flowering
species whose flowers rise above their foliage are quite useful in this layer. Many
species of Echinacea, Eryngium, Penstemon, Pennisetum, and Solidago may work
well.

Plants’ ecology—their interaction with their environment and each other—
is critical to species selection. In developing plant lists, a systematic process that
considers various ecological and design filters is important (Fig. 3). While a plant
list may be initially broad, purging the list of species that do not pass each filter is
important for developing the most resilient selections. This filtering process differs
from traditional horticultural approaches that focus on aesthetic considerations like

flower color, height, or textural contrast.

5 Using Design Frames to Make Biodiverse Plant Mixes Legible

As planting becomes more dynamic and naturalistic, it may also be perceived
by the public as messy or unattractive. As much as one may hope the social
conventions for beauty would broaden to embrace a more ecological aesthetic,
ultimately the burden rests on landscape architects to translate ecological function
into an aesthetic form. Several strategies can be considered.

The primary strategy is to use geometric frameworks around the planting. These

"l_signal to

“orderly frames”—a concept first articulated by Joan Iverson Nassauer
the public an intentionality and care. In Phyto Studio’s practice, herbaceous plant
mixes are often conceptualized as a liquid that is poured into a mold. Designers

may use curbs, low walls, paving, turf, hedges, or other constructed elements that

provide a sharp contrast.
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