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ABSTRACT

Ornamental palms are important components of tropical, subtropical, and even
warm temperate climate landscapes. In colder climates, they are important
interiorscape plants and are often a focal point in malls, businesses, and other
public areas. As arborescent monocots, palms have a unique morphology and
this greatly influences their cultural requirements. Ornamental palms are over-
whelmingly seed propagated, with seeds of most species germinating slowly and
being intolerant of prolonged storage or cold temperatures. They generally do not
have dormancy requirements, but do require high temperatures (30–35°C) for
optimum germination. Palms are usually grown in containers prior to trans-
planting into a field nursery or landscape. Because of their adventitious root
system, large field-grown specimen palms can easily be transplanted. In the
landscape, palm health and quality are greatly affected by nutritional deficien-
cies, which can reduce their aesthetic value, growth rate, or even cause death.
Palm life can also be shortened by a number of diseases or insect pests, some of
which are lethal, have no controls, or have wide host ranges. With the increasing
use of palms in the landscape, pathogens and insect pests have moved with the
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palms, both between and within countries, with some having spread virtually
worldwide.

KEYWORDS: Arecaceae; insect pests; nursery production; nutrient deficien-
cies; plant diseases; propagation; transplanting
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I. INTRODUCTION

Palms comprise a natural and distinctive, yet unusually diverse group of
mostly tropical plants. The family includes∼2,500 species in 184 genera
and is most diverse and rich in tropical Asia, the western Pacific, Central
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and South America, Australia, and Madagascar (Dransfield et al. 2005,
2008; Govaerts 2013). Where palms occur naturally, they are typically
among the most economically important plants, providing food, bever-
ages, and cooking oil; fiber for clothing, rope, baskets, mats, hats, and
other uses; material for furniture and construction; and medicine and
narcotics (Balick 1988; Balick and Beck 1990). Several palms have been
domesticated and are of international economic importance, including
Phoenix dactylifera (date palm), Bactris gasipaes (peach palm), Cocos
nucifera (coconut palm), and Elaeis guineensis (African oil palm). The
latter two are considered two of the world’s ten most important agro-
nomic crops (Janick and Paull 2008).

Palms are also important as ornamentals and are widely used in
the landscape in tropical, subtropical, and Mediterranean climates
around the world (Table 1.1, Plate 1.1). They are often the featured
plants in botanical glasshouses in temperate climates. Indeed, they
are the quintessential plant of the tropics and few, if any other, plants
can capture that tropical motif as do the palms (Ledin 1961).
C. nucifera in Hawaii and south Florida and Phoenix canariensis
(Canary Island date palm) and Washingtonia robusta (Mexican fan
palm) in California are the iconic or signature trees of these respective
regions, filling the skyline and providing the tropical ambience upon
which these tourism-reliant regions depend to draw visitors to support
their economies.

In warmer parts of the United States, especially Hawaii, Florida, and
California but also in Arizona, Texas, and the Gulf Coast, palms are a
significant and increasing component of ornamental wholesale pro-
duction nurseries. Palms of all sizes are grown for landscape use in
these areas but also for indoor use everywhere. The monetary value of
palm extends from the seed to transplantation of mature palms into
residential and commercial landscapes. For the Florida nursery indus-
try alone, the monetary value of palms has almost doubled every
5 years for the past 10 years. The estimated total sales value for
palm trees by Florida producers in 2010 was $404 million, represent-
ing 9.5% of nursery growers’ sales (Hodges et al. 2011). While this
represents only a 2.5% increase in percentage of nursery sales from
2005, it is a near double of the monetary value ($220million) from 2005
(Hodges and Haydu 2006). The 2005 monetary value was a near double
of the 2000 palm sales, which were $123 million (Hodges and Haydu
2002). In 2010, the percentage of sales (9.5%) of palms was equal to
the combination of deciduous shade trees, flowering and fruiting trees,
and evergreen trees (9.8%).
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Plate 1.1. Ornamental palms. (a) Acoelorrhaphe wrightii (paurotis palm) (b) Adonidia
merrillii (Christmas palm); (c) Bismarckia nobilis (Bismarck palm); (d) Chamaedorea cata-
ractarum (cat palm); (e) Cocos nucifera (coconut palm); (f) Dypsis lutescens (areca palm);
(g) Livistona chinensis (Chinese fan palm); (h) Phoenix canariensis (Canary Island date palm);
(i) P. dactylifera (date palm); (j) P. roebelenii (pygmy date palm); (k) P. sylvestris (wild date
palm); (l) Ptychosperma elegans (solitaire palm); (m) Roystonea regia (royal palm); (n) Sabal
palmetto (cabbage palm); (o) Syagrus romanzoffiana (queen palm); (p) Veitchia sp. (Mont-
gomery palm); (q) Washingtonia robusta (Mexican fan palm); (r) Wodyetia bifurcata (foxtail
palm) (See the color version of this plate in Color Plates Section).
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Alongwith this increase in popularity has come an increased interest in
how to grow, plant, and manage landscape palms. However, palms are
unique among landscape plants andhave several unusual features that set
them apart from other woody plants and affect their nursery production
and landscapemanagement. These features include the lackof a cambium
and ability for secondary growth in the stem; typically only one growing
point or apical meristem per stem; an adventitious root system composed
of nonwoody roots, with all primary- or first-order roots arising separately
from one another at or near the base of the stem; and an aggregation of
photosynthetic and reproductive efforts into relatively few but large
organs (leaves and inflorescences) (Tomlinson 1990; Hodel 2012).

Those who grow or manage landscape palms frequently do not
understand these unique features, and this lack of understanding often
leads to mismanagement of palms in the nursery and landscape. Also,
until recently, most of the information about production and manage-
ment of landscape palms was anecdotal in nature and little research-
based information was available (Broschat and Meerow 2000). Thus, the
need for research-based information on how to grow, plant, and manage
landscape palms is real and urgent. This publication reviews the litera-
ture on the biology, production, planting and transplanting, nutrition,
irrigation, pruning, interiorscape use, disorders, and pest and diseases of
ornamental palms.

II. PALM BIOLOGY

A. What Is Palm?

Palms are unique among landscape plants and have several features
that set them apart from other woody plants. Although until recently
divided into two major groups, flowering plants (angiosperms) are now
divided into three major groups: basal or primitive angiosperms (Mag-
nolia, Liriodendron, etc.), monocotyledons (monocots), and eudicoty-
ledons (eudicots). Monocots are distinguished from basal angiosperms
and eudicots by having one cotyledon (seed leaf) rather than two,
flower parts (sepals, petals, carpels, etc.) in threes or multiples of threes
rather than in fours or fives, parallel rather than net leaf venation, and
vascular bundles (phloem and xylem) dispersed throughout the stem
rather than in two concentric rings with a cylindrical cambium
between them. Palms are woody monocots, although they do not
form wood in the same manner or have the same type of wood as
other types of trees. A combination of characters distinguishes palms
from all other monocots, including a woody stem, monopodial growth
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habit, petiolate leaves with initially closed bases, the mode of leaf
initiation and development (plication and later splitting into segments
that arise from a prominent midrib, an inflorescence (flower stalk) that
is always initially enclosed within a two-edged bract (modified leaf),
one ovule per carpel, and relatively large seeds (Dransfield et al. 2008).
Sago palms (Cycas spp., coniferous plants), ponytail palms (Nolina
spp.), traveler’s palm (Ravenala madagascariensis), and other palm-
like plants (dracaenas, yuccas) are not palms, although they have a
palm-like habit and are commonly referred to as palms.

B. Taxonomy and Distribution

Being a natural and well-defined group, taxonomists have placed palms
in their own order, Arecales (formerly Principes), composed of one
family, Arecaceae or Palmae. The palm family is divided into five
subfamilies based on DNA sequence data and morphological characters:
Arecoideae, Calamoideae, Ceroxyloideae, Coryphoideae, and Nypoi-
deae (Dransfield et al. 2005, 2008). The commonly cultivated genera
of landscape palms in the United States occur in the Arecoideae and
Coryphoideae subfamilies. These includeArchontophoenix, Butia, Cha-
maedorea, Cocos, Dypsis, Howea, Ptychosperma, Roystonea, Syagrus,
Veitchia, and Wodyetia of the Arecoideae and Brahea, Bismarckia,
Caryota, Chamaerops, Livistona, Phoenix, Pritchardia, Rhapis, Sabal,
Trachycarpus, and Washingtonia of the Coryphoideae.

Most species of palms naturally inhabit moist to wet tropical areas in
Central and South America, Madagascar, Southeast Asia, Malaysia,
Indonesia, Australia, and the western Pacific (Dransfield et al. 2005,
2008; Govaerts 2013). The cold intolerance across the entire family is
the most limiting factor in where and how palms can be grown in the
landscape. However, a small percentage of palms, ∼5–10% of the
species, originate in subtropical or even warm temperate regions
and are much better adapted to cultivation in these or similar areas
(Meerow 2005).

C. Growth and Development

Palms pass through several developmental growth phases from the
embryo (seed) to reproductive adult, each of which has features that
can affect their management in the nursery and landscape. Tomlinson
(1990) identified five distinct phases, although the transition between
each is smooth and continuous: (1) embryonic, (2) seedling, (3) establish-
ment, (4) adult vegetative, and (5) adult reproductive. Nursery
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production managers deal mostly with palms in the embryonic, seed-
ling, and establishment phases while landscape managers deal mostly
with palms in the adult vegetative and reproductive phases, although
there is some overlap, especially in the establishment and adult vegeta-
tive phases and especially in nurseries that field-grown palms.

The embryonic phase refers to the development of the embryo within
the seed, from fertilization to germination (Tomlinson 1990). Critical
morphological changes that occur during the seedling phase include
emergence of the apical meristem and the production of the first scale
(rudimentary) and bladed (“true”) leaves, radicle (first and rudimentary
root), and haustorium (specialized growth structure of the cotyledon that
grows into the endosperm to absorb carbohydrates for growth and
development) (Tomlinson 1990).

The establishment phase covers the time from the seedling phase until
the stem has attained its maximum diameter and begins to elongate
vertically (Tomlinson 1990). During this phase, stems increase in diam-
eter with little vertical elongation, vascular bundles increase in number
and size, roots become more numerous and larger, and leaves transition
from strap-like or bifid juvenile foliage to pinnate or palmate adult
foliage. The canopy attains its maximum size and number of leaves at
the end of the establishment phase, essentially “fixing” the transport
capacity of the stem for future growth. Once the stem has attained its
maximum diameter and elongates vertically, there will be no further
increase in its diameter or in the number of vascular bundles, primarily
because of the lack of a vascular cambium and subsequent secondary
growth. Thus, the stem is “overbuilt” during this phase because it must
be sufficiently developed and constructed to accommodate all future
growth, including increases in stem height, mass, strength, and transport
requirements (Tomlinson 1990, 2006).

The establishment phase can be lengthy, several years or more, and,
because most of the growth occurs at or near ground level, there is little,
visible upward growth, (Tomlinson 1990). For most palms the establish-
ment phase occurs with the apical meristem close to the ground.
However, in some palms the establishment phase occurs mostly below
ground and involves a radical reorientation of the apical meristem so
that stem growth is initially downward prior to growing upward to
resume the more typical, erect habit (Tomlinson 1990). This type of
growth, which typically makes the establishment phase much longer,
results in an underground, saxophone-shaped stem, usually with a low,
above-ground “heel.” This saxophone-shaped stem occurs in some
species of several genera, including Chamaedorea, Dypsis, Ravenea,
Rhopalostylis, and Sabal (Tomlinson 1990; Hodel 2012).
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The adult vegetative phase spans the time from the initial stem
attainingmaximumdiameter and growing vertically until the emergence
of the first inflorescence (Tomlinson 1990). Stems, roots, and leaves
typically have attained their ultimate, more or less constant size. Stem
elongation is most rapid in the early part of this phase with long
internode lengths. Palms attain their ultimate habit during this phase
and four general categories are recognized: tree (single- or multi-
stemmed); shrub (single- or multistemmed); acaulescent (no visible
above-ground stem, or if above-ground, then stem is very short and
compact with exceedingly short internodes); and vine (stems slender
with very long internodes, often climbing by hook-like modified leaves
or inflorescences) (Tomlinson 1990).

Multistemmed tree or shrub palms attain their habit through basal or,
rarely aerial, branching of stems. Basal branches develop adjacent to the
“mother” stem, or they grow laterally for a considerable distance as
rhizomes or stolons. In acaulescent palms the apical meristem is perma-
nentlyfixedatorneargroundleveland there is little, if any, stemelongation,
even in the adult phases (Tomlinson1990).While there are∼400 species of
vining, climbing palms, they are rarely encountered in the landscape
because of their intractable and often spiny nature and cold intolerance.

The production of inflorescences and onset of flowering initiate the
adult reproductive phase, and it lasts until the palm senesces and dies
(Tomlinson 1990). Other than the appearance of inflorescences and an
increase in overall size, there are few visible differences in gross
morphology between this phase and the adult vegetative phase. How-
ever, toward the end of a palm’s natural life, leaf production tends to
slow and leaves become smaller, stems may decrease in diameter, and
internodes become shorter (Hodel 2012).

Two types of flowering—pleonanthy and hapaxanthy—occur in
palms, and they are defined by the way in which the event terminates
the growth of the stem (Tomlinson 1990; Tomlinson and Huggett 2012).
In pleonanthy, which is the most common condition in palms, flowering
is indeterminate to the stem because production of inflorescences and
leaves continues indefinitely until the palm senesces and dies of old age.

In hapaxanthy, which is less common, flowering is determinate to
the stem, signaling the eventual and fairly imminent death of that stem.
With single-stemmed species, hapaxanthy results in the death of the
palm. In multistemmed species, hapaxanthy results in the death of an
individual stem, but the palm may live on through production of new
stems. The most common landscape palms exhibiting hapaxanthy
include Arenga sp. and Caryota spp., both with single- and multi-
stemmed species.
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D. General Architectural Model

Architecturally, palms usually consist of an elongated axis (stem) or a
series of such axes with growth restricted to its extremities: roots at the
bottom and leaves and inflorescences at the top (Tomlinson 1990).
There is typically only one apical growing point per stem (apical
meristem), and it is embedded and protected within a series of older,
overlapping leaf bases. All growth is primary in nature: active root
and shoot apical meristems directly produce all tissues (Tomlinson
1990, 2006).

Palms are unusual, then, in that they can become tall and long-lived
woody plants without traditional secondary growth from a single
peripheral vascular cambium, such as that in basal angiosperms,
eudicotyledons, and conifers, which develop the vascular system
and continually increase stem diameter and strength by producing
xylem and wood on the inside and phloem and bark on the outside.
The vascular system in palms is repetitive and redundant, composed of
numerous individual bundles containing both phloem and xylem, and
dispersed throughout the stem, with the result that movement of water
and minerals is not restricted to a specific sector of the stem. Palm
stems do become stronger and more rigid over time, however, by stem
cells that thicken and strengthen with age (Tomlinson 1990, 2006).

While the unique structural biology of palms offers several features
that protect vital organ systems from overt exposure to blunt force
trauma, fire, wind, and pests and diseases (Tomlinson 2006; Hodel
2012), the lack of a peripheral, vascular cambium and capability for
secondary growth does mean that there is no ability to repair damaged
tissue, and wounds in palm stems are permanent as well as unsightly
and potential entry sites for pests and diseases (Hodel 2012). Despite
this apparent disadvantage and the lack of documented compartmen-
talization of decay processes, palm stems are remarkably resistant and
resilient to decay.

E. Morphological and Anatomical Features

1. Stems. Other than the leaves, stems are the most conspicuous and
characteristic feature of palms and are typically cylindrical, elongated,
and aerially unbranched (Tomlinson 1990). They might retain old, dead
persistent leaves or leaf bases or they might be free of leaves, but are
often marked with circular or diamond-shaped scars where leaves were
once attached. Palm stems are more or less uniform in diameter and
can be good indicators of past and present health; stem constrictions
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typically represent periods of abnormally reduced growth caused by
environmental or physiological stresses (Broschat and Meerow 2000;
Hodel 2012).

In transverse section the palm stem has two distinct regions—the
cortex and central cylinder (Tomlinson 1990)—which, to the untrained
eye, might appear similar to the bark and wood of nonpalm trees,
although neither of these two regions is even remotely analogous. The
cortex, a narrow band on the outside of the stem, has a thin outer
covering composed primarily of thick-walled, sclerified (hardened)
cells. It is sometimes referred to as pseudobark, although it has no
relation to bark of other types of trees. Relatively unspecialized paren-
chyma cells, which become larger, more numerous, and lignified
(woody) with age, compose most of the remainder of the cortex,
although there may be some vascular tissues present connecting the
leaf base and inflorescences with the vascular bundles in the central
cylinder.

The central cylinder lies within the cortex and comprises a majority
of the palm stem. It is composed primarily of numerous, dispersed,
light- or dark-colored, hardened vascular bundles containing phloem
and xylem embedded in a mostly homogeneous, light-colored, hard-
ened ground tissue made up largely of unspecialized parenchyma
cells, although intercellular air spaces and some specialized cells
may also be present. The parenchyma cells, which store water and
carbohydrates as starch, can become woody and strengthen with age,
especially those toward the outer part of the central cylinder, while
those toward the center of the central cylinder are mostly spongy and
unlignified (Tomlinson 2006).

A strong, hard, fibrous sheath partially or entirely encloses each
vascular bundle and is the primary mechanical support for the stem
(Tomlinson 1990, 2006). In most palms, the vascular bundles are con-
centrated toward the periphery of the central cylinder for maximum
strength and support, and are interconnected with each other by bridges
and with leaves and inflorescences by traces.

The inner part of the central cylinder contains a preponderance of
spongy parenchyma cells and usually fewer vascular bundles. Because
parenchyma cells are less resistant to decay, especially those that are
unlignified, the inner portions of the central cylinder and the cortex
typically degrade faster than the outer portions of the central cylinder on
cut palm stems because in the latter harder, more decay-resistant
vascular bundles predominate.

Parenchyma cells and the fibers of the vascular bundles become woody
with age and the latter thicken their cell walls, adding to the rigidity and
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strength of the stem. (Tomlinson 1990, 2006). This unique strengthening
process means that stems are typically more flexible and can bend more
distally, yet are more rigid proximally, resulting in excellent mechanical
resistance to strong lateral forces like wind.

The palm stem can be likened structurally to a steel-reinforced,
concrete column (Tomlinson 1990). The vertically oriented vascular
bundles are the steel rebar and the ground tissue is the concrete matrix.
Stems are exceptionally hard, but can bend and yet rarely break.

Because palm stems lack a peripheral cambium for secondary growth,
their stems thicken little if at all after they attain their maximum
diameter and begin to grow vertically. However, stems can thicken
slightly due to a phenomenon called “diffuse secondary thickening,”
which results from division of parenchyma cells, cell expansion, cell
wall thickening and lignification, and an increase in the diameter of
vascular fibers (Tomlinson 1990).

Palm stems likely have the longest living cells of any organism,
animal, or plant (Tomlinson and Huggett 2012). Among the plants,
only palms, which lack secondary growth, retain living cells in their
stems throughout their lifetime. The oldest stem cells are at the base of
the stem, and if the palm is 100, 200, 400, or more years of age, the
living and functioning cells at the stem base are of the same or similar
age. In contrast, in other types of trees the stem is nearly entirely
composed of dead tissues and functioning, living cells are confined to
an inner ring near the periphery of the plant and have a relatively short
life span. As noted earlier, the lack of secondary growth also means
that there is no ability to repair damaged tissue, and wounds in palm
stems are permanent.

2. Leaves. Leaves are the most conspicuous and characteristic feature
of palms. They are produced sequentially at the apex of the stem, as a
result of primary growth from the same apical meristem responsible for
stem initiation, development, and thickening. Because they are pro-
duced sequentially, the newest leaves are always in the center or upper
part of the canopy and, as they age, are displaced or “pushed” to the
lower part of the canopy. Thus, the oldest leaves are the lowest leaves
in the canopy. Annual leaf production varies among species, ranging
from less than 1 in Lodoicea maldivica to as many as 50 in W. robusta.

The palm leaf is composed of three parts: the blade; the petiole; and
the base. The petiole attaches the blade to the base or sheath, which
supports and attaches the entire leaf to the stem.

The blade is the expanded, conspicuously enlarged, multiribbed or
folded, typically divided, often flattened surface (Tomlinson 1990).
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Blades are initially folded tightly in the apical bud and emerge from the
center of the crown as a spear, eventually unfolding and expanding to
their ultimate size with the aid of specialized expansion cells. Damage
from insects and diseases or abiotic factors that occurred when the blade
was still folded in the spear stage typically is inconspicuous until the
blade fully expands. Orientation of the segment fold, whether adaxially
or up (induplicate), or abaxially or down (reduplicate), can be useful in
identification.

Leaf blades vary greatly in their size and shape, color, texture,
orientation, and number in the crown. Variation is largely species
dependent, although environment and management can play critical
roles. Like many other parts of the palm, blades may be covered to
various degrees with deciduous or permanent indumentum, primarily
hair and waxes.

The multiribbed and folded nature of the blade increases its mechani-
cal strength and allows for the development of unusually large leaves,
the largest in the plant kingdom (Tomlinson 1990). Blade division into
segments or pinnae is structurally related to expansion and reduces
wind resistance.

There are two major types of palm leaves defined by the degree to
which the petiole extends into the blade as a rachis. In palmate-leaved
or fan palms, the rachis is short or nonexistent, the ribs (folds) or
segments radiating from a more or less central point. In palmate-leaved
palms, the segments may be united for varying distances from the
base, and this solid or undivided area is referred to as the palman. In
pinnate-leaved or feather palms, the rachis is extended and elongated,
and the ribs (folds) or pinnae (leaflets) are attached along its length at
equal and uniform or unequal distances. Each of the two major types of
palm leaves has a variation on the theme. In some species of palmate-
leaved palms, such as Sabal, there is a costapalmate condition where
the petiole extends for some distance into the otherwise palmate leaf.
In the pinnate-leaved palms, all species of Caryota have a bipinnate
(twice pinnate or compound) leaf where each pinna or leaflet is
divided again into pinnules or subpinnae. Caryota is the only genus
of palms that has a bipinnate leaf.

The petiole is built to support the increasing weight of the leaf as it
gradually moves from an erect to horizontal to downward or pendulous
position in the crown (Tomlinson 1990). It is also sufficiently flexible
to bend from the sail-like effect of wind on the blade. It is widest where
it connects to the leaf base and then gradually, but uniformly, tapers to
its attachment with the blade. Anatomically, the petiole somewhat
resembles the palm stem with its dispersed vascular bundles.
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Depending on the species and exposure to light, petioles may be short
and nonexistent to 2m. Like the blade, the petiole may be covered by
various indumentum, including hairs, scales, and waxes. Margins are
rounded or extremely sharp, like a knife blade, and in some species are
armed with spines, and care must be taken when placing and managing
these palms in the landscape. In species that retain their dead leaves,
petioles frequently become woody and rigid as in Butia odorata and
various Phoenix spp., and if not cut closely and neatly to the base, can
pose a hazard to pedestrians and workers (Hodel 2012).

The leaf base attaches the leaf to the stem and contains leaf traces
(vascular bundles) from the blade and petiole that traverse the base and
enter the stem, crossing the cortex and connecting with vascular
bundles in the stem central cylinder (Tomlinson 1990). Leaf bases
may be protected by spines, as in Acrocomia, and, like the blade and
petiole, covered with various types of indumentum, including hairs
and waxes. Leaf bases are constructed to withstand mechanical
stresses from several sources, including the wind load and increasing
dead weight of the blade and petiole; the expansion of younger,
enclosed leaves; stem thickening; and the expansion and weight of
inflorescences (Tomlinson 1990). The base is initially cylindrical and
completely encircles the stem at its attachment point and is closed
except for an opening at the top through which the next newest leaves
will emerge. However, expansion of younger, enclosed organs, such as
leaves and, eventually, inflorescences, and stem thickening split the
base longitudinally to varying degrees, resulting in a wide variety of
leaf bases (Tomlinson 1990).

In some species, like Archontophoenix cunninghamiana, the base is
elongate and remains tubular and closed until the leaf reaches the end of
its natural life, senesces, and falls away. These tubular, concentric leaf
bases form a conspicuous, sometimes swollen, structure called a crown-
shaft (Tomlinson 1990). In palms with a crownshaft, leaves typically
abscise neatly and completely as a single, intact unit (base, petiole, and
blade together), often thrust off by the expanding inflorescence in the leaf
axil. Such species are commonly referred to as self-cleaning palms
(Hodel 2012). In contrast, Brahea, Butia, Phoenix, Syagrus, and Wash-
ingtonia, among many other palms, have leaf bases that are so pro-
foundly split longitudinally early in their life that they are closed and
tubular only at the base and appear as a hoop-like or crescent-shaped
structure. In these species the side of the base opposite the petiole is
deeply split and open, with the remnants of the base margin where it
splits extending on to the two sides of the petiole, often as hair, fibers,
spines, teeth-like structures, or other appendages.
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3. Inflorescences, Flowers, and Fruits. Palm flowers are small and
individually insignificant. They are aggregated into larger clusters of
numerous flowers called inflorescences. When inflorescences develop
fruit, they are typically called infructescences.

Inflorescences. Depending on their size and placement on the palm,
inflorescences can be conspicuous and even showy, greatly exceeding
the leaves and up to 5–7m long, as in Brahea armata, or hidden and
mostly inconspicuous (<0.3m long), as in Chamaerops humilis and
Chamaedorea spp. (Hodel 2012).

The basic inflorescence consists of a typically elongated central axis
with up to five, progressively smaller or more slender orders of branches
(Tomlinson 1990). They are rarely unbranched and spike-like. The
ultimate, most slender branches bear flowers and/or fruits and are called
rachillae (singular: rachilla). The unbranched base of the central axis is
called the peduncle and, at least initially, is sheathed in a two-edged
bract (modified leaf) called the prophyll.

An inflorescence or, in some cases, multiple inflorescences can be
produced in the axil of each leaf once the palm reaches the adult
reproductive phase. However, sometimes and with some species, inflor-
escences will not be produced in the axils of all leaves (Hodel 2012).
Unfortunately, the mechanism controlling inflorescence initiation and
development is not well understood.

While inflorescence production can theoretically be continuous,
especially in species from wet tropical areas, it is typically periodic
in subtropical areas with distinct seasons defined by temperature,
rainfall, and/or day length that trigger or otherwise influence produc-
tion (Hodel 2012). Most species cultivated in subtropical areas tend to
produce inflorescences in the spring with fruits maturing in the
summer or fall.

Inflorescences emerging from the axils of living leaves (typically held
among the leaves), as in Brahea, Butia, and Washingtonia, are called
interfoliar and those that emerge from nodes where the leaf is no longer
present (typically held below the leaves), as in Archontophoenix, are
called infrafoliar. Sometimes inflorescences are interfoliar in flower, but
infrafoliar in fruit (Hodel 2012). Inflorescences are typically erect,
ascending, or spreading in flower, but can sag and assume a lower
position when heavily laden with fruit.

Flowers. The palm family encompasses a remarkable variety and
arrangement of flowers. Most palmate-leaved palms in the Coryphoideae
subfamily, such as Brahea, Sabal, and Washingtonia, have perfect
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(bisexual or hermaphroditic) flowers, meaning each flower has both
functional staminate (male, pollen producing) and pistillate (female,
seed or fruit producing) parts. Such palms can theoretically produce
fruits with only one plant present, although this is not always the case
because a lack of pollinators, self-incompatibility, differences in flower
opening, or other factors may preclude successful pollination and fruit
set (Hodel 2012).

Phoenix, Arenga, and Caryota, anomalies in the Coryphoideae
because of their pinnate leaves, have imperfect (unisexual) flowers,
meaning each flower has only staminate or pistillate parts. In the case
of Phoenix, staminate and pistillate flowers are produced on separate
plants (dioecious plants), whereas in Arenga and Caryota and nearly all
Arecoideae genera, they are separate, but occur on the same plant, and
most often on the same inflorescence (monoecious plants) (Dransfield
et al. 2008).

Fruits. Palm fruits are botanically classified as a single-seeded berry or a
drupe. They are fleshy, pulpy, mealy, or fibrous and contain one or rarely
more hard seeds. Fruits are usually green when immature and typically
progress through a maturation or ripening process, and may be yellow,
orange, red, brown, or black when soft ripe. Palms fruits are variously
shaped, ranging from spherical to elongate, and most are relatively small,
ranging from 6 to 25mm. in diameter. Several tropical species produce
much larger fruits, for example, C. nucifera. In some palms, such as
Chamaedorea, Arenga, Roystonea, and Caryota, fruits contain needle-
like calcium oxalate crystals that can be highly irritating if ingested or if
their juice contacts unprotected skin (Snyder et al. 1979; Broschat and
Latham 1994).

4. Roots. The palm root system is composed of numerous, slender,
fibrous, primary roots that initiate and grow independent of each other
and periodically from the root initiation zone (RIZ) at the base of the
stem (Tomlinson 1990). Roots actually initiate in the periphery of
the central cylinder of the stem where they connect extensively with
the stem’s vascular bundles. Palm roots are adventitious, that is,
primary palm roots arise not from other roots but directly from an
organ, in this case the stem, fromwhich roots are not normally expected
to arise. The RIZ on the stem is typically confined to the lower 30–60 cm
of trunk, but in some Phoenix spp. can extend up over 3m from the
ground (Hodel 2012). On mature trees, the emergence of new adventi-
tious roots from the underlying trunk tissue results in splitting of the
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pseudobark. If these emerging root initials are exposed to air, their
development will be arrested until conditions favorable for further
development are experienced. When the RIZ is conspicuously
enlarged, as in P. canariensis or W. robusta, it is referred to as a
“root boss” (Dransfield et al. 2008). Additional disjunct regions of
root emergence may occasionally be found at any height on the trunks
of some palms (Hodel 2012).

Not all roots that emerge from the RIZ grow into the soil, especially in
arid regions (Hodel 2012). Essentially “air pruned” by low humidity,
many roots simply stop growing once they have emerged and appear as
short root initials or nubs.

Most palm roots are found in the upper 30 cm of soil and close to the
base of the palm stem (Hodel et al. 2005). Indeed, primary roots typically
branch into an extensive network of secondary, tertiary, and quaternary
orders of roots that often forms a rather dense and compact system
referred to as a “root mat” immediately around the base of the stem and
spreading outward over ameter ormore (Hodel 2012). In some instances,
the root mat may push up above grade, exposing the roots.

Most water and nutrient absorption occurs in the fine tertiary and
quaternary root orders, which typically are most extensively developed
near the soil surface (Tomlinson 1990). Under optimal growing condi-
tions, such as the presence of even or constant moisture and a humus
layer, these absorptive roots achieve their greatest number and density.

In some species, such as Phoenix spp., there is a strong tendency to
produce erect secondary roots called pneumatophores that can form an
especially dense mat above the soil surface (Tomlinson 1990). These
are thought to be an ecological adaptation to aid in gas exchange in
unusually wet conditions. Pneumatophores, as well as tertiary and
quaternary roots, will grow extensively into a moist, humus-rich layer
formed when leaf litter is appropriately left at the base of palms.

Root density typically drops off dramatically below 30 cm deep and
more than 60 cm away from the palm stem (Hodel et al. 2005). However,
this relatively dense and compact root system does not preclude palm
roots from growing considerable, sometimes impressive, distances from
the stem, especially under optimal growing conditions. Roots of P.
dactylifera in deeply irrigated, light sandy soil are readily permeable
to moisture and oxygen and have been recorded from over 3m deep and
33m away from the stem (Hodel 2012).

Palm roots lack a mechanism for secondary growth and, thus, once
formed, do not increase in diameter. However, cut roots frequently
branch and, as noted earlier, palm roots typically branch into a system
of lesser orders.
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III. PALM PRODUCTION

A. Propagation

1. Seed Propagation. Because shoots of palms contain but a single
meristem, the vast majority of ornamental palms are propagated only
from seeds. Palm seeds are notorious for their slow and erratic germina-
tion (Koebernik 1971; Maciel and Mogollon 1995). Tomlinson (1990)
estimated that 25% of all palm species require more than 100 days for
seed germination, with final germination percentages below 20%. Riffle
et al. (2012) provide approximate germination times for most genera of
cultivated palms. Seeds of most palm species possess small or immature
embryos that require time to develop before germination can occur. This
type of dormancy is categorized as morphological by Baskin and Baskin
(2004). Other species display some form of nondeep physiological
dormancy or a combination of physiological and morphological dor-
mancy (Baskin and Baskin 2004; Pérez et al. 2008a). Robinson (2009) and
Meerow and Broschat (2012) provide a general overview of propagating
palms from seeds.

Collecting Seed. With few exceptions, it is best to collect fully mature
fruit that has changed color from green to the appropriate mature color
for each species, which varies considerably with each species. Fully
ripened fruits are typically red or black, but can be yellow, orange, white,
brown, or even bluish, depending on the species (Hodel 1998; Rauch
2001; Meerow and Broschat 2012). Ripe fruit is often soft to touch, but
may not soften upon ripening in some species.

Seeds from fully mature fruits are generally recommended for plant-
ing (Hodel 1998; Silva et al. 1999; Pivetta et al. 2005; Meerow and
Broschat 2012). However, seeds from mature green fruits of Livistona
chinensis and Syagrus romanzoffiana had higher germination percent-
ages than those from fully mature fruits (Broschat and Donselman
1987b; Maciel 1996). Fruit color had little effect on germination
percentage in Pritchardia pacifica if planted immediately, but if stored
for 12 weeks, seed from red or dark blue fruits germinated better
(Maciel 2003).

Palm seed is best collected from the tree as seed collected from the
ground beneath fruiting trees may not be fresh and may be infested
with seed weevils or fungi that can reduce its chances of germinating.
Seed may also be purchased from dealers who may have specialized
seed cleaning equipment, but the freshness of such seed may not be
known. Because seed viability for most palm species declines rapidly
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after harvest, it is best to plant them as soon as possible (Meerow and
Broschat 2012).

Seed Viability Testing. Seed viability varies considerably among trees
of the same species and from year to year from the same tree (Martins
et al. 2000). Raja et al. (2004) found that seed collected from middle-
aged trees of Areca catechu germinated faster and produced more
vigorous seedlings than those from younger or older trees. Seed weight
within a species has been shown to affect germination, with heavier
seeds germinating better than lighter seeds (Myint et al. 2010). Palm
seed viability has been tested using a “float test” method wherein
floating seeds are believed to be nonviable. However, this method
tends to underestimate viability since seeds of some species naturally
float and a significant number of floating seeds will ultimately germi-
nate if planted (Doughty et al. 1986; Meerow and Broschat 2012).

Because loss of palm seed viability has been associated with desic-
cation (Carpenter and Gilman 1988; Carpenter and Ostmark 1994;
Martins et al. 2003), visual examination of the embryo in bisected
seeds will reveal noticeable shrinkage of the embryo and endosperm in
desiccated seeds (DeLeon 1958; Loomis 1958; Meerow and Broschat
2012). However, seed viability can also be determined by soaking
bisected seeds in a 10% solution of tetrazolium chloride and then
storing them in the dark for several hours. Viable seeds will show red
or pinkish staining of the embryo (Moore 1972). Instruments that
measure electrolyte leakage, and thus membrane integrity, from seeds
as an indicator of seed viability have been tested in palm seeds and
have shown high correlations with germination rate and speed in some
species (Martins et al. 2003).

Cleaning Palm Seed. Most palm seeds are covered with a fleshy meso-
carp [the term “pericarp”, which also includes the inner, often stony
endocarp (Tomlinson 1990), has been misapplied in many papers] that
generally must be removed prior to planting. For small lots of seeds with
soft mesocarp, this can be achieved by rubbing and squeezing the fruits
together by hand with frequent water rinses (Donselman 1982; Hodel
1998).When handling palm fruits, it is advisable towear rubber gloves as
the mesocarps of genera such as Caryota, Roystonea, Carpentaria,
Arenga, Hyophorbe, and Chamaedorea contain high concentrations of
oxalate crystals that are highly irritating to exposed skin (Snyder et al.
1979; Broschat and Latham 1994). Firm mesocarp may be removed with
a knife, but for larger numbers of palm seeds, more innovative mechani-
cal methods have been employed (Broschat 1994a; Markus and Banks
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1999). In species such as C. nucifera, the entire fibrous mesocarp is left
on the seed prior to planting.

The germination response to mesocarp removal depends on the
maturity of the fruit and varies among palm species, but, in general,
removal of mesocarp from mature fruit increases germination percent-
age, decreases germination time, or both. (Broschat and Donselman
1986b, 1987b; Martins et al. 1996; Ehara et al. 2001; Maciel 2001; Rauch
2001). The positive response of seeds from mature fruits to mesocarp
removal suggests the presence of a germination inhibitor within the
mesocarp (Broschat and Donselman 1987b; Rauch 2001). This was
confirmed using lettuce seed bioassays for Washingtonia filifera and
Dypsis lutescens (Rauch 2001; Khan 2006). Ehara et al. (2001) demon-
strated that the endocarp and sarcotesta of Metroxylon sagu also con-
tained germination inhibitors that must be leached from seeds before
they germinate. Mature endosperm from C. nucifera has also been found
to inhibit in vitro embryo growth of excised embryos of this species
(Cutter and Wilson 1954).

When seeds from mature but green fruits were sown, mesocarp
removal greatly decreased germination percentage in D. lutescens
(Broschat and Donselman 1986b), suggesting that the mesocarp may
be essential for maturation of the immature embryo. In contrast, seed
from mature green fruit of S. romanzoffiana germinated faster and had
a higher final germination percentage when cleaned (Broschat and
Donselman 1987b).

Palm Seed Storage. The ability to store palm seeds varies widely
among species and storage methods. DeLeon (1958) generalized that
palms endemic to subtropical areas, from areas having distinct wet–
dry or hot–cool season, or those having seeds with thick endocarps
remain viable for 2–3 months. However, those from tropical areas
where temperature and rainfall vary little may remain viable for
only 2 or 3 weeks. Davies and Pritchard (1998) found that drought-
tolerant species such asHyphaene thebaica,Hyphaene petersiana, and
Medemia argun had excellent germination after 2–3 years of storage at
21°C. Generally, seed desiccation is the primary reason for loss of
viability in stored palm seeds. Seeds that can survive desiccation and
storage are classified as being orthodox, while those that are intolerant
of drying or storage are categorized as being recalcitrant (Hong and
Ellis 1996; Orozco-Segovia et al. 2003). The percentage of water in
palm seeds varies greatly among palm species (Carpenter and Gilman
1988; Carpenter and Ostmark 1994; Martins et al. 1999a, 2000, 2003;
Andrade 2001; Bovi et al. 2004) and even among cultivars of species
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such as E. guineensis (Ellis et al. 1991) and Euterpe oleracea (Martins
et al. 1999b). Rakotondranony et al. (2006) found that drying seeds of
four species of Ravenea to 5% moisture resulted in a complete loss of
viability. Leonhardt et al. (1984) found that seeds of B. armata were
little affected by drying to less than 30% of their initial moisture
content, while germination of Hyophorbe verschaffeltii and Adonidia
merrillii was greatly reduced when dried to 80 or 70% of their initial
moisture content, respectively. D. lutescens, Pritichardia thurstonii,
Roystonea regia, and Sabal palmetto showed intermediate reductions
in germination due to drying. Pritchard et al. (2004) tested four species
each of Phoenix and Syagrus and found that only Phoenix roebelenii
and Syagrus schizophylla were intolerant of desiccation to less than
10% moisture. Wood and Pritchard (2003) found that dried and stored
seed of Hyophorbe lagenicaulis had final germination percentages
equivalent to undried and/or stored seed, but dried and/or stored
seeds germinated much more slowly. Ferreira and Santos (1993)
showed that the speed of drying also affected palm seed viability
and vigor, with slow drying favoring seed viability.

Because palm seed drying is generally detrimental to seed survival
during storage, use of moisture-retaining containers is critical for main-
taining palm seed viability. Broschat and Donselman (1986b) found that
germination percentage of seeds of D. lutescens stored in paper bags was
reduced by half within 3 months, while those stored in polyethylene
bags had similar reductions in germination after 15months. LeSaint et al.
(1989) showed thatC. nucifera seeds could be stored for up to 4months if
sealed in plastic without atmospheric modification. Seeds of this species
rapidly lost viability after 1 month when stored without any protective
covering (Remison and Mgbeze 1988).

The possibility of storing dried palm seeds cryogenically has been
investigated by Dickie et al. (1992, 1993). Of the 14 species they tested,
only W. filifera and Sabal mexicana showed potential for long-term
storage. Seeds of Sabal causarium also survived drying from 27% to
∼7% moisture, although germination was delayed at 10% or lower
moisture content (Carpenter 1989). This species also survived low
temperatures of �20°C, making it a good candidate for cryogenic
storage. H. thebaica and H. petersiana also survived extended storage
at �20°C (Davies and Pritchard 1998). Al-Madeni and Tisserat (1986)
concluded that P. dactylifera seeds could be stored under cryogenic
conditions. Because these species are native to dry climates, their
seeds tolerated the necessary drying better than those of more tropical
species (Dickie et al. 1992). In L. chinensis, seeds did not survive
cryoexposure at any moisture content, but embryos were successfully
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stored for 2 years after desiccation to 20% moisture (Wen 2009).
Leonhardt et al. (1984) examined the effects of seed drying for cryo-
preservation for seven species of palms and found that only B. armata,
a drought-tolerant species, was able to tolerate drying and exposure to
liquid nitrogen.

Moisture-retaining containers also promote fungal growth on seeds, so
dusting stored seeds with seed-protectant fungicides has been recom-
mended (Broschat and Donselman 1986b, 1987b, 1988; LeSaint et al.
1989). However, Meerow (1994c) demonstrated that treatment of P.
roebelenii seeds with thiram or captan reduced germination speed,
and captan also reduced final germination percentage compared with
untreated seed.

Storage temperature also strongly affects seed viability. Germination
rate for seeds of D. lutescens dropped by half after 450 days of storage at
23°C, but a similar reduction in germination rate occurred after 70 days
of storage at 15°C. No seed stored at 5°C germinated after 10 days (Sento
1972; Broschat and Donselman 1986b). Storage of Chamaedorea elegans
seed for up to 8 weeks at 5°C significantly reduced germination percent-
age compared with those stored at 23–25°C (Poole and Conover 1974).
Seed of E. guineensis could be stored for 24 weeks at 28°C, but only 19
weeks at 20°C and 0 weeks at 5°C (Mok and Hor 1977). Ellis et al. (1991)
showed that seeds of this species stored at 0 or �20°C had greatly
reduced viability compared with those stored at 15°C. Seeds of Rhapis
excelsa germinated well after 35 months at 3–5°C, but only 8 months at
room temperature (Sento 1971a). Similarly, Sabal minor seeds germi-
nated well after 2 years of storage at 3–5°C, but only 7 months at room
temperature (Sento 1970).

Germination rate for Attalea speciosa seed dropped off rapidly after
3 months of storage at 15°C, compared with ambient tropical tempera-
tures in Brazil and virtually no seed survived storage at 10°C (Carvalho
et al. 1988). On the other hand, more cold hardy species such as C.
humilis were able to tolerate 85 days of storage at 5, �18, and �80°C
without significant loss of viability, while long-term storage (569 days)
resulted in slower germination at 5 and �18°C than at 15°C (Gonzáles-
Benito et al. 2006). S. causiarum, another cold-tolerant species, sur-
vived storage well at �10 or �20°C and germinated significantly faster
than seed stored at 0 or 5°C (Carpenter 1989). Chien and Chen (2008)
found that seeds of Phoenix loureiroi survived 12 months of storage at
4°C with no loss of germinability, but those stored at �20°C had
germination decreased by 15–44%. They also showed that seeds of
this species retained their original viability when stored for 1 year at
�196°C in liquid nitrogen.
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Germination Environment. The primary function of a germination sub-
strate is to provide a uniformly moist, but not saturated environment.
Alternating cycles of wetness and dryness are usually detrimental to
palm seeds during germination (Meerow and Broschat 2012). Those
authors recommended a 1:1 blend of peat and perlite, but a wide range of
well-aeratedmaterialshasbeensuccessfullyused togerminatepalmseeds
(Donselman 1982; Hodel 1998; Markus and Banks 1999; Airo et al. 2011).
Rauch (2001) evaluated sevendifferent substrates for germinating seeds of
Ptychosperma macarthurii and found that peat and peat-cinders (1:1)
were less satisfactory than peat-vermiculite (1:1), peat, or vermiculite.
Sento (1967, 1970, 1971a,b, 1972, 1974) germinated seeds of 20 species of
palms in vermiculite, sand, or a clay-loam soil. Seeds ofH. verschaffeltii,
R. regia,Trachycarpus fortunei,P.macarthurii, andButia capitata (nearly
all material cultivated under this name is actually B. odorata) germinated
best in the clay-loam soil, but most others performed better in vermiculite
or sand. Three species of Phoenix were indifferent to germination sub-
strate. Seeds of C. nucifera are typically germinated in ground beds,
partially covered with wood chips or other well-drained materials. The
optimum germination substrate will likely vary, depending on the drying
potential of the germination environment (Broschat and Donselman
1986b).

Palm seeds can be sown in cell packs, tree cones, flats, large or small
nursery containers, or in raised ground beds, with deeper containers
providing better drainage and room for development of remote germi-
nating seeds (Meerow and Broschat 2012). Seeds of palm species having
remote germination (e.g., Bismarckia, Borassus) push a shoot down as
deep as 30 cm before sending up the first leaf (Morton 1988; Markus and
Banks 1999). These seeds are often planted singly near the surface of the
substrate in deep containers to prevent damage to the seedling during
transplanting.

Onemethod that has been employed for small lots of seed is to mix the
seeds with moist peat or coir and seal them in polyethylene bags
(Corrado and Wuidart 1990; Carpenter et al. 1993b; Broschat 1998b;
Markus and Banks 1999). Individual seedlings are removed periodically
for transplanting as they germinate. This method eliminates the need for
mist or irrigation tomaintain substratemoisture that would be lost due to
evaporation from open containers. These bags can also be placed in
incubators to maintain constant high temperatures under cool ambient
conditions.

The need for uniformmoisture in the germination substrate can bemet
by intermittent mist or light irrigation, but also by varying the planting
depth to compensate for substrate surface drying. Seeds of D. lutescens
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germinated better under full sun if planted deeper, while shallow
planted seeds germinated better under shade (Broschat and Donselman
1986b). Covering the top of the germination container with clear plastic
sheeting can also help retain moisture in the substrate (Meerow and
Broschat 2012). Donselman (1982) suggests planting seed of cocosoid
palms, which have water-retentive fibers attached to the endocarp, such
that the tops of the seeds are exposed, but other palms with smooth
endocarps should be planted ∼0.5 cm deep.

Orientation of the seed during germination is usually not considered
when sowing palm seeds since those having elongated shapes naturally
lay on their sides. However, in C. nucifera, seed orientation was eval-
uated and horizontally positioned seeds germinated slightly better than
those planted vertically (Remison and Mgbeze 1988).

Exposure to light during germination did not affect germination in
Aiphanes aculeata or Calamus manan (Mohamad and Said 1990;
Silva et al. 1999), but seeds of H. lagenicaulis germinated under
12 h of light had a much higher germination percentage than those
germinated in darkness (Wood and Pritchard 2003). Light strongly
inhibited germination of S. palmetto seeds (Brown 1976). Light inten-
sity also affects substrate temperature and drying potential of the
substrate (Broschat and Donselman 1986b; Bernardes et al. 1996).
High light intensity may not be favorable for growth of emerging
seedlings of species adapted to low light understory environments
(Meerow and Broschat 2012).

High temperatures are almost universally recommended for germi-
nating palm seeds. Optimum germination temperatures for most spe-
cies of palms are usually around 30–35°C, although some cold hardy
species do better at 25°C (Hodel 1998) (Table 1.2). A few species such
as E. guineensis are typically germinated at 38–40°C (Hussey 1958;
Rees 1960). Alternating temperatures have sometimes performed better
than constant temperatures. Carpenter et al. (1993a) showed that
Rhapidophyllum hystrix germinated best with 6 h at 25°C and 18 h
at 40°C. Continuous 40°C temperatures resulted in poor germination in
this species. Alternating 25/35 or 30/40°C temperatures yielded the
highest germination percentage in Leucothrinax morrisii, but continu-
ous 35°C temperatures resulted in the most rapid germination
(Carpenter 1988a). For S. causiarum, 30/40°C alternating temperatures
resulted in equivalent germination percentage but more rapid germi-
nation times than continuous 35°C (Carpenter 1989).

Soil salinity can also affect seed germination. Ramoliya and Pandey
(2003) found that seed germination of P. dactylifera seedswas negatively
correlated with soil salinity, with no seeds emerging at salinities above
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Table 1.2. Optimum germination temperatures for several species of palm seeds.

Species Temperature (°C) Reference

Acoelorrhaphe wrightii 35–40 Carpenter 1988
A. alexandrae 30 Sento 1971a
Areca catechu 25–30 Sento 1971b
Butia odorata 30 Sento 1967
B. odorata 40 Carpenter 1988
Caryota mitis 30 Sento 1971b
Chamaedorea elegans 30 Carpenter and Ostmark 1994
C. elegans 27 Poole and Conover 1974
C. microspadix 25–30 Carpenter and Ostmark 1994
C. radicalis 30 Carpenter and Ostmark 1994
C. seifrizii 29–32 Donselman 1982
C. seifrizii 30 Carpenter and Ostmark 1994
Chamaerops humilis 20–25, 15/25 Gonzáles-Benito et al. 2006
C. humilis 15–25 Chatty and Tissaoui 1999
Coccothrinax argentata 35 Carpenter 1988
Cocos nucifera 30–35 Sento 1974
Dypsis lutescens 30–35 Broschat and Donselman

1986a,b
D. lutescens 25 Sento 1972
Elaeis guineensis 38–40 Hussey 1958
Hyophorbe verschaffeltii 25–35 Sento 1972
Leucothrinax morrisii 35 Carpenter and Gilman 1988;

Carpenter 1988
Livistona chinensis 30 Sento 1970
L. chinensis 15–35 Chatty and Tissaoui 1999
Phoenix canariensis 30–35 Sento 1967
P. canariensis 25–35 Chatty and Tissaoui 1999
P. dactylifera 25–35 Sento 1972
P. loureiroi 30 Sento 1974
P. roebelenii 30 Sento 1970
P. sylvestris 30–35 Sento 1974
Pritchardia remota 25–35 Pérez et al. 2008
Ptychosperma macarthurii 30–35 Sento 1971a
Rhapidophyllum Hystrix 25/40 Carpenter et al. 1993b
R. hystrix 30 Carpenter et al. 1993a
Roystonea regia 30 Sento 1971b
R. regia 30 Muñez et al. 1992
Rhapis excelsa 30 Sento 1971a
Sabal causiarum 25 or 20/30 Carpenter 1989
S. etonia 30–35 Carpenter 1988
S. mauritiiformis 30 Briceño and Maciel 2004
S. minor 25 Chatty and Tissaoui 1999
S. palmetto 35 Carpenter 1987
S. palmetto 27–33 or 25/35 Brown 1976
S. palmetto 25 Sento 1970

(continued )
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12.8 dSm�1. Khudairi (1958) found that germination in this species was
not inhibited by NaCl until concentrations exceeded 0.5% and not
greatly up to 1.5%. Interestingly, this author found that similar concen-
trations of sucrose were more inhibitory to germination than NaCl.
H. thebaica seed was more tolerant of salinity with little reduction in
final germination percentage at 12 dSm�1, especially at optimal germi-
nation temperatures (Ali 2007). Final germination percentage was
unaffected by substrate salinity up to 6.2 dSm�1 for P. canariensis,
but only 1.9 dSm�1 for S. palmetto (Alemán et al. 1999). The percentage
germination decrease per unit of salinity above these values was 4.2%
for the former and 5.0% for the latter. Brown (1976) found that
S. palmetto seeds germinated well at salinities below ∼15.2 dSm�1.

Germination Enhancement Treatments. Slow germination in many
species of palms has been attributed to a thick, impervious endocarp
and sarcotesta (Mousa et al. 1998; Ehara et al. 2001; Orozco-Segovia et al.
2003). However, Pérez (2009) and Robertson and Small (1977) have
demonstrated that the endocarps of Pritchardia remota and Jubaeopsis
caffra are in fact water permeable. In P. remota, growth of the embryo is
believed to be mechanically restricted (Pérez 2009). Ehara et al. (2001)
also suggested that restriction of embryo growth by the operculum was
one of the factors inhibiting germination in M. sagu.

Several treatments have been used to overcome the various types of
dormancies found in palm seeds (Odetola 1987). Mechanical scarifi-
cation, including removal of the embryo cap, operculum, or endocarp,
has been effective in improving both germination percentage and
speed in some species, but has no effect on others (Table 1.3). Seed
scarification using concentrated sulfuric acid has improved germina-
tion speed in a few species, but has no effect, or negative effects on
other species. Morales-Payan and Santos (1997) used concentrated
nitric acid to scarify seeds of seven species of palms and found it
harmful to five species and beneficial only for S. palmetto seeds.

Table 1.2. (Continued )

Species Temperature (°C) Reference

Serenoa repens 35 Carpenter 1986, 1987
Syagrus romanzoffiana 30–35 or 25/35 Pivetta et al. 2005
Trachycarpus fortunei 30 Sento 1971a
T. fortunei 15–25 Chatty and Tissaoui 1999
Washingtonia filifera 25–35 Chatty and Tissaoui 1999
W. robusta 25–35 Sento 1967
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Table 1.3. Effects of seed germination enhancement treatments on germination speed
and final germination percentage in several species of palms.

Species Treatment

Germinationz

Reference(%) Speed

A. alexandrae Mechanical
scarification

0 + Nagao et al. 1980

Ptychosperma
macarthurii

Mechanical
scarification

0 + Nagao et al. 1980

Syagrus schizophylla Mechanical
scarification

+ + Pivetta et al. 2005

Areca triandra Mechanical
scarification

+ + Yang et al. 2007

Pritchardia spp. Mechanical
scarification

0 + Pérez et al. 2008b

Rhapidophyllum
hystrix

Embryo cap removal + + Carpenter et al. 1993a;
Clancy and Sullivan
1988

Copernicia spp. Operculum removal + + Kitzke 1958
Butia odorata Endocarp removal + 0 Broschat 1998b
Pritchardia remota Endocarp or

operculum removal
0 + Pérez et al. 2008a

Livistona chinensis Endocarp removal � 0 Maciel 1996
Sabal palmetto Mechanical

scarification
0 + Dewir et al. 2011

Thrinax morrissii Mechanical
scarification

+ 0 Dewir et al. 2011

Phoenix roebelenii Mechanical
scarification

+ Doughty et al. 1986

P. reclinata Mechanical
scarification

0 0 von Fintel et al. 2004

Sabal mauritiiformis Sulfuric acid
scarification

� + Briceño and Maciel 2004

S. palmetto Sulfuric acid
scarification

0 or � + Dewir et al. 2011

Chamaedorea Seifrizii Sulfuric acid
scarification 30min

+ Daquinta et al. 1996

Chamaerops humilis Mechanical and
sulfuric acid
scarification

+ + Merlo et al. 1993

C. humilis Sulfuric acid
scarification 10min

0 Airo et al. 2011

Caryota urens Sulfuric acid
scarification

� 0 Maciel 2002

Areca Triandra � � Yang et al. 2007
(continued )
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Table 1.3. (Continued )

Species Treatment

Germinationz

Reference(%) Speed

Sulfuric acid
scarification

Serenoa repens Sulfuric acid
scarification

� � Carpenter 1986

Acrocomia crispa Sulfuric acid
scarification

0 0 Holmquist and Popenoe
1967

Arenga engleri Sulfuric acid
scarification

0 0 Holmquist and Popenoe
1967

Phoenix reclinata Sulfuric acid
scarification

0 0 von Fintel et al. 2004

Euterpe Edulis Sulfuric acid
scarification

0 0 Mullett et al. 1981

Sabal palmetto Nitric acid
scarification

+ Morales-Payan and
Santos 1997

Archontophoenix
alexandrae

Water soak 72h 0 + Nagao and Sakai 1979

S. palmetto Water soak 7 days + + Carpenter 1987
S. repens Water soak 7 days + + Carpenter 1987
Dypsis lutescens Water soak 24 or 72h 0 + Schmidt and Rauch

1982; Morales-Payan
and
Santos 1997

Roystonea oleracea Water soak 2 or 4 days + + Maciel 2001
Acrocomia

standleyanum
1min soak in 100°C
water

Lethal Potvin et al. 2003

P. reclinata 1min soak in 100°C
water

Lethal von Fintel et al. 2004

D. lutescens 1000ppm GA3 72h 0 + Schmidt and Rauch 1982
A. alexandrae 100 or 1000ppm GA3 0 + Nagao et al. 1980; Nagao

and Sakai 1979
Ptychosperma

macarthurii
1000ppm GA3 0 + Nagao et al. 1980

Areca triandra 100 or 200ppm GA3 0 + Yang et al. 2007
A. triandra 250 or 500ppm GA3 0 0 Yang et al. 2007
Phoenix roebelenii

(seed from green
fruits)

1000ppm GA3 48h 0 � Broschat and Donselman
1987b

P. roebelenii (seed from
ripe fruits)

1000ppm GA3 48h + 0 Broschat and Donselman
1987b

Syagrus romanzoffiana 1000ppm GA3 48h 0 � Broschat and Donselman
1987b

Roystonea regia 1000ppm GA3 48h � 0 Broschat and Donselman
1987b

D. lutescens 1000ppm GA3 48h 0 + Broschat and Donselman
1986b

Howea forsteriana GA3 in organic
solvents versus
water

+ Chin et al. 1988
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Presoaking palm seeds in water for up to 7 days prior to planting has
been effective in improving germination speed (Table 1.3) and has
become a nearly universal recommendation (Rees 1963; Hodel 1998;
Rauch 2001; Robinson 2009; Meerow and Broschat 2012). However, few
studies have determined the optimum duration for these water soaks.
Transient (1min) soaking of seeds in water at 100°C was generally lethal
to seeds of Astrocaryum standleyanum and Phoenix reclinata (Potvin
et al. 2003; von Fintel et al. 2004).

Numerous studies have examined the effects of gibberellic acid (GA3)
in palm seed germination, but results varied widely by species. Germi-
nation speed has been accelerated in some species, but final germination
percentage generally has been no better than for water-soaked seed
(Table 1.3). Seed from green fruits of P. roebelenii germinated faster
when soaked for 48 h in 1000ppm GA3, but this substance had no effect
on half ripe or fully ripe seeds (Broschat and Donselman 1987b). While
most studies have utilized aqueous solutions of GA3, Chin et al. (1988)
demonstrated that dissolving GA3 in organic solvents such as dichloro-
methane, dimethylsulfoxide, or acetone significantly improved germi-
nation in Howea forsteriana seeds compared with aqueous solutions.

While presoaking seeds in GA3 generally has a positive effect on palm
seed germination, few studies have examined the effects of these

Table 1.3. (Continued )

Species Treatment

Germinationz

Reference(%) Speed

Leucothrinax morrissii 500ppm GA3 � � Dewir et al. 2011
Livistona chinensis 500ppm GA3 72h 0 0 Maciel 1996
S. palmetto 500ppm GA3 + 0 Dewir et al. 2011
S. repens GA3 0 0 Carpenter 1986
S. repens 10,000ppm GA4,

7–24h
+ + Makus 2008

A. alexandrae BA or NAA 0 0 Nagao and Sakai 1979
A. triandra BA, KNO3, NaNO2 0 or � 0 or + Yang et al. 2007
A. triandra 10 or 15%H2O2

soaks 12h
0 + Yang et al. 2007

Elaeis guineensis Pure oxygen
environment

+ + Hussey 1958

Jubaeopsis caffra Pure oxygen
environment

+ + Robertson and
Small 1977

Euterpe edulis H2O2 soak � � Mullett et al. 1981

z+, �, and 0 refer to significant positive, negative, and nonsignificant effects on seed
germination, respectively.
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presoaks on subsequent seedling growth and morphology. Broschat and
Donselman (1986b, 1987b) noted that seedlings of D. lutescens, P.
roebelenii, R. regia, and S. romanzoffiana that had been soaked for
48 h in 1000ppm GA3 had weak, elongated, and sometimes distorted
growth. These undesirable growth regulator effects were still apparent
after a year of growth, thus negating any positive benefits of GA3 during
seed germination (Broschat and Donselman 1986b, 1987b). On the other
hand, Maciel (1996, 2002) mentioned that presoaking seeds of L. chi-
nensis and Caryota urens in 500ppm GA3 for 3–7 days had no effect on
the appearance of the seedlings. Thus, concentration and duration of the
soaks, as well the species, may determine how GA3 affects seedling
growth characteristics.

Benzyladenine (BA) and naphthalene acetic acid (NAA) have also
been tested for their effects on palm seed germination but have shown no
benefits (Table 1.3). Yang et al. (2007) evaluated the effects of various
concentrations of BA, KNO3, NaNO2, and H2O2 on seed germination in
Areca triandra. None of these compounds improved germination per-
centage and some resulted in reduced germination. However, KNO3 at
0.2%, NaNO2 at 0.1, 0.2, or 0.3%, and H2O2 at 10 or 15% significantly
increased germination speed. The response to H2O2 suggests a benefit to
oxidizing compounds. A germination atmosphere of pure oxygen greatly
improved germination in E. guineensis and J. caffra seeds (Hussey 1958;
Robertson and Small 1977). However, soaking seeds of Euterpe edulis in
H2O2 did not enhance germination and resulted in stunted seedlings
(Mullett et al. 1981).

Stratification, or subjection of seeds to warm or cold temperatures to
overcome dormancy, is a common practice for seeds of temperate
plants, but has received little attention in palms. In E. guineensis,
maintaining seeds under dry or moist conditions at 38–40°C for 40–80
days promotes rapid and uniform germination at lower temperatures
(Rees 1962; Addae-Kagyah et al. 1988; Corrado and Wuidart 1990;
Martine et al. 2009). Seeds of A. triandra held for 60 days at 4°C
germinated more rapidly than control seeds, although treatment did
not affect final germination percentage (Yang et al. 2007). Seeds of R.
hystrix stored for 1 year at 5°C germinated much better than freshly
planted seeds, although scarification greatly enhanced this effect
(Carpenter et al. 1993b). Seeds of R. regia appear to have immature
embryos upon harvest, which requires a period of warm storage of 4–9
months before germination can occur (Broschat and Donselman 1987b;
Muñoz et al. 1992). Carpenter (1988b) showed that an “after-ripening”
period of 90–150 days at 5°, 15°, or 25°Cwas necessary for germination in
B. odorata, however, Broschat (1998b) found no benefit to after-ripening
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storage in this species. Since excised embryos of B. odorata germinated
promptly, Carpenter (1988b) concluded that this delay in germination
could not be attributed to immature embryos.

Embryo Culture. Due to the slow, sporadic, and often poor germination
of some palm seeds, embryo culture has been suggested as a potentially
useful method for rapid propagation of rare and difficult to germinate
species of palms. Hodel (1977) successfully germinated excised embryos
of Pritchardia kaalae andVeitchia joannis in amodified Vacin andWent
medium under Gro-Lux lamps at 29°C. Zygotic embryos of H. lageni-
caulis were germinated using Murashige and Skoog (MS) salts, sucrose,
and activated charcoal under cool white fluorescent lighting at 26°C
(Sarasan et al. 2005). Jubaea chilensis embryos were similarly propa-
gated using MS salts and activated charcoal, but no hormones (Yuri
1987). Thawaro and Te-chato (2010) evaluated a number of culture
media on the germination of E. guineensis embryos and obtained the
best results with one-half MS medium. Zaid and Tisserat (1984) suc-
cessfully germinated 17 of 38 species of palms from excised embryos
in vitro.

2. Vegetative Propagation. While the majority of ornamental palms are
propagated exclusively by seeds, division as a propagation method is
usually successful in those species that possess rhizomes (e.g., Rhapis
spp.) or multiple stems (McKamey 1999; Broschat and Meerow 2000).
A modification of division is the separation of offshoots from the
parent plant. This method is used primarily in the propagation of
P. dactylifera clones for commercial date production or B. gasipaes for
commercial heart-of-palm production (Tisserat 1983; Mora-Urpí et al.
1997; Hodel and Johnson 2007). With either method, mounding soil
up around the base of the stem several months prior to separation
encourages growth of root initials (Tisserat 1983). Application of
IBA to offshoots of B. gasipaes increased root production and trans-
plant survival, but suppressed subsequent shoot growth in the field
(Pinedo-Panduro and Meléndez-Torres 1993). Application of IAA,
IBA, or NAA has generally enhanced rooting in aerial offshoots of
P. dactylifera (Al-Mana et al. 1996; Bakr et al. 2010; Zirari and Ichir
2010; Afzal et al. 2011).

The practice of marcottage or air layering has been successfully used
on a few species of palms that possess aerial root initials along their
stems. While technically not a propagation method for single stem
palms, because the basal portion of the plant invariably dies, it can
be used to rejuvenate excessively tall palms. Buhler (1974) demonstrated
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its use on Chamaedorea ernesti-augusti and Chamaedorea metallica,
but was less successful in C. elegans. This method has been employed on
a larger scale in C. nucifera (Davis 1961) and has been suggested for
rooting aerial offshoots in P. dactylifera (Tisserat 1983). Hodel and
Pittenger (2003a,b) showed that offshoots of P. dactylifera that were
10–35 cm in diameter had the highest survival rate, while a minimum of
29 existing roots on the offshoot optimized survival.

3. Tissue Culture. Tissue culture has been widely used for rapid multi-
plication of many types of plants. However, palms have generally been
difficult to establish in tissue culture. Although techniques for tissue
culture developed for commercially important food, oil, and medicinal
palms such as B. gasipaes, C. nucifera (Batugal and Engelmann 1998;
Pérez-Núñez et al. 2006), E. guineensis (Krikorian and Kann 1986), E.
edulis (Guerra and Handro 1988), P. dactylifera (Tisserat 1979, 1983),
and Serenoa repens (Gallo-Meagher and Green 2002) and are widely
used for clonal propagation of superior genotypes, they are beyond the
scope of this book and will not be discussed in detail here. Although
tissue culture is not used commercially for propagation of ornamental
palms, techniques have been developed for P. canariensis (Rousseau
et al. 1999), H. lagenicaulis (Sarasan et al. 2005), and Geonoma gamiova
(Dias et al. 1994). Zaid and Tisserat (1984) found that 9 of 38 species of
palms tested produced adventitious embryos from callous.

B. Nursery Production

1. Container Production. Meerow (1994a) described four basic produc-
tion regimes for palms grown in containers. Three of these are limited to
tropical or subtropical climates where palms can be grown without
heated greenhouses. However, any palm intended for indoors use
must be acclimatized for up to a year prior to exposure to a low light
environment since palm leaves produced under full sun will not survive
under typical interiorscape conditions (Broschat et al. 1989). Thus,
palms destined for interior use are grown for all or the final phase of
their production under shade.

Container-grown palms that will be used as liners for field production
or as landscape plants are typically grown continuously under full sun
conditions (Meerow 1994a). Others may be grown in full sun for several
years to increase caliper or suckering in clustering species prior to
acclimatization under 70–83% shade for up to a year for interior use.
Small, shade-requiring species may be grown entirely in containers
under shade, although less shade (50–63%) may be used during the

40 T.K. BROSCHAT, D.R. HODEL, AND M.L. ELLIOTT



initial production stage to improve compactness, followed by acclima-
tization under 70–83% shade for the final phase (Meerow 1994a).
Finally, some large species intended for use as interiorscape specimens
may be field-grown for several years prior to digging, containerization,
and acclimatization for up to a year under 70–80% shade.

Containers. Containers used in palm production are typically full-depth
(as opposed to shallower “azalea” type containers) polypropylene nur-
sery containers, although polyethylene bags are widely used outside of
the United States (Broschat and Meerow 2000). Container shape has
been found to affect palm growth, with square containers producing
smaller stem diameters than round ones in T. fortunei (Beeson and
Newton 1992). Excessively deep (relative to diameter) containers have
also been shown to reduce palm growth and health in R. excelsa (Luz
et al. 2006).

Wrapping roots in container-grown palms do not cause serious prob-
lems with girdling roots or plant stability following transplanting into
landscapes or field nurseries as occurs with other woody, non-palm,
trees. Still, several studies have examined the effects of various root-
pruning chemicals or containers on palm root and shoot growth. Treat-
ment of the inside surfaces of traditional nursery containers with cupric
hydroxide-based paints had no effect on final stem diameter of T.
fortunei seedlings (Beeson and Newton 1992). This treatment had no
effect on root or shoot dry weight but reduced the weight and percentage
of circling roots of Carpentaria acuminata seedlings (Svenson and
Broschat 1992). Copper-treated containers had no effect on shoot growth
or surface root coverage in C. elegans, but did reduce root dry weight
(Henley 1995).

Several designs of “air-pruning” containers have been tested in palms.
Most of these resulted in fewer new leaves, smaller stem caliper, and
reduced overall quality inH. forsteriana andA. cunninghamiana (Hodel
et al. 2012). However, root dry weight was unaffected in either species.

As containers tend to blow over in high winds, growth ofW. robusta in
95 L containers buried in the soil was compared with direct planting in
the ground or placing the containers on the soil surface. Palms growing
in containers on the soil surface grew taller than when the containers
were buried or the palms were directly planted in the soil. This result
was attributed to warmer soil temperatures in the above-ground con-
tainers (Yeager et al. 1994).

Substrates. A wide range of substrates has been successfully utilized to
produce palms in containers (Broschat and Meerow 2000; Klock-Moore
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and Broschat 2001). Palm-growing substrates should be well drained,
well aerated, and slow to decompose since palms may remain in a
container for several years. Meerow (1994a) recommended a substrate
with ∼10–15% air space and 30–40% (by volume) water holding
capacity. The components used to create these substrates vary according
to local availability and cost. Most contain sand and organic components
such as peat or bark, but coconut coir dust and various waste composts
have been utilized as substitutes for peat (Conover and Poole 1990; Bovi
et al. 1994; Demattê et al. 1994; Meerow 1995). Composted peanut shells
were found to be superior to peat moss in the production ofCaryotamitis
(Habib 2012). However, some organic materials such as composted
sewage sludge have been shown to bind Mn tightly and induce severe
Mn deficiencies in palms (Broschat 1991a). In some areas volcanic
cinders are the primary component of potting substrates (Cid et al.
1999; Broschat andMeerow 2000). Amendment of highly leached native
sand soil with up to 20% (by volume) clinoptilolitic zeolite improved
growth and quality of container-grown D. lutescens, but similar amend-
ment of a pine bark, sedge peat and sand substrate had no effect
(Broschat 2001).

Addition of mycorrhizal (Glomus spp.) inoculants to potting sub-
strates was shown to benefit P. roebelenii growing in a sterilized potting
substrate (Jaizme-Vega and Díaz-Pérez 1999). In P. canariensis mycor-
rhizal inoculation improved growth in sterilized potting substrate but
only if the plants were not fertilized (Morte and Honrubia 2002). In both
studies, infection rates were very low (28% and 8%, respectively for the
two studies) and required up to 8 months for establishment. Since most
potting substrates used for palm production are not sterilized and must
be fertilized, the practical value of these inoculations may be limited.
Inoculation with a commercial bacterial inoculant had no effect on
D. lutescens in unsterilized potting substrate (Elliott and Broschat
2002). However, El-Khateeb et al. (2010) found that addition of algal
extract, beneficial bacteria, or mycorrhizae to container-grown C. ele-
gans improved root and shoot growth over the control treatment.

Transplanting. Palm seedlings growing in germination flats or other
containers should be transplanted before significant root development
has occurred to prevent damage to the root system when separating the
plants. Murakami and Rauch (1984) found that seedlings of D. lutescens
had increased growth and survival when transplanted at the spike leaf
or single-leaf stage compared with plants with two leaves. Exposing
separated seedlings to air for 30 min reduced growth and survival,
especially for two-leaf seedlings.
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Seedlings should be planted such that the bottom of the stem axis is
no more than 1 cm below the substrate surface. Species having remote
germination may require planting the seedling shallower than it was in
the germination container (Broschat and Meerow 2000). If the seed is
still attached to the seedling, it should not be removed. While most
palms are planted one seedling per container, single stem or even
clustering species are often planted as multiple plants per container.
Newly transplanted palms should be placed under 40–50% shade for
several weeks or until new growth becomes apparent (Poole and
Conover 1977a; Broschat and Meerow 2000).

Palm seedlings should not be planted into excessively large containers
since the bulk of the substrate will remain too wet for optimum palm
growth (Broschat and Meerow 2000). They can be transplanted into
larger containers once the entire container volume is densely filled with
roots. Tightly wrapped root balls can be planted intact, since wrapping
roots will quickly be replaced by new roots arising from the base of the
seedling stem.

Irrigation. Palms have been successfully grown in containers using
overhead irrigation, drip or trickle irrigation, or subirrigation (Broschat
andMeerow 2000). Container substrates should be kept moist, but never
saturated, for optimum palm growth. The frequency of irrigation will
thus depend not only on substrate water holding capacity but also on
species and size of the plant, temperature, relative humidity, light
intensity, wind, and other environmental factors (Demattê et al. 1994;
Klock-Moore and Broschat 2001). Klock-Moore and Broschat (2000)
found that container-grown D. lutescens grew better with overhead
irrigation than subirrigation. Since palms grow relatively slowly and
may remain in a particular container for a long time, fertilizer salt
buildup requires periodic overhead leaching of the substrate in
subirrigated palms (Klock-Moore and Broschat 2001). Khurram and
Miyamoto (2005) determined the tolerance of nine species of cold-hardy
palms to saline irrigation water. Relative water demand for four species
of container-grown palms was found to be lower than for most non-palm
species tested (Fitzpatrick 1983).

Light. The light intensity under which container-grown palms should be
grown depends upon the species, fertilization rate, and the purpose for
which it is being grown. In general, the rate of photosynthesis increases
with increasing light intensity until the light saturation point is reached
(Broschat and Meerow 2000). Further increases in light intensity can
cause sunburn or photooxidation of exposed leaf tissue (Elliott et al.

1. ORNAMENTAL PALMS: BIOLOGY AND HORTICULTURE 43



2004). The light intensity at which this occurs varies among species and
is influenced by the light intensity under which a particular leaf devel-
oped. At lower light intensities, photosynthetic rates decrease until the
light compensation point (LCP) is reached. LCP is also influenced by the
light intensity under which a leaf developed (Reyes et al. 1996a,b). Palms
grown under shade generally have darker green color and longer,
thinner, and weaker petioles and leaves than those grown in full sun
(Broschat et al. 1989). The total number of leaves is not affected by light
intensity (Ingram and McConnell 1980; Broschat et al. 1989; Reyes et al.
1996a; Gutiérrez and Jiménez 2007).

Palms growing under high light intensities have high LCPs, and when
these palms are moved into low light environments such as interior-
scapes, their relatively inefficient sun-grown leaves quickly senesce and
are gradually replaced by shade-adapted leaves with lower LCPs
(Broschat et al. 1989). A similar process likely occurs when shade-grown
palms are moved into high-light environments.

Light intensity strongly affects palm nutritional requirements, with
sun-grown palms requiring much higher fertilization levels to achieve
the same dark green coloration and growth rate. Light compensation
point can also be affected by fertilization rate, with LCP decreasing with
increasing fertilization rate in C. elegans but increasing with increasing
fertilization rate in D. lutescens (Reyes et al. 1996a,b).

Newly transplanted palm seedlings are usually grown under 40–60%
shade to prevent burning (Gutiérrez and Jiménez 2007), but those
destined for use in the landscape or field nursery production are
eventually moved into full sun. Those intended for interior usage are
typicallymoved into 70–80% shade for acclimatization for the final 3–12
months of production (Broschat and Meerow 2000).

Light spectral quality has been little studied in palms. George et al.
(2011) grew Chamaedorea cataractarum using red- or blue-colored
plastic mulch or uncovered potting substrate, but found no significant
differences in plant growth parameters or chlorophyll a or b contents.

Fertilization. Fertilization of container-grown palms is similar to that
for other woody ornamental species (Conover et al. 1975; Broschat
2009). Because many container substrates contain organic components
such as pine bark that are known to tie up nitrogen (N) (Ogden et al.
1987), high N fertilization rates are required. Conover et al. (1975)
recommend application rates of 242 kg ha�1 year�1 for C. elegans
growing under 73% shade and 303 kg ha�1 year�1 for D. lutescens
and Chamaedorea seifrizii grown under 55% shade. When fertigation
was used, Poole and Henley (1981) found that rates >250 ppm
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N decreased growth of C. elegans. Palms growing in full sun generally
require higher fertilization rates (Broschat 2002).

Controlled-release fertilizers having a ratio of ∼3N:0.4P:1.7K and a
longevity of at least 6 months are widely used in container production
of palms (Broschat 2009). Resin-coated products, such as Osmocote

or Nutricote, have generally performed better than water-soluble
or other types of controlled-release fertilizers (Neel and Donselman
1977; Poole and Conover 1977b, 1989; Rauch et al. 1988; Rauch and
Murakami 1994), but controlled-release plus liquid fertilizer combina-
tions were superior to controlled-release fertilizer alone in C. elegans
and H. forsteriana (Conover and Sanders 1978). Optimum fertilization
rates were determined for D. lutescens and H. forsteriana using Osmo-
cote by Poole and Conover (1975, 1990) and Lamont et al. (1988) and
with liquid fertilizer solutions for D. lutescens by Poole and Conover
(1985). Broschat (1995a) compared growth of D. lutescens when fertil-
ized at the same N rate using liquid, soluble granular, or controlled-
release formulations and found that liquid and controlled-release
fertilization produced better plants than soluble granular products.
Broschat and Moore (2003) studied placement of controlled-release
fertilizers (top-dressed, incorporated into the substrate, or layered
beneath the transplanted liner root ball). They found that incorpora-
tion was the best method for D. lutescens, but was less effective for
A. alexandrae and Wodyetia bifurcata. Placement made no difference
for P. macarthurii and C. mitis.

Various organic fertilizer products have been evaluated in palms,
with castor bean cake, with or without pyroligneous extract, perform-
ing better than a water-soluble inorganic fertilizer (Wanderley et al.
2012). Supplemental foliar sprays with an organic fertilizer resulted in
superior growth of R. excelsa in clay soil, cow manure, and sand
substrate (Luz et al. 2008). D. lutescens grown in containers using
pasteurized poultry litter as a partial substitute for resin-coated fertil-
izer grew poorly compared with those grown with only resin-coated
fertilizer (Broschat 2008a).

Broschat and Klock-Moore (2000) examined the shoot, root, and root
to shoot ratio ofD. lutescens fertilized with varying rates of P and found
that increasing P fertilization rate decreased root growth relative to
shoot growth. Use of superphosphate fertilizers that are high in fluo-
rides has been shown to result in foliar necrosis in D. lutescens,
C. elegans, and C. seifrizii due to fluoride toxicity (Poole and Conover
1981a,b, 1982a).

Broschat and Elliott (2005a) evaluated the effectiveness of various Fe
sources in W. bifurcata and found that only the chelates FeDTPA,
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FeEDTA+FeHEDTA, and especially FeEDDHAwere capable of improv-
ing chlorosis. Poole and Conover (1982b) compared the phytotoxicity of
foliar-applied copper compounds on D. lutescens and C. seifrizii and
found that CuEDTA, as well as two copper fungicides, caused foliar
necrosis on both the species.

2. Field Production of Palms. Field nurseries are the most efficient and
economical means of growing large or slow-growing species of palms to
marketable size (Broschat and Meerow 2000). Palms intended for exte-
rior landscape use can be grown to any size in the field since they are
easily transplanted as large specimens. Palms intended for interior usage
are typically grown in the field until about a year prior to marketing
when they are dug, containerized, and moved into a shadehouse for
acclimatization. Other reasons for field production of ornamental palms
include seed production and production of leaves for the cut foliage
market (Meerow 1994b).

Production Site and Layout. Ornamental palms have been commer-
cially grown on a wide range of soil types, but soils should be well
drained to provide adequate aeration for root growth and to facilitate
harvest during periods of heavy rainfall (Broschat and Meerow 2000).
In soils with high water holding capacity and high water tables,
planting beds may be raised up to 30 cm or more to provide better
drainage and to facilitate digging (Meerow 1994b). A disadvantage of
raised beds is reduced stability during high winds (Meerow 1994b).
Deep soils are preferred, but palms have been produced in shallow
soils 45–60 cm deep.

Palms can be planted at densities ranging 1,125–10,000 plants per
hectare, depending on the species grown and the size to which they
will be grown (Broschat andMeerow 2000). Palms that will be mechan-
ically harvested are typically grown with row spacing of 3.0–3.6m to
facilitate movement of equipment, but those that will be hand dug can
be grown in rows spaced as little as 2.4m apart. For optimum use of
space, palms may be planted in double rows with plants staggered
creating a diamond pattern of planting (Meerow 1994b). They may be
grown as monocultures or small shade-tolerant species can be inter-
planted under larger species to optimize the use of space. Palms may
also be interplanted with non-palm trees or shrubs if consideration is
given to growth rate, spread, shade tolerance, and age at marketing
(Meerow 1994b).

Liners planted into field nurseries are typically grown in containers of
11–19L. Smaller container-grown palms are less costly but often result
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in lower survival rates (Meerow 1994b). While fabric root-control bags
(grow bags) have been encouraged for branching in non-palm trees
grown in field nurseries, the large diameter of primary palm roots results
in wrapping roots rather than a branched root system when palms are
grown in these bags (Meerow and Begeman 1991; Meerow 1994b).

Irrigation. Irrigation frequency depends on soil water holding capacity,
water table, species grown and their age, and rainfall (Broschat et al.
2013). Those authors suggested that the duration of irrigation be sufficient
to wet the soil to a depth of 0.6–0.9m. Newly planted palms receiving
no rainfall may require frequent irrigation in sandy soils during the first
6 months, with irrigation frequency reduced thereafter. Many field
nurseries in southern Florida receive no supplemental irrigation due
to a high water table and high water-holding-capacity soil (Meerow
1994b). Migliaccio et al. (2008) have shown that R. regia planted in a
poorly drained marl soil with a high water table in southeastern Florida
grew as well when they were irrigated only when soil water tension
reached 15kPa as they did using a standard grower irrigation schedule.
This method reduced water usage by 96%. Pittenger et al. (2009) demon-
strated that leaf production and visual quality ofW. filifera and C. humilis
grown in coastal California were unaffected as total water provided
(rainfall plus irrigation) was decreased from 50% to 0% of crop evapo-
transpiration (ET). However, visual quality of S. romanzoffiana, T. for-
tunei, and A. cunninghammiana was decreased significantly when no
supplemental irrigation was provided.

Water can be supplied using overhead irrigation, low volume emitters,
or flood irrigation. Low-volume emitters and flood irrigation are partic-
ularly useful in soils having good lateral water movement. Low-volume
emitters can also be used to deliver liquid fertilizer (Meerow 1994b).

Fertilization. Fertilizer requirements for field-grown palms vary widely
depending on soil type and rainfall. For palms growing in the predomi-
nantly sandy soils of the Atlantic Coastal Plain of the southeastern United
States, a fertilizer having an analysis of 8N- 0 or 2P2O5- 12K2O- 4Mg plus
micronutrients is recommended for field-grown palms (Broschat 2009).
Use of fertilizers having higher N:K ratios than this have exacerbated K
and Mg deficiencies in field-grown palms and even resulted in their
deaths (Broschat et al. 2008). Due to the low cation exchange capacity of
these soils and high leaching potential, Broschat (2009, 2011a) recom-
mended that 100% of the N, K, Mg, and B be in controlled-release form.
However, micronutrients such as Fe and Mn should be in water-soluble
sulfate or chelate (Fe only) form (Broschat 1991b). Because soils and
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climates in other palm-growing regions of the world differ from those in
Florida, different fertilizer formulations will be required for those areas.
Unfortunately, there is little published research on the fertilization of
ornamental palms in field nurseries outside of Florida. Downer et al.
(2007) reported that S. romanzoffiana grown on a loam soil in California
benefited primarily fromN and only in the ammonium form. Fertilization
programs developed for commercial oil, fruit, or heart of palm plantations
may or may not be the most appropriate for ornamental palms in those
areas since the objectives of those fertilization programs are solely to
optimize product yield and quality at the lowest cost. Foliar aesthetic
quality, the primary objective for ornamental palm fertilization, may not
be optimal under such fertilization regimes, as mobile macronutrients
such as K and Mg are often resorbed from older leaves to provide for the
nutrient requirements of developing fruits.

There has been no research on optimum fertilization rate for field
production of ornamental palms. Broschat (2009) stated that the 8N-
0.9P-10K-4Mg fertilizer recommended for palms in Florida is typically
applied at a rate of∼730 kg ha�1 every 3months (=234 kgN ha�1 year�1),
but there is no research to indicate whether this rate is optimal or not.

Harvesting. The digging and transplanting of field-grown palms des-
tined for landscape use is discussed in the section on Transplanting.
Field-grown palms intended for interior usage should be dug with a root
ball slightly smaller than the container in which they are to be placed
(Broschat and Meerow 2000). If they are to be transported out of state,
they may need to have their root balls rinsed free of any native soil.

Harvesting Leaves for Cut Foliage. Leaves from palms grown for cut
foliage production will be harvested on a regular basis over a period of
years. The oldest blemish-free leaves should be selected, since older
leaves generally have longer vase lives due to greater carbohydrate
reserves than younger leaves (Broschat and Meerow 2000). The number
of leaves that can be harvested will depend on the species and the
interval between harvests, but in general, no more than one-third of the
canopy should be removed at any one time (Broschat andMeerow 2000).
Particular attention should be paid to K nutrition as even mild K
deficiency symptoms can greatly reduce the number of unblemished
leaves in the canopy (Broschat and Meerow 2000). Routine removal of
K-deficient leaves can result in a net reduction in the number of healthy
leaves in the canopy or even result in death of the palm (Broschat 1994e).
In the short term, removal of most or all leaves can accelerate the rate of
leaf production, but the resulting leaves will be smaller than those from
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untrimmed palms (Mendoza et al. 1987; Oyama and Mendoza 1990;
Endress et al. 2004; Downer et al. 2009a).

Harvesting of cut leaves should be done early in themorningwhen leaf
water potentials are the greatest and vase life maximum (Broschat and
Meerow 2000). Cut leaves should be immediately placed in water and
held until packing for shipping. Cut leaves of most palm species natu-
rally have long vase lives and holding or pulsing cut leaves in solutions
of silver thiosulfate or floral preservatives containing 8-hydroxyquino-
line citrate generally has not improved vase life (Broschat and
Donselman 1987a). However, pulsing cut leaves of C. elegans for 4 h
in 2mM silver thiosulfate increased vase life to 92 days compared with
30 days for deionized water (Broschat and Donselman 1987a). Palm
leaves should be maintained at temperatures between 10 and 24°C to
prevent possible chilling injury. They are usually shipped dry, but
should be soaked for 1 or 2 h in warm water upon receipt to rehydrate
the leaves (Broschat and Meerow 2000).

IV. LANDSCAPE MANAGEMENT

A. Transplanting

Palms differ from most other arborescent plants in that large, mature
specimens are relatively easy to transplant. This subject has been
reviewed previously by Broschat (1994b), Pittenger et al. (2005), and
Hodel et al. (2009). The success or failure of transplanting depends on a
number of factors, both above and below ground.

1. Root Regeneration in Palms. Since water balance is the most critical
factor in palm transplanting, an understanding of the fate of cut palm
roots is central to developing optimum digging strategies. Tomlinson
(1961) stated that if a palm root apex is destroyed, it will usually be
replaced by one or more branch roots arising immediately behind the
dead apex. Hodel and Pittenger (2003a) found that a majority of
severed roots of P. dactylifera respouted when roots were cut during
removal of offshoots from the mother plant. However, Broschat and
Donselman (1984) showed that in some species, severing palm roots
stimulated the production of new adventitious roots from the root
initiation zone at the base of the stem (Table 1.4). In S. palmetto,
virtually all cut roots die back to the trunk and are replaced by large
numbers of new adventitious roots (Broschat and Donselman 1984). In
contrast, about half of all severed roots in C. nucifera branched and
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continued growing with very few new roots being initiated from the
root initiation zone (Broschat and Donselman 1984). However, in all
other species of palms studied, the percentage of cut roots surviving
was proportional to the distance from the trunk at which they were cut
(Table 1.4) (Broschat and Donselman 1984; 1990b).

2. Palm Maturity Effects. Landscapers transplanting S. palmetto have
long known that while mature specimens can readily be transplanted,
juvenile palms lacking a trunk rarely survive digging and transplanting.
Conversely, juveniles of C. nucifera and other species are easily trans-
planted. Broschat and Donselman (1990a) found that when the roots of
ten species of juvenile palmswere cut off, no new rootswere produced in
any species. However, in the two species for which mature specimens
were similarly treated (C. elegans and P. roebelenii), all palms produced
new roots from the root initiation zone. They concluded that juvenile
palm stems lacked a functional root initiation zone, whereas palms with
trunks had them. Because S. palmetto roots all die back to the trunk
when cut, but juvenile specimens lack a functional root initiation zone,
this could explain why it is so difficult to transplant juvenile S. palmetto.
On the other hand, since about half of all C. nucifera roots branch and
continue growing, an active root initiation zone is not essential for
survival of transplanted juveniles of this species. Similarly, Hodel
and Pittenger (2003b) found that offshoots of P. dactylifera that were
10–35 cm in diameter had higher survival rates when removed from the
mother plant than smaller sizes, probably because of a better developed
root initiation zone with more roots.

3. Auxin Effects on Rooting. In an attempt to stimulate adventitious
root production in transplanted palms, several studies have examined

Table 1.4. Average percentage of cut roots branching into four different root length
classes.

Root stub length (cm)

No. new rootsSpecies <15 15–30 30–60 60–90

C. nucifera 47 61 50 50 20
P. reclinata 0 2 8 32 62
R. regia 1 6 24 36 97
S. palmetto 1 1 3 1 196
S. romanzoffiana 3 41 49 57 13
W. robusta 2 14 31 59 144

Data from Broschat and Donselman (1984, 1990b).
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the effects of exogenous auxins on root production. Broschat and
Donselman (1990a) soaked stem bases of C. elegans and P. roebelenii
in indolebutyric acid (IBA) at 3 g L�1 for 5min after all roots had been
cut off. They found no increase in the number of roots produced in
either species in response to IBA treatment. Al-Mana et al. (1996)
treated aerial and ground offshoots of P. dactylifera with naphthalene-
acetic acid (NAA) or catechol and found no improvement in rooting of
ground offshoots, but NAA or catechol increased total fresh root weight
and length of the longest root in aerial offshoots. Bakr et al. (2010)
injected P. dactylifera offshoots with NAA or IBA and found that 3mL
of a 3000 ppm solution of either auxin resulted in the highest survival
rate, number of roots, root length, and leaf length. Afzal et al. (2011)
observed enhanced rooting in aerial offshoots of this species with
quick dips or injection with indoleacetic acid IAA, IBA, or NAA at
rates of 1–3 g L�1. These studies suggest that the different responses
may be due to species’ differences.

4. Seasonal Effects. Although most recommendations for transplanting
palms imply that time of year can affect transplant success, these
recommendations are based primarily on observations rather than pub-
lished scientific studies. Because palm leaf and root growth rates are
more rapid during warmermonths (Broschat 1998a; Pittenger et al. 2000;
Hodel et al. 2005), late spring planting has been recommended for
subtropical, temperate, or Mediterranean climates (Hodel et al. 2005;
Pittenger et al. 2005). In climates where temperature is not a limiting
factor, wet–dry seasonality may be more important. In South Florida,
where late spring months are very warm and dry, S. palmetto trans-
planted from unirrigated natural areas were observed to have much
lower transplant survival rates than those transplanted at other times of
the year (Broschat and Meerow 2000; Broschat 2012).

5. Root Ball Size. While large root balls usually result in better trans-
plant survival, the slight increase in survival may not be justified due to
greater costs and difficulty in handling larger root balls. Thus, the
optimum root ball size is the smallest root ball that results in an accept-
able survival rate (Broschat andMeerow 2000). However, quantifying that
optimum size has been a bit more difficult. Hodel et al. (2005) suggested
that root balls need not be any larger than 30 cm from the trunk or 30cm
deep for most species because the greatest root density is concentrated
within this volume. Broschat (2012) suggested that for those species
whose transplant survival depends primarily on the survival of cut roots,
minimum root ball size can be inferred from root survival versus cut root
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length data (Broschat and Donselman 1984, 1990b). Thus, for a species
such as S. palmetto, in which no cut roots survive, root balls need only be
large enough to prevent injury to the root initiation zone itself. For S.
romanzoffiana, it can be as little as 15 cm from the trunk, but for P.
reclinata, it would need to be a minimum of 60 cm from the trunk
(Table 1.4) (Broschat 2012). For other species that produce significant
numbers of new adventitious roots in addition to cut root survival, a
combination of roots derived from both sources should be considered in
the equation (Hodel et al. 2005). Because root balls are three dimensional,
root ball depth must also be taken into consideration when determining
minimum root ball size. This is especially important in drought-tolerant
species (e.g., P. dactylifera and Washingtonia spp.) that tend to have
deeper root systems than those from wetter climates.

6. Digging Palms. Large specimen palms may be dug by hand, with
backhoes, or with various designs of mechanical tree spades or trenchers
(Broschat and Meerow 2000). It may be useful to irrigate the soil thor-
oughly prior to digging, both to insure optimum palm water status and to
promote soil cohesion (Broschat andMeerow2000;Broschat 2012). Palms
dug from sandy soils should have their root balls wrapped with burlap or
similar material to prevent them from falling apart during handling.

Palms are lifted from the ground using a crane with the cable attached
to a self-cinching wide nylon sling. When cables, ropes, or chains are
attached directly to palm trunks, even over carpet or burlap padding,
trunk compression wounds usually result. They may be permanently
visible and are known to provide entry sites for Thielaviopsis paradoxa,
a lethal trunk rotting fungus (Elliott et al. 2004).

Root pruning prior to digging is a common practice when trans-
planting non-palm trees, but most palms can be successfully trans-
planted without this extra step. For valuable, but difficult to transplant
species such as Bismarckia nobilis, root pruning 4–6 weeks prior to
digging has been recommended (Broschat 2012). With this method,
about one-third to one-half of the roots are severed with a spade at a
length just inside the future root ball dimensions. However, in order to
prevent newly emerging roots from being damaged during final dig-
ging, wrapping the root-pruned roots with polypropylene weed control
fabric will prevent new roots from growing beyond the intended root
ball dimensions (Broschat 2012).

7. Transport and Handling. When palms are dug, it is common practice
to remove one-third to two-thirds of the lower leaves and tie the
remaining leaves in a bundle to facilitate handling and prevent damage
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to the leaves. For slender-stemmed or weak-wooded species, it is rec-
ommended to attach a splint to the leaves and stem to prevent the crown
from flexing excessively and potentially damaging themeristem. Ideally,
palms should be laid flat on a flat bed trailer such that the crown is fully
supported by the bed (Broschat 2012).

For long distance transport, wrapping root balls in polyethylene film
can help reduce drying, but clear film must be shaded to keep root balls
cool (Hodel et al. 2009). Burlap-wrapped root balls should be kept moist
during transport to prevent root loss due to desiccation. Costonis (1995)
showed that wrapping the root ball of S. palmetto significantly improved
shoot regrowth rate and visual quality.

Palms can be temporarily planted in a holding area as though they
were being planted in their final site. Keeping the roots wrapped with
polypropylene root barrier fabric, or even planting them into large
containers at that time, can help establish new roots that will aid in
rapid establishment once the palms are moved into their final site.

8. Planting. Planting sites for palms should have good drainage, with
hardpan layers drilled through for drainage. Palms can also be planted
on builtup mounds or berms to improve drainage. Poor drainage and/or
excessive irrigation can result in poor establishment rates and subse-
quent growth (Broschat and Donselman 1987c).

Planting holes should be about twice the diameter of the root ball, but
no deeper than the root ball. It is important to wash soil down under and
around the root ball to eliminate air pockets because palm roots have
been observed not to grow into voids in the soil (Broschat 1998a).

Deep planting of large palms has been used to alleviate the need for
supporting transplanted palms and to create plantings of uniform height
when using palms of unequal heights. Over time, deeply planted palms
often exhibit chronic micronutrient deficiencies, stunting, wilting, in-
creased insect pest pressure, and mortality (Broschat 1995b, 2012;
Broschat and Meerow 2000). Broschat (1995b) demonstrated that
P. roebelenii transplanted at depths greater than 30 cm had significantly
greatermortality, fewer leaves,more severeMndeficiency symptoms, and
lower foliar Mn concentrations. When these palms were planted deeply,
arrested aerial root initials visible at the base of the trunk resumed growth;
however, no new roots emerged from the trunk above the root initiation
zone (Broschat 1995b). Costonis (1995) documented mortality rates up to
99% for S. palmetto planted 25–130cm deep in Florida.

9. Planting Hole Amendments. It is a common practice in California to
use builder’s sand as the sole backfill material when transplanting palms
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in an attempt to improve drainage. Hodel et al. (2013a) found that
A. cunninghamiana and T. fortunei had significantly higher transplant
survival rates and plant quality with sand backfill than with native soil.
S. romanzoffiana did not respond to sand backfill. On the other hand,
amendment of backfill with varying percentages of composted douglas-
fir wood shavings had no effect on the growth and quality of five species
of palms (Hodel et al. 2006b).

10. Leaf Removal and Tying. Because water stress is the primary cause
of transplant failure in palms, it is a standard practice to remove one-third
to two-thirds of the lower leaves to reduce transpirational water loss
(Broschat and Meerow 2000). While in some cases this practice might be
unnecessary (Hodel et al. 2003, 2006a, 2013b; Downer et al. 2013b), it is
necessary for palms transplanted in extremely hot, arid conditions, even
if palms are irrigated regularly (Hodel et al. 2013c). Broschat (1994d)
demonstrated that regularly irrigated P. roebelenii transplanted with
more leaves had more living leaves and greater root dry weight than
palmswith few or no leaves left on. They also had significantlymore dead
leaves, suggesting that transplantedpalms couldnot support a full canopy
of leaves. However, under conditions of severe water stress, palms with
no leaves left on had significantly higher survival rates than palms
transplanted with full or partial canopies. Survival rates of regularly
irrigated P. roebelenii, P. canariensis, S. romanzoffiana, and W. robusta
were unaffected bynumber of leaves at the timeof transplanting (Broschat
1994b; Hodel et al. 2003, 2006a). Removal of all leaves in S. romanzoffi-
ana significantly reduced root dry mass (Hodel et al. 2003). Hodel et al.
(2003, 2006a) concluded that the primary benefit from leaf removal was
an improvement in aesthetic appearance. However, for S. palmetto, a
species in which virtually all cut roots die back to the trunk and must be
replaced by new roots, removal of all leaves resulted in a survival rate of
95% compared with 66% for palms with one-third of their leaves left on
(Broschat 1991c). Shoot visual quality and regrowth rates in this species
were also improved by removal of all leaves (Broschat 1991c; Costonis
1995). Leaf removal is known to stimulate production of new leaves in
palms (Mendoza et al. 1987; Oyama and Mendoza 1990).

Another practice used to reduce transpirational water loss in trans-
planted palms is tying them into a tight bundle. This is normally done to
reduce leaf damage during shipping and handling, but the practice of
keeping the leaves tied up for up to 6 months following transplanting
has been controversial. Keeping leaves tied provided no benefit to
transplanted P. roebelenii in Florida (Broschat 1994d) or P. canariensis,
S. romanzoffiana, or W. robusta in California (Hodel et al. 2003, 2006a;
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Downer et al. 2013b). There was also no benefit to irrigating transplanted
P. roebelenii with overhead sprinklers compared with irrigating the soil
only, but overhead irrigation increased the incidence of Gliocladium
pink rot disease if the leaves were kept tied up (Broschat 1994d).

11. Transplanting Container-Grown Palms. Since there is no loss of
root mass when transplanting palms from containers, no special treat-
ments beyond irrigation are required to achieve a high survival rate.
Circling roots in containers can cause serious problems in container-
grown non-palm trees. However, there is no need to cut circling roots in
palms since palm roots have no secondary thickening and any circling
roots will eventually be replaced by straight new roots originating from
the stem.

One problem that can occur when transplanting container-grown
palms is planting them too shallowly. It is important that the base of
the stem be∼2–3 cm below the surface of the soil to encourage new root
development. If this area is not buried, new root growth will be arrested
(Broschat 2012).

Various mycorrhizal and bacterial inoculants have been promoted
for use on transplanted palms. Positive responses to inoculation with
freshly prepared mycorrhizae have been reported for several species of
container-grown palms when using sterilized soil or potting substrates
(Janos 1977; Jaizme-Vega and Díaz-Pérez 1999; Morte and Honrubia
2002; Fisher and Jayachandran 2008). However, when four commer-
cially available formulations of mycorrhizae and beneficial bacteria
were added to the backfill of a phosphorus-deficient native soil in
Florida, neither S. romanzoffiana nor W. robusta showed any positive
responses (Broschat and Elliott 2009a). Any benefits obtained from
these products were shown to be due to the fertilizer included in some
products.

Container-grown palms often exhibit reduced growth rates and nitro-
gen deficiency symptoms during the first year following transplanting
(Broschat et al. 2008). This is thought to be due to competition for N by
microbes that degrade organic container substrate components such as
pine bark (Prasad 1980). While the palm’s roots are largely confined to
this N-deficient environment, root growth into the surrounding soils is
retarded until sufficient numbers of roots become established outside the
root ball. Broschat and Moore (2010) found that D. lutescens trans-
planted from containers had the largest size and darkest color when
fertilized with high N controlled-release fertilizer during the first 6
months in Florida. Fertilizer rate or placement of the fertilizer on the
surface of the root ball, incorporated into the backfill, or at the bottom of
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the planting hole did not affect palm growth and quality, but any
fertilizer was superior to no fertilizer (Broschat and Moore 2013).

Use of mulch to cover the root ball of transplanted palms has been
recommended to reduce water evaporation from the soil. Downer and
Hodel (2001) found that transplanted container-grown S. romanzoffiana
and W. robusta were unaffected by mulch application, but A. cunning-
hamiana, a difficult to transplant species, responded favorably tomulch-
ing with turfgrass clippings or Eucalyptus wood chips.

B. Fertilization and Irrigation

Research on fertilization of landscape palms has largely been restricted
to Florida where soils vary from acidic to alkaline sands to limestone,
peat, or muck. In many parts of south Florida, landscapes are planted
on land built up with dredged limestone and sand fill. These soil types
generally have very low cation exchange capacity and are highly
leached, resulting in widespread deficiencies of K, Mg, Fe, Mn, B,
and occasionally N and P in palms (Dickey 1977; Broschat and
Donselman 1985; Broschat, 1999 Broschat 2011e). Fertilizers devel-
oped for palms growing in these soils have 100% of their N, K, Mg, and
B in controlled-release form and P, Fe, Mn, Zn, and Cu in water-soluble
form for maximum efficiency (Broschat 1991b, 1996, 1997b, 2008b;
Broschat and Elliott 2005a). Broschat (2011a) found that an analysis of
8N-0.9P-10K-4Mg plus micronutrients was most effective for land-
scape palms growing in Florida’s sandy and limestone soils. Use of
materials with higher N:K ratios has been shown to exacerbate K and/
or Mg deficiency symptoms and has even resulted in the death of
landscape palms (Broschat et al. 2008; Broschat 2011a). In southern
California, Downer et al. (2007) showed that S. romanzoffiana
responded favorably to N fertilization, with the N in ammonium
form, but not to Mg, Ca, or K. A. cunninghamiana, W. robusta, T.
fortunei, and C. humilis did not respond to any fertilization treatment.

Fertilizers have been applied by banding the material in a ring around
the trunk, by broadcasting on the soil surface under the palm canopy, by
drilling holes into the soil under the canopy and filling them with
fertilizer, by controlled-release fertilizer spikes similarly placed, by trunk
injection, or by injecting liquid fertilizer into the soil under pressure.
Because they are highly leachable, liquid- or water-soluble fertilizers are
not recommended for sandy highly leached soils (Broschat 2011a). Simi-
larly, concentrating granular fertilizers in holes, spikes, or as bands
around the trunk is less effective than broadcasting due to the greater
proportion of roots in contact with fertilizer applied by broadcasting
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(Broschat 2011a). Broschat and Doccola (2010) found that injecting
MnSO4 into the trunks of C. nucifera was more effective than soil
applications of the same product. However, this method is not recom-
mended for routine applicationofMnor anyother element since injection
wounds in palm trunks are permanent and could be potential entry sites
for insectpestsorpathogens.Dwivedi et al. (1981) showed that radioactive
P and Rbwere taken up byC. nucifera even faster by immersing a cut root
in the nutrient solution than by trunk injection. Applying these highly
mobile elements to the leaf axilswas slightly slower in theiruptake.On the
other hand, Rajaratnam (1972c) demonstrated that B, an immobile ele-
ment, applied to leaf axils or as foliar sprays on E. guineensis, had to be
rinsed in the soil for root uptake before it could be translocated into new
growth. Broschat (2011d) similarly found that application of B to the soil
was much more effective than to leaf axils in C. nucifera.

Landscape palms are typically irrigated using lawn or shrub sprin-
klers or low-volume emitters. Once established, many palms do not
require supplemental irrigation, especially in areas such as southern
Florida that have high water tables. Pittenger et al. (2009) concluded
that in coastal southern California, many established landscape palms
can maintain minimally acceptable appearance for extended periods
of time with little or no irrigation. Use of mulch has been recom-
mended to reduce evaporation from the surface of landscape soils and
to reduce root competition from weeds or turfgrass. Downer and
Hodel (2001) showed that turfgrass growing up to the trunk reduced
growth and number of leaves in S. romanzoffiana and A. cunning-
hamiana compared with palms mulched with grass clippings or
Eucalyptus chip mulch or unmulched control palms in southern
California. W. robusta did not respond to mulching or turfgrass grow-
ing up to the trunk. Mulching with either material reduced transplant
mortality in A. cunninghamiana over unmulched palms or those with
turfgrass near the trunk.

C. Pruning

Palms are pruned differently than other woody, non-palm trees, where
removal of branches is normal. Because most palms do not branch,
pruning typically consists of the removal of leaves, inflorescences and
infructescences, or occasionally entire stems in multistemmed species
(Hodel 1999, 2012). While landscape palms are pruned primarily for
aesthetic reasons, leaves are also removed during the transplanting
process to reduce water stress and to improve survival rates. This
pruning is discussed in the section on transplanting palms. Overviews
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on the topic of palm pruning can be found in Robinson (2004), Downer
et al. (2009a), Rosenfield (2009), Broschat (2011c), and Hodel (2012).

Aspalm leaves age, their positionwithin thecanopymoves from the top
center to the bottom of the canopy. If the palm is not K deficient, the oldest
leaves eventually senesce naturally, typically changing from completely
green oneday to uniformly orange-brown the second day, and completely
necrotic the third or fourth day (Broschat and Gilman 2013). If the palm
has a crownshaft, the dead leaf will abscise and fall off naturally (self-
cleaning), but in specieswithout crownshafts, the dead leavesmay fall off
(self-cleaning) or they may remain firmly attached until the leaf base
eventually rots off or is manually removed (non-self-cleaning).

It is normal for leaf bases or entire leaves of some palms species to
persist for many years or even decades following senescence. Dry
climates generally favor dead leaf or leaf base retention, but genetics
may also play a role since S. palmetto in Florida may naturally retain
their leaf bases for decades or shed themwithin a year of leaf senescence
(Broschat and Elliott 2007; Hodel 2012). In Washingtonia spp. old leaf
bases or leaves may suddenly begin to drop after a decade or more of
persistence and they may drop first from the bottom of the skirt, the top,
or from the middle (Broschat and Elliott 2007; Hodel 2012). Once
shedding begins, the entire skirt usually drops off over the course of a
couple of years and the palms become “self-cleaning” thereafter
(Broschat and Elliott 2007; Broschat 2011c).

Due to the large size of palm leaves, K-deficient older leaves are
conspicuous and detract from the aesthetic appearance of the palm,
and they are typically removed from palms during pruning. However,
because K is highlymobile within palm canopies (Broschat 1997a), these
symptomatic older leaves serve as a supplementary source of K for the
palm in the absence of sufficient K in the soil and thus should not be
removed. Broschat (1994e) demonstrated that routine removal of K-
deficient leaves in P. roebelenii resulted in a net reduction in the number
of green leaves in the canopy.

Pruning, or more importantly, overpruning, can affect palms in a
number of ways. If palms are overpruned, the reduction in canopy
size results in reduced photosynthetic capacity. In the short term,
some studies have shown that overpruning can result in greater leaf
production rates (Mendoza et al. 1987; Oyama and Mendoza 1990;
Chazdon 1991; O’Brien and Kinnaird 1996; Endress et al. 2004). How-
ever, repeated overpruning has been shown to reduce leaf size (O’Brien
and Kinnaird 1996; Endress et al. 2004; Jimenez 2004; Downer et al.
2009a), leaf number (Downer et al. 2009a), and trunk diameter (Broschat
and Meerow 2000; Hodel 2012).
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Pruning of living leaves has been demonstrated to be the primary
means of transmission of diseases such as Fusarium wilt of P. canar-
iensis (Feather 1982; Summerell et al. 2001) and may be a means of
spreading Fusarium wilt in S. romanzoffiana and W. robusta (Elliott
et al. 2010). Any trunk wounds caused by careless pruning, climbing
spikes, or pulling off old leaves before they completely abscise or rot off
can result in unsightly scars and provide entry sites for Thielaviopsis
trunk rot (Elliott et al. 2004). However, selective pruning of severely
infected leaves has been suggested for managing other diseases such as
petiole/rachis blight or Graphiola leaf spot (Elliott et al. 2004). Entire
stems of multistemmed palms are sometimes removed to reduce clump
height, width, and/or density or to eliminate dead stems of hapaxanthic
palms. In areas where Ganoderma butt rot occurs, stumps left by stem
removal are often colonized by this fungus, which then moves into
healthy stems and ultimately kills the palm (Elliott et al. 2004; Elliott and
Broschat 2012). Leaf removal in P. canariensis and S. palmetto has also
been shown to attract serious insect pests such as palm weevils (Rhyn-
chophorus spp.), which are attracted by volatile chemicals emitted by
cut leaf bases (Giblin-Davis and Howard 1989).

Overpruning palm canopies to just a few leaves has been promoted
as a means of reducing wind resistance and improving survival of
palms during hurricanes. However, Broschat (2011c) and Caldwell
(2006) observed that overpruned palms were more likely to fail during
hurricanes than those with their canopies intact. Pfalzgraf (2000)
concluded that the remaining younger leaves had not yet hardened
off yet and were unsupported by older leaves. Research on E. guineen-
sis by Calvez (1976) and Chan and Duckett (1978) supports these
observations.

The number of leaves that can be removed at each pruning is a
function of K status (Broschat 2011c). Because older leaves serve as
supplemental sources of K in K-deficient palms, only completely dead
leaves should be removed (Broschat 2011c). However, arborists and
landscapers routinely remove not only dead and K-deficient leaves, but
also some green leaves as well, knowing that they can extend the time
before dead older leaves again appear at the bottom of the canopy.
Broschat and Gilman (2013) demonstrated that severely pruned K-
deficient S. palmetto had no symptomatic leaves until the number of
leaves in the canopy again exceeded the number that could be sup-
ported by the K reserves in the palm. Dead leaves did not appear until
the severity of the K deficiency increased to the point where leaves
died from K deficiency. If these palms were heavily fertilized with K
fertilizers, the total number of leaves and number of symptom-free
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leaves increased, but the number of symptomatic leaves remained
constant over time until the palm achieved a full 360° canopy (Broschat
and Gilman 2013). If fertilization is continued once a full canopy is
achieved, palms will remain symptom-free and older leaves will
senesce via natural senescence rather than via K deficiency. ANSI
(ANSI 2001) pruning standards specify that no leaves with tips above
the horizontal should be removed.

Timing of pruning in palms does not appear to be critical, although
several factors may influence when they are pruned in different areas.
In areas subject to hurricanes or other strong seasonal storms, pruning
of dead leaves, inflorescences, and infructescences (especially coco-
nuts) just prior to the windstorm season may be optimum. In areas
where cold damage could occur, pruning before the winter months
should be avoided on cold-sensitive palms as a full canopy provides
more insulation than an overpruned one (Broschat and Meerow 2000).
In California, pruning prior to winter is similarly discouraged due to
concerns about pink rot fungus (Nalanthamala vermoesenii) during
winter months (Downer et al. 2009b). In species having a relatively
short flowering season, pruning of inflorescences should be timed to
remove the entire year’s production of inflorescences before they
develop fruit.

D. Growth Regulator Effects

There is great interest in using growth regulating chemicals to control
palm height, flowering, suckering, and rooting. Fisher (1980) studied the
effects of gibberellins and several growth retardants on the morphology
of several species of juvenile palms. He found that in most species,
leaves emerging following treatment with gibberellic acid (GA3)
assumed a more juvenile form, with leaflets failing to split normally.
Application of GA3 had no effect on palm height of C. seifrizii (Broschat
and Donselman 1986a), although when seeds of several species of palms
were soaked in GA3, the resulting seedlings exhibited excessively
elongated or even twisted growth during their first year (Broschat and
Donselman 1987b, 1988). Fisher and Theobald (1989) injected GA3 into
the trunks of C. nucifera and noted elongation of the ovaries, fruits,
leaves, and internodes. Gibberellins had no effect on suckering in palms
(Fisher 1980; Broschat and Donselman 1986a).

Growth retardants such as daminozide or chlormequat had no effect
on size or shape of leaves, or on suckering in E. guineensis, C. mitis,
C. seifrizii, or D. lutescens, but chlormequat darkened the green color of
the leaves in all species (Fisher 1980). Leaf size was reduced in all of
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these species by ethephon (Fisher 1980), but Broschat and Donselman
(1986a) found that this material significantly reduced overall height in
C. seifrizii. When paclobutrazol was applied as a soil drench to mature
R. regia, vertical growth, but not trunk caliper, was significantly reduced
over a 3-year period (Ali and Bernick 2010), and similar results were
reported for A. merrillii and S. romanzoffiana (Hensley and Yogi 1996).
Leaf length and number were reduced and palm canopies became very
compact and stunted in 3-year old P. dactylifera seedlings receiving soil
drenches of paclobutrazol or uniconizole P (Aloni et al. 2010). However,
the effects on mature, fruiting specimens of this species were less
pronounced. Hodel et al. (2012) showed that glyphosate could be
used successfully to reduce or inhibit regrowth of pruned basal shoots
of the multistemmed C. humilis.

Foliar sprays of benzyladenine (BA) or the auxin naphthalene acetic
acid (NAA) had no effect on number of lateral shoots or flowers or total
plant height in C. seifrizii (Broschat and Donselman 1986a). Fisher and
Theobald (1989) reported no effects of BA on trunk-injected C. nucifera.

V. INTERIORSCAPE MANAGEMENT

Some palms are among the best plants for use in interiorscapes because
of their tolerance of low light and low humidity, leaves that do not
readily abscise in response to environmental changes, relatively slow
rate of growth, and fibrous, nonwoody roots that make them amenable to
container culture or other situations with limited root space. Since
palms capture the desirable tropical motif that few other plants can
match, they are among the most popular and common interiorscape
plants. However, an understanding of the palms’ cultural requirements
and environmental conditions in interiorscapes is necessary to manage
palms appropriately and achieve their maximum function and benefit.
The most critical environmental factors in interiorscapes are light,
relative humidity, temperature, water quality and quantity, and soil
or planting substrate.

Little growth can be expected, or is desired, in most interiorscape
situations, especially those with low light, and few palms can be
expected to perform adequately in such poorly lit situations (Broschat
and Meerow 2000). Thus, palms are primarily in a static state in most
interiorscapes, and the management objective is to maintain the quality
of the palm as it was when it entered the interiorscape for as long as
possible without producing much, if any growth. About 5–7 years is
the maximum life span for most medium to large palms in the average
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low-light interiorscapes (Broschat and Meerow 2000). In situations
with higher light, where more growth is expected, expected life spans
of palms can be considerably longer, although size limitations then
become critical.

A. Palm Selection for Interiorscape Use

Factors to consider when evaluating palms for interiorscape use
include growth characteristics and habitat and ecology of the species,
acclimatization and health of individual plants, and intended use and
design (see Table 1.1). While green is the predominant color, a few
palms offer various shades of yellow, orange, red, and gray in stems,
leaves, inflorescences, or flowers and fruits that might impact use
and design.

The best species for interiorscape use are found in the understory of
forests where light levels are naturally low. Species from moist, dry, or
monsoon forests will likely be more tolerant of low humidity in interior-
scapes than species from wet or cloud forests. Species from middle and
higher elevations and/or higher latitudes will likely be more tolerant of
cooler temperatures; however, in many cases, species from higher
altitudes also occur in wet forests or cloud forests where tolerance of
low humidity is limited.

B. Installation

Palms should be protected from rough handling, which can irreparably
damage the apical meristem or leave permanent, unsightly wounds on
the stem. Palms should be protected from cold when installing them
in cold-winter areas; temperatures below 10°C for even a few hours
can damage some palms. Also, palms should be protected from direct
sun during installation, especially on warm, summer days; only a few
minutes of exposure of shade-grown leaves to full, midday sun can
burn them.

C. Soil or Planting Substrate

Most interiorscape plants are displayed in containers or in specialized
planting beds where the use of a soilless substrate is beneficial. Such
substrates should hold water and nutrients, yet be porous and well
aerated. Water holding capacity should be 30–40% and air space should
be 15–25% (Broschat and Meerow 2000). Typically, such substrates are
composed of an organic fraction to provide water and nutrient holding
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capabilities and an inorganic fraction to provide aeration and drainage.
Substrates with excessively high amounts of organic components will
degrade rapidly, reducing porosity and aeration and lead to poor growth
(Broschat and Meerow 2000). Substrates with more than 1.5 dSm�1
soluble salts can damage plants, causing leaf-tip and leaf-margin burn
(Conover and McConnell 1981).

D. Light

Light is the most critical factor affecting the success of palms in interior-
scapes. Light intensity and its relationship with the light compensation
point (LCP), the point at which the palm is not growing, accumulating, or
consuming stored carbohydrates, is critical to understanding the selec-
tion, growth, and management of plants in interiorscapes (Conover and
McConnell 1981). Light intensity above the LCP means that the palm will
be photosynthesizing, producing carbohydrates, and actively growing. In
contrast, light intensity below the LCP means that the palm will not
be photosynthesizing and producing carbohydrates and must rely on
carbohydrate reserves produced and stored during cultivation in higher
light prior to entering the low-light interiorscape. If light intensity con-
tinues below the LCP, the palm will eventually use up all its stored
carbohydrates, decline, and die. Although each species has its own LCP,
the LCP for most plants used in interiorscapes, including palms, ranges
from 0.8 to 1.6klx (Conover and McConnell 1981). Although light
intensity is generally low in most interiorscapes, it averages ∼1.6klx
(Broschat andMeerow 2000), meaning that it is at or near the LCP formost
species commonly used in interiorscapes.

Light duration is also important. At least 8–12 h of light at or slightly
above the LCP per day is recommended for plants in the interiorscape
(Conover 1975). If natural light is insufficient, supplemental lighting
can boost light intensity up to 6.5 klx (Broschat and Meerow 2000).
Supplemental lighting is especially important in regions with many
cloudy winter days where light levels may be only 10% of clear summer
days (Broschat and Meerow 2000).

Plants respond mostly to blue and red ranges of the visible spectrum,
and cool or warmwhite fluorescent lights efficiently provide this quality
of light (Conover and McConnell 1981; Broschat and Meerow 2000).
Other suitable lights include Gro-Lux fluorescent, high-intensity
discharge mercury, metal halide, and high- and low-pressure sodium
(Broschat and Meerow 2000). Incandescent, incandescent mercury, and
other types of fluorescent lamps are not recommended (Cathey and
Campbell 1977).
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Palms, even species naturally occurring in low-light situations, must
be properly grown and acclimatized prior to use in interiorscapes. The
objective in acclimatization is to prepare palms for conditions typically
encountered in interiorscapes, primarily low light but also low humidity
and, in some cases, low temperatures (Conover and McConnell 1981).
Shade-grown palms tend to have larger, thinner, softer, darker green
leaves with longer petioles and more slender stems with longer intern-
odes (Conover and McConnell 1981; Broschat and Meerow 2000).
Leaves grown in excessively high light will decline rapidly in low-light
interiorscapes (Broschat and Meerow 2000).

Light levels also affect internal leaf tissues. Leaves grown in high light
tend to have multiple epidermal layers that reduce the amount of poten-
tially damaging sunlight reaching the interior of the cell. Chloroplasts
and grana within chloroplasts assume vertical orientation to reduce
chloroplast damage andminimize heating due to excessive light (Conover
and McConnell 1981). In contrast, shade-grown leaves have a single
epidermal layer to permit more light to enter the cell, and chloroplasts
and grana have an open stack, rather than vertical, arrangement.

While some plants, especially non-palm trees, have the ability to
reorient chloroplasts and grana in sun- or high-light-grown leaves to a
low-light arrangement in∼6 weeks (Conover and McConnell 1981), this
process seems lacking in palms. For maximum durability in the low-
light interiorscape, a palm must replace all sun- or high-light-grown
leaves in its canopy with shade-grown leaves (70–80% shade) (Broschat
et al. 1989). Because this process of replacing the canopy of sun- or high-
light-grown leaves with shade-grown leaves can take several years or
even longer in the interiorscape where growth is much reduced, it is
important to select shade-grown palms initially. Light levels should be
at or slightly above the LCP, at least 1.6 klx, during acclimatization to
ensure that some storage of carbohydrates occurs (Conover and
McConnell 1981). The degree of acclimatization when the plant is
moved into the interiorscape is especially critical and appears more
important than stored carbohydrates for future plant success (Milks et al.
1979). Properly acclimated palms will also have lower respiration rates
and lower carbohydrate requirements, helping to preserve stored
reserves and further enhance their success in low-light interiorscapes
(Fonteno and McWilliams 1978).

E. Relative Humidity

Relative humidity levels in interiorscapes are generally low, usually
below 50%, but they can drop to as low as 10–20%, especially during
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intense heating and cooling. Most plants suitable for the interiorscape,
including palms, can typically tolerate relative humidity down to 50%
without damage, but at 10% leaf tip burn can occur (Conover and
McConnell 1981).

F. Temperature

Temperatures in interiorscapes, which can range from 20 to 24°C on
workdays, are generally suitable for most palms. However, temperatures
below 18°C can reduce growth (Conover and McConnell 1981; Broschat
and Meerow 2000), although most palms might not sustain damage
until temperatures drop to ∼10°C.

G. Water

Excessive irrigation is a common problem in interiorscapes (Conover
and McConnell 1981) and can lead to root damage, disease, nutritional
problems, and other disorders. The root ball, backfill, and surrounding
soil of newly planted palms should be kept evenly moist, not saturated,
for 4–6 weeks to encourage roots to grow out of the root ball and into the
surrounding soil (Broschat and Meerow 2000). After this establishment
period, it is best to allow the soil to dry out slightly between irrigations.
In many areas water quality is poor, primarily because of soluble salts.
Soluble or total salts in water should be less than 0.78 dSm�1 (500ppm)
(Henley and Poole 1981). Higher levels can cause leaf-tip and leaf-
margin necrosis. However, higher levels, up to 2.25 dSm�1, can be
tolerated if horticultural and irrigational practices are modified by using
a well aerated and porous planting substrate, applying sufficient water at
each irrigation to moisten the entire root zone, spacing irrigations to
maintain the planting substrate in an evenly moist state and not allow it
to become excessively dry, and occasionally leaching the planting
substrate with an extra heavy irrigation. Irrigation water temperatures
in the winter can be 5° to 10°C, well below the minimal soil temperature
of 18°C at which most palm root growth slows or stops (Broschat and
Meerow 2000).

H. Fertilization

Because little or no growth occurs or is desired in interiorscapes,
nutritional needs of palms are correspondingly low (Conover and Poole
1977; Broschat and Meerow 2000). Fertilizer rates are generally 10–20%
of production rates under higher light (Conover and Poole 1977).
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Conover et al. (1992) provided annual nitrogen rates at various light
levels for interiorscape plants. A controlled-release, complete fertilizer
with micronutrients is commonly used, but fertigation has also been
used in the interiorscape (Broschat and Meerow 2000).

VI. PALM PROBLEMS

Broschat and Elliott (2005b), Broschat et al. (2010, 2013), and Hodel
(2012) provide illustrated, annotated keys to disorders, diseases, and
pests of ornamental palms grown in the United States, including Hawaii,
and the Caribbean Basin.

A. Physiological Disorders

1. Chemical Toxicities

Micronutrient Toxicities. While excess macronutrients in the soil tend
to result in elemental imbalances or salt injury symptoms, some high
concentrations of micronutrients such as B and Cu can be toxic to palms.
Excessive B in the soil causes leaflet tip necrosis in all but the youngest
leaves (Marlatt 1978; Elliott et al. 2004).

Copper toxicity in the soil results in necrosis and dieback of root tips,
but because Cu is not readily translocated within the palm, Cu toxicities
in soil usually do not result in foliar symptoms. However, foliar appli-
cations of soluble Cu compounds cause necrotic spotting and leaflet tip
necrosis in tissue contacted by the spray (Poole and Conover 1982b;
Chase and Poole 1984; Elliott et al. 2004). Insoluble “fixed” Cu com-
pounds used as fungicides cause similar symptoms in palms, but are less
severe (Chase and Poole 1984). Chelates of other micronutrients such as
Fe can also be phytotoxic when applied to the foliage of palms at
recommended rates or at excessive rates to the soil (Chase and Poole
1984; Elliott et al. 2004). Symptoms of soil-applied Fe chelate toxicity
include leaflet tip necrosis and necrosis of the central veinal regions of
the leaflets (Elliott et al. 2004).

Fluoride Toxicity. Leaflets of palms exposed to F show necrotic lesions,
usually arranged in parallel rows along the longitudinal axis (Elliott et al.
2004). Leaflet tip necrosis occurs in more severely affected palms and
symptoms are most severe on older leaves (Poole and Conover 1981a,b,
1982a). Poole and Conover (1981a,b) demonstrated that equivalent
concentrations of F from superphosphate fertilizer were more toxic to
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C. elegans, C. seifrizii, andD. lutescens than those fromNaF. Addition of
dolomite reduced the solubility of F in the soil and reduced foliar
necrosis in these species. Woltz and Waters (1978) demonstrated that
palms are moderately to severely susceptible to foliar injury caused by
HF fumes.

Other Air Pollutant Toxicities. Airborne sulfur dioxide has been shown
to cause red-orange necrosis parallel to the veins and leaflet margins in
D. lutescens (Howe and Woltz 1981). Mid-canopy leaves were most
susceptible in this species.

Herbicide Toxicities. Toxicity symptoms for a wide range of poste-
mergent herbicides applied to the soil around palms or directly to their
foliage have been reported for field-grown C. nucifera and E. guineen-
sis (Romney 1964, 1965; Kee and Brown 1968; Kasasian et al. 1968;
Huat and Leong 1994) and ornamental palms are likely to respond
similarly. Broschat and Busey (2010) showed that metsulfuron applied
to the soil of container-grownW. bifurcata produced a single crumpled
and kinked new leaf ∼6 months after application. Donselman and
Broschat (1986) showed that any effects of foliar-applied glyphosate to
nine species of container-grown ornamental palms were confined to
one or two new distorted leaves, with subsequent new leaves emerging
symptom-free. Toxicity symptoms of preemergent herbicides were
generally similar, with leaf necrosis, stunting, and distortion appearing
only on new leaves that may not emerge for 6–8 months following
application (Donselman and Broschat 1986; Broschat 2000; Elliott et al.
2004). Among preemergent herbicides studied, only metolachlor pro-
duced auxin-like symptoms of branching and lateral growth (Meerow
and Broschat 1991).

2. Temperature-Related Disorders

Cold Damage. Root and shoot growth occur year-round in southern
Florida, and their rates were found to be highly correlated with air and
soil temperatures in R. regia, C. nucifera, and S. romanzoffiana, but
only for primary root growth in P. roebelenii (Broschat 1998a). How-
ever, at temperatures below 10°C, chilling injury can occur in tropical
species. Symptoms of chilling injury include leaflet necrosis and/or
yellow or reddish blotches on the surface of the leaflets but not the
rachis or petiole. Symptoms occurred on all but the youngest expand-
ing or unexpanded leaves (Broschat 2010a). Temperatures below
freezing cause similar symptoms, but can also affect the petiole, rachis,
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younger leaves, inflorescences, roots, and the apical meristem. Larcher
and Winter (1981) have shown experimentally that palm tissues such
as the apical meristem, spear leaf tip, newly expanding leaves, and
petioles are much hardier than inflorescences, roots, leaflets, and the
base of the spear leaf. Based on these findings, Broschat (2010a)
concluded that the status of the apical meristem could be predicted
based on the similar cold tolerance of the petioles of a palm. Because
the base of the spear leaf is one of the most cold-sensitive tissues and
is usually degraded by secondary bacteria and fungi, spear leaf basal
rot is not a good indicator of the viability of the apical meristem
even though the two tissues are in proximity within a palm canopy.
Partially developed young leaves within the canopy are the most
susceptible to cold injury, but damage to these leaves does not become
apparent until they emerge several months after the cold event. These
leaves typically have truncated tips, but are usually followed by
progressively more normal-appearing leaves. In C. Nucifera, prolonged
chilling or freezing temperatures can cause permanent damage to trunk
tissue in the top 2m of the trunk. This injured trunk tissue can become
infected with secondary microorganisms that can ultimately kill the
palm (Broschat 2010a).

Numerous studies have documented the relative cold hardiness of
various species of ornamental palms (Smith 1958, 1964; Barry 1961;
Kellett 1969; Martens 1970; Anderson 1971; Hintz 1978; Larcher and
Winter 1981; Goldstein 1989; Doughty et al. 1992; Campbell 1997;
Noblick 1998; Francko and Wilhoite 2002; Meerow 2005, 2006; Riffle
et al. 2012). However, the temperature at which damage occurs in a palm
is strongly influenced by the palm’s acclimation, its environment, the
duration of the cold, windy conditions, and other factors (Francko 2000;
Hodel 2012). Broschat (2010b) observed that fertilized C. nucifera
exhibited less chilling injury than unfertilized palms.

Due to concerns that apical meristems might be affected by secondary
bacterial and/or fungal rots of cold-killed spear leaf bases, some investi-
gators have recommended drenching the bud area of cold-injured palms
with broad-spectrum fungicides such as copper compounds (Chase and
Broschat 1991; Meerow 1994b; Broschat and Meerow 2000; Elliott et al.
2004; Broschat 2010a; Hodel 2012). However, there is no research that
conclusively demonstrates that fungicides are effective in preventing
invasion of healthy meristematic tissue or even that healthy meristems
are susceptible to attack by these secondary microbes.

Ornamental palms may be protected to varying degrees from cold
injury by shelters or covers of various designs, trunk wrapping, fans,
applying water via flood or overhead irrigation, portable heaters, or
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heavy mulching for small palms (Broschat and Meerow 2000; Hodel
2008, 2012).

Excessive Heat Injury. Hodel (2012) describes new leaves emerging
chlorotic or necrotic under hot dry conditions in southern California
and attributes these symptoms to excessively high temperatures. Palms
native to high elevations such as Ceroxylon spp. grow poorly in warm
to hot climates (Hodel 2012).

3. Water-Related Problems

Drought. Although palm foliage rarely exhibits “wilt” symptoms,
palms under severe water stress may show folded leaflets or necrosis
of the central or peripheral parts of the leaves (Chase and Broschat
1991; Broschat and Meerow 2000; Elliott et al. 2004; Hodel 2012).
Unless it is necrotic, dehydrated palm foliage can often rehydrate with
no visible symptoms (Chase and Broschat 1991; Elliott et al. 2004). In
severely water-stressed R. regia, upper parts of the trunk may buckle
inward. When dissected, the affected portions of the trunk show
extensive contraction of the parenchyma tissue and hollowing of
the trunk (Elliott et al. 2004). Water-stressed W. robusta trunks may
also become hollow, with only loose dried vascular bundles remaining
in the central portion of the trunk. Other species may show only mild
shriveling of the trunk surface.

Excessive Water Uptake. The thin-walled parenchyma cells that pre-
dominate in the central portion of palm trunks can expand and contract
in response to changes in water potential (Holbrook and Sinclair 1992a,
b). However, over time, lignified fibers associated with vascular bundles,
which are concentrated near the periphery of the trunk in most species
(Tomlinson 1990), render the outer cylinder much more rigid. When
excess amounts of water are taken up by the parenchyma cells, the
hydraulic pressure exerted within the palm trunk can result in vertical
splitting of the more rigid outer cylinder of the stem (Chase and Broschat
1991; Broschat and Meerow 2000; Hodel 2012).

4. Salt Injury. Salts, whether from seawater, applied fertilizers, or
irrigation water, can cause desiccation of root or leaf tissue in palms
through osmotic action. In coastal areas subject to strong onshore winds,
salt spray can cause extensive leaflet tip necrosis in susceptible species
(Chase and Broschat 1991; Broschat andMeerow 2000; Elliott et al. 2004;
Hodel 2012). High soluble salts concentrations in the soil can similarly
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cause injure palm roots inmany species. Symptoms of soil salt injury are
extensive root tip necrosis, leaflet tip necrosis on all but the youngest
leaf, wilting, and eventually, death (Chase and Broschat 1991; Broschat
and Meerow 2000; Elliott et al. 2004). Newly emerging leaves of affected
palmsmay show Fe chlorosis symptoms due to reduced root surface area
for uptake of Fe (Broschat and Meerow 2000; Elliott et al. 2004).

A number of papers present observational data on the relative salt
tolerance of various palm species, although some do not differentiate
between foliar salt tolerance and root salt tolerance (Koebernik 1966;
Broschat and Meerow 1991; Bezona et al. 1996; Meerow 2006; Hodel
2012; Riffle et al. 2012). Experimental determination of salt tolerance of
the roots has been published for 11 species of cold-tolerant palms (Furr
and Ream 1968; McConnell et al. 1976, 1978; Perry and Williams 1996;
Miyamoto et al. 2004). In all of these studies, increasing salinity
decreased palm growth rate.

5. Root Suffocation. Palms planted too deeply or growing in poorly
aerated soils typically exhibit symptoms of chronic Fe, or occasionally
Mn, deficiency, poor growth, wilting of the foliage, shriveling of the
trunk, and even death (Broschat 1995b; Broschat and Meerow 2000;
Elliott et al. 2004; Hodel 2012). Insufficient oxygen in the root zone
reduces root respiration and activity and can ultimately kill the roots.
Palms stressed by root suffocation may be invaded by secondary root
pathogens or insect pests (Elliott et al. 2004).

6. Shallow Planting (Inverted Root Cone). If container-grown palms are
planted too shallow (i.e., the bottom of the stem is not in direct contact
with the soil), newly emerging roots from the stem base may cease their
development and thus never penetrate the soil (Broschat and Meerow
2000; Elliott et al. 2004; Hodel 2012). Because the base of most palm
stems is shaped like a “V” or inverted cone, palms planted too shallow
will reveal this profile. Another cause of inverted root cone, especially in
palms in turfgrass, is damage from mowers and monofilament line
trimmers, which sever or inhibit roots growing on the stem periphery,
preventing them from reaching the soil (Hodel 2012). These palms will
be anchored and suppliedwithwater and nutrients only from those roots
originating from the very bottom of the stem axis and may eventually
topple over. This situation is easily corrected by mounding up soil
around the stem base.

7. Lightning Injury. Palms are highly susceptible to lightning strikes
and, unlike non-palm, such strikes to palms are invariably fatal.
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Symptoms include a near total collapse of the leaves in the canopy
against the trunk, often with only the spear leaf intact (Chase and
Broschat 1991; Elliott et al. 2004). Vertical splitting of the trunk is
occasionally observed (Elliott et al. 2004). Typically, rust-colored, some-
times bleeding, exit wounds will be visible on the bottom meter of the
trunk even if the canopy is initially unaffected. Secondary rots occurring
in the vicinity of these exit wounds ultimately kill the vascular system
and the canopy wilts and die as a result. Although canopy collapse in
lightning-struck palms is immediate, in cases where only the trunk
shows injury, death may be delayed for up to 6 months. It is not unusual
for a single lightning strike to kill multiple palms.

8. Powerline Decline. Unlike broadleaf trees, palms are highly sensitive
to electromagnetic fields present near high-voltage power lines (Chase
and Broschat 1991; Broschat andMeerow 2000; Elliott et al. 2004; Hodel
2012). Symptoms occur on all leaves within the palm canopy, not just
those closest to or touching the wires. Leaf tips will be chlorotic or
necrotic, while the basal 3/4 of the leaf remains green. Death from
powerline decline is rare.

9. Sunburn. Sunburn can occur on shade-grown leaves when exposed
to high light intensities. Symptoms appear as necrotic lesions in the
central portions of a leaf that is held in a horizontal position (Chase and
Broschat 1991; Broschat and Meerow 2000; Elliott et al. 2004; Hodel
2012). Leaves grown under shade conditions cannot acclimate to high
light intensities, but will eventually be replaced by leaves that developed
under high light.

10. Wind Damage. Palm trunks are generally quite tolerant of high
winds, but occasionally will snap at some height above the ground,
or even uproot. Leaves subjected to high winds may show tattered
leaflets, snapped petioles, or “flagging” of leaf tips (Elliott et al. 2004;
Hodel 2012). Strong winds may produce chlorotic new leaves that are
the result of the spear leaf being forced open prematurely (Broschat and
Meerow 2000; Hodel 2012). These typically green up within a couple of
days. Griffith et al. (2008) have correlated cyclone tolerance in palm
species with the frequency of such storms in their country of origin.

11. Other “Disorders”. A number of conditions that would be consid-
ered abnormalities in most plants are in fact normal for some species of
palms. Broschat and Elliott (2007) have termed these “normal abnor-
malities.” The pseudobark on the lower portions of palms can slough
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or erode away, exposing the vascular bundles of the central cylinder
(Broschat and Elliott 2007; Hodel 2012). No pathogens have ever been
isolated from such areas and it is not known why this occurs (Broschat
and Elliott 2007). It is often severe in palms exposed to eroding forces
such as wind-driven sand or irrigation heads (Hodel 2012), but can
occur in landscapes or natural forest stands that are totally protected
from such forces. It does not appear to affect the health of palms even
though a substantial proportion of the trunk cross-sectional area may
have eroded.

On multistemmed palms, the first leaf or leaves emerging as offshoots
or branches are typically crumpled and are similar in appearance to
those produced by B-deficient palms (Broschat and Elliott 2007; Hodel
2012). Subsequent leaves on the new shoot will emerge normal in
appearance.

B. Nutritional Problems

1. Diagnosis of Nutrient Deficiencies. Since sufficiency ranges for
foliar nutrient elemental concentrations have been published only
for C. elegans, Chamaedorea erumpens, D. lutescens, H. forsteriana,
P. roebelenii, R. excelsa, and E. guineensis (Chase and Broschat 1991;
Jones et al. 1991; Mills and Jones 1996; Broschat and Meerow 2000;
Elliott et al. 2004), diagnosis of nutritional problems by leaf analysis
is not as useful for the wide range of palm species grown as ornamen-
tals as it is for other crops. Mills and Jones (1996) provided survey
results for nutrient concentrations for six additional species, but these
values do not define critical concentrations for essential elements
and nutrient sufficiency levels are unknown for the vast majority of
cultivated palm species. Standards for all elements are based on the
central leaflets collected from the youngest fully expanded leaf. How-
ever, for mobile elements such as N, P, K, and sometimes Mg and
Mn, older leaves may be better indicators of palm nutritional status
(Broschat 1997a).

Soil analysis is frequently used for determination of nutrient require-
ments in many agronomic crops, but because data on sufficiency levels
of the various nutrients in the numerous soil types, climates, and palm
species involved do not exist, soil analysis as a diagnostic technique is
less useful for ornamental palms.

The primary method by which nutritional deficiencies are diagnosed
is visual symptom identification. Broschat and Elliott (2009b), Broschat
and Meerow (2000), Chase and Broschat (1991), and Elliott et al. (2004)
published full color photographic illustrations of all known nutrient
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deficiency symptoms. Interactive keys for identifying nutritional, phys-
iological, and disease problems in ornamental palms are available online
(Broschat et al. 2010, 2013).

2. Nitrogen Deficiency. Nitrogen deficiency begins as an overall light
green discoloration that affects the oldest leaves first, but eventually all
but the spear leaf will be affected. As the deficiency progresses, growth
virtually stops, with very light green foliage and tapering of the trunk
(pencil-pointing) (Bull 1961a; Manciot et al. 1979; Broschat 1984).

Nitrogen deficiency is rather uncommon in landscape or field
nursery situations, but is often observed in S. romanzoffiana in
California and in Ravenea rivularis in both California and Florida
(Broschat 2011e; Hodel 2012). It is also common in D. lutescens in
Florida where it results in golden-colored leaf bases, petioles, and
rachises (Broschat 2011e).

Becausemicrobesdegrading organicpotting substrate components such
as pine bark strongly compete with plant roots for N and most forms of
N are highly leachable, N deficiency is the most common nutrient defi-
ciency in container production (Broschat 2011b). Palms transplanted from
containers into the landscape are highly prone to N deficiency during the
first 6–12 months or until their roots become established in the mineral
soil of the landscape (Broschat and Moore 2010).

3. Phosphorus Deficiency. Phosphorus (P) deficiency is relatively rare
in palms in the United States, but may be more common than thought
due to the similarity of its symptoms to N or K deficiency (Broschat and
Meerow 2000). Symptoms in most species include a pale olive green to
yellow discoloration of all leaves with leaflet tip necrosis on the oldest
most severely affected leaves (Bull 1958; Broschat 1984). Purplish-
brown spots may occur on the older leaves of E. guineensis, C. elegans,
and B. odorata (Bull 1958; Chase and Broschat 1991; Hodel 2012).
However, the most important symptom of P deficiency is a nearly
complete cessation of growth (Broschat 1984). Phosphorus deficiency
has not been reported from container-grown palms, but occurs in some
landscape soils in Florida (Broschat and Elliott 2009a).

4. Potassium Deficiency. Potassium deficiency is the most widespread
nutrient deficiencyof landscape- andfield-grownpalms inNorthAmerica
and the West Indies, being most prevalent in highly leached sandy or
limestone soils (Chase and Broschat 1991; Elliott et al. 2004). In California
it is most common in palms grown in turfgrass subjected to frequent
irrigation and high-N fertilizers, especially Phoenix and Sabal spp.
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(Hodel 2012). It is relatively uncommon in container-grown palms
(Broschat 2011b). Symptoms are most severe on the oldest leaves and
appear as translucent yellow-orange and/or necrotic spotting, followed
by leaflet tip necrosis and frizzling (Bull 1961a; Broschat 1984, 1990). In
some species such as Roystonea spp., leaflet tip necrosis and frizzling are
the only symptoms. Potassium deficiency symptoms are most severe
toward the tip of older leaves and least so toward the base (Elliott et al.
2004). Potassium deficiency results in premature leaf senescence and is a
strongdeterminant of thenumber of leaves that a palmcan support (Elliott
et al. 2004; Broschat andGilman 2013). BecauseK is highlymobilewithin
palms, under deficiency conditions, it is resorbed from older leaves and
translocated to the newly developing leaves so that growth continues in
the absence of sufficientK in the soil (Broschat 1997a). Routine removal of
K-deficient leaves has been shown to accelerate the rate of decline from
this deficiency in P. roebelenii (Broschat 1994e). In severely K-deficient
palms, where all leaves are symptomatic, new leaves will emerge
chlorotic, frizzled, and reduced in size. Trunk diameter tapers and death
of the meristem typically follows (Chase and Broschat 1991; Elliott et al.
2004). Treatment with K fertilizers over a long period of time will
gradually increase the total number of leaves in the canopy, but the
lowest leaves in the canopy will remain symptomatic until the canopy
reaches its normal full size (Broschat and Gilman 2013). Then sympto-
matic leaves will eventually be replaced with green leaves. Treatment of
moderate K deficiency in Florida requires 3 or more years of intensive
fertilization utilizing controlled-release K fertilizers. High N:K ratio
fertilizers are known to induce or exacerbate K deficiency symptoms in
palms (Broschat 2009).

5. Magnesium Deficiency. Magnesium deficiency is relatively com-
mon in landscape palms throughout the world’s tropics and sub-
tropics, being most common in highly leached soils (Elliott et al.
2004; Hodel 2012). It can occur in container-grown palms if insuffi-
cient Mg from dolomite is present in the substrate or if palms remain in
a container long enough to exhaust substrate Mg supplies (Elliott et al.
2004; Broschat 2011b).

Symptoms of Mg deficiency appear on the oldest leaves unless
K deficiency is also present, in which case K deficiency symptoms
will be present on the oldest leaves and Mg deficiency symptoms on
mid-canopy leaves (Broschat 2009). Magnesium-deficient leaves have
broad yellow bands along the margins of the leaves or individual leaflets
with the central portions of the leaves or leaflets remaining distinctly
green (Bull 1961a; Dickey 1977; Broschat 1984; Elliott et al. 2004). In
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severe cases, the entire leaf except for the rachis becomes chlorotic and
leaflet tip necrosis may also be present. Magnesium deficiency is rarely
fatal to palms.Magnesium deficiencies can be induced or exacerbated by
high N:Mg or K:Mg ratio fertilizers (Broschat 2009).

6. Iron Deficiency. Iron (Fe) deficiency in palms is often the result of
soil or root problems that affect the uptake of Fe. Poor root zone aeration
due to poorly drained soils, deep planting, or excessive irrigation
typically causes chronic Fe deficiency symptoms (Broschat and
Donselman 1985; Elliott et al. 2004; Broschat 2009). High soil pH can
also induce Fe deficiencies in palms, although to a much lesser degree
than in other types of plants (Broschat 1994c, 2009; Elliott et al. 2004).
Iron deficiency is common in container-grown palms where the organic
substrate components have degraded, resulting in reduced aeration in
the root zone. Root rot diseases in container-grown palms will also
exhibit Fe deficiency symptoms above ground (Broschat and Donselman
1985; Broschat 2009).

Symptoms of Fe deficiency include interveinal or uniform chlorosis of
the youngest leaves (Bull 1961b; Broschat 1984, 2009; Elliott et al. 2004).
In a few species such as S. romanzoffiana and Rhapis spp., new leaves
will often show diffuse green spotting superimposed upon a chlorotic
background (Elliott et al. 2004; Broschat 2009). Although chlorotic Fe-
deficient new leaves often eventually regain their green color, in chronic
cases the entire canopy can become chlorotic. In severe cases, new
leaves may emerge nearly white in color with necrotic tips (Elliott et al.
2004; Broschat 2009).

7. Manganese Deficiency. Manganese deficiency is a common prob-
lem in palms growing in alkaline soils, but binding of Mn by com-
posted sewage sludge products has also been shown to induce severe
Mn deficiencies in palms (Broschat 1991a; Elliott et al. 2004). Cold soil
temperatures can also cause transient Mn deficiencies in palms due
to the effects of temperature on root metabolic rates (Broschat and
Donselman 1985).

Symptoms of Mn deficiency develop on newly developing leaves as
chlorosis with longitudinal necrotic streaking. As symptoms progress,
leaflet tips become necrotic and curled or frizzled, hence the common
name “frizzletop” (Bull 1961b; Broschat 1984; Elliott et al. 2004).
Eventually only necrotic petiole stubs may emerge and the palm may
die. Manganese deficiency symptoms are most severe toward the base of
leaves, in contrast to K deficiency, which causes similar leaflet frizzling
on leaf tips (Broschat 2009).
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8. Boron Deficiency. Boron deficiency is a common disorder of palms in
both humid and desert climates throughout the world (Manciot et al.
1980; Elliott et al. 2004; Patnude and Nelson 2012). Leaching of B out of
the root zone by heavy rainfall is a common cause of transient B
deficiencies in wet climates, but drying of soils can bind B and result
in chronic B deficiencies in dry climates (Broschat 2009). Boron
deficiency is rare in container-grown palms unless no B-containing
fertilizers have been used.

Symptoms of B deficiency are extremely variable, even within a
single species. Mild symptoms include transverse or longitudinal
translucent streaks in the leaflets, puckering of the leaflets, and sharply
hooked leaflet tips (hookleaf) (Rajaratnam 1972b; Brunin and Coomans
1973; Marlatt 1978; Dufour and Quencez 1979; Broschat 1984, 2009;
Corrado et al. 1992; Elliott et al. 2004; Hodel 2012). Transient B
deficiency is typically expressed as angular truncation of the leaf
tips and can be the result of heavy rainfall leaching B out of the
root zone for as little as 1 day (Broschat 2009). This transient B
deficiency affects tiny developing leaves, so the symptoms do not
become visible until that leaf emerges ∼4 or 5 months after the
deficiency occurred. The palmmay have gone through multiple phases
of B deficiency and sufficiency in the mean time. More severe B
deficiency may be manifested by crumpling of leaves (accordion
leaf), reduction in leaf size, epinasty and loss of geotropism, multiple
and incompletely opened spear leaves, branching, floral necrosis,
premature fruit drop, and death of the palm (Broeshart et al. 1957;
Bull 1961b; Ollagnier and Valverde 1968; Rajaratnam 1972a; Brunin
and Coomans 1973; Manciot et al. 1980; Corrado et al. 1992;
Kamalakshiamma and Shanavas 2002; Broschat 2007a,b). Leaves of
B-deficient palms are often brittle, hence the name “brittleleaf.”
Epinastic growth in B-deficient palms is believed to be the result of
excess accumulation of auxin (indoleacetic acid) (Rajaratnam 1972a).

9. Other Nutrient Deficiencies. Calcium deficiency symptoms have
been induced in sand culture for C. elegans, E. guineensis, and H.
forsteriana, but have never been documented in palms in production
or landscape situations (Bull 1958; Broschat 1984; Chase and Broschat
1991; Elliott et al. 2004). Symptoms include stunted, deformed new
leaves that fail to open normally. Leaflets become necrotic with only the
petiole base remaining alive. The petiole bases have a water-soaked
appearance. Death of the meristem follows.

Chlorine deficiency symptoms have been induced in sand culture
for C. mitis where they appear as mildly chlorotic new leaves and in
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P. roebeleniiwhere the chlorosis was more severe and was accompanied
by incomplete separation of the leaflets. This incomplete separation
gives the leaves a ladder-like appearance (Broschat 1984; Elliott et al.
2004). Fruit size and production and plant vigor were reduced in Cl-
deficient C. nucifera and E. guineensis (Ollagnier and Ochs 1971; Magat
et al. 1988).

Copper deficiency has been documented on E. guineensis growing in
peat soils inMalaysia (Ng and Tan 1974), but has never been observed in
ornamental palms. Symptoms have been induced in sand culture by
Broschat (1984) for C. elegans, H. forsteriana, and P. roebelenii. Symp-
toms include new leaves that are reduced in size, malformed, and have
necrotic margins. Chlorosis of the youngest leaves is prominent in P.
roebelenii, and E. Guineensis, but is less so in C. elegans and nonexistent
in H. forsteriana. As symptoms progress, only necrotic petiole stubs
emerge and death of the meristem follows (Broschat 1984; Chase and
Broschat 1991; Elliott et al. 2004).

Molybdenum deficiency has never been documented under natural
growing environments, but has been induced in sandculture forC. elegans
and P. roebelenii (Broschat 1984). New growth of Mo-deficient palms
was chlorotic with large necrotic areas near the leaflet tips and margins.
Leaves were deformed and reduced in size and, in severe cases, only
petiole stubs emerged followed by death of the meristem (Broschat 1984;
Elliott et al. 2004).

Sulfur deficiency appears to be relatively rare in ornamental palms,
but it may be underdiagnosed due to the similarity of its symptoms to
those of N or Fe deficiency. It has been documented in C. nucifera in
Madagascar and Papua New Guinea (Southern 1969; Ollagnier and
Ochs 1972). Symptoms have been induced in sand culture forC. elegans,
C. mitis, D. lutescens, H. forsteriana, and E. guineensis (Broeshart et al.
1957; Bull 1961a; Broschat 1984). Uniform chlorosis or chlorosis of
leaflet tips occurs in the new leaves of C. elegans, C. mitis, E. guineensis,
and D. lutescens, but inH. forsteriana this chlorosis affects oldest leaves
first. Severely affected leaves are reduced in size, extremely chlorotic,
and have necrotic leaflet tips.

Zinc deficiency has not been documented in ornamental or agronomic
palms, but has been induced in sand culture for C. elegans, P. roebelenii,
D. lutescens, H. forsteriana, and E. guineensis (Bull 1961b; Marlatt and
McRitchie 1979; Broschat 1984). Symptoms appear on new leaves as
an interveinal chlorosis in C. elegans and P. roebelenii, but not in
D. lutescens and H. forsteriana (Broschat 1984; Elliott et al. 2004). As
symptoms progress, leaflet tips become necrotic, the necrosis increasing
until only necrotic petiole stubs remain. Death of the meristem follows.
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C. Diseases

Since this chapter concerns ornamental palms, the diseases and arthropod
pests of palms discussed below are focused on palms grown and used in
the landscape or interiorscape. Zaid (2002), Corley and Tinker (2003), and
Batugal et al. (2005) have reviewed diseases and pests of C. nucifera, E.
guineensis, andP.dactylifera inproduction settings, respectively. Because
palmsareused for food andoil, aswell asornamentals, andhavemoved far
beyond their endemic range, the importance of diseases varies with the
use and location of the palm. Thus, while Fusarium wilt is the primary
lethal disease of P. dactylifera in some date-producing countries of
North Africa, this disease does not occur in the United States, where
P. dactylifera is used as a landscape plant as well as in date production.

The palm diseases discussed below do not include every disease
known to occur in palms, nor is it a complete literature review. Instead,
it concentrates on the diseases associated with palms used as ornamen-
tals or diseases that could become serious threats in the landscape. The
diseases are presented based on the pathogen group and not on the
portion of the palm affected by the pathogen.

For ornamental palms especially, there are many reports of a “poten-
tial” pathogen being isolated from diseased palm tissue but no follow-up
regarding its pathogenicity on healthy palms (e.g., contrast Ligoxigakis
et al. (2013b) with Liu et al. (2010)). Thus, while the USDAARS database
(Farr and Rossman 2013) lists 557 fungus–host combinations for C.
nucifera, many of these are based simply on reports of isolations from
country or state databases, such as the one in Florida (Alfieri et al. 1994)
and not necessarily on completion of Koch’s postulates, which estab-
lishes pathogenicity.

1. Virus and Viroid Diseases. Only three viruses are known to affect
palms: coconut foliar decay nanavirus, limited to C. nucifera in the
Republic of Vanuatu (Labouisse et al. 2011); African oil palm ringspot
virus, limited to South America oil palm production (Lozano et al. 2010);
and potyviruses. The latter have only been documented in two orna-
mental species: R. regia in Australia (Thomas et al. 1993) andW. robusta
in California (Mayhew and Tidwell 1978).

Two viroids that affect palms are coconut cadang–cadang viroid
(CCCVd) and coconut tinangaja viroid. While they primarily cause
serious diseases of C. nucifera (Hodgson et al. 1998; Hanold and Randles
1991b) and E. guineensis (Randles et al. 2009) in Oceania and southeast
Asia, CCCVd has been detected in other palm species in this region
(Hanold and Randles 1991a; Rodriguez et al. 2003).
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2. Bacterial Diseases. The number of palm diseases caused by bacteria
is limited, as is the number of palm species affected and the geographic
range of the diseases. Bacterial leaf disease pathogens include Acid-
ovorax avenae ssp. avenae of C. mitis in Florida (Knauss et al. 1978) and
Burkholderia andropogonis of D. lutescens in Australia (Young et al.
2007) and of A. catechu in Taiwan (Hseu et al. 2007). Sudden decline in
the disease of P. dactylifera is caused by Erwinia chrysanthemi in Saudi
Arabia (Abdalla 2001). A bacterial bud rot disease of W. filifera in Egypt
is reported to be caused by Ralstonia solanacearum (El-Mougy and Abd-
El-Kareeem 2004), while bud rot disease of R. regia and A. catechu in
Mauritius is caused byXanthomonas axonopodis pv. vasculorum (Orian
1947, 1948).

3. Phytoplasma Diseases. Phytoplasmas are unculturable, cell wall-
less bacteria. They are transmitted from plant to plant by insect vectors
of the order Hemiptera, primarily leafhoppers, planthoppers, and psy-
llids. Lethal diseases of C. nucifera that we now associate with phyto-
plasma pathogenswere first described in the Caribbean as early as 1834.
While these diseases do occur in production fields of C. nucifera, they
are just as important in the landscape because C. nucifera is a dominant
palm in tropical and subtropical landscapes. All of the phytoplasmas
identified thus far from palms in the Caribbean Basin and the Gulf of
Mexico belong to the 16SrIV group (coconut lethal yellows group),
which is comprised of six subgroups (Ntushelo et al. 2013). Phytoplas-
mas are divided into 28major 16Sr groups based on analysis of the 16Sr
RNA gene (Wei et al. 2007).

The dominant disease is lethal yellowing (LY), which specifically
refers to the disease caused by subgroup 16SrIV-A, a pathogen detected
in the Caribbean Islands (eight countries), Central America (four coun-
tries), and the Florida peninsula (Ntushelo et al. 2013). While the
pathogen has been confirmed in over 35 palm species, some are more
susceptible than others, with C. nucifera being the dominant susceptible
species (Harrison and Jones 2004). Recently, subgroup 16SrIV-D has
been detected more widely, both in palm hosts and geographic area, in
Florida and Texas, Puerto Rico, the Yucatan peninsula of Mexico, and
Central America (Harrison et al. 2002, 2008, 2009; Rodrigues et al. 2010;
Aviña-Padilla et al. 2011; Vázquez-Euán et al. 2011). While this sub-
group was initially identified as pathogenic to Phoenix spp., it has been
detected in a number of palm species, including indigenous palms such
as S. palmetto, S. mexicana, Pseudophoenix sargentii, Roystonea sp.,
and Thrinax radiata. Three other subgroups, 16SrIV-B, 16SrIV-E, and
16SrIV-F, occur in palms in the Caribbean Basin, but their geographic

1. ORNAMENTAL PALMS: BIOLOGY AND HORTICULTURE 79



range has been very limited (Harrison and Oropeza 1997; Roca et al.
2006; Martinez et al. 2007; Harrison et al. 2008; Ntushelo et al. 2013).

C. nucifera breeding programs screening for LY resistance have been
ongoing for over 50 years. Initial results from a program based in Jamaica
indicated Maypan and Malayan Dwarf cultivars were highly resistant to
LY (Whitehead 1968; Harries and Romney 1974). Thus, they became
popular as ornamental palms. However, it became clear over time that
these coconut cultivars were not as resistant as originally believed
(Broschat et al. 2002; Baudouin et al. 2008; Lebrun et al. 2008). The
primary management scheme used to protect phytoplasma-susceptible
palms in the landscape is injection of the antibiotic oxytetracycline
every 3 or 4 months (McCoy 1982).

Other lethal-yellowing-type diseases of C. nucifera occur in sub-Saha-
ran Africa under a wide variety of common names, but they are caused by
phytoplasma groups other than the 16SrIV group. These diseases occur in
Kenya, Tanzania, Cameroon, Ghana, Mozambique, Nigeria, and Togo
(Tymonet al. 1998;Mpunami et al. 1999). Phytoplasmas recently detected
in C. nucifera (India, Malaysia, Papua New Guinea, and Sri Lanka),
P. dactylifera (Saudi Arabia and Sudan), and A. catechu (India) also
do not belong to the 16SrIV group (Cronjé et al. 2000a,b; Alhudaib
et al. 2007; Nejat et al. 2008; Manimekalai et al. 2010a,b; Kelly et al.
2011; Perera et al. 2012).

4. Algal Diseases. Algal leaf spot is most commonly caused by the
filamentous green algae Cephaleuros and Trentepohlia (Joubert and
Rijkenberg 1971). It is important to differentiate between algae that
are present on leaf tissue simply as epiphytes and those that actually
infect living tissue as parasites. While parasitic algae can be found in
association with palms, they are not restricted to palms (Marlatt and
Alfieri 1981).

5. Protozoan Diseases. The protozoans associated with palm diseases
are single-flagellated, phloem-limited trypanosomatids that are cur-
rently placed in the genus Phytomonas. The protozoans causing lethal
wilt diseases of C. nucifera (hartrot or fatal wilt) and Elaeis spp. (march-
itez sorpresiva or sudden wilt) are vectored by a true bug in the genus
Lincus and occur only in the tropical regions of Central and South
America, including Trinidad and Tobago (Dollet 1984, 2001).

6. Nematode Diseases. Red ring disease, caused by Bursaphelenchus
cocophilus, is the most important nematode disease of C. nucifera and E.
guineensis (Griffith 1987). Seventeen palm species are considered plant
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hosts for this nematode. However, some of these palms are classified as
hosts based on successful artificial inoculation via roots and not on
natural infection (Giblin-Davis 2004a). The nematode is thus far
restricted to the Americas, from Mexico southward into the northern
countries of South America and the islands of the Lesser Antilles
(Griffith 1987; Giblin-Davis et al. 2013). It is vectored by the palmweevils
Rhynchophorus palmarum, Dynamis borassi, and Metamasius hemi-
pterus, with R. palmarum the primary vector (Giblin-Davis 2004a).

The burrowing nematode (Radopholus similis) has a very broad plant
host range, but only eight genera of palms are documented as hosts. This
nematode is found throughout the tropics, as it was most likely spread
with banana corms. It is considered an important pest of A. catechu and
C. nucifera in southern India (Giblin-Davis 2004b).

Other nematodes reported in association with palms include root-knot
nematodes (Meloidogyne spp.), reniform nematode (Rotylenchulus
reniformis), lesion nematode (Pratylenchus penetrans), stunt nematode
(Tylenchorhynchus sp.), and spiral nematode (Helicotylenchus sp.).
While the extent of damage is not clear for these pathogens,
their presence can still be problematic due to regulatory issues (Giblin-
Davis 2004c).

7. Oomycete Diseases. TheclassOomycota isno longer classifiedunder
KingdomFungi, as Oomycetes havemore in commonwith protists than
fungi. The only Oomycete genus causing diseases in palms is Phytoph-
thora, with the primary disease being bud rot. Two Phytophthora
species are implicated in C. nucifera bud rot: Phytophthora katsurae
in Hawaii and Africa (Ivory Coast), where it also causes a nut rot, and
Phytophthora palmivora elsewhere in the world (Quillec et al. 1984;
Uchida et al. 1992; Rasmi and Iyer 2010). While P. palmivora is impli-
cated as the bud rot pathogen in E. guineensis in Colombia (Torres et al.
2010), there is still considerable debate regarding the etiological agent(s)
causing bud rot in this palm species in Central and South America
(see de Franqueville (2003) for an overview). Since this palm species
is used for oil production and seldom as an ornamental, no further
discussion regarding the etiological agent will be presented. However,
bud rot caused by P. palmivora is not limited to just C. nucifera and
E. guineensis. The complete host range of this disease is unknown, but
over 30 palm species are reported as hosts from around the world
(Farr and Rossman 2013). However, it is unlikely that pathogenicity
experiments have been completed for all palm hosts listed.

Phytophthora species are also implicated in causing a leaf disease of
C. elegans and D. lutescens, as well as seedling blights, stem rots, and
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petiole rots of numerous palm species (e.g., Nagata and Aragaki 1989;
Faedda et al. 2011). Root rots caused by Phytophthora are limited, with
only a few well documented and always associated with palms grown
in containers (Ploetz and Mitchell 1989; Cacciola et al. 2011; Faedda
et al. 2011).

8. Fungal Diseases. Fungi in the class Ascomycota are consistently
associated with palms in the tropics, but most are not pathogenic to
palms (Fröhlich and Hyde 2000; Hyde et al. 2000). Fungi associated with
a palm in its native habitat are not necessarily the same ones observed
when the palm is moved into the landscape on the other side of the
world. Taylor et al. (2000) demonstrated that the fungi associated with
palms in their native habitat were consistently associated with palms
(multiple species), especially in the tropics. However, the fungi associ-
atedwith these same palms outside of tropical regionswere composed of
fungi considered relatively ubiquitous with a much wider plant family
host range.

Seedling blights, leaf spot, and leaf blight diseases are ubiquitous in
palms in production and in the landscape, and the fungi that cause these
diseases are numerous. However, most of these diseases are more
problematic in young palms (Forsberg 1985), which may only have a
few and smaller leaves (e.g., palm seedling versus mature tree) or in food
production (e.g., Pestalotiopsis palmivora on C. nucifera in production
fields in the tropics). Fungal pathogens with a wide host range, both
within the palm family and other plant families, include but are not
limited to the following: Alternaria, Bipolaris, Botryosphaeria, Botrytis,
Cercospora, Colletotrichum, Curvularia, Cylindrocladium, Exserohi-
lum, Fusarium, Gloeosporium, Pestalotia, Pestalotiopsis, Phaeotricho-
conis, Phyllostica, Pseudocercospora, Rhizoctonia, and Sclerotium
(Elliott et al. 2004; Farr and Rossman 2013).

Leaf pathogens with a host range limited to palms include Annello-
phora phoenicis (Vann and Taber 1985; Farr and Rossman 2013), with a
relatively limited geographic range [Malaysia, New Guinea, Sierra
Leone, the United States (Texas)], and Stigmina palmivora (Simone
2004; Farr and Rossman 2013) and Graphiola spp. (Piepenbring et al.
2012), which have a wider geographic range. False smut is the common
name often used for the disease caused byGraphiola phoenicis, which is
found throughout the world affecting primarily Phoenix spp. The other
Graphiola spp. often have only one palm host with only a few known
geographic locations (Piepenbring et al. 2012). Graphiola is the only
genus of palm leaf pathogens in the Basidiomycota class of fungi
(Oberwinkler et al. 1982).
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A group of Ascomycete pathogens referred to as “tar spot” fungi, due
to the highly melanized stromata formed within leaves and petioles, are
also restricted to the palm family, sometimes just one palm species, and
their geographic range is also quite limited (Hyde andCannon 1999). The
taxonomy of these fungi has been problematic, in part because most
are unculturable and only historical specimens are available. Molecular
analysis may aide in identification and likely lead to continued renam-
ing and reclassification of these fungi in the future (Barr et al. 1989;
Hyde et al. 1997; Silva-Hanlin and Hanlin 1998; Hyde and Cannon 1999;
Wanderlei-Silva et al. 2003).

The pathogens in the “tar spot” fungal group that infect only leaf
blades include Brobdingnagia nigeriensis, Camarotella spp., Coccostro-
mopsis spp., Malthomyces spp., Ophiodothella calamicola, Oxodeora
petrakii, Phaeochora spp., Phaeochoropsis spp., Phyllachora spp., and
Sphaerodothis arengae. The exceptions to the limited host and geo-
graphic range are Phyllachora palmicola (=Catacauma sabal) and
Camarotella acrocomiae (=Sphaerodothis acrocomiae), although both
appear to be restricted to the Neotropics (Hyde and Cannon 1999).

A “tar spot” fungus that affects both the leaves and petioles is
Phaeochoropsis neowashingtoniae, which causes diamond scale, but
only in W. filifera and to a lesser extent in W. robusta and hybrids of the
two species, and only in Arizona, California (USA), and Sonora, Mexico
(Shear 1931; Ohr 1991; Hyde and Cannon 1999; Downer et al. 2009b).
The remaining “tar spot” fungi, Cocoicola and Serenomyces spp., infect
only the petiole and rachis and not the leaf blade, although symptoms are
also observed in the blade due to disruption of vascular tissue in the
petiole or rachis. The disease is called petiole blight or rachis blight,
depending on the palm species being affected. Cocoicola spp. have only
one plant host per species, with each limited to very specific regions
of the world (Barr et al. 1989; Hyde and Cannon 1999; Elliott and Des
Jardin 2006a). Most Serenomyces spp. also have a very limited host and
geographic range, with Serenomyces phoenicis the exception, as it has a
wide geographic range (Hyde and Cannon 1999). As observed in palms
growing in Florida, there may be more Serenomyces species than
currently documented (Elliott and Des Jardin 2006b).

As indicated above, there is a disease called petiole blight or rachis
blight, and two of the pathogens causing it are Cocoicola and Sereno-
myces spp. While these two pathogens are palm specific, other fungal
pathogens with host ranges that often extend beyond the palm family
have also been implicated in this disease, meaning “potential patho-
gens” have been isolated from symptomatic palms, but pathogenicity
studies have not always been completed (contrast Ligoxigakis et al.
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2013b with Liu et al. 2010). Most of these fungi belong to Botryosphaer-
iaceae family, whose taxonomy is in flux (Phillips et al. 2008; Liu et al.
2012) and are often listed in the databases under their animorphs
(asexual state) because the teleomorph (sexual state) was not observed
and molecular techniques were not available for identification purposes
at the time they were first observed.

A lethal disease that affects specific palm species is Fusarium wilt.
Currently, there are four formae speciales of Fusarium oxysporum that
cause this vascular wilt disease of palms, with the host range and
geographic range of these formae speciales varying widely. The only
natural host of Fusariumoxysporum f. sp. elaeidis is E. guineensis (Flood
2006). This pathogen is present in Africa, from Ivory Coast to Democratic
Republic of Congo. The localized disease outbreaks in South America
were probably due to pathogen-infested seed, either palm seed or plants
used for understory growth (Flood 2006). F. oxysporum f. sp. albedinis
occurs only in P. dactylifera and, thus far, only officially documented in
Algeria, Mauritania and Morocco (EPPO/CABI 1997; EPPO 2003). Strict
quarantines onmovement of date palmmaterial have probably helped to
limit the spread of this pathogen beyond these countries. See Hodel and
Johnson (2007) for a description of almost 20-year process required to
import and then release the Medjool variety, now one of the most
popular ornamental date palms in the United States, into the United
States from Morocco.

In contrast, F. oxysporum f. sp. canariensis occurs virtually world-
wide in P. canariensis, probably due to this movement of palm as a
popular ornamental palm. The disease was first described in France
(Mercier and Louvet 1973), but has now been confirmed in Argentina
(Palmucci 2006), Australia (Priest and Letham 1996), Canary Islands
(Hernández-Hernández et al. 2010), Greece (Elena 2005), Italy (Migheli
et al. 2005), Japan (Arai and Yamamoto 1977), and five states in the
United States (California, Florida, Louisiana, Texas, South Carolina,
and Nevada) (Feather et al. 1989; Plyler et al. 1999; Summerell et al.
2001; Elliott et al. 2011; Singh et al. 2011). It has been suggested that
W. filifera is also susceptible, based on information from California and
Australia (Summerell et al. 2001). It is important to note that thus far
this pathogen has not been observed or detected in P. canariensis in
natural palm groves in the Canary Islands, where this palm is endemic,
only in gardens and public parks (Hernández-Hernández et al. 2010).
Downer et al. (2013a) has determined that the pathogen can survive in
California soils for up to 25 years.

The newest Fusarium wilt pathogen is F. oxysporum f. sp. palmarum,
which was observed first in Florida, USA, in S. romanzoffiana and
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W. robusta (Elliott et al. 2010). It has now been isolated from ×Butiagrus
nabonnandii (B. odorata×S. romanzoffiana) (single site) (Elliott et al.
2010) and P. canariensis (Elliott 2011) (single site) in Florida and from
W. robusta in coastal Texas, USA (single site) (Giesbrecht et al. 2013).

Fusarium proliferatrum is another Fusarium species associated with
palm diseases, causing a variety of symptoms and, in some cases, death
of the palm. It has been associated with numerous palm species in Saudi
Arabia (Abdalla et al. 2000), Canary Islands (Hernández-Hernández et al.
2010), Italy (Polizzi and Vitale 2003), Spain (Armengol et al. 2005), and
the United States (Nevada) (Munoz and Wang 2011). This fungus was
isolated in Florida from S. romanzoffiana symptomatic for Fusarium
wilt, but it was determined not to be pathogenic in this palm species
(Elliott et al. 2010).

Three fungal pathogens that appear capable of infecting multiple parts
of the palm, even mature palms, are N. (=Gliocladium) vermoesenii
(Schroers et al. 2005), Thielaviopsis paradoxa (=Ceratocystis paradoxa),
and T. punctulata (=Ceratocystis radicicola).N. vermoesenii is primarily
a palm pathogen, while T. paradoxa causes diseases in multiple plant
families.

N. vermoesenii has been associated with diseases of leaf sheath,
rachis, leaf blade, stem, and bud (apical meristem), with the stem and
bud infections resulting in palm death. The disease is often referred to as
pink rot due to themassive number of pink conidia produced in the palm
host (Downer et al. 2009b). While this fungus is considered cosmopoli-
tan, the actual host and geographic range of this pathogen seems
somewhat limited (Farr and Rossman 2013). This may be due to lack
of official reports or due to a presumed temperature limitation; in vitro,
the fungus did not grow at 33°C and growth was reduced by 50% at 18
and 30°C (Atilano et al. 1980; Downer et al. 2009b). In Florida, the
disease has been documented on nursery material, especially if injured,
but not on mature palms (Atilano et al. 1980). However, in coastal
California (Downer et al. 2009b) and more recently in Crete, Greece
(Ligoxigakis et al. 2013a), it is considered a serious disease of mature
palms—again, more so in injured or stressed palms. The relationship of
this fungus with Fusarium wilt of P. canariensis in California is still
unclear (Downer et al. 2009b).

T. paradoxa has been associated with diseases of many palm parts of
C. nucifera, E. guineensis, and P. dactylifera in production fields
throughout the world. However, in ornamental palms, T. paradoxa
primarily causes a lethal trunk rot in trunk tissue that is not yet highly
lignified. For some palm species, notably C. nucifera, the palm trunk
often exudes a fluid from the point of infection, often referred to as “stem
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bleeding” (Nambiar et al. 1986). Again, while the list of palms reported to
have been affected by T. paradoxa is relatively small (Farr and Rossman
2013), this pathogen has been observed in numerous other palms in the
landscape as a trunk disease of mature palms (M.L. Elliott, pers. observ.).
Completing pathogenicity studies with mature palms is difficult and
expensive, which may explain the short list of official host palms. The
pathogen can infect only wounds; thus, the trunk tissue decay usually
occurs in only one side of the palm (Nambiar et al. 1986; Polizzi et al.
2007; Warwick and Passos 2009).

A second species of Thielaviopsis, T. radicicola, causes a lethal root
disease of P. dactylifera called rhizosis. It is only documented as a
pathogen of P. dactylifera in countries in the Arabian peninsula (Al-
Sadi 2013), California, USA (Bliss 1941), and South Africa (Linde and
Smit 1999).

The only other root pathogen identified in palms is Armillaria, but
this has not been a common occurrence, even in production fields (Farr
and Rossman 2013). Two recent reports include one from Italy (Grasso
et al. 2007) and the United States (South Carolina) (Schnabel and
Bryson 2006), and this fungus is listed from a few palms in Florida
(Alfieri et al. 1994).

Another lethal trunk disease of palms is caused by Ganoderma spp.,
primarily Ganoderma zonatum and Ganoderma boninense, although
other species have been implicated (Steyaert 1967; Moncalvo 2000). In
the United States, only G. zonatum is considered pathogenic to palms,
and it is thus far restricted geographically to the southeastern United
States (Florida and coastal areas of adjoining states), a range that
coincides with that of S. palmetto (Elliott and Broschat 2001). In Florida,
all palms that develop lignified trunks are considered susceptible (see
Elliott and Broschat 2001 for a partial host list). While the fungus may be
observed as a saprophyte on dead hardwood trunks or stumps, it appears
to be specific as a pathogen to the palm family. The same is true for
G. boninense, which is the primary Ganoderma species pathogenic to
E. guineensis on plantations in Southeast Asia (Flood et al. 2000), with
G. zonatum and Ganoderma miniatotinctum now implicated (Wong
et al. 2012). Other palm species, such as C. nucifera and A. catechu, are
affected in Asia, but exact Ganoderma sp. or spp. is still not clearly
defined (e.g., Rolph et al. 2000), although Ganoderma lucidum has been
documented as the pathogen of C. nucifera in multiple states in India
(Bhaskaran 2000). Although Ganoderma spp. are present in association
with palms in Africa (Farr and Rossman 2013), Cameroon is supposedly
the only African country where this pathogen is problematic on
E. guineensis (Tengoua and Bakoume 2005).
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D. Arthropod Pests

The phylum Arthropoda includes two groups of palm pests: insects
(class Insecta) and mites (class Acari). As with palm diseases, some
arthropod pests are more problematic in production of palms for food,
oil, and fiber and less so or not at all in ornamental palms. While some
insects directly affect palms (e.g., caterpillars that destroy leaf tissue),
others are vectors of pathogens (e.g., planthoppers that transmit phyto-
plasmas) and still others are both (e.g., weevils that directly affect palms
and transmit nematodes that cause a disease) (Howard et al. 2001).

Since this chapter cannot possibly examine all arthropod pests of
palms in great detail, we refer the reader to two resources. One is a
book that thoroughly examines all insects associated with palms
worldwide, including beneficial insects, such as pollinators (Howard
et al. 2001). The other is a web resource that provides identification
keys and fact sheets for the known arthropod pests of palms in the
United States, including Hawaii, and the Caribbean Islands, and
arthropod pests that are likely to move into these regions: http://
itp.lucidcentral.org/id/palms/sap/about_palm_resource.html (Redford
et al. 2010). For the purposes of this chapter, the arthropod pests
are first separated by the type of damage they cause in palms (defolia-
tors, sap feeders, or borers), and then by the orders or families of
arthropods that cause the damage.

1. Defoliators. This group of pests primarily chew and consume plant
tissue. While they can attack the palm roots, they are more likely to
consume the leaf tissue, which reduces photosynthesis and, in the case
of ornamental palms, reduces their aesthetic value.While the defoliation
is unattractive but rarely harmful in large palms, complete defoliation
can have adverse effects on seedlings and young palms, which have
fewer and smaller leaves.

Order Lepidoptera. This order includesmoths and butterflies. While the
adults do not harm palms, the larvae (caterpillars) can be voracious
defoliators. Some larvae, in addition to being plant defoliators, are also
harmful to people due to their stinging setae or spines. Examples of the
latter includeAcharia stimulea (saddleback caterpillar),Darna pallivitta
(nettle caterpillar), andAutomeris io (iomoth) (Howard andAbad 2001a;
Nagamine and Epstein 2007; Redford et al. 2010). Problematic species,
which appear to have only palm hosts, include but are not limited to the
following: Litoprosopus futilis (cabbage palm caterpillar), Asbolis capu-
cinus (monk skipper), Homaledra sabalella (palm leaf skeletonizer),
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Brassolis sophorae (brush-footed butterfly), and Omiodes blackburni
(coconut leaf roller) (Howard and Abad 2001a; Redford et al. 2010).

Order Coleoptera. This order includes the beetles and weevils. Wood-
boring weevils associated with palms will be discussed in the borer
section. The most important group of beetles as defoliators of palms are
species within the family Chrysomelidae, in particular the Hispinae
subfamily, which are primarily associated with monocot hosts, includ-
ing palms (Howard and Abad 2001b). In general, species within this
subfamily have not spread much beyond their natural geographic
range. The most well-known genus is Promecotheca, leaf miners of
many palm species in Australasia and southwest Pacific. Brontispa
longissima (coconut leaf beetle) is a species that has spread the farthest
beyond its natural range, although still limited to Australasia and
southwest Pacific. While primarily a pest of C. nucifera, it is known
to affect over 20 other palm species (Redford et al. 2010). A beetle
species common to Florida, USA, is Hemisphaerota cyanea (palmetto
tortoise beetle), easily found on S. palmetto and S. repens, common
native palms. A weevil that is a defoliator is Myllocerus undatus (Sri
Lanka weevil or Asian gray weevil), a new pest in Florida, USA since
2000, which has many plant hosts, including numerous palm hosts
(Thomas 2005; Mayer and Mannion 2011).

Order Orthoptera. This order includes the grasshoppers, which occur
worldwide, but which are not host specific to palms (Moore and Howard
2001). However, dense populations of grasshoppers can easily devour
a small palm.

2. Sap Feeders. Sap feeders are able to harm palms, primarily the
foliage, with their piercing–sucking mouth parts. They may harm the
palm directly, or they may act as vectors of plant pathogens, phytoplas-
mas and protozoans. All sap feeders in the class Insecta belong to the
order Hemiptera, which is currently divided into four suborders; how-
ever, the suborder Coleorrhyncha is not associated with palms. The
other group of sap feeders is mites, which belong to the arthropod class
Acari (Howard 2001).

Suborder Heteroptera. This suborder includes the “true bugs.”One very
host-specific bug, Xylastodoris luteolus, causes damage only in the
popular ornamental palm R. regia. It is documented as occurring only
in Cuba and Florida, USA (Howard 2001), although this is surprising
since this palm is used extensively in the landscape throughout the
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Caribbean Basin and other tropical areas (M.L. Elliott, pers. observ.).
This bug seems to be cyclic in its appearance in Florida, altering between
quiescent and active years (Howard 2001). Although not yet an issue in
ornamental palms in the landscape, the Heteroptera genus Lincus is the
vector of protozoans belonging to the genus Phytomonas, which cause
lethal diseases of C. nucifera and E. guineensis in plantation settings in
the tropical Americas (Dollet 1984, 2001). Exactly which Lincus species
is the vector has yet to be determined (Howard 2001).

Suborder Auchenorrhyncha. The importance of this suborder of insects,
which includes planthoppers, treehoppers, and leafhoppers, is reflected
not in the direct physical damage that these insects might cause, but
rather in that species may be vectors of palm phytoplasmas (Howard
2001; Weintraub and Beanland 2006; Gitau et al. 2009). Haplaxius
(=Myndus) crudus (American palm cixiid) is considered the primary
vector of the phytoplasma that causes lethal yellowing disease in
Florida, USA (Howard et al. 1983; Harrison and Oropeza 1997). This
planthopper is quite likely the vector of this disease in other areas of the
Caribbean Basin, but confirmation is still required. Unfortunately, these
insects are difficult to maintain in the laboratory for transmission tests
(Howard 2001). While adults ofH. crudus are associated with numerous
palm species, the larvae develop in the root zone of grasses (Howard
et al. 1983). Other Haplaxius spp. are suspect vectors of a phytoplasma
disease of C. nucifera in Ghana, but results have not been conclusive
(Dery et al. 1996).

Other planthoppers in this suborder include the derbids (Family
Derbidae), which can be found worldwide in palms, and flatids (Family
Flatidae), which has a limited number of species associated with palms.
Neither family is considered a serious pest of palms (Howard 2001;
Redford et al. 2010).

Suborder Sternorrhyncha. Included in this suborder are aphids, white-
flies, mealybugs, and scales. The only important aphid genus associated
with palms is Cerataphis, with species found worldwide. This aphid is
often confused for a scale because its legs are short and hidden beneath
its body and a white waxy fringe surrounds the usually sessile body
(Howard 2001; Redford et al. 2010).

While whiteflies are noted in association with palms, and species of
whiteflies have been found in C. nucifera throughout the world, they
have only occasionally been serious pests.Aleurodicus is a genus of note
as the most serious whitefly population explosions have been in this
genus and because of its diagnostic characteristic of laying eggs in spirals
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(Howard 2001). Aleurodicus dispersus was initially only known in the
neotropics, but is now found throughout the tropics. In southern
Florida, USA, Aleurodicus rugioperculatus, which appears to have
originated in Central America, has infested hundreds of plants, includ-
ing many palm species (Stocks and Hodges 2012). While damage to the
palm by A. rugioperculatus may not be all that extensive, the whiteflies
produce copious amounts of honeydew excretion (literally dripping
from the palm), which then leads to development of sooty mold, a
fungus that uses the honeydew for a food source. Together, the honey
dew and sooty mold are considered the real nuisance (Mannion 2010).

Mealybugs arewidely reported in palms, but only a few are considered
palm specific. Nipaecoccus nipae (coconut mealybug) is native to
Oceania and Southeast Asia, but is found in the Americas and Europe,
especially in glasshouse and containerized palms (Howard 2001;
Redford et al. 2010). Palmicultor palmarum, Pseudococcus longispinus,
and Dymicoccus spp. are also widely distributed (Howard 2001). While
mealybug infestations of mature palms often go unnoticed, infestations
can kill seedling palms, especially under greenhouse and shadehouse
conditions (Howard 2001).

The scale insects are commonly divided into soft scales and armored
scales. Three soft scale species with a wide host range and distribution
are Ceroplastes floridensis (a wax scale), Coccus hesperidum, and
Eucalymnatus tessellatus (tessellated scale) (Howard 2001; Redford
et al. 2010). The first two are more likely to be a problem in nurseries
and greenhouses, whereas the third has been observed to be problematic
in the landscape. As with whiteflies and aphids, the honeydew excre-
tions of soft scales can be more problematic than the insects.

The four primary armored scales that are pests in ornamental palms
have unique and easily identifiable features. The females of Phoenico-
coccus marlatti (red date scale) embed their red bodies in a cottony,
waxy secretion (Redford et al. 2010). This scale is found almost every-
where Phoenix dactylifera is grown, but it has been successfully inter-
cepted and eradicated in the southwestern United States (Howard 2001;
Espinosa et al. 2011). It is present in Florida, USA, in multiple Phoenix
spp. used in the landscape, with serious infestations observed in
P. dactylifera and P. roebelenii (M.L. Elliott, pers. observ.). The coconut
scale,Aspidiotus destructor, is unique because the scales are transparent
(Redford et al. 2010). While common in C. nucifera, it is often found
in other palm species (Howard 2001). The females of Ischnaspis
longirostris, the black thread scale, have a body with a shiny, black,
and extremely long and narrow scale cover (Redford et al. 2010).
This scale is most likely to be found under greenhouse conditions.
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Chrysomphalus aonidum (Florida red scale), once a major pest in
Florida, USA, but under biocontrol now (Fasulo and Brooks 2010), is
still a pest in the rest of the world (Gitau et al. 2009). The adult female’s
armor is made of three rings and is dark reddish brown with a light
brown center (Fasulo and Brooks 2010).

Order Thysanoptera. The two most common plant-feeding thrips spe-
cies in palms worldwide are Heliothrips haemorrhoidalis and Parthe-
nothrips dracaenae. Thrips are not typically problematic in palms and
some species feed on fungal spores in older palm leaves.

Class Acari. The red palm mite, Raoiella indica, is unique because all
life stages are red, including the eggs (Redford et al. 2010). Originally a
pest in Asia and the Middle East in C. nucifera, Acacia Catechu, and
P. dactylifera, it has been introduced into the Caribbean Basin, including
Florida, USA (Welbourn 2006). In the Caribbean Basin, it has been
observed feeding on 42 palm species (Welbourn 2006). Although not
a sap feeder, the coconut mite, Aceria guerreronis, is perhaps the most
well-knownmite of palms and is found in the Americas andWest Africa.
It feeds on the developing fruit surface, under the perianth. The dis-
torted, imperfect fruit is a cosmetic issue in the landscape (Moore 2001).

3. Borers. This group of insects can bore into any part of the plant, but
for pest purposes, insects that bore into inflorescences and fruits will
not be discussed as they seldom create aesthetic issues. As defined by
Giblin-Davis (2001), a borer is an “insect that makes a tunnel by chewing
or burrowing.” In most cases, it is the larvae, not the adult, which bores
into the palm tissue. Since the apical meristem is often the tissue
destroyed by the larvae, the palm usually dies. Hence, these are some
of the most serious insect pests of palms.

Order Coleoptera. Weevils are beetles that have an elongated rostrum or
snout; there are a number of weevils that are palm pests. The weevil uses
the rostrum to prepare openings to deposit eggs, and then the larvae
bore into the palm tissue.

Species of Rhynchophorus and Dynamis are only known in associa-
tion with palms; hence, their common name of palm weevils (Giblin-
Davis 2001). Of major concern is the red palm weevil, Rhynchophorus
ferrugineus, because it has spread dramatically in the past 30 years as
P. dactylifera has been moved as an ornamental, along with another
favorite host, P. canariensis. Until the 1980s, R. ferrugineus had been
limited to south and southeast Asia (Giblin-Davis et al. 2013). Since then,
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it has moved with infested palms to the Middle East, then southern
Europe, and most recently to the islands of Curacao and Aruba (EPPO
2008). The recent infestation in California, USA, initially attributed to R.
ferrugineus (Hodel et al. 2011; Nisson et al. 2013), which might even
have been eradicated, has now been determined to be Rhynchophorus
vulneratus, a similar looking but less aggressive and damaging species
(M. Hoddle pers. commun.). A complete list of countries where this
weevil is found, alongwith pertinent references, can be found in Bertone
et al. (2010). While reported on over 20 palm hosts, R. ferrugineus is
primarily a pest of C. nucifera, P. dactylifera, and P. canariensis. This
weevil, like all the Rhynchophorus species, is normally attracted to
wounded, stressed, or dying palms, but it appears to be capable of
infesting healthy P. canariensis.

With the arrival ofR. ferrugineus in the Caribbean Basin, there are now
three species ofRhynchophorus in the NewWorld, with Rhynchophorus
cruentatus found in Florida, the coastal southeastern United States, and
the Bahamas and R. palmarum found in Mexico, Central and South
America, and the southernmost Antilles (Giblin-Davis et al. 2013).While
all three species cause direct damage to the palm by their boring,
R. palmarum is also the vector of the nematode B. cocophilus, which
causes red ring disease of C. nucifera and E. guineensis (Giblin-Davis
2004a). D. borassi and M. hemipterus may also vector this nematode
(Giblin-Davis 2004a). Plant parasitic nematodes are not known to be
associated with any of the other Rhynchophorus species (Giblin-Davis
et al. 2013).

R. palmarum is primarily a serious pest in palm plantations. How-
ever, R. cruentatus is a serious pest of ornamental palms in the United
States and Bahamas. It will infest healthy P. canariensis, but other
palm species appear to become attractive to the weevil only after they
have been stressed or wounded (Giblin-Davis 2001). For example, R.
cruentatus is not a serious pest S. palmetto, a native palm throughout
Florida and the coastal southeastern United States, except during
transplanting and establishment in the landscape, when the palms
are stressed.

In addition to being a vector of the red ring nematode, Metamasius
hemipterus (sugar cane weevil) can also cause direct damage to certain
palm species, specifically P. canariensis, R. rivularis, Roystonea spp.,
and Hyophorbe spp. This weevil is found throughout Central and
South America, the Caribbean Basin, and Florida, USA (Giblin-Davis
2001). Another sugarcane weevil that attacks a similar list of ornamen-
tal palms, but which also includes C. nucifera, occurs in the Pacific—
New Guinea, Queensland (Australia), Polynesia, Micronesia, and
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Hawaii, USA—is Rhabdosceles obscurus. As with the Rhynchophorus
species, M. hemipterus and R. obscurus are attracted to wounded palms
where they oviposit their eggs. Another genus of borers that can kill
ornamental palms is Diocalandra, limited to tropical countries bordering
the western Pacific Ocean and the Indian Ocean (Giblin-Davis 2001).

Ambrosia beetles within the genera Xyleborus and Platypus are
common throughout the world, but the ones observed in palms are
considered secondary pests— i.e., they primarily seem to attack palms
that are stressed and are not considered lethal to palms (Giblin-
Davis 2001).

Dinapate wrightii, the giant palm borer, is also attracted to stressed
palms, and never healthy palms, as this borer does not produce cellulase
and restricts its feeding to sugars and starch in dead wood (Giblin-Davis
2001). This species attacks W. filifera (>20 years old) and P. dactylifera
in California, USA, and Baja California (Mexico). It is the larvae that are
damaging the palms (Giblin-Davis 2001; Redford et al. 2010).

Rhinoceros beetles, Oryctes and Scapanes species, are the largest
(30–60mm) beetles affecting palms. Unlike the other beetle pests, it is
the adult Oryctes beetle, not the larvae, which damage the palm. Adults
burrow into the crown of the palm, near where the spear and young
leaves are emerging, and feed on plant juice and tissues. Species of
rhinoceros beetles can be found throughout the tropics and in date-
producing areas of the Middle East and Africa. Depending on the beetle
species, C. nucifera, P. dactylifera, and E. gunineensis are the primary
palms noted as damaged, but many ornamental palm species are also
hosts (Giblin-Davis 2001).

Order Lepidoptera. Probably the two most harmful Lepidopterans to
ornamental palms are Opogona sacchari (banana moth) (Giblin-Davis
2001; Nelson and Wright 2005) and Paysandisia archon (CABI 2013),
as both can lead to the death of the palm. In Hawaii, Pritchardia spp.,
W. bifurcata, A. merrillii, and C. nucifera have died due to the larvae
of O. sacchari (Nelson and Wright 2005). In addition to these hosts,
O. sacchari has been observed in Florida in D. lutescens, Chamaedorea
sp., Syagrus sp., and B. gasipaes (Giblin-Davis 2001). In California it
has been observed in R. rivularis and T. fortunei (Hodel 2012).

WhileO. sacchari has a wider host range than palms (e.g., sugar cane),
the host range of P. archon is limited to palms. P. archonwas introduced
into Europe in the 1990s from South America, where it is indigenous,
and has since spread, especially along the Mediterranean coast (CABI
2013). While damage from P. archon larvae is seldom observed in South
America, this moth is considered an invasive species in France, Italy,
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and Spainwhere considerable damage has occurred. It has been reported
from the following palm genera in Europe: Brahea, Butia, Chamaerops,
Livistona, Phoenix, Sabal, Syagrus, Trachycarpus, Trithrinax, and
Washingtonia (CABI 2013).

Although not a problem in ornamental palms, Sagalassa valida must
be mentioned as it is the only root borer of palms, specifically young
E. guineensis in plantations in some regions of South America (Howard
et al. 2001).

Order Isoptera. There is only one genus of termites that appears to
attack living palmwood,Neotermes rainbowi (coconut termite), and this
species is found only in a few islands in the South Pacific (Tuvalu and
Cook Islands) (Giblin-Davis 2001). However, under certain conditions,
termites may become problematic. Examples include high termite pop-
ulations coinciding with stressed palms, or termites utilizing woody
material buried in the soil in the same area where palms are planted
(Giblin-Davis 2001).

E. Weed Management

While manual removal of weeds in small container-grown palms may be
necessary to prevent growth suppression (Utulu 1986), both pre- and
postemergence herbicides are routinely employed in the production
and landscape management of ornamental palms. Most postemergent
herbicides are applied as directed sprays around the base of larger palms
because only grass-selective herbicides such as fluzifop-butyl and
sethoxydim can be safely applied to palm foliage (Broschat and Meerow
2000). While C. nucifera was unaffected by foliar application of glypho-
sate, eight other species similarly treated produced one or two deformed
or necrotic leaves 4–6 weeks after application (Donselman and Broschat
1986). Subsequent leaves emerged without damage in all cases. When
atrazine, dicamba, imazaquin, metsulfuron, sulfosulfuron, 2,4-D amine,
or mesoprop were applied at rates up to three times the label rate to
the soil and base of juvenile W. bifurcata, only metsulfuron caused any
damage and that affected only a single leaf 6 months after application
(Broschat and Busey 2010). Interestingly, metsulfuron applied to the
foliage of E. guineensis caused no injury while soil drenches did
(Huat and Leong 1994). Soil applications of 2,4-D amine, diquat, para-
quat, dalapon, atrazine, monuron, and diuron were also found to be safe
around juvenile C. nucifera (Romney 1965; Kasasian et al. 1968; Hoyle
1969). However, when sprayed over the top of C. nucifera seedlings, all
of these herbicides caused phytotoxicity or even death (Romney 1964).
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Preemergent herbicides used in ornamental palms have generally
been found to be safe when used at label rates on palms, with only
metolaclor consistently causing injury (Neel 1977;Meerow and Broschat
1991; Broschat 2000). Symptoms of preemergent herbicide toxicity
appear as distortion and/or partial necrosis of leaves emerging 2 to as
long as 9 months following application (Meerow and Broschat 1991;
Broschat 2000; Broschat and Meerow 2000).
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