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INTRODUCTION

Container nursery production is reliant on frequent irrigation to maintain appropriate
substrate moisture and sustain quality plant growth. Irrigation water management is a key
production consideration and critical for reducing the impact of fertilizer and pesticide
runoff from nursery production (Beeson et al., 2004). The objective of this paper is to
provide some basic information regarding choices for container irrigation leading to more
sustainable choices in the nursery. The paper will be organized into sections on: (a) Types
of irrigation systems, (b) Irrigation efficiency, and (c) Irrigation scheduling.

TYPES OF IRRIGATION SYSTEMS

There are two basic systems used for container irrigation. These include overhead
sprinkler irrigation and micro-irrigation. Selection of which system to employ depends on
site topography, water source and quality, and cost.

Overhead sprinkler irrigation is the traditional, popular nursery irrigation system. It is
relatively inexpensive to set up, but it can be an inefficient system in regards to water use
and high operational cost of pumps. The three basic types of overhead irrigation systems
include rotary, stationary, and traveling boom systems (Figs. 1 and 2).

Rotary sprinklers utilize a rotating head with nozzles that distribute a large droplet size
stream of water over a large area of the crop. The two basic nozzle designs for rotating
sprinklers are impact rotors and spinning heads. These can be located on stationary risers
within the crop or mounted overhead on overwintering structures.

Stationary sprinklers do not rotate. Water is forced through the head or against a
deflection plate to form a smaller droplet size and constant uniform coverage. Stationary
sprinklers are usually placed on risers within the crop and like rotating nozzles can be
configured in different patterns from 45 to 180 degrees. Stationary sprinklers can be
designed to operate at lower water pressure, but can be more prone to clogging compared
to rotary sprinklers.

Traveling booms are most common for use within protected cultivation such as
greenhouse production, but they can be designed to function in outdoor nursery settings
as long as the crop structure is not too tall. They tend to deliver water more efficiently and
uniformly compared to other overhead irrigation systems.

Micro-irrigation is a low volume system that delivers water directly to the container. It
is generally more water efficient compared to overhead irrigation. The three basic types
of micro-irrigation utilize micro-sprayers, drip emitters, or in-line drip tubes (Fig. 3).
Micro-sprayers or spray stakes deliver water in a sprinkler pattern over a specific
diameter on the surface of the container. Drip emitters are placed at the end of a
“spaghetti” tube and drip water into the container over a limited area. Each drip tube
emanates from a main water line and like micro-sprayers more than one can be placed in
each container. In-line systems do not have extension tubes or need specific drip emitters
and are best used in crops on a regular spacing in rows. A punch is used to create an
opening in the main poly line over each container to drip water.

Micro-irrigation systems are generally more susceptible to clogging compared to
overhead irrigation systems and therefore a water filtering system is usually included to
exclude particles or debris from the line. Also, because these are low pressure, low
volume systems, grade changes across the nursery row can impact water delivery
uniformity. Including in-line pressure equalizers will help provide uniform distribution of
water over the entire emitter line.



Fig. 1. (A) Sprinkler head types; (B) Rotary impact head sprinkler; (C). Rotary
spinning head sprinklers; and (D) Stationary head nozzle.



Fig. 3. Three basic types of micro-irrigation systems: (A) Micro-sprayers, (B) Drip
emitters, and (C) In-line drip tubes.

IRRIGATION EFFICIENCY
Irrigation efficiency is a function of irrigation system performance and uniformity of
irrigation water application. For most container nursery production, irrigation is usually
delivered by overhead sprinklers. Overhead irrigation is relatively inefficient for a
number of reasons including:
¢ High operating pump pressure.
e The large water droplet size is needed to reduce evaporation during application which
can lead to water and nutrient leaching.
¢ Poor target water application.
e Non-uniform irrigation distribution and evaporation during application.
The amount of water reaching the container surface during overhead irrigation can be
between 25 to 70% depending on container spacing (Zinati, 2005).



Overhead irrigation efficiency can be improved by: (a) grouping plants into irrigation
zones based on relative water usage, (b) crop spacing, and (c) cyclic irrigation. By
grouping plants into water use irrigation zones, a grower can irrigate the crop with less
water waste than would occur if plants with dissimilar water use requirements were
irrigated side-by-side. One of the biggest impacts on irrigation efficiency is crop spacing
because the larger the spacing the greater the non-targeted water application becomes. For
example, a 1-gal container spaced on 20 in. vs. 10 in. centers reduces irrigation capture by
the container surface by about 60% (Table 1).

Table 1. Overhead irrigation application efficiency based on spacing of 1-gallon nursery
containers.

Spacing on a square Spacing on a triangle
On-center Area Interception Area Interception
spacing covered efficiency covered efficiency
(in) (in) (%) (in) (%)
10 100 79 87 91
15 225 35 195 41
20 400 20 346 23

Adapted from Owen and Stoven (<http://www.climatefriendlynurseries.org/resources/irrigation_efficiency
.pdf>)

A second way that overhead irrigation efficiency can be improved is by adopting a
cyclic irrigation strategy. Most soilless container substrates have a low capacity for
retaining water and nutrients, and supplying a large amount of irrigation at one time can
result in substantial leaching. Typically cyclic irrigation systems apply water for brief
intervals separated by a waiting period rather than applying water all at once. Cyclic
irrigation was found to improve irrigation application efficiency by allowing time for
water to gradually move through the micro-pores of the container substrate therefore
reducing leaching. Along with a substantial improvement in water use, as much as a 30%
reduction in nitrogen leaching was observed with cyclic irrigation compared to a single
application watering regime (Lamack and Niemiera, 1993; Karam and Niemiera, 1994).

Compared to overhead irrigation, micro-irrigation is relatively efficient because it uses
lower operating pump pressure, has high irrigation application uniformity, and targets
water directly to the container. Greater efficiencies can be realized by applying cyclic
irrigation strategies or by adopting a pot-in-pot production system. Under a pot-in-pot
production system, roots experience a moderated temperature similar to the soil
temperature below ground, which reduces evapotranspiration and production water use
compared to above-ground containers.

IRRIGATION SCHEDULING
Irrigation can be scheduled based on either: (a) static controllers, (b) plant-based control,
or (c) substrate moisture sensors. Static controllers are the simplest and most common
irrigation scheduling system. It is accomplished with timers that open a solenoid for a set
time to provide a pre-set water amount. Static control is the least efficient irrigation
scheduling method because it does not automatically respond to changes in the
environment that impact optimal irrigation scheduling. Its efficiency can be improved by
installing rain sensors to postpone irrigation events following rain. The grower may also
manually alter the quantity and frequency of irrigation based on weather information.
Plant-based control relies on information provided to a crop model that schedules
irrigation by monitoring environmental and/or crop physiology. Plant evapotranspiration
models have been developed and are beginning to be commercialized for nursery
production. These systems usually utilize weather station data and a computer determines
irrigation scheduling using a mathematical model specifically designed to estimate daily



water loss (evapotranspiration) for each crop or crop group. Irrigation models are also
available that rely on measuring crop transpiration. Various sap flow meters are available
that fit around the main tree stem and indirectly measure transpiration. Irrigation
decisions are similar whether the model is based on estimating evapotranspiration (water
loss from crop and substrate) or crop transpiration. Irrigation is then applied to replace
water used by the crop on the previous day or days.

Substrate moisture sensors directly monitor water loss from the substrate. There are
basically two types of sensors — tensiometers and electrical resistance sensors (Fig. 4).
Tensiometers measure substrate suction and control irrigation based on substrate matric
potential settings. Electrical resistance sensors measure electrical resistance and relate the
resistance reading to substrate moisture levels.
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Fig. 4. Substrate moisture sensors (A) tensiometer, and (B) electrical resistance sensor.

Irrigation events are triggered when the sensor indicates the substrate moisture content
has reached a predetermined set-point. A drawback with most sensor-based irrigation
scheduling is the extensive wiring that is required to link the sensor to the controller and
the controller to the solenoid. However, remote sensing has recently become available
and will eventually replace hard-wired systems for acquisition and control of irrigation.

Soil moisture sensors and other environmental sensors are now becoming affordable.
Therefore, utilization of these technologies is no longer restricted to research applications.
Recently, commercial agricultural producers have begun adopting sensors to guide
irrigation management decisions (Beeson et al., 2004; Rundel et al., 2009). These sensors
have the potential to allow growers to utilize more precise irrigation practices that
improve efficiency and reduce water use.
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Arnelia Farms is a potted plant nursery as well as an export cut flower farm close to
the town of Hopefield on the West Coast of South Africa. The nursery specialises in
Proteaceae although the range is slowly expanding to complementary plant families.
Except for two species which are propagated from seed the other cultivars currently
in production are vegetatively propagated from mother stock. The mother stock is a
high value section in the nursery and irrigation (fertigation) needs to be monitored
very closely as these plants are sensitive to increased levels of nitrates and phosphate
as well as water-logged conditions in winter and drying out during summer.
Irrigation monitoring takes place by continuous logging soil moisture probes, weekly
measuring of the total drainage water, and daily total irrigation water supplied,
measuring the EC and checks by the nursery manager. Similar irrigation
monitoring is done in the retail section (15-cm pots). Temperature is recorded by an
automated weather station. The difference in EC calculated between the EC of the
drainage water and EC of the irrigation water, as well as the soil moisture recorded
with the probes, correlated well with mean daily and mean daily maximum
temperature. Over time, analysis of data will improve the manager’s ability to make
decisions concerning irrigation and reduce the risk.

INTRODUCTION

Arnelia Farms are situated in the West Coast, close to the town of Hopefield in the
Western Cape. The business consist of a 20-ha cut-flower section of which most of the
produce is exported and a pot-plant nursery which produces 150,000 pots annually. The
nursery also supplies rooted cuttings to protea producers on order. Arnelia Farms
specialise in Protea, Leucospermum, Leucadendron, and Chamelaucium. Recently the
selection has expanded to Erica, Lachenalia, and Bougainvillea. Arnelia Farms grow over
100 different pot-plant cultivars or species in total. Except for two species, all the plants
are vegetatively propagated from our own mother stock under cover (plastic in winter and
shade cloth in summer). The majority of the cultivars are sensitive to high nitrate and
phosphate levels in the irrigation water and potting soil, therefore, close monitoring is
necessary. The 20-cm mother stock and the 15-cm retail pot plants are closely monitored
with the use of soil moisture probes, measurement of total irrigation supplied, drainage
and EC, as well as the EC, pH, NOs, and P of the potting soil. The focus of this paper will
be the 20-cm mother stock as it is a very high value section in the nursery.

MATERIALS AND METHODS

The mother stock consists mostly of Proteaceae and Ericaceae, as the Chamelaucium is
harvested elsewhere. The section was divided into nine rows; each on its own valve. Each
valve contains several different cultivars. The plants were potted in 80% coir and 20%
peat.

The irrigation was controlled by a solar counter connected to an Aquarius irrigation
controller and the countdown was set at 1500 during winter and in summer it was reduced
stepwise to 800 units. The length of irrigation cycles was determined by drainage data,
probe readings, and adjusted by the nursery manager.

The total volume of irrigation was recorded from Monday to Friday per valve. Each of
the nine valves was divided into four sections and in each section drainage was collected
from Monday to Thursday in a saucer below the pot. On Thursdays the total drainage was
recorded and a daily average was calculated. The EC of the irrigation and drainage water
was measured with an EC60 pocket-size conductivity/TDS/temperature meter in mS-cm™’
(Martini instruments, Milwaukee Instruments, Inc., North Carolina, USA). The difference



between the EC measured in the drainage water and irrigation water was calculated. A
Davis weather station on the farm recorded air temperature.

RESULTS AND DISCUSSION

When the difference between the EC measured in the irrigation water and drainage water
(Fig. 1) increase the drainage decrease and irrigation time can be increased or the solar
counter can be reduced to increase irrigation. The EC difference correlates well with
mean daily air temperature (Table 1) (r = 0.75) and when warm temperatures are
forecasted irrigation is increased before, rather than after the warm spell. The probe data
also correlates well with mean daily (r = -0.61) and mean daily maximum air temperature
(r = -0.59), respectively (Fig. 2). The probe data (Fig. 3) serves as a check and displays
increasing or decreasing trends in soil moisture. The probes also record soil temperature.
The soil temperature closely follows air temperature (Fig. 4), but during early spring the
soil temperature is significantly higher as the tunnels are covered with plastic, which is
replaced with shade cloth in November (early summer). Finally, the nursery manager
checks the moisture of pots and can reference the observed information with the data
collected to support irrigation changes.

Table 1. Correlation coefficients are shown for various parameters. Air temperature was
recorded with a Davis weather station. The soil moisture was recorded with five
continuous logging probes developed by DFM, the mean weekly drainage is drainage
from 16 different pots and the EC difference was the difference between the EC
measured in the drainage water and the EC measured in the irrigation water.

Mean soil moisture Mean weekly EC difference
at top 10 cm drainage calculated weekly
(%) (%) (mS-cm™)

Mean daily air -0.61 -0.56 0.75
temperature (°C)

Mean daily maximum -0.59 -0.56 0.71
air temperature (°C)
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Fig. 1. Mean daily air temperature measured by a Davis weather station and mean EC
difference. The EC difference was the difference between the EC measured in the
drainage water and the EC measured in the irrigation water.
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Fig. 2. Mean daily soil moisture recorded with five continuous logging soil moisture
probes developed by DFM and mean daily, as well as mean daily maximum, air
temperature recorded with a Davis weather station.
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Fig. 3. A typical soil moisture graph generated by DFM Probe Utilities (bottom graph)
and temperature graph (top graph). In the bottom graph, the bottom line and top
line are the soil moisture levels recorded at 10 and 20 cm, respectively. The small
bars on the x-axis are actual rain (mm) recorded by a Davis weather station on
Arnelia Farms.
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Fig. 4. Mean daily probe temperature recorded with continuous logging probes developed
by DFM and mean daily air temperature recorded with a Davis weather station.

Accurate records of daily and weekly monitoring of irrigation increases irrigation
efficiency and ensures maximum plant growth over time. The irrigation control points at
Arnelia Farms are the solar counter which is part of the Aquarius irrigation system and
the irrigation time of each valve. Preferably, one irrigation cycle of the 20-cm mother
stock which includes the retail 20-cm pots that run on the same program, should not
exceed 1 h. This, together with excessive drainage, limits the irrigation time of each
valve. To increase the number of cycles per day the solar counter can be adjusted to count
down less or more units before commencement of the next cycle. In order to make
decisions on the number of irrigation cycles that need to run each day and for how long,
irrigation monitoring is crucial. The main aim is to achieve 10-15% drainage on average
during a week. Over time the system should be refined and changes in irrigation time or
the solar counter would be anticipated more accurately during the year.
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INTRODUCTION

Invasive plants are introduced species that can thrive in areas beyond their natural range
of dispersal (USDA-NISIC, 2014). They naturalize over large areas, displace native
plants, and disrupt natural ecosystems (Ranney, 2004). In Florida, over 1.5 million acres
(approximately 600,000 ha) of public conservation lands have been invaded by
introduced plant species (Fig. 1), and approximately USAS$7 million was spent on
management and control of invasive upland plants in 2011 (FFWCC, 2011). In the USA,
control costs and production losses due to weeds was estimated at US $30.6 billion per
year (Cusack et al., 2009). For example, purple loosestrife (Lythrum salicaria), was
introduced from Europe to USA in the early 1800s. Purple loosestrife is now found in all
continental states except Florida (Blossey, 2002) and accounts for USA$50 million per
year in control costs and forage losses. Mexican petunia, Ruellia simplex (previously also
known as R. brittoniana, R. coerulea, R. malacosperma, and R. tweediana), was
introduced to Florida from Mexico sometime before 1940 (Hupp et al., 2009) and has
now naturalized throughout the state, plus six other southern USA states, Puerto Rico, the
USA Virgin Islands and Hawaii (USDA-NRCS, 2014). It is considered as a Category I
invasive species in Florida because it is altering native plant communities by displacing
native species and changing community structures or ecological functions (FLEPPC,
2013). However, there is no evidence that it is hybridizing with native species (Freyre and
Tripp, 2014). Sales of R. simplex ‘Purple Showers’ in Florida were ranked third for
herbaceous perennials after pentas and lantana (Rick Brown, Riverview Flower Farms,
pers. comm.), so a breeding program aiming to develop sterile, non-invasive cultivars was
established at the University of Florida in 2007 (Freyre et al., 2012a). This species will be
described in more detail in this paper.

Fig. 1. Invasive Ruellia simplex in Lake Jesup Conservation Area, Seminole county,
Florida USA (photo courtesy of Adrienne Smith).
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CHARACTERISTICS OF INVASIVE PLANT SPECIES

The most successful non-native species, those capable of displacing natives, share several
characteristics: (1) Effective reproductive and dispersal mechanisms; (2) Competitive
ability superior than that of the native; (3) Few to no herbivores or pathogens; (4) Ability
to occupy a “vacant niche”; (5) Capability of altering the site by either significantly
changing resource availability or disturbance regimes or both (Gordon, 1998). Ruellia
simplex shows many of these characteristics. Plants flower within 3 months (Wilson and
Mecca, 2003), and can produce fruits from either open or self-pollination. Under low light
levels, plants can produce cleistogamous flowers, which have greenish-brown, very small
corollas that do not open, and form fruits from self-pollination (Khoshoo et al., 1969).
Capsules contain on average 20.6 seeds per capsule. Seeds do not have a dormancy
period, and have 98 to 100% germination rate under ideal conditions of 30°C day and
20°C night. Moreover, seeds are capable of germination under a wide range of
temperatures and under conditions of both light and dark (Wilson et al., 2004). Explosive
dehiscence of the seed capsule results in seed dispersal distances from the parent plant of
2.5 to 3 m (Witztum and Schulgasser, 1995). Seeds become mucilagenous and adhesive
when wet, aiding their dispersal by animals (Ezcurra and Daniel, 2007). Seeds can even
germinate under water (personal observation).

Ruellia simplex plants have the ability to grow in a wide range of environmental
conditions, from wetlands to almost xeric. In Florida, the species has been reported in five
different plant community types: pine flatwoods, prairies; hardwood (hammocks, tree
islands, etc.); freshwater marshes; rivers, springs; and salt marsh (Hupp et al., 2009). In
the meantime, native R. caroliniensis is found primarily in dry native woodlands (Gilman
and Landrum, 1999). A study comparing growth and development of R. caroliniensis and
R. simplex established that under wet conditions in laboratory experiments, R. simplex
exhibited several traits that favor efficient use of resources and high growth rates. It was
therefore concluded that under typical wetland conditions R. simplex might be expected to
out-grow and out-compete native R. caroliniensis, especially if the supply of nutrients is
limited (Wilson et al., 2004). In several areas where R. simplex has naturalized, its
coverage was found to constitute 50% of the infested stratum, thus changing community
structure by adding a new stratum, or increasing plant density in the stratum by 5-fold. It
was also probably altering the hydrology within plant communities (Hupp et al., 2009).

BREEDING METHODS TO OBTAIN STERILITY IN ORNAMENTAL PLANTS
For several years, ornamental plant breeders have been using a number of methods to
develop sterile (or nearly sterile) plants that will not be invasive by seed dispersal:

Selecting and Breeding for Double Flowers

Many plant species have forms exhibiting double flowers, which have more than the
normal number of petals in the corolla. The reproductive organs (stamens and carpels) are
modified into additional petals, thus conferring sterility or near sterility. Many garden
plants have been selected for having double flowers, for example roses, carnations,
camellias, and double columbines, petunias, and impatiens. Recently, a molecular model
that accounts for the formation of double flowers was described (Lohmann et al.,
2001; Lenhard et al., 2001).

Induced Mutagenesis

Induced mutations have successfully assisted in developing improved and new cultivars
among both seed- and vegetatively-propagated crops (Jain, 2006). Mutations resulting
from treatment with X-ray or gamma irradiation or chemicals such as
ethylmethanosulfonate (EMS) can result in sterility. However, mutations are random,
resulting in the need to screen large numbers of individuals. Irradiation treatments have
been successful in inducing male and/or female sterility in several ornamental crops that
are clonally propagated for commercial production, including Chrysanthemum, Cineraria,
and Verbena (Broertjes and Dejong, 1984; Huang, 1995; Saito, 2005).
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Wide Hybridization

This involves interspecific or intergeneric crosses between distantly related individuals.
Chromosome dissimilarities between the parental genomes can result in meiotic failure
during gamete formation, leading to sterility. Some examples include interspecific crosses
between R. caroliniensis < R. simplex (Freyre and Tripp, 2014), and xChitalpa, an
intergeneric cross between Chilopsis linearis x Catalpa bignonioides (see also xChitalpa
tashkentensis) (Rusanov, 1964). In some cases, breeders may need to use ovule or embryo
culture in vitro to obtain hybrid plantlets that would not otherwise survive (Bridgen,
1994).

Polyploidization and Development of Triploids

Ploidy manipulation is an important tool in plant breeding, exemplified by the
development of seedless triploid sugar beet and water melon (Stebbins, 1956). The
development of triploid plants (with 3 sets of chromosomes) involves first the induction
of tetraploids (with 4 sets of chromosomes) from original diploid plants (with 2 sets of
chromosomes) by use of the chemicals colchicine or oryzalin, followed by cross
pollination between tetraploids and diploids. Triploids typically grow and function
normally, but they have an inherent reproductive barrier in that the three sets of
chromosomes cannot be divided equally during meiosis (Ranney, 2004). In ornamental
plants, triploids have been bred in rose-of-sharon (Egolf, 1988) and spurflower (Brits and
Li, 2008) and this approach has also been utilized to breed triploid sterile selections of
invasive tutsan (Olsen et al., 2006) and lantana (Czarnecki and Deng, 2008).

BREEDING STERILE MEXICAN PETUNIA

Polyploidization experiments were performed at the University of Florida in Gainesville
in 2008 using oryzalin on the apical meristem of seedlings of R. simplex as described by
Jones et al. (2008). Ploidy levels were determined on mature plants using flow cytometry
as described by Czarnecki and Deng (2009). Treatments of three applications of 25 or 50
UM oryzalin every 12 h were most successful in inducing polyploidy. Hybridizations
were performed with plants of different ploidy levels, such as 4x x 2x and 2x x 4x, aiming
to obtain sterile triploid plants. A total of 495 Ruellia plants were obtained in 2010 and
initially evaluated in the greenhouse for growth habit, flowering, and lack of fruit
formation. Fifteen Ruellia hybrids and five controls were selected for field trials and
propagated vegetatively.

In 2011, plants were trialed in three simultaneous field experiments conducted at the
North Florida Research and Education Center in Quincy, Florida, at the Plant Science
Research and Education Unit in Citra, Florida; and the Indian River Research and
Education Center in Ft. Pierce, Florida (northwestern, north central, and southeastern
Florida, respectively). The experimental design was a randomized complete block with
three blocks. Each plot consisted of three plants for each cultivar or breeding line, spaced
50-cm apart. Wild R. simplex (2x) and ‘Purple Showers’ (4x) were included as purple-
flowered comparison lines, ‘Chi Chi’ (2x) as pink-flowered and ‘Snow White’ (4x) as
white-flowered controls. Each plant was evaluated every 4 weeks, from May to October
(24 weeks), for landscape performance, flowering and fruiting (Freyre at al., 2012a).

Three 4x plants with different flower colors were outstanding and better than their
respective controls at all locations. The three selected breeding lines: purple-flowered
R10-102, semi-dwarf pink R10-105, and white R10-108 were evaluated for female
fertility by harvesting and germinating open pollinated fruits from the field, and by
germinating seeds obtained from manual cross pollinations and self-pollinations in a
greenhouse. Additionally, male fertility for each plant was determined by staining pollen
grains with lactophenol cotton blue. It was estimated that R10-105 had 5% viable seeds
per plant as compared to the invasive wild R. simplex and 6% as compared to female and
male fertility than the existing commercial pink cultivar ‘Chi Chi’, and it was not
approved for cultivar release by the UF/IFAS Invasive Plants Working Group. However,
it was demonstrated that R10-102 and R10-108 are both female and male sterile. These
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lines were released as new cultivars ‘Mayan Purple’ and ‘Mayan White’, respectively
(Freyre at al., 2012b), and were commercialized in 2013 (Fig. 2).

Fig. 2. Close-up of Ruellia ‘Mayan Purple’, ‘Mayan White’ and ‘Mayan Pink’ (left to
right).

Fruits were collected at the three field locations in 2011 from open pollination of pink-
flowered R10-105. Seed was germinated obtaining 148 progeny, which were then trialed
in the field in Citra in 2012. A total of 29 pink-flowered open pollinated progeny from
R10-105 were selected for further trials based on performance and apparent low or no
fruiting. These plants were propagated vegetatively and grown in a greenhouse in
Gainesville. Nineteen plants were selected for 2013 field trials in Citra and in Fort Pierce,
and for potted plant trials in Gainesville.

The plant R10-105-Q54 was selected as the best performing pink-flowered plant that
also had low fruit count. In Citra it was observed that R10-105-Q54 produced some fruits
from open pollination but they all seemed to abort prior to maturation. To confirm female
fertility, 10 self-pollinations were performed in a greenhouse as well as 20 cross
pollinations using either wild R. simplex or ‘Chi Chi’ as males. A few fruits were
produced but they all aborted before maturation, with the exception of one fruit which
matured and dehisced naturally. This fruit contained 14 seeds but they did not germinate.
Additionally, it was determined that R10-105-Q54 had only 10% pollen staining
compared to wild R. simplex with 69%. Since it was demonstrated that R10-105-Q54 had
extremely low to null fertility, it was approved for release as a new cultivar by the
UF/IFAS Cultivar Release Committee and the UF/IFAS Invasive Plants Working Group.
This line will be commercialized under the name ‘Mayan Pink’ (Freyre and Wilson,
2014).
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New Approaches to Recalc1trant Species Propagation — Never, Never,
Never, Ever Give Up®

David Hancock
5 Rosella Crt, Kingsley, WA 6026, Australia
Email: david@naturalarea.com.au

OVERVIEW

This presentation will cover the following:

¢ Background to natural area business.

¢ Propagation in our market and our experience and approach.
¢ Propagation and treatment methods.

e Success to date and some future targets species.

e Nursery financial and performance implications.

e Relevance to IPPS and this audience.

BACKGROUND

This presentation is about the ways in which we have pursued propagation of recalcitrant
and difficult species, mainly from seed and the benefits that have accrued to the business.
For us, it’s been about deciding that standing still is not an option and non-stop product
development is the way to drive our market, motivate our staff, and enhance our broader
environment business.

Our Nursery

Natural Area operates in contracting, consulting, and supplies for the management,
maintenance, and rehabilitation of natural habitat areas in Perth metro and regions with all
operations integrated to provide a comprehensive in-house service. Our staff total is 43
going to 50 in peak season.

Stock is produced for in house company projects and for outside revegetation and
natural landscape markets. We produce approximately 300 species mainly Perth
provenance. Current volume is 650,000 units split between contract production (40%)
specific production (60%). Our focus is on difficult-to- -grow species and bringing new
species into production. We anticipate client needs and back ourselves to promote sales to
project users.

Where our plants go:
¢ Coastal rehabilitation
e Woodland rehabilitation
e Riverine rehabilitation
e Wetland rehabilitation

Our Propagation Market

Western Australia (WA) has 13,500 naturally occurring plant species and less than half
have ever been propagated. Perth plain species total about 2,200, 50% endemic to
Southwest WA. Many exhibit high levels of seed dormancy and successful techniques for
many are not well documented. Generally no more than a third of these would be
available in market at any one time and many in low numbers.

Our market is full of propagation challenges and opportunities. Propagation from seed is
considered highest and best for restoration and rehabilitation. Cuttings do not always
perform well in dry land revegetation. Tissue is important to meet essential species return
but not always cost recoverable. Vegetative propagation from cuttings is not as important
to us as it is being done well by others and does not provide us with an economic point of
difference but plant salvage and division figures highly for us as it connects with our on
ground presence.

We started propagation 14 years ago, but after the first few years realised that there
were many plants which were important to our revegetation business and the broader
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market that we did not know how to grow and the market demand was not being met. It
would have been easy to accept that it was all too hard and that we would stick to the
sausage plants, you know the ones that many nurseries grow because they are relatively
safe, this is the conventional wisdom. We took the view that our reputation and our
returns would be enhanced by tackling the hard ones. This often involved unconventional
approaches and a willingness to experiment and speculate.

This has been a long road, starting from a low knowledge base and we are now seeing
the benefits flow from the early decision and ongoing work. Many plants, which we
though impossible from seed in the early years, are now within our capability (Table 1).

I am talking about propagation difficulties due to various forms of seed dormancy,
varying viability as well as seed that either cannot be isolated from the host plant, or that
most commercial seed collectors will not collect because it is uneconomic for them to do
SO.

SEED GERMINATION

Experience has shown us that:

¢ Seed from outside collectors often performs badly.

eSeed from different locations and collected at different times can show significant
variance in viability.

¢ Propagating specialist native species requires understanding and involvement in the on
ground habitats.

e Obtaining specialist vegetative material requires rigorous pursuit of collection
opportunities, e.g., land clearing applications and seed collection opportunities.

Our Approach

¢ Study all available literature and references to target species.

e Pursue botanical gardens authorities or universities for their research and practical
experience. (It’s often publicly funded and therefore should be available to propagators.)

¢ Study the plant in its natural habitat and different locations and understand the natural
processes/replicate the natural processes.

¢ Collect and buy in seed from a wide range of locations. In any one season we would
collect seed from over 200 sites in and outside Perth.

e Pursue established methods and if not successful, go radical.

o If we can’t isolate seed, we take the mature inflorescence and process it.

¢ Genera often the guide to what will work.

e Some species require immediate sowing after collection. Viability can be lost rapidly.

eImportant to maintain detailed and accurate propagation records and techniques
employed, both successes and failures.

o Staff needs to be informed on protection of company ownership of intellectual property.

e We use enzymes to remove thick fleshy coats.

e We treat damp prone species seed with fungicide pre sowing.

e We use wetting agent when preparing to imbibe seeds.

e We use granulated fungicide on potting for damp prone species.

e We use hormone on root cuts to improve survival.

Propagation Methods/Treatment Options

1. Isolated Seed.

e Weathering.

e Manual scarification (small numbers).

e Hot and or cold water treatment, often repetitive.

¢ Concentrated acid exposure (H,SOy).

¢ Extended conventional sowing (Patience, don’t throw out those seed trays).

e Temperature stratification, hot and/or cold.

e Variable stratification.

¢ Extended imbibitions (deionised or rain water with wetting agent or smoked water).
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eIt may be unconventional but we have had high success in some cases from soaking
particular seed for anything up to 14 days.

¢ Physical smoke: Often for extended periods up to 1 week.

e Heat: We are surprised by the resilience of some seeds to high heat (100°C and beyond)
and their response.

e Light: Some seeds require light to germinate and a carefully controlled surface sow is
essential.

¢ Extended burial.

e Inoculants and fungi are added to selected species.

¢ Exposure to plant hormones, e.g., gibberellic acid, jasmonic acid, and abscisic acid.

Our experience suggests that often a combination of treatments can yield results. We

don’t get too carried away with the science behind all this. We are not doing research; we
are trying to get an outcome, a business result and one that we can learn from.
2. Unisolated Seed. Some species hold seed for extended periods and isolation of seed is
either very difficult or not commercial. The solution may be to depart from the desire to
isolate clean seed and harvest the entire inflorescence and sow In mass. We have had
outstanding success with a number of species using this method.

Key targets for future work include: Astroloma, Conostephium, Cyperacae, Ericaceae,
Liliaceae, Mesomelaena, Schoenus, Tetraria, and Tricoryne sp.

NURSERY BUSINESS IMPLICATION
Being a specialist propagation nursery is generating sales prices at levels of between 50 to
250% above industry tube stock (sausage plant) average price.

They represent about 10% of our production but produce over 25% of our gross sales
revenue and 40% of our pre-tax bottom line. Our net profit before taxes and dividends has
ranged from 27 to 33% of sales. If we did not do this and substituted more of the straight
forward lines our net profit before tax would fall to well below 20% of sales.

Importantly, being a go to firm for the difficult species leads to new customers and
complimentary sales of the easier plants often without downward price pressure. We are
in a position also to say that if you only want the hard to grow stock then maybe we will
sell them to someone else, therefore becoming a price maker and not price taker.

The enhancement of our reputation has extended to cases where we are being paid for
advanced propagation services regardless of outcome, i.e., where particular and not
previously grown plants are requested, we are being paid for the attempted propagation
and not a per plant price outcome. We intend to press for more such arrangements in the
future.

Our nursery capability enhances our revegetation reputation and provides a competitive
advantage. Being able to guarantee inclusion of specialist plants in revegetation project
plans and tenders can get us over the line ahead of other revegetation contractors who are
not growers.

The benefits from pursuing difficult propagation also include strong staff interest in
outcomes, their willingness to trial and be proactive, development of high end staff skills
in botanical development, and potential to develop plants for the broader landscape
market.
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Table 1. Cases of species propagated from seed considered recalcitrant or often difficult.

Family Genus Species
Apocynaceae Alyxia buxifolia
Laxmanniaceae Acanthocarpus preissii
(including Lomandraceae) Laxmannia squarrosa
Lomandra maritima
Dichopogon capillipes
Amaranthaceae Atriplex cineria
Atriplex isatidea
Atriplex hypoleuca
Cyperaceae Machaerina articulata
Machaerina Jjuncea
Machaerina preissii
Chorizandra enodis
Cyathochaeta avenacea
Gahnia trifida
Lepidosperma calcicola
Lepidosperma gladiatum
Lepidosperma effusum
Lepidosperma longitudinale
Lepidosperma persecans
Dasypogonaceae Dasypogon bromeliifolius
Dilleniaceae Hibbertia hypericoides
Hibbertia subvaginata
Epacridaceae Brachyloma preissii
Ericaceae Leucopogon conostephioides
Leucopogon parviflorus
Leucopogon propinquus
Frankeniaceae Frankenia pauciflora
Haemodoraceae Phlebocarya ciliata
Iridaceae Orthrosanthus laxus
Loranthaceae Nuytsia floribunda
Poaceae Spinifex hirsutus
Spinifex longifolius
Sporobolus virginicus
Triodia epactia
Triodia wiseana
Proteaceae Conospermum stoechadis
Conospermum triplinervium
Ranunculaceae Clematis linearifolia
Restionaceae Desmocladus flexuosus
Dielsia stenostachya
Hypolaena exsulca
Lepidobolus preissianus
Rutaceae Diplolaena dampieri
Diplolaena angustifolia
Santalaceae Exocarpos sparteus
Leptomeria preissiana
Santalum acuminatum
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RELEVANCE TO IPPS AND THIS AUDIENCE

Potential for New Members from the Native Plant and Revegetation Sector
There is potential for sharing of specific information across the jurisdictions and I am
keen to continue my visits to discuss techniques with other IPPS connected growers.

My limited reading suggests that there are some propagation challenges within the suite
of endemic New Zealand plants. I made a list of 13 genera where some common ground
exists. I hope we can share now and into the future.

In a business sense, it seems logical to me for growers to continually seek out niches in
the market by going down paths different from their competitors.

Whilst we are not retailers, there is much potential to bring new and rarely seen plants
to a broader audience.

CLOSE

Everyone here understands how important plants are to the world and all other life forms.
I hope that you as growers realise how important you are to the health and wellbeing of
the environments in which we live. All of us should feel very good about what we do.

The sharing of knowledge and information and competition within in our respective
markets is a difficult balancing act. We are here to share and at the same time, obliged to
protect our personal commercial interests. Passing on knowledge within our industry is
important and we need to recognise that the next generation will see the world very
differently from the way we see it. Personally, I am still trying to determine if I will be
able to find anyone to continue our work with passion and commitment. The challenge is
with us to find a way. It may be done differently but what will never change is the need to
belong and communicate.

Meantime, we have been diligent in recording all we have learned about the plants that
we have grown and look forward to sharing more over the times ahead.

Thanks to IPPS and our Kiwi hosts. I hope that all of you will look hard at attending
future IPPS conferences and especially the 2017 event that we will host in Perth, Western
Australia. Put it on your must do list and we will make sure you are well looked after.
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Running a High-Health and Trueness-to-Type Programme©

Geoff Langford
Berryworld Limited, Tai Tapu, RD2, Christchurch 7672, New Zealand
Email: geoff.berryworld@gmail.com

BACKGROUND

A number of crops have high health schemes to ensure that plants sold meet consumer
expectations. Fruit crops have tended to lead the way because of the risk of disease
spread, the relatively large number of units sold, and the importance of ensuring that
plants sold are subsequently productive and true to type. In recent years, New Zealand
government backed schemes have largely disappeared. This means that industry groups
have had to take responsibility for high-health schemes where this is considered desirable.
In berry crops, there are schemes for strawberries and blackcurrants and a blueberry plant
scheme is being developed.

At the moment, there are around 14 million strawberry plants sold annually in New
Zealand. Plant numbers peaked at 21.5 million in 1999 but fell as growers changed to new
cultivars that were more vigorous and needed more space. Despite lower plant numbers,
areas planted in strawberries have actually increased since 1999 and total production has
increased from an estimated 7100 tonnes to 8800 tonnes this year (2013-2014).

The Strawberry Runner Plant Scheme was set up in 1985 in conjunction with strawberry
runner growers by the Ministry of Agriculture and Fisheries. It was initially established
for the New Zealand Berryfruit Growers Federation but ownership has since passed to
New Zealand Berryfruit Propagators Ltd. (NZBP) which is a limited liability company,
100% owned by Strawberry Growers New Zealand Inc.

Because the scheme has no government association, control is achieved by contractual
arrangements with the four main plant growers. As part of the license contract to allow
production of what are mostly University of California cultivars, growers must accept to
produce according to the scheme in order to get a license.

OUTLINE OF THE SCHEME

The scheme is based on a 3-year propagation cycle starting with a nucleus plant. This
may be a plant directly released from quarantine, a plant sourced from tissue culture
stocks held by the scheme, or a recycled tested nuclear plant produced the previous year.
Initial stocks are established in spring. The subsequent nuclear plants produced are sold
(usually the following September) to the licensed plant growers and these are placed in
elite beds where they are multiplied for a further year before going into runner beds. The
following May, the runners produced are sold to fruit growers.

A single strawberry plant can produce up to 400 daughters in a single season.
Multiplication rates are often lower than that and for nucleus stock plants we work on
average production of 50 nuclear plants. These 50 nuclear plants, planted in elite beds
could produce 10,000 elite plants which subsequently could be multiplied in the runner
beds to give 2,000,000 plants for sale to fruit growers. The health of this last generation
will depend upon both the health of the original stock plant and subsequent care at each
stage of the scheme.

HIGH HEALTH ASPECTS
The focus of the programme is on those pest and diseases that can affect production of the
plants when they reach the customer — in this case the fruit grower. The list of these
pests and diseases is regularly reviewed and is added to if threats from newly arrived
pests and diseases are discovered.

The present list of designated serious diseases includes: 17 viruses; 14 phytoplasmas; 2
fungal diseases, of which the most important is Phytophthora cactorum; and nematodes.
Fortunately there are no bacterial diseases on the list at the moment, but we are on the
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look-out for Xanthamonas fragariae that is a potential threat to strawberries but is not in
the country, as far as we know, at present.

The programme deals with these threats through a combination of testing and
preventative measures. All nucleus stock plants are hot water treated at 46°C for 10 min.
to control nematodes and cyclamen mite before going into the nuclear stock unit. At this
stage, the first Phytophthora test is taken from roots and potting mix from each plant.
During the season, leaf samples are taken and tested for viruses and phytoplasmas by
molecular methods carried out by MPI, and this testing is supported by grafting each of
the 17 cultivars on to three indicator clones, which we do ourselves. A second
Phytophthora test is carried out prior to sending the plants out.

Elite and runner beds are inspected annually and the nuclear unit has been audited three
times in recent years. Finding people with appropriate knowledge of strawberry high-
health programmes within New Zealand to audit the nuclear unit in a meaningful way has
been a problem. However we do cross check our systems with the potato high health unit
centred in the same glasshouse complex at Plant and Food Research at Lincoln.

For woody plants, there are increasing concerns about fungal diseases that have the
ability to be carried without showing symptoms on propagation material. What happens
subsequently in fruit production fields is that under specific conditions, these diseases
then express, often at great cost to the grower. This is highly relevant for our woody berry
propagation programmes. Diseases that have this ability include Peronospora sp. (downy
mildew) and Cercosporella sp. (boysenberry decline) in Rubus species, and
Chondostereum purpureum (silver leaf) and Botryosphaeria sp. in blackcurrants and
blueberries We are still in the process of developing systems that include checks of
propagation material for freedom from these diseases in these crops. We know that
Peronospora will happily multiply in tissue culture stock and with its ability to infect
roses as well, is a disease to be wary of.

Virus diseases and phytoplasmas are the others that can turn up in otherwise healthy
appearing plants at a later date. As an example, raspberry bushy dwarf virus (RBDV) is
causing problems at the moment in plants distributed a few years ago. These incidents
remind us of the importance of having high-health systems for propagation

TRUENESS TO TYPE

It is now over 10 years since the last court case occurred involving a mix up with
strawberry plants. Co-incidentally we introduced a trueness-to-type programme around
the same time and this has prevented mix ups getting through to the fruit production stage
and in recent years, the trial results have been used to circumvent a possible court case.
However, we have had a recent mixed cultivar experience with blackcurrants which has
created changes to our operating systems for this crop.

The strawberry trueness-to-type programme has multiple objectives. The first one is to
ensure that all plants sold to commercial growers will perform as expected for that
cultivar. The trial plots are also used to test relative performance of cultivars and
demonstrate any differences between propagators. The plots are also used as test sites for
Plant Variety Rights (PVR) descriptions. We run two sites for strawberries, one in
Auckland for short day cultivars and one in Canterbury for day neutral cultivars. Plants
from all elite beds and the nuclear stock unit are included in the replicated and
randomised trial plots.

CONCLUSION

Running a high-health and trueness-to-type programme is not cheap. Having plants that
don’t perform at a later date with associated court cases over health and trueness-to-type
issues can be much more expensive. The key is to identify the issues that are likely to
impact on subsequent performance of nursery stock and have systems in place that
demonstrate that when plants left the nursery, they were fit for purpose.
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Light Management during Cutting Propagation in New Zealand®

Paul Fisher

University of Florida IFAS Extension, P.O. Box 110670, Gainesville, Florida 32611,
USA

Email: pfisher@ufl.edu

INTRODUCTION

Propagation of cuttings with sunlight as the sole light source is the most common
situation in commercial plant nurseries. In that situation, greenhouse shading is the most
important factor to manage in order to ensure that light is in an acceptable range for rapid
root and shoot growth. When excess shade is applied, light is limiting to photosynthesis
and growth. In contrast, excess light is likely to result in dehydration and heat stress of
plants.

Studies in both commercial and research settings provide guidelines for lighting during
propagation. The objective of this article is to provide light-level guidelines, and show
how ambient light levels in New Zealand affect shading strategy. These guidelines must
be adapted to local climate conditions, depending on whether high light leads to
excessively warm air and plant temperature, and a resulting need to mist frequently or
open vents and lose humidity. The greenhouse technology is also important. Movable
shade can be closed during hot and sunny hours during midday, and open during morning
and afternoon or cloudy weather. Movable shade therefore has greater ability than fixed
shade to increase light level without resulting in heat stress. With fixed shade, the key
decision is typically which month to apply or remove shade. Because of microclimates
and differences in greenhouse types, growers should trial new shade levels before
applying to the entire crop.

LIGHTING GUIDELINES

Most growers are familiar with measuring instantaneous light intensity, meaning the light
level that would be measured at one point in time using a light meter. One challenge in
comparing measured light against recommended levels is the wide range of units used to
describe light intensity.

For the photosynthetically active range of the light spectrum [400 to, 700 nanometers
(nm)], units are micromoles per square meter per second (umol'm>-s™). For sunshine,
100 pmol-m™-s” equals 520 foot candles, 5,600 lux, or 5.6 klux of visible light (380- 770
nm), or 48.3 Watts/m” of light energy (280 to 2, 800 nm). These conversion factors vary
for different light sources such as different types of electric lamp (Both, 2002).

There is a tradeoff between having adequate sunlight intensity for maximizing
photosynthesis rate versus heat stress. Typlcal hght levels under mist during formation of
callus and root initials are 200 to 300 pmol-m™s™ (11.2 to 16.8 klux). Excess light during
the mist phase leads to dehydration of cuttings, and the grower may have to
overcompensate with more frequent mist irrigation to keep the plants from wilting. This
can create several problems. Media will become saturated, cold, and depleted of both
oxygen and nutrients, making for slow rooting or plants that are nutrltlonally deprived.

The optimum light Tevel may increase to 500 to 600 pmol-m™s™ (28.0 to 33.6 klux) or
more after plants are well rooted, off mist, and being hardened off for transplant. Because
optimum light level varies during crop growth, this can be achieved by having 2 or 3
climate zones with increasing light level, often coupled with decreasing temperature to
harden off plants. For many ﬂorlcultural crops during the finished phase after transplant, a
light level of 500 to 1000 pmol-m™>s™ (28.0 to 56.0 klux) is acceptable (Heins and
Runkle, 2004). For greenhouses that are poorly vented, or are in a location with high air
temperatures, light levels need to be on the lower end of these ranges.

Daily light integral (DLI) during propagation can also significantly affect adventitious
rooting of cuttings. The DLI refers to the accumulated light energy in the PAR range in
moles per square meter per day (mol-m™>-d"). A datalogger can be used to continuously
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measure light level, and calculate the accumulated DLI. A suitable battery powered
datalogger is the WatchDog 2475 Plant Growth Station available from
<specmeters.com>. Most computerized environmental control systems can also log DLI,
but this ideally requires a light meter to be placed inside the greenhouse.

When the DLI is below 4 mol-m™>-d” inside the greenhouse during mist propagation,
rooting can be reduced or inhibited because leaves are unable to intercept enough hght for
adequate photosynthesis. When light levels are too high (above 8 to 12 mol-m’ 2.dh
during mist propagation, transpiration is increased, and drought stress or excess misting
can inhibit rooting. After plants are rooted and off mist, shade should be reduced or plants
moved to a higher light zone. Finishing cuttings at a DLI of 8 to 14 mol-m™>-d”' enhances
rooting, branching, flowering, and post-transplant performance.

During winter months, sunlight can be limiting to plant growth. Long nights, overcast
weather, and low incident angle of the sun greatly reduce the amount of light that plants
receive. During this time, shading is often not necessary, particularly during cloudy days.

In the late spring and summer months, shading is applied not only to reduce light levels
for unrooted cuttings, but also to lower the greenhouse temperature, reduce venting, and
maintain air humidity. Beware, however, in creating very soft (poorly toned) cuttings
through the combination of warm and dark conditions. Most plants that will be grown
under full sun in the landscape or finished container should ideally be hardened off
without shade before transplant, unless they become excessively heat-stressed.

The shoulder seasons of spring and autumn are often the most challenging, because of
changeable weather. This is where fixed shade becomes most inefficient because over-
shading will occur on cloudy days if the shade cloth remains closed.

LIGHT LEVELS IN NEW ZEALAND HORTICULTURE

Table 1 shows DLI data adapted from historical climate data at 29 weather stations in
New Zealand. Original data from the National Institute of Water and Atmospheric
Research (NIWA) were collected using light sensors that measure total global radiation
(approximately 280 to 2,800 nm). This spectral range differs from PAR light (400 to 700
nm) that is relevant for plant growth. A convers10n factor was therefore applied of 2.08
mol-m?-d”" of PAR light for each MJ/m? of total radiation from sunlight, based on Both
(2002).

The light levels in Table 1 represent full sun, with no shade from the greenhouse
structure, covering material, or other shading materials such as shade cloth or white wash.
Clean glass reduces light transmission (i.e., provides shading) by about 10%, and any
areas receiving shading from the gutters, sash bars, or other overhead fixtures receive less
light (Heins and Runkle, 2004). Because plastic reduces light more than clear glass,
maximum light levels will be even lower in a double polyethylene-covered greenhouse.
Shading by a factor of 50% is common in double-polyethylene greenhouses without
additional shade during winter months because of the low incident angle of the sun. Use
of whitewash, saran, aluminized, or other shade cloth provide further shading.

The amount of shading that occurs in a grower location can easily be measured using a
hand held light meter. Over at least 3 days that have either cloudy or sunny conditions,
measure the light level outdoors in the morning, midday, and afternoon (whatever units
used by the meter are fine). Immediately after each outdoor measurement, also measure
light level inside the greenhouse with the shade open and shade closed so there are triplets
of data (full sun, greenhouse without the shadecloth closed, and greenhouse with
shadecloth closed). Enter into the worksheet in Table 2, and average each column. Repeat
in both the winter, and in the summer.
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Table 1. Estimated daily light integral of photosynthetically active radiation in mol-m™:
d”' in full sun (with no shade). The data were converted from mean daily global
radiation (MJ/m”) climate data from the National Institute of Water and Atmospheric
Research (NIWA) for the 1981-2010 period for weather station locations having at
least 5 complete years of data (Source: <https://www.niwa. co.nz/education-and-
tramm% schools/resources/c11mate/rad1at10n>) The conversion factor was 2.08
mol-m~-d” for each MJ/m?” based on Both (2002).

Location JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
Kaitaia 45 40 34 24 18 15 16 21 28 35 41 46 30
Whangarei 44 38 32 23 17 15 15 21 28 35 41 42 29
Auckland 47 41 33 24 17 14 15 21 28 36 43 46 30
Tauranga 49 42 34 24 17 14 15 21 28 37 43 46 31
Hamilton 46 40 33 24 16 13 14 20 27 35 42 45 30
Rotorua 47 40 33 24 17 13 15 19 27 35 42 45 30
Gisborne 49 40 32 23 16 13 14 20 29 39 45 48 31
New Plymouth 50 44 35 24 16 13 15 20 27 36 45 46 31
Napier 48 40 33 23 16 13 14 21 29 39 45 47 31
Wanganui 49 42 33 23 15 12 14 19 27 35 44 47 30
Palmerston North 46 41 32 22 14 11 13 18 25 32 41 44 28
Masterton 46 39 31 21 15 11 12 18 27 35 44 46 29
Wellington 48 42 32 21 13 10 12 18 26 35 42 46 29
Nelson 49 43 33 24 16 12 13 19 28 35 43 47 30
Blenheim 49 42 35 24 16 12 14 20 29 39 46 48 31
Westport 45 40 31 20 13 10 12 17 24 32 42 42 27
Kaikoura 45 38 31 21 14 11 12 18 27 36 45 46 29
Hokitika 44 38 30 20 13 10 12 17 24 32 40 42 27
Christchurch 45 38 29 20 13 10 11 16 25 35 43 45 27
Mt Cook 46 41 31 21 12 9 11 16 23 35 45 44 28
Lake Tekapo 50 43 33 22 14 11 13 18 28 39 49 49 31
Timaru 42 35 29 20 13 11 12 17 26 34 41 43 27
Queenstown 49 43 32 21 13 10 12 18 27 38 46 50 30
Clyde 47 42 32 20 12 9 10 17 27 37 46 49 29
Manapouri 45 39 28 18 11 8 9 15 23 34 43 46 27
Dunedin 40 35 26 17 10 8 9 14 22 32 38 40 24
Invercargill 41 36 26 16 9 7 9 14 23 32 41 44 25
Chatham Islands 42 36 27 18 11 8 10 15 23 31 40 43 25
Antarctica, Scott Base 52 28 9 1 0 0 0 0 5 22 48 60 19
Average' 46 40 32 22 14 11 13 18 26 35 43 46 29

' Average includes all weather stations other than Chatham Islands and Antarctica.
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Table 2. Work sheet to calculate the shade level in a greenhouse location with and
without the shadecloth closed.

(A) Light level (B) Light level (C) Light level % shading % shading with

outdoors inside, without inside, with without shadecloth

shadecloth shadecloth shadecloth closed
closed closed closed

(A) (B) (©) (1 —B/A)*100 (1—-C/A)*100

Example: Example: Example: (1-6/10)*100 (1-3/10)*100

10 klux 6 klux 3 klux =40% =70%

1.

2.

3.

4,

5.

6.

7.

8.

0.

Ave. (1 to 9): Ave. (1t0 9): Ave. (1 t0 9): Ave. (1 to 9): Ave. (1 t0 9):

By comparing the light levels in Table 1 against recommended levels in Table 3 and
other resources such as Faust (2011), it is possible to consider appropriate shading
strategies and appropriate shade levels. The average light level in the darkest months
(June, July) of 13-14 mol'm™-d”' was approx1mately Y4 the light level during the sunniest
months (December and January) at 46 mol-m™-d™". This light range emphasizes the need
to reduce shading during winter months. There was greater variation in light level
between locations during winter months than in summer. Durlng winter, the average light
level in Invercargill (southern South Island, 7 mol'm 2 d ) was appr0x1mately half the
light level in Kaitaia (northern North Island 15 mol-m™-d™"), emphasizing the need to
customize winter shade level in different locations.

Table 3. Guidelines for optimum daily light integral levels for floriculture production. For
more information on finished plants, refer to Faust (2011).

Daily light integral range

Production phase (mol-m2-d’)

Propagation (unrooted and under mist) 4t08
Propagation (rooted to hardening off) 8 to 14
Finishing of most flowering crops At least 10
Finishing of orchids, ferns, tropical foliage 6to 10

Most South Island and southern North Island locations had less than 12 mol'm™>-d”" of
full sunlight during the darkest months, indicating minimal need for additional shading
during winter. September to April had high light levels and greatest need for shading
during propagation, with the shoulder months of May and August being intermediate.

In winter (June), Figure 1 shows that greenhouses applying 75% shade (including both
the covermgzmaterlal greenhouse structure, and shade cloth) would result in light levels 2
to 4 mol-m*-d”', which is below the recommended DLI even for low light crops or the
mist propagatlon phase (from Table 3). No more than 50% total shade should be applied
during winter, which in many greenhouses with double-polyethylene or fiberglass
covering would not require shade cloth. Cuttings could be hardened off during winter
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with no shade at all. In contrast, during the summer at least 75% shade cloth is likely to
be needed during the mist phase.

As a demonstration, we placed a WatchDog 2475 data logger in an orchid production
greenhouse in south Auckland during April 2014. Phalaenopsis OI'Chld is a low-light crop
(Faust, 2011), and a target threshold was set at 3 to 6 mol'm™?-d" during propagatlon
Measured light level averaged 1.5 mol- ‘m*-d", and ranged from 0.8 to 2.8 mol-m?-d"
during the cloudiest and sunniest days, respectlvely, with around 90% shading of ambient
sunlight. Based on these measurements, the grower reduced the shade level during May
by removing one layer of fixed shade, in order to increase growth rate.

Fig. 1. Estimated daily light integrals (mol-m™-d™") with four levels of shading (0, 25, 50,
and 75%) during minimum (June) and maximum (January) sunlight months in
New Zealand. Data were calculated by multiplying the full sun DLI in Table 1
times (1 — shade level). For example, in Kaitaia during June the full sun DLI was
15 mol'm™-d”'. With 75% shade, this would be reduced to 15 * (1-0.75) =
approximately 4 mol-m=-d™",

CONCLUSION

The climate data in both Table 3 and represented as light maps in Figure 1 provide useful
information to help guide shading strategies. Although heavy shade is needed in New
Zealand during summer months for propagation, it is easy to over-shade during the
winter. During the darkest months, shade cloth should in many cases be completely
removed, particularly when hardening off cuttings and finishing many floricultural crops.
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Light-Emitting Diode (LED) Lighting in Plant Propagation®

Matt Mansfield
Mansfield’s Propagation Nursery, P.O. Box 8094, Carrum Downs, Vic 3201, Australia
Email: matt@mansfields.net.au

INTRODUCTION

In 2013 at the IPPS Australian Region Conference Karen Brock presented a paper on the

use of light-emitting diode (LED) lighting in her propagation facility. There was not

much detail on the potential benefits for a propagation nursery so a commercial trial was
set up with the following aims:

e To identify the difference in strike rate (the number of plants to successfully set roots)
between an LED lit and an unlit bench. Making it easy to quantify the cost benefit such
a system will provide by improving strike rates.

e To identify the length of time for root initiation in days between the LED lit and the
unlit trays. This will outline the potential turnover and efficiency gains the LED lights
will give the propagation house.

e To ultimately measure the cost benefits of installing lights to improve productivity of a
green house compared with building more production space.

BACKGROUND

We were contacted by Powerplants Australia, who was bringing out a European
representative of Phillips lighting as part of their initiative to introduce LED lighting in to
the Australasian horticultural market. We had a meeting with Philips and Powerplants and
had a close look in to the technology that European, American, and Asian growers were
adopting. 1 was able to recall the similar presentation at the 2013 Melbourne IPPS
Conference by Karren Brock on the set up of LED lighting in her propagation house.
Although Karen’s trial was extremely interesting it hadn’t quantified the potential benefits
for a propagator or nursery should they adopt the technology.

I contacted Powerplants and Philips and asked if they would both be interested in
supplying enough material to set up LED “grow light” technology over one of our
propagation benches, which is capable of holding 16,000 cuttings per week. I proposed
this to both companies with the understanding I would conduct a full scale propagation
trial, record the results and present the paper as an entry for the Rod Tallis Award for the
2014 TPPS Combined Australia and New Zealand Conference.

METHOD

o The trial commenced on 14 Jan 2014.

¢ Propagation for the trial was 2 trays per taxon with the same number of cuttings per
tray.

e There was a range of plants each week to give a good cross section, including trees
shrubs, grasses, perennials, and succulents.

e Each trial tray was produced on the same day, by the same propagator, from the same
mother stock, using the same hormone but placed on separate benches. Both benches
were in the same location of the green house and experienced the same watering,
misting, fertilisation, and growing environments.

e The only variable within the trial was one bench being lit by red and blue LED lights as
designed and installed by Phillips. These plants placed under LED lights experienced 16
h of LED light per day. The control plants on the unlit bench received normal day light
regulated by the automatic shade screens, as required by the propagation house between
January and April.

e Daily recordings of the greenhouse conditions were made using the greenhouse
management software program. Included in these conditions were inside and outside
light levels. A light photometer was used at the same time every day to measure the
available light to all plants, both the LED bench and the unlit control bench. In addition,
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each day the following measurements were recorded; actual sunlight hours each day
outside of the greenhouse (to gain an understanding of the difference between inside
and outside light differentials), the atmospheric temperature, media temperature, and
humidity levels inside the green house.

RESULTS

Lighting the initial stage of propagation increased strike rate across the range by 7%. Put
in to context a 7% rise in strike rate over the 1,900,000 cutting grown plants produced
annually would result in an extra 136,500 plants through the nursery. On one of the major
lines in blueberries there was a 12% increase in strike rate. A raise in the strike rate of the
blueberries by 12% a year would result in $26,000 extra per year for the business (Table

).

Table 1. Species propagated with strike rate and duration.

Plant name Week  Strike rate Weeks in propagation house
propped (%) Weeks in  Mansfield Weeks
Lit Unlit propagation average faster

Agonis flexuosa ‘Nana’ 4 38 47 13 12 -1

Banksia spinulosa % 7 99 97 5 15 10
B. ericifolia ‘Giant Candles’

Blueberries (Vaccinium) 6 83 37 11 21 10

Vaccinium corymbosum 7 62 46 8 21 13
‘Sunshine Blue’

Callistemon citrinus 7 46 42 8 14 6
‘Endeavour’

Cupressus macrocarpa ‘Wilma’ 6 54 49 8 15 7

Grevillea 4 70 53 7 14 7
‘Poorinda Royal Mantle’

Pandorea jasminoides 7 93 89 4 6 2

Philotheca myoporoides 5 57 38 9 9 0

Photinia X fraseri ‘Robusta’ 5 46 36 13 30 17

Scabiosa columbaria 5 84 100 9 7 -2
‘Mauve Delight’

Westringia fruticosa 5 84 84 6 7 1

Westringia fruticosa “WES06’, 3 65 70 6 7 1

Low Horizon™ coastal

rosemary PPAF
68% 61% 8 weeks 14 weeks 5 weeks
7% better improvement

By lighting the propagation house crops were ready for tubing 2 weeks earlier on
average. If that was across the board the total amount of cutting grown plants to move
through that house would go from 2.7 million to 3.2 million without expanding. It is
expected that by also lighting the second stage, crops would be ready 4 weeks earlier than
with unlit propagation.

CONCLUSION
The trial has proven that LED lighting for propagation works! It’s a matter of the fit out
cost compared with the gains that that will benefit from the application. The LED lights
have grown healthier, stronger plants in a shorter space of time.

So if you are at capacity in your house and need to expand, the lights are a great way to
go. If you’re looking to increase strike rate the lights are worth investigating further.
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I would like to thank the companies who have allowed me to complete this extensive
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Staying Competitive (and in Business) as a Small Nursery©

Steve Vallance
Muchea Tree Farm, Lot 214 Archibald Street, Muchea, WA, 6501, Australia
Email: muchtree@nw.com.au

INTRODUCTION

Nursery owners can be considered as being on a spectrum from “factory owners”
producing large numbers of perfect plants of a low range of taxa to “plant lovers” who
love growing plants for others to enjoy. The former have capital intensive operations with
the prime consideration being profit per plant. This is good business but does not require
a particular affinity for plants, although that is not necessarily absent.

The plant lovers grow plants primarily because they have a passion for them and want
to see them grown and enjoyed by others. They are often running small nurseries and
compared to the past very few of them are left. Obviously to stay in business and to
continue growing and distributing the plants they love they must make a profit.

I consider myself to be more of a plant lover having grown up in Western Australia
(WA), one of the world’s great biodiversity hotspots, with a huge range of species, many
of which occur nowhere else and are also quite spectacular in flower.

STAYING IN BUSINESS

There are only a few people who are still growing these great Western Australia (WA)

plants; so many have ceased for a number of reasons.
These include:

e Increasing Value of Land. It’s no longer worth growing plants compared to profits to be
gained from selling the land.

e Costs of Inputs. Western Australia has endured a “boom” in mining activity and to get
anything done requires work from people who have had prices inflated by mining
companies’ activities and effects.

e Decreasing Suburban Block Sizes and Bigger Houses on Those Blocks. Not the room to
plant plants anymore.

¢ Changing Culture. Whereas gardening used to be considered an enjoyable hobby in the
past, the current generation generally seem to consider it a tiresome chore. People are
too impatient to do work now and wait for things to grow before they can get the
benefits.

e Rise of Box Stores. Many interesting small retail nurseries have been squeezed out by
homogenous box chains all selling the same stuff to an uncaring public.

e Factory Wholesalers. They’re good businessmen and plant growers - just boring, with a
limited range of plants at a low price.

e Difficulty of Obtaining and Retaining Skilled Labour. Mining boom again.

¢ Discounting. Too much stock is dumped and drags prices down for everyone else.

SOME THE THINGS WE ARE DOING
So then, wanting to continue to produce interesting plants but needing to turn a profit in a
tight market what are the things we are doing, and wanting to do in the future, to keep
ourselves competitive.

The first thing we see as a competitive advantage is our use of a range of propagation
facilities.

An old brick sided tunnel, unheated and a bit drier with respect to fogging, produces
great results with WA natives especially some of the trickier grevilleas (Fig. 1).

A second poly tunnel has little ventilation and gets too hot for most purposes but
produces excellent results with tropical grevilleas and some South African
leucospermums (Fig. 2).
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Fig. 2. This is the hot tunnel, good for another range of plants especially tropical
grevilleas.

A third facility has most of the modern applications, including automatic venting,
extraction fans, and aluminiumised shade screens above the plants (Fig. 3). These screens
can be set to open and close automatically but in practise are left shut in summer and open
in winter. In this tunnel we have Netafim misters on the plants and a fogging system in
the upper space to help cool the structure in hot weather, which is a large part of the year
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in WA. With a gas-fired hot-water system providing bottom heat another whole range of
plants can also be successfully grown in this tunnel.

The second thing we see as an advantage is the use of a range of approaches with seed
germination.

Fig. 3. “Bells and whistles” facility good for most cutting grown plants.

Many WA natives have dormancies that need to be overcome and a range of methods
must be employed. We are constantly experimenting to discover ways of improving
germination or maybe even any germination.

Methods include:

e Direct Heat. Using direct heat in an oven at 120° for half an hour or more.

e Smoke Treatments. Treatment with smoke water and/or direct application of smoke.
The discovery of the effect of smoke on many WA natives, especially monocots, has
probably been the single biggest breakthrough in germination.

¢ Using Refrigeration. Many WA natives are designed to only germinate in winter when
follow up rain is likely and temperatures are cooler. These natives respond to a period
of chilling prior to sowing. Banksias are very particular about this.

e Physical Scarification. In the past many genera were treated with hot water to crack
hard seed coats. We have greatly improved germination with physical means instead of
the heat.

e Weathering. Leave the seed trays for long periods — sometimes two years or more.
There are other small things we do that we believe help keep us in the business. These

include:

e Using a small diesel burner to generate steam to sterilise all containers before they are
reused. We save a lot of money reusing pots. We also believe in recycling the pots to
keep them out of landfill which is where so many end up.

e Growing nearly all of our cuttings in a 100 cell tray and instead of dibbling holes
individually we have made a board of MDF (medium density fibreboard) with 100 large
screws in the right pattern to place on the tray and make all the holes at once (Fig. 4).

e We have a program and printer from Tytag Australia to print many of our own labels.
This was just for emergencies and short runs however with a recent corporate takeover
in the Australian label printing industry one of the two main companies has become
almost unusable. We are now making more of own than ever. Although the cost is
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similar to commercial labels and the quality is not quite as good, they are far better than

nothing and a great aid to our business.

e We do most of our own welding. I did a 5 week night-school course and learned enough
that we are able to make our own trolleys, benches (Fig. 5), and many repairs. All plants
are grown on benches to make them easier to work on and to keep them above splash
zones for better hygiene. The construction method we have evolved over the years gives
us a sturdy bench at a reasonable cost and is good for our business.

¢ Something else we do but which can be a two edged sword is that we grow a number of
species that are difficult to propagate and have low survival percentages. We are
obviously always trying to improve these percentages. Several of these plants are only
grown by us. While it is unlikely we make any money out of these they give us
something special to sell to our best customers and they give us a certain credibility as
the only place you can get some of these desirable, hard-to-get plants. We look at them
the way a supermarket looks at a “lost leader.”

In this vein we have spent several years finding out how to grow grafted Corymbia
ficifolia plants. Corymbia ficifolia is a WA native, endemic to a few hundred acres near
the south coast but now widely grown in temperate climates around the world. It has a
range of flower colours which cannot be predicted when grown from seed. They can also
take 10 years or more to flower from seed. Red is generally the most desirable colour and
people will pay a good premium to know they are getting a red-flowering tree. Grafting
has become the best way of producing plants with a known flower colour.

Fig. 4. Dibble 100 holes at a time.
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Fig. 5. Make your own benches.

Several years ago when the myrtle rust was discovered in eastern Australia imports of
all myrtaceous material was prohibited into Western Australia. Many grafted gums were
being produced in eastern Australia, imported to WA and used widely but the supply was
stopped overnight. Having worked out how to do them in good numbers we are now
profiting from our research in this area.

Finally a big tip and advantage that we have is that we are active members of IPPS. This
is a marvellous organisation, full of friendly helpful people who have been extremely
generous with advice and information that has given us a head start in many ways. The
more you put into it the more you get out of it!
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Profit, Not Turnover®

David Ward
Payless Plants, PO Box 1202, Waikato Mail Centre, Hamilton 3240, New Zealand
Email: dcward@xtra.co.nz

INTRODUCTION

My wife Claire and I have a small nursery. It is not big and grand, more like small and
pokey. But it is profitable relative to its size. A big turnover is not important to me —
what matters is a profit, because no business big or small will last long without a profit.
Our nursery is located on State Highway 3 in central Te Awamutu in the South Waikato
(Fig. 1). The property is less than 2 acres; about a quarter acre out the back is waste land,
so the nursery only uses about 1% acres.

A few years ago we sold wholesale and retail but now it is almost only retail. Our retail
customers come from all over the Waikato and beyond, but primarily from south of us,
including from as far away as Taupo, the Ruapehu area, and New Plymouth. We do not
advertise. All we do is arrive at work, open the gate, and make it up as we go along.

Fig. 1. View from the south-west boundary.

Prior to the global financial crisis (GFC), our annual profit almost reached $200,000 per
year. When the GFC happened profit dipped a bit but lately things have normalized. In
recent weeks sales have been record breaking. This is probably much the same for
everyone here.

So what is it that makes us — or any of us profitable? There are of course many
reasons. One of those reasons is management, and in our case, our management approach,
and business model, is based on economics.

THE BUS TICKET DILEMMA

A bus owner is barely surviving. Should the bus owner put the price of tickets up, which
risks losing market share and a decline in revenue? Or should the bus owner put the price
of tickets down and hopefully attract more fare paying passengers, but also risks a decline
in revenue?

The inherent question with the “Bus Ticket Dilemma” is what is best for profit: prices
going up or prices going down? Everyone will have an opinion on this. My answer
though involves some simple economics. Products with a high price elasticity of demand
tend to increase in profit as their prices decrease, but only if costs are constrained.
Nursery plants have high price elasticity of demand which is a measure of responsiveness
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to changes in price. Profit increases as prices decrease, but only if costs are constrained. I
think everyone in our industry should memorise this statement.

The demand for a product like plants rises or falls for many reasons. However, there can
be no doubt there is one factor that influences spending like no other factor and that is the
price of the product.

Some here may already be familiar with this graph, possibly the most basic and well
known diagram in the entire field of economics. So what does this diagram tell us about
the nature of demand of nursery plants?

The curve (which is really a straight line) slopes downhill and shows an inverse
relationship between price and quantity demanded by the market (Fig. 2). At low prices
(P1) there is a relatively high demand (Q2). As prices rise (P1 — P2), market behavior
changes — in effect moves back up along the curve, so that less product is wanted or
demanded (Q2 — QI1). We are of course, all familiar with this phenomenon already, if
only intuitively though some here may not have seen it presented this way before.

Similarly as prices decline there is movement the other way on the curve and demand
increases.

Simple Demand Curve
Price
$ P2
$ P1
\ D
0 Y az &
Quantity

Fig. 2. Demand curve showing relationship between price and quantity.

What this diagram does not show so clearly, is this phenomenon applies to all levels of
degree. At the micro level it applies to a single product line and it applies to all the
aggregate products of a single business like a nursery or garden centre.

At the macro level, it applies to all the aggregate products of an entire industry. So if all
nurseries in the entire industry were to move their prices up — why would anyone expect
total demand to increase or even stay the same? The effect of raising all prices is to lower
total aggregate demand. This must over time shrink the size of our industry.

Those that advocate higher prices do so for their own reasons, but the aggregate effect
of higher prices is to lower total demand. I am not an advocate of higher prices. My blunt
reality is: the needs of my business can only be met by giving my customers what they
want at the price they are willing to pay for it.

If there is low demand for any specific product, then there is low demand only at a
specific price. In my experience if price is reduced, then demand tends to escalate rapidly.
I believe the issue of price is an issue (but not the only issue) facing our industry. It is an
internal issue.

I also think it is a major mistake to compare prices today with what prices were in 1980.
Yet some do. Surely though, what happened in 1980 is largely irrelevant today.

You see we are not competing with each other. The fact is, as a retailer, my biggest
competitor is China. Because this country is being flooded with cheap products of
everything and anything from China and elsewhere and it makes locally manufactured
plants look expensive. It is a matter of relativity and perception.
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My bottom line is: if I escalate my retail prices my customers will shop elsewhere and
switch to alternative products which provide for equal satisfaction and allow the dollar to
go further.

RETAILER RISK FACTORS IN BUYING WHOLESALE PLANTS
I wish to mention about retailer risk factors in buying wholesale plants because in my
experience, buying wholesale plants is a problem.

When a retailer buys wholesale plants the profit or loss is not determined by the retail
price or retail margin. The profit or loss is actually determined by the amount that ends up
in the waste bin. All the profit and more can easily end up in the waste bin.

The reason is simple because as prices rise, the demand falls. Yet plants in containers
have a limited shelf life. They are a perishable product. This makes buying wholesale
plants very high risk and getting riskier.

This problem is not unique to me. Neither is it a new problem as it has been risky for
years. And over the years retailers have developed several strategies or techniques to try
and manage the risk. I have identified five techniques and to some extent these techniques
are already known by most garden retailers.

GARDEN CENTRE RETAILER RISK MITIGATION TECHNIQUES

1) Reduction Technique: Carry less stock — smaller bitsy wholesale purchases — maybe
make no purchases.

2) Substitution Technique: Replace nursery stock with other lines such as giftware or pet
supplies, or a cafeteria.

3) Price Humping Technique: Put retail prices up and be damned even if prices hit the
stratosphere. The idea is an increased margin covers any stock losses.

a) Then the grower sees the high prices and thinks wow, if it is worth that as a retail
price then to keep parity I need to hump up my wholesale price which of course
increases the risk to the retailer who further increases the retail price. This leads to a
higher wholesale price which raises the retail price etc. This process is insane. But it
happens.

b) Does anyone stop to think raising prices can lower sales further thereby increasing
losses? This option over time becomes a downward death spiral. High retail prices
where they exist are a symptom of a problem not the problem itself. The underlying
problem, the real problem is the perishable nature of plants and the risk of investing
in wholesale plants by the retailer. The real problem is one of time decay of plants.

4) Discount Technique: With the discount technique the retailer has taken control of
supplier nurseries and exercises that control by insisting on a discount at the wholesale
price level. This lowers the risk to the retailer, and provides a competitive advantage
by encouraging lower retail prices thereby under cutting the competition. This in turn
both accelerates and increases throughput, and hopefully lowers any losses. However a
couple of awkward questions:

a) If it is feasible for growers to sell to one or a few retailers at a lower price, then why
not sell to all at the lower price and expand the overall market?

b) And second, why do growers play favorites and encourage a single retailer to cause
damage to other retailers when the other retailers being adversely affected are also
grower’s wholesale customers?

5) Transfer the Risk Technique: This is the interesting one. Why not transfer the risk back
to the wholesaler or grower. The transfer of risk option includes sale or return which
has several variants. Why not have the growers carry all or some of the risk? Of course
I have no clout to make this happen but others do.

ECONOMIC MODELLING
Those five techniques previously listed are actually examples of small economic models
used to try and solve a difficult problem — the problem being how to reduce

unacceptable risk to the retailer. It is no coincidence that every one of those models has at
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some point been created by retailers and imposed on growers — whether growers like it
or not.

There are multiple techniques or multiple economic models that can be designed and
used to solve a single problem and there may be other models available that have not yet
been tested or even designed.

Economic modeling is a powerful tool, but as the list showed, its use tends to be
haphazard and informal. But if its use is taken to its full potential then for many
management problems that may arise, system design may be the way to go. I think it is
not enough to just keep increasing wholesale prices and to expect retailers and retail
customers to accept it.

Economic Modelling-System Design

I think it is not enough to just keep humping up wholesale prices and to expect retailers
and retail customers to accept it. A really smart grower would recognize a problem exists
and would actually stop (and think) and attempt to design a solution to everyone’s
advantage. But will it ever actually happen? Will growers ever go beyond the traditional
economic model of maximum extraction of revenue from retailers? Is it no surprise
independent retailers are steadily disappearing? Is the traditional economic model the
industry uses slowly destroying grower’s access to the retail market? And what happens
when the era of the box stores has passed?

It is not enough for growers to argue that if they do not get enough for their stock then
retailers may lose their lines of supply. Such argument tells only half the story.

Consider if retailers do not get enough return to justify the risk when investing in the
supply — then growers may lose their lines of access to the market.

But it gets even more complicated. Because both grower and retailer in this inter-
dependent relationship are totally reliant on a willing end use customer, not occasionally
as an act of freakishly good luck, but every minute of every day, all the time, year after
year.

Instead though, what do we actually get? The end use retail customer tends to be
forgotten about unless it is for the maximum extraction of revenue. And growers and
retailers face off with mutual suspicion, each considering their respective position, while
assessing how to manage the other.

[ am not averse to buying in wholesale plants but I have a big question mark about how
to manage the risk. As things exist it is difficult to near impossible to make a profit from
the investment. In fact it can often be difficult to simply do a cost recovery that is get no
more than your money back.

And if my predicament applies to most retailers everywhere — which to some extent I
think it does — including the box stores — then growers should expect them to react.
And it will not be pretty.

As a retailer of plants, I should, in theory at least, be able to buy in all my stock as
wholesale purchases and make a reasonable return from the investment. The harsh reality
though is I am not given rebates, discounts, or other benefits afforded to others, the
playing field is not even, and if I were to buy in all my stock, retail prices would be such
that over 90% of my customers would leave — without buying anything.

Of those that did buy something their purchases would be very small — in other words
selling less product to less customers — our reputation would die very quick — our
market would collapse — frustrated or latent demand would increase — and the general
public would spend their recreational dollar elsewhere — probably not even on plants.
This cause and effect is well documented in economics, referred to as the substitution
effect or the Slutsky effect.

Back then to my little nursery in Te Awamutu. Having a second look at this image some
things may not be that obvious (Fig. 3).
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Fig. 3. View of nursery from State Highway 3.

First, this property is both our retail site and our production nursery at the same time. It
is basic and has no frills, but it does those two jobs. There are no big shade houses, no
crop covers, no big flashy propagation facilities, and our only building is the granny
cottage at one end. In effect we have the ability to manufacture a reasonable quality
product on site using next to nothing. By not having complex facilities there is no capital
cost involved, no maintenance cost, and no running or operational cost that go hand in
hand with complex facilities.

Another point of interest is just about the entire nursery site is palletized (Figs. 4 and 5).
Nearly all stock is processed onto and stored on pallets which can be moved using a
forklift on a tractor. The result is huge labour saving. All double handling of stock is
avoided as much as possible.

Fig. 4. Nursery site is palletised and easy to move.
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Fig. 5. Palletised plants.

For PB 5’s (planter bags of about 2.8 L) the cost of using pallets is less than 3¢ per plant
over the life of the pallet. Our pallets enhance productivity significantly. So much so that
over the years, we can go for months even years without needing a single employee.
Claire and I alone can produce 60,000 or more plants per year although it can get a bit
tedious doing it all ourselves.

LOW COST PROPAGATION
The last “innovation” I wish to discuss is our propagation setup, which has to be the
ultimate in tacky systems.

In 1982 I worked as a technician in another nursery which had big propagation facilities
using crop covers, misting systems, and hot beds. The facilities were expensive to build,
expensive to maintain, expensive to run, and took up a lot of space. The electricity cost
for the hot beds alone was $1300 per month and that was back in 1982!

Right from the beginning I decided I did not want that sort of propagation setup. Again |
wanted to keep it simple, keep it low cost, but still be highly effective. So years and years
ago we built these (Fig. 6)!

Fig. 6. Low-cost propagation houses at Payless Plants.
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Simple cold frames — no misting required — and no hot beds. These frames you see
here cost us $200 each and that was over 20 years ago. Over the life span of our
propagation setup, the maintenance and running cost is no more than $100 per year!
These cold frames are very simple. Each covers 10 m?, and is 1 m high at the apex. They
are designed to hold 54 propagation trays in each frame (Fig. 7).

Fig. 7. Construction detail for low-cost propagation houses at Payless Plants.

Examples of propagation success rates examples are shown in Table 1. This list gives
some idea of the effectiveness of our cold frames. They are very successful and in some
ways better than high tech systems. But I would be first to admit that they are definitely
not sexy. From this list, we find that some rhododendrons are near impossible to
propagate but many cultivars are very easy. We used to also buy in Olea or olives as
growing on lines and grow them on, but the supplier kept humping up the price so we
started propagating our own.

Table 1. Examples of propagation success rates.

Plant Rooting (%)
Azalea (evergreen) 99
Azalea (deciduous) 50
Camellia 99
Adenandra 60
Griselinia 99
Pittosporum 99
Rhododendron 0-99
Conifer 60-99
Olea 99

In summary our nursery is not lean, it is skeletal, and it is done on purpose — because it
makes us profitable. Complexity creates costs. The profit comes from keeping it simple.
We have our own economic model, where our costs are constrained, our prices are kept
down, and our profit is kept up.

We can produce a 2.5-L thermo pot for an average cost of only $1.00, or if employees
are used, the average cost jumps to $1.85. The marginal cost of this plant is 65¢.
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So anything above our average cost is profit. We do not try to maximize profit per plant.
We work to a defined profit and try to maximize profitability by maximizing production
and numbers sold.

At normal garden centre prices a smaller grade of this product (Fig. 8) from another
nursery retails for $22.00. But at $22.00 we would only retail five plants per year instead
of 400. Five plants with a margin of $20.00 provides an annual profit of $100, whereas
400 of the same plants with a margin of only $5.00 gives an annual profit of $2,000,
which is a 2,000% profit increase.

Fig. 8. A typical garden center Adenandra uniflora (China flower) plant in a 2.5-L
thermo pot.

If you think back to the demand curve, prices have to be kept down in order to shift the
volume. But if we can shift our volume while still making say a $4.00 or $5.00 profit per
unit, then over 60,000 units the potential profit, even for a small 1.5 acre nursery, is about
$250,000 per annum.

I would not expect profit to increase by making our product smaller. All we would be
doing is lowering the value. Neither would I expect profit to increase by putting our
prices up as all we will do is sell fewer products to fewer customers.

We define an acceptable margin per unit and arrange our affairs in such a way that we
produce it for the lowest possible cost and sell it for the lowest possible price with the
margin being built in as part of the cost per unit. And that is the way it works for us and it
works well.

Success is not a secret — it is a system and I want it to be perpetual and sustainable,
which means I have no interest in bleeding my customers dry or encouraging them to go
elsewhere.

So by now, some here may want to throw something at me! But before you do, ask
yourself if I am right or wrong? Is there a better way for us to operate? Maybe, but I have
no idea what it is.

Size is not a guarantee of big profit. In many cases though, size will be a guarantee of
big costs. Maybe the million dollar profits exist for some, but for others it is an illusion.
My question then is where to from here — for us, for you and for our industry?

I’'m not sure I have the answer to that. But I do know our pokey little nursery has
provided us with no debt for many years, we have substantial accumulated funds, and
equity of some millions. Others may not like it, but I know our business model works so
if you know of an idea or opportunity that may exist out there, maybe we should have a
beer together and explore options.
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Deep Planting: a Radical New Idea for Sustainable Gardening©

Angus Stewart
New World Plants Pty Ltd, Sydney, Australia
Email: angus.stewart@ramm.com.au

INTRODUCTION

If T were to advise you to dig a planting hole one metre deep and bury the stem of a new
planting of a shrub or tree way below ground level, most horticulturists would be
horrified. The conventional wisdom is that this would be a death sentence for the plant,
dooming it to demise by collar rot of the submerged stem. A few years ago I would have
agreed wholeheartedly, but a meeting with electrical engineer and amateur horticulturist
Mr. Bill Hicks a few years ago has completely changed my thinking on establishing
plants in areas where supplementary irrigation is difficult or non-existent.

A RADICAL NEW IDEA

About 20 years ago Bill Hicks developed a technique called “long stem planting” through
his interest in environmental restoration projects in the New South Wales Hunter Valley.
Eroded river banks had traditionally been stabilised by planting exotic willow trees (Salix
species) in the degraded areas. Alarmed at the way these willows had been seeding
themselves and spreading like wild fire as environmental weeds, Bill experimented with
indigenous native plants as a substitute. To overcome the problem of the native plants
being washed away by floods, he experimented with planting them much deeper than
normal. To the surprise of the professional horticulturists, not only did the trees survive,
they thrived and in most cases the establishment rates and subsequent growth far
outstripped that of conventionally planted trees of the same species. Bill’s website
<http://www.longstemtubestock.com/longstem-application.html> explains his technique
very eloquently and is well worth viewing. His work inspired me to experiment and adapt
the technique to other circumstances such as everyday garden situations. So a couple of
years ago I began trials with as many plant species as I could lay my hands on. The results
have been extremely encouraging and whilst there have been some failures; the majority
of species have been very successful.

There appear to be a number of reasons why planting more deeply often achieves quite
spectacular improvement in plant establishment and subsequent growth. The greater
planting depth puts the root ball from the potted plant down into a deeper part of the soil
profile that usually has a reservoir of moisture that does not dry out as readily as at the
soil surface. The greater planting depth also insulates the roots from drying out if there is
no rain or if irrigation is not possible. Over time the plant also forms a new root system
along the buried stem that complements the original root ball. This extra root system
gives the plant a much greater surface area to take up water and nutrients from the deeper
part of the soil profile it is planted into. The extra root system would also replace any
malformed or damaged roots that often result when plants are raised in pots.

DEEP PLANTING APPLICATION
Deep planting is not for every situation but there are certainly several important
applications where its use can offer significant advantages as follows.

Erosion Control

Another great application for deep planting lies in stabilising embankments and other
erosion prone areas. Great success has been achieved with deep planting of various
Australian native shrubs such as wattle (Acacia), bottlebrush (Callistemon), and
paperbark (Melaleuca) in such situations. An excellent example was documented in the
use of A. longifolia in sand dune restoration works on the NSW Central Coast (Bakewell
et al., 2009). Long stem plantings had a survival rate of 79% versus 53% for conventional
planting.
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Protecting Plants from Vandalism and Wildlife

Urban horticulturists sometimes have the unfortunate experience of planting expensive
trees and shrubs, only to find them ripped from the ground by thieves and vandals. Deep
planting provides a cure for such antisocial behaviour as it also does for animals such as
rabbits and possums that often dig out or graze on new and established plantings. Deeper
planting makes it much harder for them to wreak their havoc. Even if plants are taken
back to ground level they will often still sprout from vegetative buds below the ground.

Establishing Trees and Shrubs in Situations Where Irrigation Is Limited or Non-
Existent

I have had good success establishing a wide range of ornamental plants such as wattles
(Acacia species), gum trees (Eucalyptus species), coastal rosemary (Westringia fruticosa),
bottlebrush (Callistemon species), paperbark (Melaleuca species), as well as fruit plants
such as pomegranate (Punica) and the native finger lime (Citrus australasica). This wide
range of species is thriving without any supplementary watering whatsoever (although it
is important to say that I live in a climate with reasonably regular rainfall). I used potted
plants (generally 50 mm up to 140 mm diameter containers), and planted them such that
approximately 75% of the above ground stems were buried after first removing the leaves
from those parts of the stem that went underground. Before planting, I first dunked the
whole pot into a bucket of water to make sure the root ball was fully saturated and then
watered the plant in thoroughly. No further watering was given after that.

Deep Planting Is not for Every Plant or Soil Type

Whilst this very interesting idea has great potential for a range of planting situations, it is
very important not to dismiss the conventional time-honoured planting technique, as I
have found there are some species and certain circumstances where deep planting does
not work. Species that do not root readily as cuttings are less likely to succeed than ones
that do. Also, plants with a clumping habit such as kangaroo paws and irises do not have
elongated stems that can be buried for obvious reasons. Also, in poorly drained soils that
are subject to periodic waterlogging I have had failures as well as a lack of oxygen will
drown the roots of many common garden plants. My suggestion is to first trial the
technique with species of interest in your own soil and environmental conditions.

SUMMARY
In the right circumstances and for a wide variety of species deep planting may be
applicable to your situation and my personal experience is that it a very useful tool to add
to your kit of planting techniques. It can help to improve survival rates, save water and
create stronger root systems to make your plantings more sustainable and dramatically
reduce maintenance.

Production of long stem tubestock can provide an interesting specialist avenue for
professional propagators, especially to supply environmental restoration projects.
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The New Zealand Plant Collections Register®
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This paper outlines the creation of a plant collections register and an associated cultivated
plant names resource for New Zealand. This project was officially launched at the “Up
the garden path” conference in Wellington on 3 March 2015.

WHAT IS THE PLANT COLLECTIONS REGISTER PROJECT?

The project provides a free online system to manage and deliver information on living
plant collections throughout New Zealand. It is available for use by botanic gardens,
arboreta, garden groups, plant societies and private collection holders for entering and
updating information on plant collections. These records are viewable and shared online
with anyone interested in cultivated plants, both native and exotic.

In addition to managing living (and historic) plant records, the project has provided an
extensive source of cultivated plant names — more than 40,000 — including botanical
names (e.g., genera, species, subspecies, varieties and cultivars), synonyms and common
names. These names are sourced from New Zealand nursery catalogues and other
horticultural literature.

WHY DO WE NEED THIS PROJECT?

The collections register aims to resolve several issues surrounding cultivated plants. First
and foremost, there has been a major lack of knowledge and poor cataloguing of which
cultivated plants are present in New Zealand. We still don’t fully know: what is in this
country, what it’s called, or where it’s growing.

In comparison to the extensive diversity of plants found only in cultivation,
New Zealand’s much smaller flora of native (endemic and indigenous) and naturalised
(weedy) species are well known and documented comprehensively. A running total
(<www.nzflora.info>; accessed May 2015) indicates that there are about 3046 native
representatives compared with about 2618 fully naturalised vascular plant taxa.

Dr. Keith Hammett, ornamental plant breeder and current President of the Royal
New Zealand Institute of Horticulture (RNZIH), summed up the cultivated plants problem
by saying “Managing the country without knowing everything in the flora is like
managing a supermarket without knowing everything on the shelf” (Hammett in Dawson,
2010).

Lack of knowledge and ineffective cataloguing of which cultivated plants are present in
New Zealand severely hampers biosecurity management, both pre- and post-border, as
well as impairing effective management of living collections and horticultural practices.

Pre-border problems arise for plant-breeders and growers trying to import plants under
the Hazardous Substances and New Organisms (HSNO) Act (New Zealand Government,
1996). For importation, the MPI Plants Biosecurity Index (PBI; <www1.maf.govt. nz/cgl-
bin/bioindex/bioindex.pl>) is the database used to determine if a species is already in
New Zealand. However, the PBI is incomplete and lists about 29,000 species out of more
than 40,000 exotic plant taxa thought to already occur in New Zealand. (The estimate of
the number of exotic taxa in New Zealand will become more accurate, including a
breakdown into the numbers of genera, species, subspecies, varieties and cultivars, when
we combine several plant names datasets generated for this project. Accurate
quantification of the numerous cultivars is likely to raise the total number of taxa
estimated for New Zealand.) Furthermore, the PBI lacks author authorities for plant
names and seldom lists synonyms or names below the rank of species (Dickson, 2009).
These shortcomings mean that importers are faced with trying to prove that a species is
already in the country or else pay for what may be an unnecessary and expensive full
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assessment for release through the Environmental Protection Authority (about NZ$17,250
per application). As a consequence, the importation of new plant species and germplasm
have effectively ceased, severely restricting New Zealand’s abilities to produce new plant
selections for its agricultural, horticultural and forestry industries. In 2002/2003, exports
from these three land-based plant sectors earned the country $18.5 billion (MAF, 2003).
The importation difficulties for plants have been highlighted by several interest groups
and authors (e.g., Cave, 2004; Douglas, 2005; Johnson, 2006; Hammett, 2009).

Post-border problems arise because the greatest source of new weeds is not new
biosecurity border incursions but plants that are already here “jumping the fence” and
escaping from cultivation. Many of these horticultural escapes are through the careless
disposal of garden waste, and a rise in the popularity of cottage and herb gardens and
wildflower plantings (Heenan etal., 2002). This is a growing problem and every year
several species become new weeds in New Zealand. Inadequate knowledge of these
potential new naturalisations hampers effective weed management. In 2004/2005, the cost
to New Zealand of dealing with weeds was estimated to be $100 million per year (Local
Government and Environment Committee, 2006).

In addition to economic values associated with pre-border biosecurity and post-border
weed management, there are significant aesthetic, conservation, cultural, educational, and
social values of native and exotic plant collections. As stated by the late conservationist
Dr. David Given et al. (2006): “Good quality nationally important collections of plants,
whether native or exotic, need to be recognised as national treasures just as much as
works of art and buildings.” Despite the value of these collections, there has been a lack
of up-to-date, well resolved and publicly accessible information covering genus-based
collections, ethnobotanical and taonga (traditionally prized) species, rare plants and
heritage cultivars (on the other hand, notable trees are accommodated to a large extent by
the Notable Tree Register, managed by a trust of the RNZIH, the New Zealand Notable
Trees Trust, <www.notabletrees.org.nz>).

For example New Zealand is recognised as an important international repository for
cool-temperate exotic biodiversity collections — species and genotypes that may be rare or
endangered in their original countries (especially Asia, Europe, and North America).
However, our knowledge of these exotic species and cultivars and where they are
cultivated in New Zealand has been remarkably poor and there are few, if any, active
conservation management strategies for them. Biodiversity management of living
collections provides germplasm for plant breeding and propagation material for ensuring
continuity of valuable selections.

We also need to take better stock of our long-term living collections. The total range of
plants held in cultivation is much wider than stock being offered for sale from
commercial plant nurseries in any given production year, especially given the current
trend to market a narrow range of in-fashion plants. Sadly, several historic cultivars have
already become lost to horticulture before their rarity in New Zealand became known.

Key issues that the New Zealand Plant Collections Register project aims to resolve are:
e Lack of knowledge and poor systems to catalogue the cultivated flora
e Lack of access to information
e Poor validation of plant names and identifications
¢ Declining or inaccessible expertise
e Lack of funding and resources to identify, describe, and catalogue cultivated plants.

WORKSHOPS AND FUNDING

These aforementioned issues were clearly identified at a workshop held in Wellington
(9 September 2009), entitled “The cultivated plant names problem: towards a multi-
agency solution” (Dawson, 2010). A follow-up workshop was also held in Wellington
(29 July 2010), entitled “Scoping the new Plant Collection Register” (Sole, 2010). Both
workshops brought together a wide range of stakeholders to seek practical solutions.
Groups represented included attendees with various roles (e.g., database developers,
horticulturists, policy managers, private professionals and scientists), organisations (e.g.,

56



the Department of Conservation; Eastwoodhill Arboretum; the Environmental Protection
Authority; Landcare Research; local government; the Ministry of Primary Industries; the
Ministry of Business, Innovation and Employment; universities and polytechnics), key
interest groups (e.g., Botanic Gardens Australia and New Zealand, the New Zealand
Organisms Register, New Zealand Tree Crops Association, Plant Imports Action Group
and the Royal New Zealand Institute of Horticulture) and several sectors (e.g., plant
breeding, botanic gardens, research and the regulatory sector).

These workshops and proceedings documented the case for a funding application which
was prepared by the author (MD) on behalf of the RNZIH. As a result, in November 2011
the Terrestrial and Freshwater Biodiversity Information System (TFBIS) programme
provided a $175k grant for 3 years. The TFBIS Programme is funded by the Government
to help achieve the goals of the New Zealand Biodiversity Strategy, and is administered
by the Department of Conservation.

A co-funded project, to digitise Duncan & Davies nursery catalogues and make them
available as online PDF’s, is supported by the Sir Victor Davies Foundation and Peter
Skellerup Plant Conservation Scholarship (2012, $10k), the George Mason Trust (2013,
$5k) and a Lottery Environment and Heritage grant (2014, $28.5k). Duncan & Davies
was New Zealand’s largest nursery and founded in the late 1800s (Jellyman, 2011). This
associated project is providing access to the historically significant series of catalogues
(<www.rnzih.org.nz/pages/nurserycatalogues.html>) and is contributing a major source
of cultivated plant names.

A PIONEERING PLANT REGISTER

This project builds upon a pioneering register developed by the RNZIH from 1989 to
1993 (Hammett, 1993; Table 1). The plant collection group responsible at that time
included Dr. Keith Hammett, Dr. Marion MacKay, Mike Oates and the late Winsome
Shepherd.

The original register was based on questionnaires returned by collection holders
throughout New Zealand. This was a well-founded initiative but limited in scope. It
provided an index to collections and was a genus level survey with no cultivars or
individual plants listed — although supplemental paper-based information was filed. Of
course, living plant collections are always subject to change over time as old plants die
and new ones are planted. Valuable collections are also lost when institutions lose interest
or custodians become too old to maintain them. The 1993 register is now more than 20
years old and is consequently out-of-date.

This first register was ahead of its time now that internet technologies such as online
databases and other tools have come of age. These new systems provide the best means of
delivering and managing plant collection information.

HOW HAVE WE CREATED THE NEW REGISTER?

We have followed several key concepts in this project:

e Federated data (information that draws on and is shared in different ways by component
databases)

e Shared platforms (sharing pre-existing platforms and solutions)

¢ Open source coding (where programme code is freely available to the world community
of developers for adapting and enhancing)

e Multi-contributor and collaborative (e.g., “Citizen science” and “Crowd-sourcing”).

By following these concepts we have avoided creating stand-alone systems that do not
interconnect, are developed by too few contributors, and which may have a short or
vulnerable product life.

There are two major components to the project: the plant collections register itself and
digitising of cultivated plant names.
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Table 1. The first 20 records of the 1993 Plant Collections Register (genus listing).

No Collection Spp. Cvs. Records* Holder Town AIS**
1 Abies [1] 59 6 MacKay Survey ‘90 Countrywide

2 Acacia 31 1 P/Cp Dunedin Bot Garden Dunedin +
3 Acaena C/Cp Landcare Lincoln -
4 Acca Hort Research Inst ~ Palmerston Nth

5 Acer 25 Dennis Schwarz Wanaka -
6 Acer Harrisons Trees Palmerston Nth +
7 Acer 16 19 New Plymouth DC ~ New Plymouth -
8 Acer 23 17 C/H Timaru Bot Gardens Timaru +
9 Acer 7 14 C/H Tupare QEII Trust New Plymouth +
10 Acer[1] 90 63 MacKay Survey ‘90 Countrywide

11 Actinidia 155 Hort Research Inst ~ Palmerston Nth

12 Adiantum 6 Mrs A. Lau Paraparaumu +
13 Aesculus Harrisons Trees Palmerston Nth

14 Aesculus [1] 16 10 MacKay Survey ‘90 Countrywide

15 Agapanthus P/H/Cp Auckland Bot Gdn Auckland -
16 Agapanthus Bill Dijk Tauranga +
17  Agathis australis Cornwall Park Trust Auckland -
18 Agave 55 Martin Walker Port Charles +
19 Agave S. Miehe Rotorua -
20 Albizia Harrisons Trees Palmerston Nth

*Records: C = Complete, P = Partial, H = Hand records, Cp = Computer records.
**AIS = Additional information supplied (+).

Plant Collections Register

This part of the project provides a comprehensive and easy to use system for the New
Zealand horticultural community to manage and share their collections online for free.
Some of the larger datasets of living plant collections in New Zealand include:

¢ Auckland Botanic Gardens (>44,000 records)

¢ Eastwoodhill Arboretum (>17,000 records)

e Hamilton Gardens (>15,000 records)

e Wellington Botanic Gardens (>8000 records).

Rather than providing just a list of names, the New Zealand Plant Collections Register
delivers a collection management tool. The register provides plant collection curators,
from major botanic gardens to private collection holders, a free set of tools to manage and
share their collections and images online. The platform used is vastly superior to the
limited choices available to most collection holders. Until now, many plant inventories
held by private collectors relied on non-networked PCs and inadequate software such as
spreadsheets or stand-alone databases. These records were seldom backed up on servers
and were vulnerable to loss.

The New Zealand Plant Collections Register has been created by using the open source
codebases for NatureWatch NZ (<http://naturewatch.org.nz>) and its international, US-
derived parent iNaturalist (<www.inaturalist.org>). Both of these resources are primarily
for natural history observations that include plant, animal and insect sightings in the wild,
but they also accommodate cultivated plants and have the full functionality needed for
this plant collection subset (Figs. 1-4). Current functionality is rich and includes, to name
but a few features:

e Project creation and description. A project in the Plant Collections Register corresponds
to a particular collection

e Locality information, integrated mapping and user-defined area polygons. Polygons
provide the ability to draw a defined area such as the boundaries of a garden on a map

¢ Pre-defined and custom (user created) observation fields, both text (e.g., dead or alive,
wild or planted) and numeric (e.g., number of individuals)
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¢ Image upload (from hard-drive or using a Flickr interface)
¢ Public contributions or an “invite-only” facility

e Community identifications and comments

e Spreadsheet import and export

e Inbuilt mail client for contacting others.

' & NatureWatch NZ - Ayrlies % =]
€ - C | [ naturewatch.org.nz/projects/ayrlies-garden Q =
|""—wm,)ﬂ Dbservations -~ Species ~ Projects ~ Places - Guides People “r,.,_d,..m a1 eo :-;:m-d7?

« Projects

» Observations / Map 344 abservation:
[0 Ao G KWL /(] € /1] ACsY

» Checklist 171 of 173 taxa olmerved

» Journal

» Members 2members

Vizw all members .
» Stats
» Invite observations
» Invite people

» Add from your observations
Dawnioad template far wse in the bl ugiaader

About

Aprlies is a szasonal zarden where the ovner
hasbeen challenged o have some plantatits
bestevery weekof the year, heeping
horticultural and botanical interestin balance
with the landscaps.

Ayrlies Garden collection records now online

Thisis the first garden collection recorded as part of the RNZIH Flant Collection Register
project. Tk y launched by Ayrl den creator Beverley McConnell at

Visitthe ownerswebsite at

the 'Up the Garden Path' Conference in Wellington on the 3rd March 2015, R e i s I RZ Gl
Trustlistingat ._mora |

Pasted on February 12, 15 04:05 Pl by [ marray._daweson | 0 comanents | Leve 2 camment

Recent chservations vewau

g Chondropetalum tectorum fegin cterurm

015
s road, suckland (Googie. O5H)

Fig. 1. Screenshot of the Ayrlies Garden collection, the first recorded as part of the
New Zealand Plant Collections Register project. Note the polygon which has been
drawn to define the area for the project, “pins” on the map that show individual
observations, and a list of plants with images. Additional functionality appears on

the right hand side.
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Fig. 2. Screenshot of the Ayrlies Garden Check List, showing verified species and stock
(Creative Commons) images for them.
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Fig. 3. Screenshot of observations within the Ayrlies Garden collection.
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Fig. 4. Screenshot of an individual observation of Passiflora quadrangularis within the
Ayrlies Garden collection, with description, tags, and identification comments.
When there is a consensus in identifications, the data quality changes from a
casual observation to research grade.

Other functionality includes the ability to add “widgets” (embedded previews) of
individual projects onto other websites to usefully interconnect resources (Fig. 5). While
cultivated plant records from all collections are centralised on one platform, widgets
allow them to also appear on the contributors own websites and third party websites. For
example, widgets are used for a working list of plant collections held throughout New
Zealand (<www.rnzih.org.nz/pages/plantcollections.html>). This page is intended to
provide an overview of the collections.

Rather than relying on the more broadly focussed NatureWatch NZ (and iNaturalist)
front-end, it is possible to build a custom API (Application Programming Interface) front-
end aggregating the New Zealand cultivated plants projects together on one dedicated
website. If we implement an API for this purpose, the website address will be
<www.plantcollections.org.nz>. Plant collection projects on this new API would also
propagate through the NatureWatch NZ and iNaturalist websites.
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1. Private garden collections

Ayrlies Garden

.|

View more observations from Ayrlies Garden on NatureWatch NI »

2. Botanic gardens and public parks and reserves with significant cultivated plant collections

Fernglen

Fig. 5. An example of a “widget” of the Ayrlies Garden collection added to the RNZIH
plant collections page (<www.rnzih.org.nz/pages/plantcollections.html>). This
embedded preview could be added to other related websites — in this case the
owners’ website (<www.ayrlies.co.nz>) and the NZ Gardens Trust listing
(<www.gardens.org.nz/auckland-gardens/ayrlies>).

Also available “off the shelf” is a handy smartphone app for recording onsite
observations that synchronises to the platform. This tool is available from Google play
(<https://play.google.com/store/apps/details?id=org.inaturalist.android>) and iTunes
(<https://itunes.apple.com/us/app/inaturalist/id421397028?mt=8>). It allows users to take
photos of individual plants in their collection with a smartphone or tablet, look up the
plant name and add notes (Fig. 6). The GPS data is automatically added from the
smartphone location and the observation data can then be uploaded onto the platform.

A4

Wy iNaturalist

fNaturaIist%

Add . ;
@ observation [6 Take picture

Observations

Projects

Guides

Map

Fig. 6. A screenshot of the smartphone app for recording observations.
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A selection of cultivated plant collection projects (currently through the

NatureWatch NZ interface) for New Zealand includes:

e Ayrlies Garden (<http://naturewatch.org.nz/projects/ayrlies-garden>)

e Fernglen Native Plant Gardens (<http://naturewatch.org.nz/projects/fernglen-native-
plant-gardens>)

e H.E. Hart Arboretum (<http://naturewatch.org.nz/projects/h-e-hart-arboretum>)

¢ Plants cultivated in the Canterbury Agriculture and Science Centre (CASC) grounds
(<http://naturewatch.org.nz/projects/casc-gardens>)

e National NZ Flax Collection, Lincoln (<http://naturewatch.org.nz/projects/national-nz-
flax-collection>)

e Magnoliaceae Collection at Lincoln University (<http://naturewatch.org.nz/projects/
magnoliaceae-collection-lincoln>).
Many other projects are actively being created throughout New Zealand.

Cultivated Plant Names Resource

The second major part of the project is to generate cultivated plant names. These names
provide an extensive “pick-list” for those using the Plant Collections Register to enter
their collection records.

This is being achieved by digitising and assembling cultivated plant names from the
New Zealand horticultural literature (Figs. 7-8), including authoritative plant books (e.g.,
Gaddum, 2001; Palmer, 2007; Vogan, 2003), cultivar checklists (e.g., Metcalf et al.,
1963; Heenan, 1991a, b; Metcalf, 2001; Dawson and Heenan, 2010) and nursery
catalogues (e.g., the Duncan and Davies nursery catalogues). Copyright is being respected
because we are only providing bibliographic indexing to the plant names — i.e., citing a
plant name, page number, and the title of the reference. The exception is the Duncan and
Davies catalogue collection, for which we have express permission to fully digitise and
make them available as online PDF’s (<www.rnzih.org.nz/pages/nurserycatalogues.
htmI>) for non-commercial purposes.

Nursery catalogues in particular could be considered as “grey literature” because of
their limited print runs, restricted availability, and seasonal focus. However, beyond their
short term original purpose, they provide an invaluable resource for documentlng when
and where cultivars and species were first recorded in cultivation and how rare or
common they became. Until recently, the most notable New Zealand nursery catalogue
collection was housed in the Plant & Food Research library at Mt Albert, Auckland
(Boyd, 1992). In 2014, these catalogues were relocated to the Lincoln University library
to ensure their long-term security. This collection remains available to the New Zealand
Plant Collections Register project.
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Checklist of
Phormium Cultivars

\

INTERNATIONAEL REGISTER OF

Hebe Cultivars

L.J. Metcalf

|
Peter B Heenan
Royal New Zealard Institute of Hoeticulture (Ine)

Fig. 7. Book covers of cultivar checklists on Phormium (Heenan, 1991a) (A) and hebes
(Metcalf, 2001) (B). These technical books were published by the RNZIH as part
of the Institute’s International Cultivar Registration Authority responsibilities.
They are valuable and authoritative compilations indicating the correct names of
cultivars up to the time of publication.

Darcar & Davies

TREES
SHRUBS
and
CLIMBERS

SPECIOSISSIMA
‘FIREGLOW'

JUR FOUR NEW TELOPEA CULTIVARS A

TELOPEA »>
SPECIOSISSIMA
‘SCARLET
FLAME'

Fig. 8. Cover of a 1978 Duncan & Davies nursery catalogue, one of more than 240
catalogues dating from c. 1916 to 2004. Available catalogues are currently being
digitised to produce online PDF versions.
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Assembling plant names has been time consuming because of the numerous names
involved, extensive proof reading required, and the need to resolve them into accepted
names, synonyms, orthographic errors and misapplications.

Following the concept of federated data, cultivated plant names generated from this
project are being mobilised and exchanged with the New Zealand Organisms Register
(NZOR; <www.nzor.org.nz/search>) and international database initiatives (e.g., Species
2000, Catalogue of Life and the Global Biodiversity Information Facility).

Like the New Zealand Plant Collections Register, NZOR was also funded by TFBIS.
NZOR provides a “names clearing house” that focuses on the wider biota (e.g., plants,
animals, fungi and bacteria). Cultivated plants have been one of the largest data gaps in
NZOR. The vision for NZOR is to create an accurate, authoritative, comprehensive and
continuously updated catalogue of the c. 140,000 names applied to New Zealand biota.
NZOR has two fundamental components, the network of data providers and the
information infrastructure to collate and deliver data to end-users.

SUMMARY

The New Zealand Plant Collections Register provides important new resources allowing
better management of plant collections and their names. By providing clarity to
New Zealand’s cultivated flora, both native and exotic, the project will assist in
conservation of rare plants and heritage cultivars, and facilitate plant exchange and
availability of germplasm for plant breeding. It will also assist in the management of
potential weed escapes and should allow better importation and biosecurity decisions.

For the first time, we are building a freely accessible and accurate record of
New Zealand’s cultivated plant stock, how common or rare a plant is in cultivation, and
where it is (or was) growing. Custodians of plant collections are able to log-on and
directly manage their records online. This is supported by an authoritative and
comprehensive database of cultivated plant names that indicates accepted names and their
synonyms.

Although this is a New Zealand funded initiative, the Plant Collections Register draws
upon open source software and could show a way forward for future Australian and
international projects which have the same challenges in managing and sharing cultivated
plant collection records.
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Is there a Role for Glycine Betaine in Cutting Propagation?®

Jill Reader

Lincoln-Telford Division, Lincoln University, P.O. Box 85084, Lincoln 7647,
New Zealand

Email: jill.reader@telford.ac.nz

INTRODUCTION

Glycine betaine (GB) is a compound naturally synthesised by some higher plants in
response to abiotic stresses. Its role when produced in these plants is an osmoprotectant,
helping protect cells, proteins, and enzymes from stress due to drought, salinity, heat, and
freezing temperatures. In addition, GB has been proven to protect the Photosystem II
complex in some plants under various abiotic stress situations (Papageorgiou and Murata,
1995; Murata et al., 1992). Glycine betaine is synthesised in the chloroplasts, and research
has proven it to be a nontoxic, non-perturbing, very water- soluble, and electrically neutral
compound with a molecular welght of 117.15 g-mol™ (Sakamoto and Murata, 2002). A
plant’s natural ability to synthesise GB isn’t defined by its membership in a particular
taxonomic group, these plants are spread over a number of plant families. In addition, a
small number of plants, including sugar beet, wheat, and spinach, are known to be natural
GB accumulators (Bohnert et al., 1996). It is only relatively recently that the chemical
pathway for the synthesis of GB in higher plants has been confirmed, but the exact way in
which it protects the plant from abiotic stresses is still unknown.

In addition to plants, GB naturally occurs in a wide range of other organisms, including
all seaweeds, marine invertebrates, many microorganisms, and all mammals, including
humans. Glycme betaine has two roles in human metabolism, one of which is as an
osmoprotectant, helping protect the kidneys, liver, and heart. The kidneys can synthesise
this compound, but more often it is taken in as part of a diet, as many foods contain
glycine betaine. There is also building evidence that GB plays a role in athletic
performance (Craig, 2004).

My introduction to GB was in 2005 when I returned to Lincoln University after a break
of many years to sit some applied science papers, one of which was plant physiology.
Glycine betaine was talked about in some of our lectures, and this prompted my interest
in finding out more. Much of what was published that I read on the subject at that time
seemed to focus on the possibility of genetically engineering the GB synthesis pathway
into plants. The potential for alleviating abiotic stresses on crop plants through the
application of GB in a world with increasing water supply problems and large areas of
saline and sodic soils had been noted (Flowers and Yeo, 1995; Mékela et al., 1996). There
were no references I could find at that time directly relating GB to ornamental plants or to
their propagation, but as a plant propagator at heart that was where I saw the potential. If
drought stress in cuttings could be reduced by applying GB, a natural plant product, then
this would be a great extra tool for propagators to have.

Finally, 9 years after first learning about GB, I set about doing three very basic, low-
input experiments. Due to the complexity of the factors involved there may not ever be a
simple answer to the question posed in the title, but this is my initial attempt to come up
with one.

MATERIALS AND METHODS
A lack of relevant information meant that the following had to be decided for these
experiments:
¢ [s GB best applied as a foliar spray, full cutting immersion, or basal end soak?
e What strength solution should be used?
e How long should the application time be?
e Which plants should be used?
The glycine betaine used in these experiments was purchased from Sigma-Aldrich. A
product of Finland, it is a by-product of the sugar beet industry, where it is refined from
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the sugar beet molasses by chromatographic separation. Glycine betaine in the
crystallised form like this has to be kept refrigerated. Solutions of 0.5 M and 1.0 M GB
were used in these experiments.

Experiment 1: Examine the Effects of Repeated Foliar Application of 1.0 M Glycine

Betaine on Griselinia littoralis Cuttings

This plant was chosen because it is an industry standard in New Zealand and a very

popular native plant that is able to grow in a wide range of environmental conditions. The

leaves are shiny, smooth, and a little leathery, providing a test for whether or not the GB

would be effective as a foliar application. Seven days of spraying was possibly excessive,

since 1.0 M is a strong solution. However, I was hoping there would be a good visual

difference between the two trays at the end of the 3-week trial period.

e Leafy tip cuttings approx. 25 cm long were taken in mid-December. No leaves were
removed.

¢ All were wounded on one side and given a 5 s dip in Liba, 10,000 softwood (1,000 ppm
IBA).

e Cuttings were stuck into Jiffy 7 coir pellets. There were two trays, 49 cuttings per tray.

e Trays were placed in an enclosed plastic tent on a 22°C heat pad with intermittent mist.

e Each day for the first 7 days the GB treatment tray was sprayed with a very fine mist of
1.0 M GB solution. The control tray was sprayed with water at this time.

e All cuttings were assessed and the experiment finished at 21 days.

Experiment 2: Examine the Effects of Glycine Betaine on Lavatera x clementii
‘Barnsley’ and Penstemon ‘Alice Hindley’ Cuttings Covered Only for the First 3
Days

¢ Four treatments consisting of:

o Soak basal end of cuttings for 1 min in 0.5 M GB solution.
o Soak basal end of cuttings for 1 min in 1.0 M GB solution.
o Immerse cuttings for 1 min in 0.5 M GB solution.

o Immerse cuttings for 1 min in 1.0 M GB solution.

o Plus a control with no GB treatment for the Penstemon.

e Tip cuttings of Penstemon approximately 12-15 cm long were taken in late January.

e Tip cuttings of Lavatera consisting of non-flowering axillary shoots approx. 5-8 cm
long were taken in mid-January. These were quite hard to obtain as L. ‘Barnsley’ tends
to be in full bud and flower throughout summer. No leaves were removed on any of the
cuttings.

¢ All cuttings were given a 5 s dip in Liba 10,000 softwood (1,000 ppm IBA) after their
GB treatment.

e Lavatera was stuck into Jiffy 7 coir pellets and Penstemon was stuck into Jiffy 7 peat
pellets.

e All cuttings were placed in a shallow, slightly opaque plastic storage bin and the lid
placed on it. The bin was placed in a well lit room at ambient temperature and no direct
sun on it.

o After 3 days the cover was removed, and the cuttings left fully uncovered until the
experiment ended. During this time the pellets needed to be gently watered only once.

¢ All cuttings were assessed and the experiment finished at 21 days.

Experiment 3: Examine the Effects of Glycine Betaine on Uncovered Cuttings of

Lavatera % clementii ‘Barnsley’ and Penstemon ‘Purple Passion’

o The same treatments were used as in Experiment 2.

e Penstemon ‘Purple Passion’ replaced P. ‘Alice Hindley’ due to a lack of available plant
material.

¢ Cuttings were taken in late February.

o All cuttings were placed in the same shallow, slightly opaque plastic storage bin and the
bin placed in the same area as used in Experiment 2, but no lid was placed on it.
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e At 14 days all dead cuttings were removed.
¢ The remaining cuttings were assessed and the experiment finished at 21 days.

RESULTS

Experiment 1

Application of a 1.0 M GB foliar spray on 7 successive days to Griselinia cuttings had a
negative effect on those cuttings. Leaves on some of the treated cuttings were noticeably
starting to yellow by Day 7. Figure 1 shows the cuttings on Day 14, when not only were
there yellowed leaves on many cuttings but dark brown patches on a few leaves as well.
There were no signs of disease, this appeared to be physiological. The control cuttings in
the same environment showed none of these signs, they remained green and healthy. At
Day 21, 8 out of 49 treated cuttings had formed roots whereas 22 out of 49 control
cuttings had formed roots (Fig. 2). The root mass of the treated cuttings tended to be
smaller than those of the controls. All 30 rooted cuttings were potted into 0.75-L pots, and
4 months later all plants were growing well; however, 3 of the 8§ treated plants had
suffered from tip necrosis as shown in Figure 2 and were shorter plants.

Fig. 1. Experiment 1: The 2 trays of Griselinia littoralis cuttings at 14 days. Some treated
cuttings in the left tray show signs of deteriorating foliage.
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B Sl © ; i ‘
Fig. 2. Experiment 1: Rooted Griselinia littoralis cuttings after 21 days. Treated cuttings
are on the left (8/49 rooted) and untreated cuttings on the right (22/49 rooted).
Note the brown tip on the 3™ from the right treated cutting; there were a number
of treated cuttings with similar darkened growth tips, dead at the tip, but none of

the controls displayed this.

Experiment 2

On Day 3, when the cover was removed, all cuttings were in good condition (Fig. 3).
Unfortunately in my quest to ensure big, leafy cuttings in order to maximise any drought
effects, I had made the P. ‘Alice Hindley’ cuttings too tall for the bin, resulting in the tips
being bent under the lid. It was too late once I realised my mistake, as the cuttings had all
been treated and I had no spare GB to make shorter cuttings. They never recovered from
this, and remained bent once the lid was removed. However this did not affect their
survival rate. The total P. ‘Alice Hindley’ survival rate was 28 from 30 cuttings, with 2
from the 1.0 M cutting immersion group not surviving the potting up due to very small
roots. Twenty-six of the 28 Lavatera cuttings formed roots and survived (Figs. 4 and 5).
Three months after potting up, all plants were well grown with no visible differences
between the treatments.

Fig. 3. Experiment 2: All cuttings are in good condition at 3 days, immediately after lid
removal.
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Fig. 4. Experiment 2: Rooted Lavatera cuttings after 21 days. Cuttings immersed in 1.0
M GB are on the left and 1.0 M GB basal-soaked cuttings on the right.

Fig. 5. Experiment 2: Rooted Lavatera cuttings after 21 days. Cuttings immersed in 0.5
M GB are on the left and 0.5 M GB basal-soaked cuttings on the right.

Experiment 3

The P. ‘Purple Passion’ cuttings took several days to show any noticeable deterioration
but then their demise was rapid, and at Day 14 they were all dead. There were no signs of
disease on them. The Lavatera struggled too, and at 14 days all cuttings from both the 0.5
M and 1.0 M immersion treatments had died. These were removed and the other Lavatera
were left for another 7 days before the experiment finished and they were assessed. At
Day 21 the Lavatera cuttings still alive included all seven controls, six of the 0.5-M base-
soaked cuttings, and five of the 1.0-M base-soaked cuttings. At that stage only two had
formed roots; a control and a 1.0-M base-soaked cutting. I had decided to end all three
experiments after 21 days to allow for continuity between the experiments, but since these
few surviving Lavatera were in a place where they could be left for longer, that is what I
did. The container was left in its original position but each afternoon the sun started to
directly hit the plants through a glass window. Leaves on the control plants wilted slightly
each afternoon the sun shone on them, whereas the remaining Lavatera from both
treatments did not wilt as much. This can just be observed in Figure 6, with the control
plants on the left hand side of the picture. Thirty-five days after the experiment started I
potted all the remaining Lavatera with roots into 0.75-L pots. There were two controls,
four 0.5-M GB base-soaked rooted cuttings, two of which have since died, and three 1.0-
M GB base-soaked rooted cuttings.

71



Fig. 6. Experiment 3: At 14 days all the Lavatera cuttings from both the 0.5 M and 1.0 M
immersion treatments had died. The photo shows the surviving cuttings from the
control and basal-soaked treatments.

DISCUSSION

The 1.0 M solution applied in Experiment 1 is many times stronger than the foliar spray
concentrations of 0.05, 0.1, and 0.14 M used by Mikel4 et al. (1998) on field tomatoes,
and another trial using 0.1 M GB foliar spray on glasshouse-grown summer turnip rape,
soybean, pea, tomato, and wheat (Mékela et al., 1996). Without the benefit of laboratory
equipment to test for minute traces of GB in leaves and other plant parts for proof of its
uptake, I assumed Experiment 1 would have a big effect on the cuttings, and this effect
observed and noted so that it could then be used as a standard for making future
comparisons. Results from Mikeld et al.’s glasshouse trials in 1996 showed that GB
translocation through the sprayed plants started very soon after spraying, with the GB
moving to the roots first and then to the other plant parts. Overall results from these trials
using HPLC and autoradiography showed that GB was xylem-phloem mobile but the
translocation itself depended on light and humidity conditions. Surfactants were used in
the trials, and they noted that the physical structure of the leaves also played a role in the
success of GB uptake (Mékela et al., 1996). There were a couple of differences here; the
application rate they used was 1/10 or less rate that I used, and it was applied only once to
entire young plants with a full and functional root system. However despite these
differences it has provided me with future plans for more experiments.

In Experiment 2, I wrongly assumed many of the cuttings would die over the days
immediately following the lid removal on Day 3. The control P. ‘Alice Hindley’ survived
just as well as the treated P. ‘Alice Hindley’, so there did not appear to be any drought
relief needed from the GB treatment. Unfortunately I did not have a control line of
Lavatera, but all four different GB treatments had good survival rates for the cuttings.
The results from Experiment 2 show that P. ‘Alice Hindley’ and Lavatera can be
propagated successfully using the method outlined above. I liked using the Jiffy pellets in
these experiments, as they provided a good WHC and good porosity, so vital for root
formation. In addition, in Experiment 3 I could remove the dead cuttings simply by lifting
out those pellets.

Future plans include applying GB to cuttings at rates similar to those used by Mikela et
al., both by immersing the cuttings and soaking the bases, and placing the cuttings in a
range of drought stress-inducing conditions. Larger numbers of cuttings will be
propagated so that results can be analysed and presented rather than just reporting trends.
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IPPS Japanese Exchange®

Alice Buschl
Nelmac Ltd., 8 Vickerman Street, P.O. Box 5077, Nelson 7010, New Zealand
Email: aliceb@nelmac.co.nz

I haven’t been overseas before, so to find out that I had been chosen to visit Japan on an
exchange trip was an exciting chance of a lifetime. I left Nelson on Sunday 5 Oct., flying
to Auckland then to Hong Kong before arriving in Narita, Japan. I was met by Mr. Ishii, a
member of IPPS Japan; we travelled from Narita through Shinagawa to Nagoya. There I
was met by Mr. Uchida and we drove to his farm in Suzuka, where I stayed for 3 days. I
worked on his strawberry farm, deleafing, weeding, and planting strawberries ready for
Christmas harvest. Mr. Uchida grows strawberries two ways; the traditional way in the
ground inside greenhouses, and the more modern way in raised polystyrene troughs also
inside a greenhouse. I left Suzuka on Wednesday and travelled to Tsu where I met Mr.
Fujimora from Akatsuka group. The next day I travelled to Makuhari Messe to visit the
International Flower Expo (IFEX), what a huge expo! It took a whole day to walk around,
with stalls ranging from cut flowers and nursery plants to horticultural products, tools,
water purifying systems, irrigation, and machinery. The following day, Friday, I was met
by Mrs. Mizutani who took me to Tokyo by train for 2 days of sightseeing. It was
amazing, so many people, such a busy place and stunning at night with all the buildings
lit up. I was then driven to meet Mr. Suzuki where I worked on his herb farm, The Power
of Herb, for 2 days. I worked with a great group of ladies trimming, tidying and pricking
out a range of herbs into small pots. The Power of Herb grows an extensive range of
herbs for medicinal uses and also common herbs for everyday kitchen use. The whole
operation is in a glasshouse and very much automated in the way of spraying, feeding,
and watering. All benches are stainless steel and the floor is all weed matted, meaning
virtually no weeds at all. During this time a typhoon passed through the area with heavy
rain and high winds. I left Hamamatsu on Thursday 17 Oct. and travelled to Gifu where
Mr. Onishi picked me up and we visited his business, Central Rose Company, the largest
potted mini rose company in Japan. I worked for Central Rose packing roses for market.
The roses are all gift wrapped, with a portion wrapped “Halloween Style.” Central Rose
Company produce 2 million immaculate roses per year in a very efficient operation. The
team of propagators produce 50,000 cuttings daily which are then watered and covered
with plastic for 2 weeks. After this time 90% of cuttings have taken root. All roses are
produced in temperature controlled glasshouses, cooled during the summer days and
heated during the winter nights. On Saturday the IPPS Japan Region’s Conference began,
with seminars during the day and a formal dinner and auction in the evening. Sunday was
a day of field trips to cut flower growers — Gerbera and roses, then off to a hydroponic
lettuce farm, Central Rose Company, hot house tomato growers, and finally back to the
train station where I travelled with Mrs. Mizutani to Kyoto. We had 2 days in and around
Kyoto and Nara visiting temples, shrines and my favourite, The Golden Temple. On
Tuesday 22 Oct. Mrs. Mizutani and I travelled from Kyoto back to Nagoya by train to the
airport. It was a full-on 2 weeks, extremely enjoyable and an experience of a life time in
such a beautiful country with so much history. I feel honoured that I was chosen to
represent New Zealand IPPS in Japan, and am thankful to those who supported and
encouraged me in New Zealand and to my wonderful hosts in Japan.
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Welcome to Ontario and the Royal Botanical Gardens

Jon Peter
Royal Botanical Gardens, Hamilton, 680 Plains Road West, Burlington, Ontario, Canada
Email: jpeter@rbg.ca

ROYAL BOTANICAL GARDENS

Mission
Royal Botanical Gardens’ mission is to promote the public’s understanding of the
relationship between the plant world, society, and the environment.

Vision
Royal Botanical Gardens (RBG) to be a recognized and supported global leader in how
we use plants in bringing people, place, and sustainable behaviours together.

Funders

Royal Botanical Gardens is funded by the people of Ontario through RBG members, The
Auxiliary of RBG, many corporations, foundations, individuals, Ontario Ministry of
Tourism and Culture, City of Hamilton, and Regional Municipality of Halton.

Overview

The Royal Botanical Gardens has a long history in Canadian horticulture. Established in
1931, RBG is the most visited tourist destination between Burlington and Niagara. Royal
Botanical Gardens is also Canada’s largest botanical garden based on area at 1,100 ha
(2,700 acres) in size. Of that, 121 ha (250 acres) are of cultivated gardens and 971 ha
(2,450 acres) are of natural lands (Fig. 1). The natural lands space includes 27 km of
trails, 30 km of shoreline, 24 streams, 17 bridges, 7 boardwalks, and over 1100
spontaneously occurring plant species within natural forests, wetlands and meadows. Of
the approximately 1100 plant species, over 750 are native to Ontario which represents
37% of Ontario’s native plants and 19% of Canada’s native plants. The cultivated gardens
and living collections feature over 8000 taxa of plants in over 40 different gardens and
collections. At the forefront of these collections are the historically significant Katie
Osborne Lilac Collection which features over 700 taxa and is home to the International
Cultivar Registration Authority (ICRA) for Syringa (Fig. 2). The entire space is home to
approximately 250 birds species, 68 fish species, 37 mammal species, 13 reptile species, 9
amphibian species, and an undetermined number of insect species. This diverse and rich
region can be considered a biodiversity hot spot and is home to 50 species that are “at
risk” in Canada.

Royal Botanical Gardens environmental mandate is to be a living laboratory for science,
connect children and adults with nature, demonstrate sustainable gardening practices and
undertake ecological restoration and plant preservation. There is continually much work
going on at RBG, with the gardens and natural lands constantly evolving. The latest
evolution for RBG is the multi-million dollar renovation of RBG’s first garden, the
historic and cherished Rock Garden (Fig. 3). This garden is currently under construction
and will open with anticipation in 2016.
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Fig. 1. RBG has five major garden areas dispersed along Plains Road West (shown here)
and York Boulevard through Hamilton and Burlington. Image oh Hendrie Park
garden and RBG Centre taken in 2013.

Fig. 2. Royal Botanical Gardens is the International Cultivar Registration Authority for
Syringa. The Old Lilac Collection is featured in this historic image from around
1960.
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Fig. 3. The Rock Garden, opened to the public in 1932, is currently undergoing
renovations for reopening in 2016.

CONFERENCE

It was an absolute honour to host “The Botanical Pre-Tour” on Wednesday for many
delegates from your Society. We were pleased we could show off some of our garden
attributes and we appreciated your enthusiasm, comments and suggestions. I was also
honoured to be asked to open up the presentations on Thursday to provide an overview of
RBG and highlight some statistics from the Canadian and Ontario nursery industry.

As I mentioned at the end of my presentation, I believe the public garden “world” and
the nursery “world” could do a better job of collaborating and sharing of relevant
information in order to move forward in our respective missions. The relationships may
be strong between particular gardens and nurseries but not all, not in my experience at
five major public garden institutions across North America. I think there are plenty of
mutual benefits we could all gain from a closer relationship and I would look forward to
more discussion of this topic in the future.

It was excellent to be surrounded by so many great plants people, local and international
industry professionals, and individuals who I have only read about and who have inspired
me for years. (I can’t believe I officially met the legendary Tim Brotzman!!!) Thank you
to the organizing committee and to everyone involved with IPPS for including the Royal
Botanical Gardens in the IPPS Eastern Region Conference 2014.
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Lean Flow at North Creek Nurseries: Establishing a Culture of Lean®

Steve Castorani
North Creek Nurseries, 388 North Creek Road, Landenberg, Pennsylvania, 19350, USA
Email: steve@northcreeknurseries.com

“The three rules of work:
e Out of clutter find simplicity;
¢ From discord find harmony;
¢ In the middle of difficulty lies opportunity.”
Albert Einstein

In 2008, North Creek nurseries had its best year ever. Having built a business over a 20-

year period, we had grown rapidly, eventually working on two farms. Realizing this

growth, and being cramped for space, we felt that we needed to expand our operation. We
knew this would allow us to remain relevant in an increasingly competitive marketplace.

We felt the need to increase our production capacity and efficiency. In exploring our

potential for expansion, we worked with a friend, Robert Hayter, a landscape architect.

After pertinent discussions, he asked this question of us: “Had we ever analyzed our

processes?” Our answer was that we had not done a thorough analysis, or the due

diligence necessary to understand our work processes, product movement, or work flow.

We came to the conclusion we needed to delve deeper into understanding our

manufacturing processes.

Upon doing so, we discovered our methods were very inefficient and that a simple
expansion would not have allowed us to become more efficient or more profitable.
Expansion at that point would have only created more expense. As a first step, Robert
suggested we look into some training through the JP Horizons “Working Smarter
Training Challenge.” This program, developed by Jim Paluch, is based on lean principles
and the 5S process. It was being used successfully by many landscape contractors to train
their employees on efficiency and time management. We started the program in 2010.

As an outgrowth of this training, we began to investigate, understand, and employ 5S
principles. In this work process (5S) all debris and unnecessary items are removed and
every tool has a clearly marked storage space, is visible from the work area, and has the
support to stay that way. The 5 Ss stand for: Sort, Shine, Set in Order, Standardize, and
Sustain.

1) Sort. Reduces the number of items in a work area to those that are essential.

2) Shine. Cleaning and “shining” your work space, desk, office, truck, bay, or wherever
you perform your work (Fig. 1).

3) Set in Order. Evaluating and taking actions to improve work flow, reduce motion, and
increase efficiency in the setup of your work space (Fig. 2).

4) Standardize. Making sure the key steps are understood by everyone — or how to keep
the work place like we use the first 3 Ss.

5) Sustain. Making sure all employees are trained in the standard procedures to keep the
area clean and clutter free while also using visuals like charts and graphs to measure
current conditions.

North Creek began a training program to implement the Working Smarter Training
Challenge which set us on the course to train our employees in the concepts of Lean and
Lean Manufacturing. What we learned is that it is very important that companies attempt
to employ lean principles in their work place by making a concerted effort to expose and
educate their employees to this understanding thereby developing the mindset so they
comprehend, embrace, and adopt lean management principles. This point cannot be
overstated.
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Fig. 1. Shine. Fig. 2. Set in Order.

Over the course of this process we had consulted with other companies who had gone
through lean manufacturing processes. It peaked our interest and we needed to learn more
about lean manufacturing. As North Creek ventured into the educational process of Lean
through the Working Smarted Training Program, I attended the IPPS Eastern Region
Meeting in 2010 in Rhode Island. Here I heard two talks on this process. One talk was
given by Dave Van Belle, of Van Belle Nurseries, and the other by Gary Cortes of
FlowVision. Dave Van Belle explained how they implemented Lean Flow at their
nurseries and he expressed how successful it was for them. Gary Cortes explained in
detail the concepts of Lean and how Lean manufacturing can be employed in the nursery
trades. After these talks, I was able to speak with both men along with Dale Deppe of
Spring Meadow Nursery who had also employed Lean Flow at his nursery. I left that
encounter knowing that if North Creek didn’t start to make changes and implement lean
in its business, we would eventually lose our edge. Coincidentally, this all happened
during the start of the “Great Recession.” It was a difficult decision to invest the
necessary funds to adopt these processes with a notable reduction in our gross sales.

We hired Gary Cortes of FlowVision that next spring to do an analysis of our methods
and two of our primary processes—shipping and plug production. Our propagation
facilities lacked a head house and would need a substantial outlay of cash for facility
improvements. Realizing this, we turned our attention to our shipping facilities. Our
thinking was that we could 1mplement Lean Flow in our shipping process with few initial
upgrades. We were encouraged to read books, primarily, “The Toyota Way” as lean
manufacturing is based upon principles employed at Toyota Motors. One very important
lesson of lean production is learning to do more with less. Another key principle is
learning about the seven wastes that need to be eliminated from every process; these are:

1) Over production
2) Transportation
3) Motion

4) Waiting

5) Processing

6) Inventory

7) Defects

By not analyzing and eliminating these wasteful processes, your company actually
creates one more waste: lost opportunity. This can be the most damaging, as it can
prevent a company from realizing its’ full potential. The seven wastes are at the root of all
unprofitable activity, and all tools of lean should be focused on getting rid of these
wastes.

After understanding these concepts and with the help of FlowVision, we set about to
train our employees. We learned about progressive assembly and were given the tools to
implement these processes in our shipping department. One of the first things we changed
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was how we used our employees to process shipments. Prior to implementing Lean, our
staff did the majority of their work in the hoop houses where plants were stored prior to
shipment. We pulled and prepared the flats we intended to ship that week outside in all
weather conditions. Our employees worked bent over or sitting on buckets (Fig. 3). They
spent hours moving and touching plants, but adding no real value. Gary suggested we
change that process by bringing the work to our employees in a central location, our
gutter connected shipping warehouse. Now, the numbers of flats we needed to ship in a
week, plus additional donor flats, were gathered by a small crew. They were brought to a
central location in the shipping greenhouse where a production line was employed to
clean and organize materials and made ready for shipment (Fig. 4). Each flat of plants
would be groomed to insure a full count and the highest level of quality. This process was
known as “Progressive Assembly” and implemented by small teams of employees,
usually three working together. Work could be better supervised and scorecards were
used so we knew how many flats we needed to have ready in a day and also in a shipping
week. This enabled us to improve the quality of the materials we intended to ship by
employing the Progressive Assembly process to make work flow balance so there was
less time, motion, and waste in the process. We could also balance our labor force by
adding or subtraction employees depending on the work load. From here, plants were
moved to a “Super Market” and organized and assembled on vertical carts so that the
shipping crew could easily pull and ship in a highly organized fashion (Fig. 5). One other
important thing to note was the elimination of excess inventory. We only cleaned and
assembled the flats we needed to ship that week and on a daily basis only built boxes one
at a time, as needed.

Fig. 3. Inefficiencies and wasteful practices assessment.
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Fig. 4. Central location in the shipping greenhouse where a production line was employed
to clean and organize materials and made ready for shipment.
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Prior to implementing Lean Flow in our shipping process we were limited to shipping
roughly 6000 flats per week. The effort it took to ship 6000 flats in a week meant
overtime for our staff, often working 7 days and often over 10 h a day. In total, after
employing the Lean Flow methods, we were able to reduce our work force by as much as
40% during our peak shipping weeks while increasing the number of shippable flats by up
to 10,000 units. One of the biggest gains was that our staff was working in a more
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hospitable environment, 5 to 6 days per week depending on volume, typically in an 8-h
day. I want to reiterate that the quality of the products also improved tremendously.
Customers were pleased. We continued to work with the process and refine our methods
so the following year we upgraded our facility which added increased efficiencies and
more comfortable work environment. We continue to look at other process and brought
increased efficiencies to our plant tag organization and fulfillment. As an ongoing
process, we continue to chase bottlenecks, thereby allowing us to improve upon any
problem we discover.

This year we are finally able to build a new gutter connected propagation facility on our
Landenberg farm. Here we designed the entire propagation process using our knowledge
of Lean principles and progressive assembly. We look forward to increased efficiency and
labor savings moving forward.

In closing, I want to remind everyone about the value of investing in your most
important asset — your employees. Spend the necessary time and effort to get your
workforce trained. Analyze how they process their work and engage them in how they
can improve their work environment. Collectively they will make the largest impact on
your bottom line.
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Some Considerations for Fertilizing Container Nursery Crops©

Youbm Zheng'?, Mary Jane Clark' and Erin Agro'?

"Vineland Research and Innovation Centre, 4890 Victoria Avenue North, Box 4000,
Vmeland Station, Ontario, LOR 2EO, Canada

*School of Environmental Sciences, University of Guelph, 50 Stone Road E., Bovey
Building, Guelph, Ontario, N1G 2W1 Canada

INTRODUCTION

Ornamental horticulture is an economically important industry in Canada, with consumer
retail spending tallied at nearly $6.3 billion for ornamental horticultural products and
another $1.8 billion on landscaping services in 2007 nationwide (Deloitte, 2009). In
addition, nursery operations have considerable input needs, for example 93.3% of the
annual water usage by the Canadian ornamental horticulture sector is by nursery
operations (Zheng et al., 2009). Excess fertilization and irrigation is not only costly, but
can also injure plants and cause unnecessary water and nutrient runoff, resulting in
environmental damage. However, insufficient fertilization can cause plant nutrient
deficiencies, reduce crop productivity, and eventually reduce the efficiency of other
resource inputs during nursery crop production. When optimal fertilizer application rates
are used, nursery crops will perform at their best, and growers will be able to increase
their profit margin, while minimizing environmental impacts. For different growing
substrates, plants, and climate combinations, optimal fertilization rates will vary. As
fertilizer companies continuously improve their products and release new products,
research is needed to identify optimal fertilizer rates for nursery crop production.
Conducting on-farm trials, with industry-standard cultural practices, is essential for
understanding the response of crops to fertilizers, and the fate of the fertilizers (i.e., from
application in the growing substrate to plant uptake or runoff to the environment).
However, this type of on-farm research is rare, especially in temperate climate regions
such as Ontario, Canada, and some states in northern USA.

To meet the research needs of the nursery industry, and provide growers with
recommendations on optimal fertilization rates for container-grown nursery crops in
temperate climate regions, we conducted extensive on-farm trials in 2012 and 2013. The
trials were conducted at four commercial nurseries, located in different regions within
Ontario, and at the Vineland Research and Innovation Centre. Four fertilizer types, two
application methods (i.e., incorporation and topdressing), and 21 crop species were tested
during production in both 1- and 2-gal containers. Based on the large amount of
information obtained from these trials, the following results merit particular emphasis in
order to increase fertilizer use efficiency and minimize negative environmental impacts
during container-grown nursery crop production.

DIFFERENT SPECIES HAVE DIFFERENT FERTILIZATION REQUIREMENTS
Results from different sites with both the 1- and 2-gal pot sizes showed that individual
species responded differently to fertilizer application rates (Agro, 2014; Agro and Zheng,
2014; Clark and Zheng® 2014). For example, when plants were grown in 2-gal pots and
fertilized with Polyon™ 16-06-12, 5-6 month controlled-release fertilizer (CRF) at
multiple rates, euonymus’ response to increasing fertilizer application rates was not as
positive as observed for hydrangea plants (Fig. 13) As a result, the O?tlmal fertilization
rate for euonymus was identified as 0.60 kg:m™ N and 1.49 kg'm™ N for hydrangea
(Clark and Zheng, 2014).
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Fig. 1. Response of euonymus (Euonymus alatus ‘Compactus’; above) and hydrangea
(Hydrangea paniculata ‘Grandiflora’; below) plants to five fertilization rates.
Plants were transplanted on 5 June 2013 into 2-gal containers having incorporated
Polyon” 16-06-12, 5-6 month controlled-release fertilizer at five rates. Photos
were taken in September 2013.

By understanding species-specific responses to fertilization and unique optimal fertilizer
rates for individual nursery crops, growers can divide crops into fertilizer requirement
groups (i.e., low, medium, and high groups). Groups of crops with different fertilizer
requirements can be potted with their optimal fertilizer rates at different times, to ensure
planting efficiency. By doing so, growers can easily optimize plant growth and minimize
excessive nutrient loss from over-fertilization. Based on our observations and discussions
with growers, many Ontario nursery operations are currently applying one fertilizer rate
for all plant species on the same farm, and some operations are grouping their plants
according to water demand, which is a good practice. Growers may like to use these
species-specific optimal fertilization rate results (Zheng et al., 2013), and information
from other sources, to determine appropriate nursery crop grouping during production.

FERTILIZER CAN BE USED TO ACCELERATE OR SLOW PLANT GROWTH

Our research showed that increasing the application rate of incorporated CRF can
significantly shorten the time for some crop species to reach marketable size. For
example, when growing ninebark (Physocarpus opulifolius ‘Nugget’) plants in 2-gal
containers from June to September, the acceptable CRF application range is from 1.2 to
1.5 kg nitrogen per m3 of growing substrate (kg'm> N); however, when CRF rate
increased to 1.8 kg'm™ N, production time was reduced by at least 14 days (Clark and
Zheng, 2014). Applying an appropriate high fertilizer rate is able to shorten production
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time, compared to lower rates, thereby saving water and labour costs. However,
fertilization rates should be selected to finish crops based on the anticipated shipping
schedule, otherwise over-fertilization may cause excess plant growth and resulting labour
costs associated with maintaining and pruning plants.

INCREASING FERTILIZER APPLICATION RATE CAN INCREASE
NUTRIENT LOSS TO THE ENVIRONMENT

By measuring the differences between total nitrogen (N) and phosphorus (P) inputs, and
the N and P remaining in the growing substrate and plant tissues, we observed nutrient
losses to the environment. For all plant species grown in 1-gal pots at all production sites,
increasing fertilizer application rate increased N and P loss to the environment (Agro,
2014). For example, the amount of N and P lost per container increased linearly with
increasing fertilizer application rate (Fig. 2). To reduce nutrient loss to the environment,
these results suggest that it is a good practice to apply the lowest possible fertilizer rate.
However, the rate should provide adequate nutrition for plant growth, since nutrient
deficiencies can cause crop failure or prolonged production time, potentially resulting in
wasted resources or environmental damage.
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Fig. 2. The nitrogen (N, ®) and phosphorus (P, A) lost to the environment (g ®p0t " from
Hydrangea paniculata ‘Bombshell’ grown with five rates of Polyon™ 16-06-12,
5-6 month controlled-release fertilizer (Adapted from Agro and Zheng, 2014).

TIMING AND METHODS OF FERTILIZATION

Determining when and how to apply CREF is critical in container nursery crop production.
For example, CRFs are manufactured to release nutrients at different rates following
application, with the expected nutrient release duration ranging from a few weeks to more
than a year. An industry practice of applying a high rate of long-duration CRF in the first
production year has been considered to avoid labour costs of topdressing in the second
year; however, our research showed that this may not be a good practice. For example,
when western red cedar (Thuja plicata “Whipcord”) liners were potted in 1-gal containers,
and an 89 month CRF fertilizer was incorporated at multiple rates, the highest rate
resulted in a high early-season substrate EC, but the EC qulckly decreased durlng the first
2 months after transplanting (i.e., EC change of >8 mS-cm™ to <1 mS-cm™ ; Agro, 2014).
Therefore, these results suggest applying less fertilizer more frequently to increase
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fertilizer use efficiency.

To investigate different fertilizer application methods on the growth of container-grown
forsythia (Forsythia * intermedia ‘Spring Glory’) and nutrient leaching to the
environment, Alam et al. (2009) found that a dibble fertilizer placement is superior to
both incorporation and topdress for plant growth, under drip irrigation. Greater
concentrations of NOs-N generally leached from containers with incorporated fertilizer,
followed by dibbled fertilization, than from a topdressed application. In addition, splitting
the CRF application into two application times greatly reduced NOs-N in leachate.

There are many different CRFs available to growers, differing in nutrient release
mechanisms, durations, and patterns, as influenced by climactic conditions. In addition,
nursery production management practices, such as irrigation, influence nutrient release
from CRFs. Recent research has shown that both timing and methods of CRF application
are important to maximize nutrient use efficiency and minimizing nutrient loss to the
environment; however, few research studies have addressed these topics (Alam et al.,
2009; Agro and Zheng, 2014; Clark and Zheng, 2014) and more research is needed to best
serve the nursery industry.

LEAF TISSUE ANALYSIS ALONE MAY NOT BE ABLE TO IDENTIFY
NUTRIENT DEFICIENCIES

Some extension publications suggest the best way of diagnosing nutrient disorders is by
evaluating plant leaf nutrient content by conducting a tissue analysis (e.g., OMAFRA,
2014). This general practice may help to identify nutrient deficiencies for certain species
under certain conditions. However, for some species leaf tissue analysis alone may not be
able to identify nutrient deficiencies. For example, the overall appearance (Fig. 3) and the
measured growth attrlbutes of ‘Nugget’ ninebark clearly showed that plants fertilized with
CRF at 0.6 kg'm™ N were inferior to plants fertilized at higher rates; however the leaf
tissue nutrient analysis showed no differences in N, P, K, Mg, or Ca content among plants
grown at different CRF rates (Clark and Zheng, 2014).

Fig. 3. Plant growth response of Physocarpus opulifolius ‘Nugget’ to a range of
controlled-release fertilizer application rates. Plants were transplanted on 5 June
2013 into 2-gal containers having incorporated Polyon® 16-06-12, 5-6 month
controlled-release fertilizer at five rates. Photos were taken in September 2013.

Also, leaf tissue nutrient sufficiency ranges are currently unknown for the majority of
container nursery species (Plank and Kissel, 2006; Bryson et al., 2014), which limits the
ability of growers to clearly determine tissue nutrient deficiencies from tissue nutrient
analysis results. In our trials, even when tissue nutrient content values were within the
published sufficiency range, poor plant growth and performance were observed at low
fertilization rates (i.e., Spiraea);, conversely, when nutrient contents were below the
sufficiency range, no negative impacts were observed for plant growth or performance
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(i.e., Cornus; Clark and Zheng, 2014). In addition, some commonly-grown nursery crops
are not included in current nutrient sufficiency recommendations. Therefore, to determine
nutrient deficiencies, nursery growers are limited to comparing tissue nutrient content
data to generalized survey averages or ranges (Plank and Kissel, 2006; Bryson et al.,
2014), or to tissue nutrient analysis results from other plants in their own nursery. Further
research is needed to determine nutrient sufficiency standards for prominent nursery crop
species, to develop standard tissue nutrient content benchmarks, and to investigate
consistent, reliable nutrient disorder diagnostic methods.

CONCLUSION

In conclusion, fertilizer can be used as a management tool in container nursery production
to maximize profit margin and minimize negative environmental impacts. For example,
fertilizer can be used to regulate production timing, either to slow plant growth and
reduce pruning, or to accelerate growth and shorten production time. To effectively use
CRF in container nursery crop production, several aspects need to be taken into
consideration, such as fertilizer type, as well as application timing, method, and rate for
individual species. During nursery crop production, leaf tissue nutrient analysis alone may
not be sufficient to identify nutrient deficiencies. More research is needed on the topics
discussed in this publication in order to provide reliable recommendations for improving
fertilization practices in container nursery crop production.
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Coir and Peat: an Optimum Rooting Substrate for Propagation®

John Bonin

Manager of Business Development and Territory Sales, Jiffy Products of America,
Harding, Pennsylvania 18643, USA

Email: john.bonin@)jiffygroup.com

An optimum rooting substrate for propagation should always consist of the proper levels
of air and water (balanced levels), along with an adjusted proper pH level for nutrient
uptake. The base of this substrate can be peat, coir or a combination of both. By providing
an optimum rooting substrate for cuttings or finished growing containers, it will ensure
that these items will get off to a strong start, while reducing or minimizing cultural issues
that may arise over time in production due to the compaction of the substrate.

As with hydroponics, this holds true to the popularity that coir has gained in today’s
greenhouse and nursery industry, not only as a standalone growing medium for vegetables
and cut flowers, but for production and propagation due to its organic origin. It is
produced around the world in locations like Mexico, Dominican Republic, India, Sri
Lanka, and Central South America. Coir in its raw form must be treated differently than
other growing components. In its raw form, coir can have EC levels up to 8.0 mmhos-
cm’. This is why proper care and treatment must be taken to reduce the amount of excess
elements that can be harmful to crops, eventually leading to higher input costs. These
elements must be balanced to provide an optimum level of guarantee that crop
performance will be maximized.

Coir and peat in their raw forms are vastly different as seen below (Table 1), and as
such they must be treated differently when being used as a growing substrate.

Table 1. Comparison of coir and peat in their raw forms.

Peat: raw form
e pH 3.9-4.1, can vary based on locations

Coir: raw form (non-treated)
e pH 6-7

Electrical conductivity (EC) 2-5 (can be
7-8 in non-treated coir

Byproduct that must be processed to
remove high salt content based on type
RHP coir from Jifty is treated
Organic Materials Review
(OMRI) coir is washed

Used heavily in hydroponics
Can be used as a wetting additive to peat
moss or growing alternatives

Several types of coir available: pith,
chunk and blended, shredded husk, or
KG blocks

Institute

throughout the world

EC0.10

Considered a natural resource in parts of
the world

After harvesting, ready for storage and
soilless mix production

Wetting additive needed

Several types available based on
harvesting method and processing
Seedling, container mixes, coarse

mixes/blends, bedding flats, etc.

The unique physical properties of stable coir provide added benefits in production that
are positive when handled, harvested, composted, and stored in a strict quality control
env1ronment as with J1ffy s RHP market offer in Jiffy-7C" pellets, Growblocks®, and
Growbags®. Coir is easily re-saturated with water, and when mixed with peat, acts as a
wetting agent. It becomes a very stable substrate if thoroughly composted and has high air
content even when finely structured. In addition to finely structured coir, the addition of
chunks or shredded husk to peat provides additional porosity to ensure proper root
development of plants. This added benefit of water/air content remains positive compared
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to peat as seen in Figure 1 (A) coir particle and coir fiber cross section (B). Water can
enter the coir open structure, but cannot compress the air inside. This allows roots to enter
the space of the particle so they have access to the oxygen inside. Because the structure is
mainly lignin, it acts as a stable growing medium. Regarding easily available water
(EAW), the more coir a substrate contains, the less EAW that is available to the plant, and
conversely, the more peat a mix contains, the wetter the mix will be unless a component
such as perlite is added for increased porosity. Organic substrates have a large volume of
water buffer, which is not directly available to the crop. When adding water back to the
substrate, only a small amount may be needed to be available for the plant again. With a
lot of crops, little to no air in the root zone is not good, just as too much air is not good.

Fig. 1. (A) image coir particle. (B) image coir fiber in cross section.

RHP has developed an analytical method that provides “clear information on water
uptake characteristics (WOK) of coir. This WOK analysis indicates the rate of water
uptake of air dried samples. It also helps you get a grasp on crop management and
growth” (Jiffy International: Superb quality of RHP coir. From water uptake
characteristics (WOK) analysis as published with RHP: Certified for Horticulture. Jiffy
International, Moerdijk Netherlands: Jiffy International B.V.). This can be seen in the
water uptake characteristics (WOK) Figure 2.

| coir pith i1

e | peat (75%) + coir pith (25%)] #2

/ ,;- | peat #3

water content (%-v)

s 8 8 & &8 3 3 8
[ —
AN

A small quantity of coir pith relative to the
amount of peat will already improve the
40 480 70 960 1200 1440 water uptake tremendously.

time (minutes)

Fig. 2. Water uptake characteristics (WOK) by Jiffy International.

96



Based on water content, this clearly shows the speed of the three types of substrates
over time verses the rate of absorption. Coir alone will absorb water much faster, as
shown above (Fig. 2) on coir pith line #1, in comparison to peat (75%) + coir pith (25%)
(#2), and 100% peat (#3).

When used in propagation, stable coir is best for cultivation that: when treated properly
will achieve the desired level of nutrients. Without proper treatment and handling,
unbalanced levels of potassium, sodium, calcium, and magnesium will lead to increased
cultivation problems. This instability is very hard to correct.

Stable RHP coir also ensures a low weed content that is “moreover free of plant
pathogens.” If the product is stored in a non-controlled (contaminated) area for the aging
process, it can lead to a high weed infestation, as shown in Figure 3.

Fig. 3. Weed contamination of coir from non-controlled (contaminated) area used for the
aging process. (Jiffy International: Superb quality of RHP COIR. From WOK
analysis as published with RHP: Certified for Horticulture. Jiffy International,
Moerdijk Netherlands: Jiffy International B.V.).

Therefore, you need to control the aging process by keeping the area clean, and store it
in bunkers for protection, not in fields.

In summary, clean, stable and buffered RHP coir can provide added benefits either as a
standalone growing substrate, or when incorporated into mixes that will minimize the
risks associated with coir from unknown sources. This is essential when growing
unrooted cuttings in the propagation stages as well as hydroponics, tissue culture material,
vegetables and perennials, based on the percentage within the substrate. It can easily be
resaturated, and based on the percentage of incorporation with peat, acts as a wetting
agent related to fast water uptake. Pith, chunk, or blends of coir as well as shredded husk
can be used to increase the stability of a growing media that will not shrink under normal
use over time.

The above information is based on the following:

* Personally conducted telephone interview: Van Leest, Arjan interview, by John Bonin.
Jiffy International B.V. and PowerPoint data. China presentation. Jiffy’s Global Product
Manager. Hydroponics.

* Personally conducted telephone and interview: Gamalath, Sandeeptha. Interview by
John Bonin.

« Jiffy. International B.V. known JSL data. Interview by John Bonin. Sri Lanka,
Managing Director.

* Personally conducted telephone and interview: Roelof Buisman. Interview by John
Bonin. Jiffy International B.V. and email data. Interview by John Bonin. Substrate
Manager, Manufacturing. JBV.
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* Jiffy International: Superb quality of RHP COIR. From WOK analysis as published with
RHP: Certified for Horticulture. Jiffy International, Moerdijk Netherlands: Jiffy
International B.V.

* Jiffy International: Hydroponic Brochure: 40 pg-EU-12 11LR, Moerdijk Netherlands:
Jiffy International B.V.

* Jiffy Products International: Godfrey, 2014, personnel communication.
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New Plant Principals at North Creek Nurseries®

Steve Castorani
North Creek Nurseries, 388 North Creek Road, Landenberg, Pennsylvania, 19350, USA
Email: steve@northcreeknurseries.com

BACKGROUND
With all of the new plants hitting the market these days how does a young plant
company/propagator figure out which plants are the best to add to their catalog and offer
to the marketplace? In recent years, there has been a proliferation of plant breeding
companies, plant breeder representatives, as well as, plant breeders themselves. All of
these companies are promoting their plants as belng superior to existing cultivars. At
North Creek Nurseries (NCN), we have developed certain principals that define our
process for introducing plants. This practice helps us define which plants we will
ultimately introduce.
Our goal is to bring to market great new plants and offer the best value to our
customers.
This objective is based on the following principles:
¢ Our plant introductions will be excellent garden and/or landscape performers in the mid-
Atlantic region.
¢ Our plants are not invasive or aggressive.
¢ Once established in an appropriate site, our plants require no material input to maintain
their ornamental value or garden worthiness.
As part of our evaluation, we ask: Is it a “North Creek Plant™?
Other factors that we consider in making this determination are these:
o [s the plant garden worthy, hardy, and a performer: does it “stand the test of time”?
e |s there currently demand, or can demand for the product be established?
¢ Does it have marketable qualities?
e [s propagation material available?
e Have propagation and production protocols been worked thorough to insure success?
Based on the outcome of the above mentioned criteria, the decision to introduce a plant
1s made.

INTRODUCTION IS A TEAM EFFORT

At NCN, the following staff members are instrumental in gathering information, testing,
and evaluating new products: the new products manager, plant trials coordinator,
production manager, operations manager, the sales and marketing department as well as
our customer service team all provide valuable input. Customers are also questioned when
they visit us and express interest in a plant.

The new products manager gathers information on all plants of interest and creates a
plant “fantasy list”. Information comes from the introduction company, our nursery,
botanic garden visits, as well as our customers’ interests. These lists are then reviewed by
our new-plant-committee members. As an outcome of those discussions, and a review of
the plant selections, a decision is made as to which plants to trial. Anyone at NCN can
add a plant of interest to our “Future Plant Fantasies” list. They just need to be able to
defend their nominations by addressing the criteria mentioned above. Inventory
information is managed through research and development accession numbers, which are
managed by the new products and trials manager.

Plants in our trials are maintained by the plant trials manager and are evaluated for
performance and garden worthiness on a monthly basis by the new products committee.
Most plants are evaluated over a 3-year period to determine hardiness and cultural
characteristics.

Plants sources are researched as necessary. Plants are further trialed for production
worthiness and research is done on propagation type (tissue culture, cutting, divisions, or
seed propagation) and scheduling. In the garden, photographs are taken for landscape
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style, close up, and habit images. The top picks are advanced to the introduction queue
list.

During our meetings, introductions are decided upon. The new products committee
determines production goals, finished size, and target production quantities. This process
is outlined on our process map (Fig. 1). The process summary includes:
¢ Plant names and detailed descriptions are added to the “Hot List” which is where we

add potential new introductions. From here, we send meeting minutes to notify all

pertinent NCN employees of the new Items.

o If the plant is patented, the breeder is notified and a license is obtained. A request for
photography from the breeder or an introduction source may also be requested.

¢ Presentations are made to our sales and customer service department, as well as other
members of our staff. Formatted photos are added to the NCN Image Library and Photo

Share folder.

e An electronic new plant presentation (Power Point™) is created for marketing to
customers and brokers.

e Webpages are created and content is added to our website.

¢ Plant tags are ordered based on production quantities and placed into inventory.

e Samples are sent to garden writers and key customers.

e The plant is added to our catalog.

e Communication begins with our customers and key accounts to promote these new
introductions.

e The sales process continues, orders are placed, and plants are sold!

The plant introducer and breeder are happy and NCN can be proud that we can stand
behind this newly introduced selection.
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Fig. 1. Outline of our process.
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Growing Good Roots in the Nursery®

Glen P. Lumis

Department of Plant Agriculture, University of Guelph, Guelph, Ontario, N1G 2W1,
Canada

Email: glumis@uoguelph.ca

I have been interested in roots during much of my professional career. Observing roots in
natural settings, in water, in air, over granite rocks, provides a glimpse of how adaptable
they are. In the nursery, we initiate them, prune them, and manage them in order to
provide the best possible chance for them to grow and survive after they are sold.
Sometimes nursery-grown root systems are inappropriately structured to enable the plants
to provide the long term environmental and aesthetic benefits for which they were
produced. This paper presents some reasons why growers should pay close attention to
roots, some illustrations of good and bad roots, and repeats the cry for all nurseries to
grow and sell the best possible root systems. Didn’t Charles Darwin say “the root is the
heart of the tree”?

Roots are opportunistic. When provided with water, air, a nutrient supply to keep the
tree alive and no physical, biological, or environmental constraints, they survive and grow
anywhere (Coder, 1998; Perry, 1982). That ability gets roots into trouble when they
damage pavement, invade sewer pipes, and absorb water from some clay soils near
building foundations (Watson and Himelick, 2013). We have all seen how easily roots
explore the area beyond the drain holes of nursery containers. Yet that same ability allows
trees to exist in many unique locations. Mangrove, bald cypress, and willow may come to
mind in wet locations. Desert vegetation is an opposite contrast. In Ontario, not far from
our meetings here in Niagara Falls, researchers have documented stunted, deformed
examples of Thuja occidentalis that have been clinging to limestone cliff faces for nearly
2000 years (Kelly and Larson, 2013; Kelly et al., 1994).

Roots are not entirely geotrophic. As the radical emerges from the seed, the tap root
responds to gravity. However, roots soon begin to grow laterally and even up. This down,
up, sideways, any-which-way root growth pattern is clearly evident in many container-
grown plants.

Much to our benefit, roots grow more roots as a result of natural or manipulated factors.
Root pruning enables roots to form near the pruned point. Both mechanical and air
pruning are common nursery practices. The number of new roots formed depends on the
species as well as physiologic and environmental conditions (Watson and Himelick,
2013).

Growing plants in containers may result in circling roots (Appleton, 1998). Circling
roots often have little adverse effect in the nursery. However, the circling begins the
potential for circling roots to become girdling roots that may and often do affect tree
longevity in the landscape (Watson and Himelick, 2013). When the physical constraint of
the container is removed, subsequent root growth does not continue to circle (Fig. 1). This
growth pattern allows plants with severely circling and constricted roots to establish and
grow for some time in the nursery or landscape. However, the initial imprint of circling
and girdling roots soon begin to restrict the flow of absorbed water and nutrients through
the xylem as well as the downward movement of metabolites in the phloem. Early signs
of root problems are reduced shoot elongation and abnormal leaf color during the growing
season.

During my career, | have seen many bad roots, their configuration the result of poor
nursery practice. Nurseries do not purposely grow or sell bad roots. Bad roots result from
a number of causes like improper field and container planting practices, poorly designed
containers and not up-sizing into a larger container. I think the up-sizing issue followed
by container configuration are the greatest reasons for bad roots of container-grown
plants.

We have all heard home gardeners say they “kill plants.” My observation is that some of
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their failed plants are not the homeowner’s fault but the result of a bad root system from
the nursery. Since it has happened in my home garden I am sure it has happened for
others.

Fig. 1. A circling root system does not continue to circle after nursery field planting.
However, this tree will die soon because of the severe root constriction.

For forest tree seedling growers, economy of scale often requlres very small containers
in the initial stages of production, some as small as 40 cm’® (2.5 in?) (Landis et al., 1990).
“The major constraint on container volume is economical, not biological, because (A)
larger containers take up more growing space, (B) seedhngs grown in large containers
require longer growing periods for the seedling root system to occupy the container
completely, and (C) large containers are bulkier to handle during shipping and
outplanting.” (Landis et al., 1990).

Tree failures as a result of bad roots usually occur some years after planting (Fig. 2).
That fact has deflected the blame away from bad roots to less than ideal urban soil and
environmental conditions or inadequate maintenance. However, landscape architects,
urban foresters, and municipal managers are becoming more aware that some tree failures
are the result of bad roots originating from poor nursery practices. As these professionals
come to your nursery to talk about roots, tell them about your production practices that
ensure good roots. Show them examples (Fig. 3). Better yet, don’t wait for them to come
to you. Communicate to them. Sell your roots. One example is J. Frank Schmidt & Son
Co. nursery in Boring, Oregon. Their colourful promotional material illustrates the
containers they use to produce fibrous root systems with no circling.

James Urban, a well-known American landscape architect, is a passionate advocate of
how to get trees to grow well in cities (Urban, 2008). He may have come to your nursery
with his spade to check on root orientation and upper root depth. “Root safe containers”
and certified growers are ways to ensure trees have quality root systems (J. Urban, pers.
comm.). Since trees planted in cities originate in nurseries, better nursery trees will help
to ensure better city trees.
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Fig. 2. This pine, like others in the nursery field, was planted as a liner without checking
the roots. Several years after planting the trees broke at the base because the
circling roots severely constricted the stems.

Fig. 3. Propagation containers like this enable air root pruning and help to prevent
circling and future constriction. It also enables visual inspection of developing
roots.
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Several conferences focusing on urban tree-root issues (Neeley and Watson, 1998;
Watson and Neeley, 1994; Watson et al., 2009), have brought together “research
scientists, growers, and landscape professionals (from) around the world working in
earnest for better nursery production, site preparation, soil management, planting and
arboricultural care” (Watson et al., 2009). Since very few nursery growers attend such
conferences, root researchers such as Dr. Ed Gilman of the University of Florida,
Gainesville, Florida; Dr. Gary Watson of the Morton Arboretum, Lisle, Illinois; and many
others have written in trade publications and spoken at nursery meetings about the causes
and implications of bad roots and ways to grow good roots. Some nursery growers have
been innovative in their approach to producing better good roots and are happy to share
their findings (A. Verbinnen, K. Warren and J. Winkelmolen, pers. commun.).

A constricted container root system leaves an imprint when the container is removed.
The negative implications of failing to alter or manipulate the imprint include the lack of
newly formed lateral roots from the imprint area and new roots that are too deep below
the surface. Deep roots often have an adverse effect on stability, establishment and
survival of landscape plantings (Gilman, 2012). An important production strategy is not
to allow root abnormalities to occur. When they do occur, some sort of correction, such as
shaving, is needed.

Beginning root “training” early is key. It starts at propagation, particularly when
producing seedlings in containers. Tap-root manipulation by mechanical or air pruning to
encourage laterals, container material and configuration to eliminate circling and
encourage laterals, up-sizing before a root imprint forms and root ball shaving are
“training” techniques. Gilman et al. (2009) have shown that shaving the outer edge of the
root ball eliminates surface circling and helps to encourage horizontal root orientation
when up-sizing and out-planting. Cull anything with a bad root. One nursery is so
selective it culls as many as two thirds of its seedlings (K. Warren, pers. commun.).

Nurseries that bring in potted liners from other growers may be at risk of potting-up bad
roots. Some of the plants that have failed in my landscape, and I’m sure others, have had
bad roots initiated by the propagation grower and perpetuated by the subsequent grower
(Fig. 4). Learn about the good root techniques of supplies and do random destructive root
sampling. Even good roots without structural defects may benefit from manipulation prior
to potting.

Fig. 4. This small tree grew more slowly each year after planting. Its demise was not the
homeowner’s fault. It was the fault of a bad root system from the nursery.
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Many types of containers on the market encourage good roots (Appleton, 1998). Some
are formed with many openings in the side wall and bottom or made of fabric to
encourage air pruning, some are ridged to eliminate root circling, some are made of
biodegradable material such as coir (coconut fiber) to allow root penetration and direct
planting, while others are very deep in an attempt to accommodate tap rooted species.
Each container type has production implications such as purchase price, irrigation
frequency, stability, strength, longevity of use, and rooting-out.

The advantage of natural fiber and biodegradability may result in a false sense of the
container’s air pruning ability. Some coir (coconut fiber) containers have thicker bottoms
than sides. This manufacturing flaw often leads to root circling at the bottom rather than
root penetration and air pruning (Fig. 5).

.

Fig. 5. The thick base of this small, porous-walled coir (coconut fiber) container
restricted root penetration and prevented air root pruning.

Tap rooted species such as Carya seeded in containers are a particular challenge. The
lack of naturally formed laterals and the limited number of laterals formed from
mechanical and air pruning quickly result in poor root structure (Fig. 6). Some growers
have tried very deep, narrow pots in an attempt to provide more space for laterals along
the tap root. However, such deep pots make future nursery and landscape planting
awkward.

Auxin-type growth regulator applications to roots have been used in an attempt to
increase root number (Lumis, 1982; Prager and Lumis, 1983). However, there has been
too little positive benefit for their adoption and use in the nursery or in landscape planting
(Watson and Himelick 2013).

Achieving good roots in the nursery is a challenge, especially for tap rooted species and
for plants grown in containers. Understand the importance of good root architecture and
achieve it. Your customers deserve and should demand good roots. Provide them with
roots without defects to ensure long term survival and establishment in the landscape
(Fig. 7). Begin early in the life of the plant and continue through different stages of
production. Prevent and avoid constricted imprints that will jeopardize the plant’s future.
Discard plants with poor root structure. Grow the best roots possible.
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Fig. 6. Getting a good initial root system in the first season on tap rooted species such as
Carya can be a challenge. Note the lack of laterals.

Fig. 7. Good root structure like on this one-year-old red oak seedling should be the goal
of every nursery and a requirement of every purchaser. The radical was pinched
right after germination then the seedling was planted in a wide, non-restrictive
container that enabled air pruning of the elongating tap root.
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Getting to the Root of Tree Stress along Highways©

Darby M. McGrath and Jason Henry
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Soil compaction has been identified as a major contributor to urban tree failure. In
order to develop criteria to increase rates of survival of outplanted trees in roadside
environments this study investigated the influence of bulk density as an indicator of
soil compaction on tree morphology and physiology. In 2012, four # 10 container-
grown tree species were planted into a total of 37 quadrats at two highway
interchanges in the Niagara Region, Ontario, Canada. Four data collection cycles
were conducted and measurements included: tree height, caliper as well as
chlorophyll content of leaves, soil moisture tension and stomatal conductance. The
soil texture was mainly comprised of fine particles (clay and fine silt). Average soil
bulk density for Site 1 was 1.45 g-cm™ and was 1.55 g-cm™ for the 0-10 and 20-30 cm
depth respectively. For Site 2, the average soil bulk density was 1.49 g-cm™ and 1.67
g-cm” for the 0-10 and 20-30 cm depth respectively. The results suggest soil bulk
density was consistently above root limiting levels at both sites for samples collected
at the 20-30 cm depth. These findings illustrate the importance of developing root
systems with shallow structural roots that are radially oriented around the trunk in
the nursery for trees that will be outplanted into urban soils.

INTRODUCTION

Many nursery growers are tasked with producing trees that will be transplanted into urban
environments. In fact, in Canada, of the $644,677,730 total nursery sales reported in 2010
$73,344,000 (11%) were direct sales to the public, $158,838,795 (25%) were sales to
landscape contractors, $40,960,970 (6.5%) were sales to government and public agencies,
$86,570,130 (13%) were sales to mass retail stores (Statistics Canada, 2012). The lesson
here is that trees produced in the nursery in Canada and elsewhere in North America will
likely end up in an urban or residential setting where the soil has been subjected to
construction practices that have altered the physical characteristics of the soil ecosystem.
It is important for producers to understand the challenges that their material will face once
outplanted into these types of environments in order to better condition the plant material
for survival. One consideration that has been investigated is the influence that production-
type (e.g. field-grown versus container-grown) has on survival of trees transplanted into
urban soils, for instance work by Gilman and Anderson (2006) investigates how
production methods influence growth post-transplant. Conversely, the soil that the trees
will be transplanted into is another important consideration for growers that are marketing
their products to locations that are heavily impacted by construction like an urban
transportation corridor.

Overcoming the barriers that result in low rates of tree establishment after transplanting
is critical for roadside ecosystem transplanting success (Haan et al., 2012). In fact, Nowak
et al. (2004) found that tree mortality was higher in land types classified as
“transportation” compared to other urban land classifications. Newly planted trees tend to
die at a higher rate than established trees (Miller and Miller, 1991; Nowak et al., 2004)
because the healthy soils that promote early vigorous growth are absent (Pavao-
Zuckerman, 2008). Soil compaction at urban sites has been identified as a primary driver
of tree mortality (Day et al., 2010; Haan et al., 2012; Oldfield et al., 2014). For instancej
silty clay soils with bulk density values of 1.49 g-cm™ are root limiting and 1.58 g-cm’
and above are root restricting reducing the root and shoot growth of newly planted trees
by 50% (Watson and Himmelick, 2013). During road construction the topsoil layer is
removed and subsoil is returned to the site to be graded and compacted (Haan et al., 2012;
Watson and Himmelick, 2013). In compacted soil, pore space is limited thereby limiting
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oxygen and water (Sinnett et al., 2008). Oldfield et al. (2014) found that sapling growth
and survival was improved across time after site preparation, which resulted in reductions
in bulk density from ~1.4 to 0.72 g-cm™

Haan et al. (2012) illustrated that choosing appropriate plant species for roadside
planting remains very challenging because of poor soil physical conditions and is
exacerbated by the lack of post-transplant maintenance. Because safe access of highway
planting sites requires preparation and planning and it becomes very expensive and the
sheer volume of planted areas often makes it untenable. Death linked to transplant failure
typically tapers off after 5 years (Koeser et al., 2013) but trees in poor site conditions
begin dying in years 1-3 at higher rates (Nowak etal. , 2004). In order to better understand
the stress response of transplanted highway trees we demgned a non-destructive study to
mimic current practices in roadside tree planting contracts by planting the trees in to
unprepared soil that tracks the transplanted trees for 5 years. So far we evaluated the
survival and growth of four tree species at two sites from May to October of 2013 and
again in June 2014. The aim of this study is to investigate the effects of soil compaction
on bulk density and the potential influence of bulk density on: (1) growth, (2) soil
moisture tension, (3) stomatal conductance and, (4) total chlorophyll content of leaves in
Years 1-5 after transplanting.

METHODS

Study Sites

Two sites were selected along Highway 406 (southern Ontario, near Niagara Falls) at St.
Davids and Beaverdams Road (hereafter known as Site 1 and Site 2, respectively). These
sites were selected as they have been undisturbed since ~1965 when they were developed
and the soil was compacted. For the region, mean annual temperature for 2013 was ~9°C
with an annual precipitation of ~1100 mm (Table 1). Soil chemical analysis revealed that
both sites had calcareous, low organic matter soil with low total salt concentrations
(identified using soil electrical conductivity; Table 2).

In the fall of 2012, four cultivars grown in #10 containers were planted at both sites
which included Freeman maple (Acer x freemanii ‘Jeffersred’, Autumn Blaze™ Freeman
maple), common hackberry (Celtis occidentalis L.), honey locust (Gleditsia triacanthos
L.), and eastern redbud (Cercis canadensis L.). At both sites, trees were randomly planted
in set blocks of 15 trees. At Site 1, six blocks of A. x freemanii and five blocks of C.
occidentalis, G. triacanthos, and C. canadensis were planted. At Site 2, four block of
each species were planted.

Table 1. Mean monthly temperature (°C) and total monthly precipitation (mm) for the
Niagara region. Climate normal data for mean annual temperature and mean annual
precipitation is also included (1981-2010; <http://climate.weather.gc.ca/>).

Month Temperature Precipitation Temperature Precipitation
°C) (mm) °C) (mm)
2013 2013 1981-2010 1981-2010
May 15.10 88.00 12.79 76.35
June 19.10 142.60 18.27 84.90
July 22.60 111.40° 20.85 100.66
August 21.00 61.50 19.95 79.16
September 16.70 76.40 15.83 81.85

“Tuly 19™ ~65 mm of precipitation fell.
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Table 2. Soil chemical analysis for highway sites [N = 36 (Site 1) and 32 (Site 2)].

Properties Units Site 1 Site 2
pH 7.79 7.77
Organic matter % 3.82 3.20
Total salt mmhos-cm™ 0.44 0.41
Phosphorus mg-kg! 8.65 6.66
Potassium mg-kg 94.72 91.07
Calcium mg-kg" 4571.21 4357.27
Magnesium mg-kg 308.62 297.56
CEC meq-kg 2.69 2.57

Field Sampling and Lab Analysis

1. Tree Response Analysis. Repeated growth and stress parameters on a sub-set (219 of
the total 552) of the planted trees were conducted at the beginning of each month from
June to September. Prior to the field assessment, six trees were randomly selected per
quadrat for repeated measurements. From the selected trees three branches were flagged
for analysis. Growth parameters included tree height and caliper (at 30 cm for
determination of trunk cross sectional area [TCSA]). Growth rates were determined for
tree height and TCSA by subtracting the initial season growth (June data) from the final
growth measurement taken in September. Chlorophyll content (-9.9 to 199.9) was
measured using an indexed reading chlorophyll meter (SPAD 502 Plus Chlorophyll
Meter, Spectrum Technologies, Inc., Aurora, Illinois) for the first three shoots of each
ﬂagged branch. Leaves for chlorophyll measurements were randomly selected along each
shoot. Stomatal conductance (gs; mmol-m™s™') was measured using a steady state
porometer reading (Decagon SC-1 Leaf Porometer, Decagon Devices, Inc. Pullman,
Washington) in the upper exterior portion of the canopy on a leaf exposed continuously to
sunlight. Porometer readings were only conducted on clear sunny days between 11:45 to
14:15.

2. Soil Measurements and Analysis. Soil moisture tension (-kPa) was measured using a
tensiometer (2900F1L 18 Quick Draw Moisture Probe, Soil Moisture Equipment Corp.,
Santa Barbara, California) for each of sub-sample trees.

Soil chemical analysis was conducted on samples collected at a depth of 0-10 cm at
both Site 1 (n=36) and Site 2 (n=32). Samples were sent to SGS Agrifood Laboratories
<http://www.agtest.com/index.cfm> for chemical analysis; pH, organic matter
percentage, total salt, phosphorus, potassium, calcium, zinc, magnesium, and cation
exchange capacity (Table 2). Continuous (weekly) total salt content in the soil was also
monitored during spring snow melt (monitoring period 17 Apr. to 1 May 2013) to access
salt concentration and movement. However, we found that during spring melt, when
highest concentrations of salt are entering the soil due to winter accumulation of de-icing
agents (NaCl), total salt content (based on electrical conductivity) was low. Maximum
conductivity was below 2 mS-cm™, which is an indication that salt content was not
entering the soil column but mostly removed by surface runoff.

Bulk density (Bd) soil samples were collected at two depths; 0-10 cm and 20-30 cm,
using a hammer corer (core height: 51 mm and width 50 mm) at Site 1 (#=96) and Site 2
(n=64). These depths were selected to represent soil from the A and top of the B horizons.
Prior to analysis samples were stored at 4°C. Bulk density samples were weighed; to
determine field moisture weight before drying at 105°C for 24 h. Once dried, samples
were weighed to determine dry weight and then sieved using a 2-mm sieve to remove any
coarse debris (i.e., roots, rocks). Coarse fragments (>2 mm) were removed and weighed
and the density of the coarse fragments (per sample) were also determined by measuring
the water displacement of the coarse material. On all Bd samples, loss-on-ignition (LOI)
was preformed to estimate organic matter content of the soil. Soils were ignited at 375°C
for 16 h (Ball, 1964).
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Soil texture [percent sand (2000-60 pm), silt (60-8 pum), and clay (<2 um)] was

determined using a Horiba Partica LA-950 Laser Diffraction Particle Size Analyzer
(Whitfield and Watmough, 2012). A higher range for clay size was used (<8 um) based
off the recommendations from Konert and Vandenberghe (1997). The soil was not
pretreated before analysis due to the low organic matter content. Soil particle density was
determined following a similar method to Klute (1986) and Rowell (1994). Particle
density was determined by water displacement in a volumetric flask at constant water
temperatures (30-35°C). Samples were heated to remove any air bubbles, which could
influence the sample volume. Porosity was then estimated by using the particle density
and soil Bd.
3. Statistical Analysis. The relationship between average block soil Bd and tree growth
could not be assessed due to the fact that the majority of the Bd samples were over the
root limiting levels. Similarly, average block Bd could not be assessed to total chlorophyll
content or stomatal conductance.

Regression analysis was carried out between soil Bd and moisture (g [water]/g [dry
soil]) percentage. Regression analysis was also conducted between soil Bd and moisture
tension (-kPa). Prior to regression analysis, variables were tested for normality using the
Shapiro-Wilt test (p>0.05). All statistical analysis was conducted using Systat 13.1
(Cranes Software International Ltd.).

RESULTS

Survival

Winter survival of 4. X freemanii, C. occidentalis, and G. triacanthos was high after the
Fall 2012 planting. In contrast, C. canadensis had a low winter survival rate (Site 1 — 64%
and Site 2 — 25%; Table 3). From June to September, at both sites for C. occidentalis and
C. canadensis a few trees were lost due to accumulated stress. The September 2013
survival percentages represent survival rates 1 year after planting. In June 2014, tree
survival was again assessed to evaluate the rate of survival after a second winter period.
Survival rates decreased for all species, including 4. X freemanii that had a 100% survival
rate prior to the 2014 winter.

Table 3. Sites 1 and 2 tree survival (%) from June 2013 to June 2014.

Species Site 1 Site 2

June September  June June  September  June
(2013) (2013) (2014) (2013) (2013) (2014)

Survival  Survival  Survival Survival Survival  Survival

(%) (%) (%) (%) (%) (%)
Acer X freemanii 100 100 90 100 100 90
Celtis occidentalis 96 93 79 97 90 86
Gleditsia triacanthos 99 99 84 98 98 86
Cercis canadensis 64 60 49 25 21 5

Tree Growth

Tree growth (height) was determined to be higher at Site 1 compared to Site 2 for all
species (Table 4). Acer x freemanii was determined to have the highest growth rate,
compared to C. occidentalis, G. triacanthos, and C. canadensis. A slight decrease in
average height was observed at Site 2 for G. triacanthos and C. canadensis, this was due
to tissue dieback on the tree during the summer months. Overall for TCSA, positive
growth rates were determined for all species at both sites.
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Table 4. Average site growth rates for tree height, shoot length and trunk cross sectional
area (TCSA).

Species Site 1 Site 2

Height TCSA Height TCSA

(cm) (mmz) (cm) (mmz)

Acer * freemanii 18.84 87.27 11.96 126.00

Celtis occidentalis 8.12 48.58 0.62 65.08

Gleditsia triacanthos 2.99 39.58 -3.23 49.44

Cercis canadensis 3.78 32.14 -9.31 23.43
Soil Physical Analysis

Average Bd was significantly higher (p<0.05) at Site 2 for the sub-soil (20-30 cm; Table
5). No significant difference was observed with the topsoil (0-10 cm). A w1de range for
soil Bd was observed at Site 1 (min — 1.16 g cm 3 and max — 1.81 g-cm™), compared to
Site 2 (min — 1.34 g-cm™ and max — 1.83 g-cm’ ) at a depth of 0-10 cm. In contrast, at a
depth of 20-30 cm, smaller ranges between mln and max variables were observed.
Overall, average Bd at both sites was 1.47 g-cm’ 3 (0-10 cm) and 1.60 g-cm’ 3 (20-30 cm).
Based on the samples collected, 40 and 81% were above the root limiting levels for Bd
(limit 1.49 g-cm’ %) and 15 and 56% were above the root restriction level (>1.58 g-cm’ %)
for the 0-10 and 20-30 cm depth respectively. Soils collected for Bd were analyzed for
coarse debris (rocks, roots, etc.), which has the potential to drastically influence soil
density. Overall, the majority of soil samples collected contained no coarse debris.

Table 5. Minimum, maximum and average bulk density for Sites 1 and 2 soil at two
depths (0-10 and 20-30 cm).

Site  Depth Bulk density

Minimum Maximum Average
1 0-10 1.16 1.81 1.45
1 20-30 1.30 1.77 1.55
2 0-10 1.34 1.83 1.49
2 20-30 1.49 1.94 1.67

Soil Moisture and Tension

Two snap-shot methods to assess soil moisture were used; soil collection with oven
drying and using a soil tensiometer. A significant negative relationship was determined
between soil percent moisture (g [water]/g [dry soil]) and Bd (Fig. 1). Similar significant
relationships were observed with LOI and porosity. In contrast no relationship was
observed between clay content and moisture. Based on visual inspection of the data, soils
that contained a Bd less than 1.49 g~cm'3 were more_likely to have higher but more
variable percent moisture. Soils with a Bd of 1.49 g-cm™ or greater had a steady decrease
in percent moisture. Soil tension measurements were taken monthly (from June to
September). Values from the tensiometer were typically over the tension capabilities for
the meter (> 80 centibars of soil suction), which made it impossible to determine if a
relationship existed between the soil characteristics and moisture tension.
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Fig. 1. Response of soil moisture to bulk density (left; g-cm™) and organic matter content
(loss on 1gn1t10n %:; right). The solid vertical line (left) indicate soil bulk density at
1.49 g-cm™

Stomatal Conductance and Total Chlorophyll Content of Leaves

Although no regression analysis was performed patterns based on monthly observations
emerged in the dataset. In July, all of the tested species were considered the most stressed
which was observed with the low stomatal conductance (Table 5). The highest values for
stomatal conductance (least stressed) were observed in September. Peak chlorophyll
content for each tree species was determined in the month of July (Table 6). Overall, a
gradual decrease in chlorophyll content was observed in August and then again in
September (data not shown).

Table 5. Average stomatal conductance (mmol-m™-s™) for each tree species for July,
August and September.

Species July August September
Acer % freemanii 70.66 171.50 199.14
Celtis occidentalis 65.20 165.53 257.27
Gleditsia triacanthos 76.38 195.95 197.35

Table 6. Minimum, maximum and average chlorophyll (SPAD) content for each tree
species in July.

Species Min Max Average
Acer X freemanii 2441 29.05 26.73
Celtis occidentalis 21.13 26.74 23.36
Gleditsia triacanthos 25.65 39.87 35.05
DISCUSSION

The bulk density samples that were collected across both sites were above root hmltmg
ranges for the soil type (40% [0-10 cm] and 81% [20-30 cm] were above 1.49 g-cm’ 3 for
silty clay soils) if not above root restricting values (15% [0-10 cm] and 56% [20-30 cm)]
were above 1.58 g-cm’ %) (Watson and Himmelick, 2013). Even after ~45 years for
potential recovery, compaction impacts were still observed at levels that influence tree
roots and survival.

Day et al. (2009) argues that when trees leave the nursery and have developed deep
structural roots and roots that are not radially oriented, establishment in the landscape is
more difficult. This is particularly a problem when weak or deep primary roots encounter
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the compacted or poorly drained soils close to the surface in urban environments. When
the conditions in the lower soil profile are less favourable than those near the surface
structural roots, and as a result tree establishment, can be inhibited. Arnold et al. (2007)
found that planting small [9.3 L (3 gal)] container-grown trees as little as 7.5 cm below
grade decreased survival and growth of all but one of five taxa, as the trees were planted
into a sandy-loam soil (15-30 cm) over a hard-pan clay.

Tree roots respond to the stress that results from being transplanted into compacted soils
and low O, by concentration of root growth closer to the soil surface. Gilman et al. (1987)
found that roots that are lower than 12 cm below the soil line at planting grew toward the
soil surface and were most prevalent in the topmost centimeters of the soil volume.
Managing root growth during production, especially of root distribution and depth in the
nursery is vital for woody species that will be transplanted into compact soils in the urban
environment. Gilman et al. (1987) found that G. triacanathos var. inermis seedlings had
significantly shallower roots in compacted soils with more of the roots distributed into the
upper soil layers. Additionally, many of the roots were directed up towards the soil
surface from the deeper soil layers. Our findings regarding the influence on tree growth
corroborate the findings from other tree studies that have investigated urban tree survival
in compacted soils (e.g., Gilman et al., 1987; Arnold et al., 2007; Day et al., 2009). The
growth of primary roots slows when it encounters denser, less aerated conditions of
deeper soil conditions, which according to our findings can actually occur in the 0-10 cm
range of compacted soils.

Dirr (1998) classifies woody vegetation as slow (less than 30 cm growth annually)
medium (30-60 cm), and fast growing (more than 60 cm annually). Cercis canadensis is
considered to have a medium growth rate (Dirr, 1998) but average growth was 0.04 cm at
Site 1 and -0.09 cm at Site 2 (the negative value is an artefact of tissue dieback during the
season). The average vertical growth of G. triacanthos planted in the USA was 49 cm per
year during the first 7 years and when well established the annual diameter growth is 8 to
13 mm (Blair, 1990). Celtis occidentalis growth can be as much as 8§ mm in diameter
annually on alluvial soils (Krajicek and Williams, 1990) and slow growth and dwarfing is
an indicator of poor soil conditions. Acer x freemanii performed the best in terms of
growth for the first season after transplant. Fair et al. (2012) found A. x freemanii
‘Celzam’, Celebration® maple was not affected by soil compaction and put on
significantly more caliper than all other cultivars despite compaction. Different cultivars
responded differently to soil compaction; some cultivars of A. X freemanii are more
capable of increasing caliper growth in high bulk density soils. Even for 4. x freemanii
cultivars however, high density soils have been reported to result in significantly smaller
aboveground blomass than those growing in non-compacted plots (Fair et al., 2012). For
instance, for some cultivars growing in non-compacted plots increased cahper on average
83% more than trees growing in the compacted plots. Commonly, the effects of soil
compaction on root growth of woody species precede the effects on shoot and diameter
growth (Tardieu et al., 1991; Kozlowski, 1999). Our hypothesis that the suboptimal
vegetative growth recorded during this study is a result of the consistently high bulk
density is corroborated by Arnold et al. (2007); they found that planting below-grade into
hard-pan clay significantly reduced the height growth and trunk cross-sectional area of
four of five taxa. Additionally, Amoroso et al. (2010) reported that container-produced
trees with root deformations from production exhibit higher levels of stress and reduced
growth when compared to trees without root deformations. Height, caliper, and shoot
growth in Year 2 could be decreased as vegetation growth outstrips root mass
accumulation.

Héroult et al. (2013) found that stomatal conductance for Eucalyptus spp. was distinctly
lower during a drought event compared Wlth later in the season. Zwack et al. (1998)
reported measurements of 43 mmol'm™-s” during the fourth drought cycle for 4. x
freemanii cultivars which is consistent with the low average stomatal conductance values
we observed in July for all species (65.20, 76.38, and 70.66 mmol-m™>s” for C.
occidentalis, G. triacanthos, and A. x freemamz respectlvely) Precipitation for July
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(2013) was ~110 mm (climate normal ~100 mm [1981-2010]; Table 1). July precipitation
was inflated with a one-day heavy rainfall event (~65 mm fell). With the elimination of
that extreme event, July was a warm, dry month with ~45 mm of rain. The values for
stomatal conductance are high (values for species increased in August and again in
September). Additionally, Zwack et al. (1998) reported stomatal conductance as 255
mmol-m?-s” at container capacity for A. x freemanii cultivars. The averages for
September for A. X freemanii, C. occidentalis, and G. triancanthos (199.14, 257.27 and
197.35 mmol-m™-s”, respectively) therefore appear high. However, a more in depth,
multi-year study that includes various treatments for soil Bd levels would help to better
explain this relationship for the species tested.

The values from the tensiometer were typically over the tension capabilities for the
meter (>80 centibars of soil suction), making it impossible to determine if a relationship
existed between the soil characteristics and moisture tension. However, Fair et al. (2012)
found that compacted soils held water more tightly at the higher tension and less water is
available for trees. Day et al. (2000) found Acer saccharinum’s (L.) roots were capable of
penetrating compacted soils at saturation but Cornus florida (L.) was not. During heavy
inundation of precipitation the voids in the soil may completely be occupied by water and
air would be absent (Jim, 1998; Watson and Himmelick, 2013). This may explain why
bottomland species like A. saccharinum and C. occidentalis are more adaptable in
compacted urban soils. In the clay-based soils in the study by Fair et al. (2012) the
authors report that hydraulic conductivity was significantly reduced due to compaction,
and the higher density soils led to a reduction in above ground biomass for the majority of
the samples that were tested.

Although survival after Year 1 was high, after the second winter, survival was reduced
for all species. Miller and Miller (1991) found that much of the mortality associated with
newly planted street trees (4-5 cm caliper) occurs 1 to 2 years after installation. The
generally poor survival rate of C. canadensis may be attributed to the source of the
propagative material. For instance, C. canadensis plants of southern origin were slower to
enter dormancy under shorter days (Donselman et al., 1982). We can also attribute the
low survival of C. canadensis to the fact it does not grow well on flooded sites and cannot
survive in poorly aerated soils (Dickson, 1990).

We conclude that high bulk density is a limiting factor for tree establishment in highway
roadside plantings. It is particularly of concern because of the high bulk density observed
at all of the soil sampling locations tested. Although this paper avoids discussion of
specific root management practices in the nursery and instead focuses on root ecological
interactions with the environment it is important for the nursery industry to understand the
types of environments into which their products will be planted in order to better
understand how to produce plants that are better equipped to deal with the conditions of
urban soils. In particular, based on the soil conditions we have encountered practices that
ensure shallow structural roots that are radially oriented around the trunk are better
situated to make contact with the least compact volume of soil and begin accruing
resources post-transplant and would increase survival.
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High mortality rates among most species of nursery trees after transplanting is
generally attributed to water stress imposed by a range of soil and other
environmental conditions. This study examined the efficacy of a consortium of
mycorrhizae (Root Rescue Landscape Powder), comprised of 20 species of both
endo- and ecto-mycorrhizae, in mitigating water stress when inoculated into the root
zone of recently transplanted trees [Thuja occidentalis ‘Smaragd’ (emerald
pyramidal cedar) and Acer rubrum ‘Brandywine’ (Brandywine red maple)]. The
water status of the trees was monitored with automated stem psychrometers
measuring stem water potential (W) at 30-min intervals for at least 2 weeks after
transplanting. Treated trees exhibited a significant reduction in mid-day water
stress and enhancement of overnight rehydration, relative to control trees, when
inoculated with the consortium of mycorrhizae, as shown by diurnal patterns of
water stress and recovery.

INTRODUCTION

Irrigation of nursery plants in Canada consumes approximately 180 million m® of water
annually. This represents a significant portion of the water, not allowing for the recycled
portion, used by the ornamental horticulture sector (Deloitte and Touche, 2009). The
majority of this nursery irrigation water is applied using overhead sprayers, which
remains one of the least efficient forms of irrigation for above ground [containerized]
crops (Howell, 2003). With ever increasing pressure on water resources the nursery
industry is an obvious candidate for continued development of more efficient water
management practices.

There are few technologies that can reliably measure the effects of water management
practices on nursery crops (Jones, 2004). This technology vacuum represents a significant
challenge to environmental stewardship in the perennial nursery industry. Conventional
agronomic measurements such as caliper, foliage density, plant height, and qualitative
assessments of plant vigour are insufficient in providing data appropriate for interpreting
water management strategies in a timely manner (Jones, 2008). Other factors which must
be accounted for in the water management strategy include contributions from
precipitation events; leaching fraction for container grown plants; applications of
pesticides, herbicides, and nutrient fertilizers; and control of run-off.

It has long been understood that the plant is the most reliable “sensor” of its
environment. Plants routinely and continuously integrate the effects of all the
environmental variables to which they are exposed. Significant changes in any of these
variables (e.g., temperature, humidity, light, CO,, nutrients, and water) are ultimately
reflected in the water status of plants. Reliable plant water status data, in addition to other
currently used metrics, could offer significant improvements in water use efficiency
through improved irrigation scheduling (Howell, 2007).

The study of plant water relations has produced a number of techniques to measure total

" The presented data is a subset of a larger data set presented elsewhere.
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plant water potential (V) or the value of the suction forces in the water conducting tissues
of a plant in response to evaporative and osmotic forces. The least invasive and most
reliable technique in measuring ¥ is arguably the thermocouple psychrometer (Dixon and
Tyree, 1984). Many psychometric-based systems have been developed and evaluated in
the literature (Boyer, 1972; Brown and Tanner, 1981; Campbell and Campbell, 1974;
Dixon and Tyree, 1984; McBurney and Costigan, 1982; Millar, 1974; Neumann and
Thurtle, 1972); however, the instrument described by Dixon and Tyree (1984) has
emerged as the most successful and reliable technique in the field (Dixon et al., 1988; Lee
et al., 1989; Edwards and Dixon, 1995a, b; Coffey et al., 1997; Chamberlain et al., 2003).
The most recent version of this device (ICT International Pty. Ltd., Armidale, NSW,
Australia) was used in the current study to evaluate mycorrhizae inoculation efficacy in
the mitigation of drought effects on ornamental tree species.

Root Rescue Landscape Powder (RRLP) is a proprietary compound comprised of 20
species of both endo- and ectomycorrhizae, which can be applied as a water-based root
zone inoculum. There is ample evidence in the literature that supports the benefits of
mycorrhizal inoculation in a number of applications, such as tree nursery and horticultural
production (Marx et al., 1989; Davies et al., 1996), as well as field crops and turf grass
management (Fini et al., 2011; Lehto and Zwiazek, 2011; Balakrishna et al., 2006; Auge,
2001). Numerous studies have attempted to quantify the beneficial effects of associating
mycorrhizal fungi with the root zones of various plants, especially in relation to drought
stress conditions (Al-Karaki, 1998; Abdel-Fatah et al., 2002), but all have lacked suitable
evaluation of water potential in response to a fluctuating environment. This underscores
the inherent technical difficulty and interpretation problems associated with many
attempts to measure water potential in the field. As the dominant physiological variable in
assessing plant-environment interactions, it is clear that better temporal resolution and
more reliable measurement techniques are required if these interactions are to be reliably
and correctly interpreted.

The objective of this study was to evaluate the efficacy of a custom mycorrhizae
inoculum for the amelioration of drought stress in commercially significant nursery tree
species following transplanting. The course of stem water potential responses was
monitored for at least one extended drought period (4-7 days) for each species during the
season to determine if there were differences in average plant water status responses
between the mycorrhizae treated trees and untreated control trees. The study further
served to evaluate the field performance of a fully automated in situ stem psychrometer
equipped with wireless data telemetry.

MATERIALS AND METHODS

Site Description

The field trials took place between June and September, 2012 at Connon Nurseries NVK
Holdings Ltd., located in Dundas, Ontario (43°21°07.90”N, 79°54°36.86”W). Six species
of ornamental trees were planted in a recently constructed berm that comprised of a mix
of soil and subsoil from a recently excavated holding pond. It was reasoned that this
substrate would be a reasonable facsimile for housing development sites in urban areas
and roadside plantings where the majority of these species would typically be planted.
Trees were planted approximately 3 m apart and grouped by species. Treatments were
randomly assigned within each species block within the field plot. Tree planting was
conducted by Connon Nursery staff and was split up into two plantings, one occurring on
14 June 2012 and the other on 7 Aug. 2012.

Plant Material and Mycorrhizae Inoculation

In the spring and summer of 2012, potted trees ready for transplanting were selected and
planted in a specially prepared site at Connon Nurseries NVK Holdings Ltd. (Dundas,
Ontario, Canada). Although eight species were planted this report will focus on two of
them representing both an evergreen and deciduous species [Thuja occidentalis
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‘Smaragd’ (emerald pyramidal cedar) and Acer rubrum ‘Brandywine’ (Brandywine red
maple)]. The trees varied in height from 2-3 m and from 0.2-0.3 m in stem caliper at the
site of installation of the stem psychrometers. There were 16 trees of each species, which
were divided into two groups (n=8). One treatment comprised a one-time drench
inoculation of the rootball during transplant at the field site. The inoculum consisted of 6
g of Root Rescue Landscape Powder (RRLP) suspended in 10 L of water (Root Rescue
Environmental Products Inc., Waterdown, Ontario, Canada). The control group was
untreated and both treatment and control trees were provided with the same volume and
frequency of manual irrigation and natural rain events throughout the season.

For the purposes of this presentation the results of one representative deciduous species
(A. rubrum) and one conifer (7. occidentalis) will be used to illustrate the water status
responses of the transplanted trees to the mycorrhizal innoculations.

Water Potential Measurements

To assess the response to repeat cycles of drought and recovery of the trees in this field
setting, each tree was fitted with an in situ stem psychrometer (Dixon and Tyree, 1984)
and wireless datalogger system provided by ICT International Pty. Ltd., (Armidale, NSW,
Australia). The instruments were installed as shown in Figure 1 and each of two species
(32 trees) were monitored simultaneously for periods of up to 2 weeks during the
summer. The psychrometer installation procedure is also outlined in detail at:
<http://www.ces.uoguelph.ca/psychrometer media.shtml>.

Design and Statistical Analyses

The experiment was laid out as a completely randomized design. Water potential data was
analyzed using SAS PROCMixed with repeated measures (SAS Institute Inc., Cary,
North Carolina, USA). Stress events were defined as the period immediately after a rain
or irrigation event through to the next watering event, provided that the interim period
was sufficiently dry to induce water stress as directly measured by the in situ stem
psychrometer. Periods that exhibited, or were subjected to, the most stress were
designated as “stress phases” and ran from 00:00 HR of the first stress day to 23:59 HR of
the last stress day. A diurnal, negative peak in water potential, typically plateauing
between 13:00 and 17:00 HR, characterized the maximum stress phase. Conversely,
between 01:00 and 05:00 HR the trees typically displayed a recovery phase characterized
by an increase in water potential, reaching a plateau sometime within this time frame.
These peak stress and recovery periods (4 h) were used as the base data for the repeated
measures analysis; mean peak separation was evaluated for each daily stress and recovery
plateau. The 4 h stress and recovery means were based on a minimum of five instruments
(one instrument per tree) collecting a water potential measurement every 30 min. No
comparisons between species were made.
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Fig. 1. Typical installation of an automated stem psychrometer for the evaluation of water
stress in transplanted ornamental nursery trees: (A) Make sure sensor is clean and
thermocouples are intact; (B) Expose plant sapwood tissue; (C) Use deionized
water to wash away residual plant tissue; (D) Secure sensor flush against plant
using clamp; (E) Apply silicone grease for a gas-tight seal around instrument; (F)
Attach automated PSY data logger to plant; (G) Insulate instrument; (H) Wrap
installation in aluminum foil.

RESULTS
Acer rubrum ‘Brandywine’

Figure 2 shows the season long results of the RRLP treatment for A. rubrum following a
particularly dry summer during which the treated tree exhibited a much healthier and
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robust appearance than the untreated tree. The water relations data in Figure 3 showed a
clear separation between control and treated tree groups. After an initial rain event just
prior to the period shown in Figure 3, the mean peak separation increased each day,
culminating in another watering event that brought the water potential back to a similar
level in both groups during the following night recovery phase (not shown in Fig. 3). The
treated trees maintained a higher (less negative) water status both in the daily stress
phases and in overnight recovery phases. The cumulative effects of this water status
differential between the control and treated plants are again clearly demonstrated in
Figure 2.

Untreated

Fig. 2. Comparison of treated (background) and untreated (foreground) transplanted Acer
rubrum trees in the experimental plot at Connon Nurseries NVK Holdings Ltd.
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Fig. 3. Five-day drought time course of water potential (MPa) measurements comparing
groups of Acer rubrum transplanted trees treated with a mychorrhizae inoculum
and untreated controls. Lines are a local regression smoothing (loess) of all the
data collected at 30 min intervals for each treatment over the 5-day drought-
monitoring period. Grey shaded vertical bars represent sunset to sunrise periods.
Specific stress (circles) and recovery (triangles) data points are the means of eight
consecutive readings during the stress and recovery plateau periods. Vertical error
bars are +SEM; horizontal bars are the time range from which means were
calculated. Daily stress and recovery mean difference significance levels are
represented by: *, ** *** ng corresponding to P<0.05, 0.01, 0.001 and P>0.05,
respectively.

Thuja occidentalis ‘Smaragd’

Figure 4 outlines the clear differences in stem water potential between treatment groups,
with consistently higher water potential readings for the treated group in both the stress
and recovery phases; differences between the recovery and the stress phases become more
pronounced over time. According to Dixon et al. (1984), the critical threshold for
stomatal closure for 7. occidentalis is approximately -2.0 MPa. At that point, plants were
found to close their stomata and decrease transpiration in order to conserve water until
more favourable conditions returned. Figure 4 shows that the control group consistently
fell below the threshold for stomatal closure while the treated group remained above it,
suggesting that treated trees were able to remain photosynthetically active for greater
periods of the day than the control trees.
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Fig. 4. Five-day drought time course of water potential (MPa) measurements comparing
groups of Thuja occidentalis ‘Smaragd’ transplanted trees treated with a
mychorrhizae inoculum and untreated controls. Lines are a local regression
smoothing (loess) of all the data collected at 30 min intervals for each treatment
over the 5-day drought-monitoring period. Grey shaded vertical bars represent
sunset to sunrise periods. Specific stress (circles) and recovery (triangles) data
points are the means of eight consecutive readings during the stress and recovery
plateau periods. Vertical error bars are SEM; horizontal bars are the time range
from which means were calculated. Daily stress and recovery mean difference
significance levels are represented by: *, ** *** ng corresponding to P<0.05,
0.01, 0.001 and P>0.05, respectively.

CONCLUSIONS

The time courses of detailed water potential measurements from the 2012 field trials
demonstrated that RRLP was generally effective in mitigating the effects of drought stress
on ornamental transplanted trees. The generally higher (less negative) water potential
exhibited by the treated plants suggested that, in this case, the mycorrhizae had a direct
positive effect on water uptake. The water potential trends in both the control and treated
samples were negative (progressively more negative daily peak water potentials) over the
course of a drying event, which was expected. Although the trend was negative, the
treated plants maintained higher, more favourable overall water potentials over the
drought stress period relative to the controls.

In conclusion, RRLP mycorrhizae inoculations improved overall drought tolerance in A.
rubrum and T. occidentalis. The use of in situ stem psychrometers, in numbers that gave
statistically reliable data, allowed for a unique look at water relations in nursery woody
perennial species. The combination of in situ water potential monitoring and drought
mitigating mycorrhizae inoculation, as demonstrated, may provide new mechanisms for
managing irrigation water use in the nursery sector.
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Conventional irrigation practices are based on physical factors and observations,
however this fails to include plant water status measurements. This study examined
the relationship between cumulative water potential with concurrent cumulative
vapour pressure deficit (VPD) for the common nursery species Thuja occidentalis
‘Smaragd’ (emerald pyramidal cedar). Establishing the relationship for these plant-
environment interactions will provide nursery growers with a rational irrigation
scheduling tool that indicates a more effective and efficient use of scarce water
resources. Plant water status and environmental conditions were monitored
throughout a growing season taking measurements every 15 min between irrigation
events. The overall relationship between cumulative water potential and cumulative
VPD exhibited a slope response of -2.2 MPa-h/kPa-h. This coefficient provides
growers with an objective tool for irrigation management for this species and leads
the way to exploit this approach across the spectrum of nursery commodities.

INTRODUCTION

Irrigation scheduling is the balance between frequency and amount of water applied to a
crop and is a fundamental concept in irrigation management (Linacre and Till, 1969).
Nursery growers tend to base their scheduling on factors such as observed leaf wilt, soil
dryness, and general weather forecasts. These decisions are largely subjective and can
lead to inefficient or ineffective use of water resources, namely over-irrigation or under-
irrigation. Ultimately, poor irrigation scheduling can reduce plant growth and directly
affect product quality (Wilson et al., 1998).

Several techniques have been developed to assist nursery growers in determining the
most appropriate time to irrigate; these techniques are described by Howell et al. (2007)
and Jones (2004). A common procedure used for irrigation scheduling is the pan
evaporation method. This technique measures the evaporation rate of an open water
surface as a surrogate measure of evapotranspiration or the total water lost by the plant
system. The method is a baseline attempt to integrate conventional environmental
variables such as solar radiation, vapour pressure, and precipitation that influence the
overall water status of the crop. It is due to the simplicity and economy of the pan
evaporation technique and the robust relationship with plant water use (Eliades et al.,
1988) that it is widely used. Eliades et al. (1988) and Ertek et al. (2006) have both
demonstrated effective irrigation scheduling for cucumber production based on pan
evaporation measurements. Although quality in irrigation scheduling is improved by
using pan evaporation measurements in comparison to irrigation by observation (Howell
et al., 2007), the method does not quantify the actual plant water status responses between
irrigation events. To assess plant water status under any water management strategy,
measurements of plant water potential (status) are required.

The study of water relations has developed numerous techniques to measure plant water
potential, which is essentially an integrated response to all environmental variables
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influencing the plant. The temperature corrected stem psychrometer (Dixon and Tyree,
1984) has emerged as the most field applicable and temporally responsive method for
monitoring plant water status. Further, the method is non-destructive and, with current
advancements (ICT International Pty. Ltd., Armidale, NSW, Australia), plant water status
of representative plants in the field can be remotely monitored. Studies conducted by
Edwards and Dixon (1995), Offenthaler et al. (2001), and Stohr and Losch (2004) have
demonstrated the effectiveness of the stem psychrometer as a plant water status
monitoring tool.

Water stress is a cumulative process that impacts a plant’s overall performance between
irrigation events. Quantifying the cumulative plant water status between irrigation events
can lead to a deeper understanding of plant-water requirements. Smart and Barrs (1973)
established that between 74-96% of diurnal variation of water potential can be explained
by temperature, radiation, and vapour pressure deficit (VPD). Combining modern
instrumentation to collect water potential data and concurrent measurement of standard
environmental variables (e.g., temperature, relative humidity, light, etc.) can lead to
improved irrigation practices, particularly if the relationship between vapour pressure
deficit and plant water potential can be resolved at the whole plant level.

The relationship between cumulative water potential and environmental demand (i.e.,
VPD) for a common nursery species was used to develop a modified (relative to current
nursery irrigation scheduling) irrigation schedule. A detailed assessment of the modified
schedule was conducted to analyze and correlate cumulative water status with
environmental demand (i.e., VPD) with the objective of predicting plant water status from
VPD, an easily calculated environmental variable.

MATERIALS AND METHODS

The presented study was conducted over two consecutive growing seasons (summers
2013 and 2014) and consisted of two distinct phases: (1) assessment of nursery tree water
status under conventional irrigation management (season one), and (2) assessment of
nursery tree water status under modified irrigation schedules designed to reduce water use
(season two). Although the overall study involved two phases, only the modified
irrigation scheduling results from season two are presented herein. However to
summarize the first phase, baseline water status responses were collected, analyzed, and
fully characterized to develop a modified irrigation strategy which was applied the
following year. In the second phase, water status responses were monitored under the
modified irrigation strategy and was correlated with concurrent environmental
measurements of VPD to determine the relationship between these variables.

Site Description

The study was conducted at a tree nursery located in Waterdown, Ontario, Canada (N 43°
21°24.2317, W 79°54°34.568”). Thuja occidentalis ‘Smaragd’ (emerald pyramidal cedar)
was selected as a representative ornamental evergreen. Each tree was grown in a pot-in-
pot production system with manually scheduled/triggered drip irrigation. The trees were
evaluated on the basis of the modified irrigation protocols developed from data collected
in phase one (data not shown). The trees were grown in 38 L (10 gal.) pots using a potting
media comprised of: peat moss (PM), composted pine bark (CPB), and leaf and yard
waste compost (WC) Gro-Bark (Milton, Ontario, Canada).

Irrigation Management
Trees were irrigated using a drip irrigation system. Drippers were calibrated
gravimetrically to ensure homogeneous distribution of water during irrigation events. The
average output of a dripper head was 0.19+0.01 L/min. Irrigation events were 30 min in
duration, which provided a sufficient volume of water to generate a small amount of run-
off, ensuring near field capacity in the pots.

Watering events were defined as either a rain event or irrigation. The modified irrigation
scheduling (described below) was imposed as part of the experimental protocol, a
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threshold of 10 mm or more of rain was deemed equivalent to a normal irrigation event.

Assessing Modified Irrigation Protocols — 2014 Field Season

Trees were arranged linearly with 30 trees, however only 21 trees were randomly selected
for experimentation due to limited instrumentation. Edge effects were controlled by two
additional buffer rows surrounding the row of trees. There were three irrigation treatments
with seven randomly selected trees (n=7) in each treatment level. Previous field trials
with this species (Dixon et al., 2015) had identified the range of water potentials expected
under conditions designed to induce severe water stress. The first phase of the present
study found that the trees never approached the levels of water stress they had exhibited
(and tolerated) in that study. Therefore the routine practice of the nursery was
subjectively labeled as the mild stress treatment (control). Treatments were determined as
multiples of the average cumulative water potential integrals previously measured under
conventional nursery practices. These were identified as: mild (1x), moderate (2x), and
high (3x) levels of water stress. For the purposes of this report only mild and moderate
stress levels will be examined.

Water Potential Measurements

Water potential responses were measured every 15 min using a PSY1 Stem Psychrometer
sensor package from ICT International Pty. Ltd. (Armidale, NSW, Australia). The
assembly and  installation  process is  demonstrated in  detail  at:
<http://www.ces.uoguelph.ca/psychrometer media.shtml>.

Cumulative Water Potential Threshold Determination

Cumulative water potential integrals were the sums of average water potential
measurements (MPa) by time (hours) accumulated during daylight hours between
watering events. Each stress threshold treatment was derived as a multiple of the water
stress values from the conventional irrigation protocol study in phase one. Accumulated
water potential integral between irrigation events was approximately -50 MPa-h in the
first phase. Based on these stress ranges, three different thresholds were selected between
the lowest and highest cumulative water potential integral to cover: mild (-50 MPa-h) and
moderate (-100 MPa-h) levels of water stress conditions. For each threshold, after a
watering event, the cumulative threshold was reset to zero to indicate adequate soil
moisture and the process was repeated throughout the season.

Meteorological Measurements

Meteorological data was collected using a Vantage Pro 2 wireless weather station (Davis
Instruments Corp., California, USA). Measurements were collected every 15 min. which
provided the same measurement frequency as stem water potentials. The main
environmental variables that were monitored consisted of: solar radiation (W/m?), air
temperature (°C), wind speed (km/h), precipitation (mm), and relative humidity (%).
Using these variables, VPD was calculated by vapour pressure equations found in Allen
et al. (1998). Cumulative VPD integrals were then accumulated during daylight hours
between watering events when solar radiation values (W/m”) were greater than zero.
These were correlated and analyzed with the cumulative water potential integrals.

Statistical Analysis

Statistical analyses were conducted with SAS 9.4 (SAS Institute Inc., Cary, North
Carolina, USA) on water potential measurements. All treatments were compared using a
repeated measures test following the mixed model procedure (PROCMIXED) to indicate
significant differences between water stress treatments.
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RESULTS

Thuja occidentalis Water Status

Figure 1 illustrates a sample of stem water potential data exhibiting mild and moderate
stress treatments. Throughout this period, water stress levels for each treatment exhibited
a distinct separation that persisted until a significant watering event occurred to rehydrate
the trees in both treatments. Separation of treatment levels was based on stress thresholds
that were assigned to each treatment. Under the moderate stress treatment, the trees
temporarily exceeded the approximate threshold for stomatal closure of -2.0 MPa
reported by Dixon et al. (1984). At that threshold, stomata begin to close in response to
the experienced water stress in an attempt to decrease transpiration rates. This isohydric
response is a mechanism used by plants to conserve internal water supplies and prevent
water stress.

Thuja occidentalis Camulative Water Stress and VPD

In Figure 2, the relationship between VPD and water potential integrals exhlblted a slope
response of 2.2 MPa-h/kPa-h with a strong coefficient of correlation (r*=0.83). A
relationship with this degree of reliability implies that growers can simply accumulate
environmental vapour pressure measurements and trigger irrigation at an appropriate
corresponding level of plant water status as predicted by this relationship. Additional field
trials will be used to confirm this relationship that will include multiple nursery species,
which will allow for the development of a catalogue of water status responses based on
environmental conditions.

Thuja occidentalis ‘Smaragd’ ‘ |I ‘
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Fig. 1. A 6-day diurnal time course of water potential (MPa) measurements for Thuja
occidentalis ‘Smaragd’ that illustrates water stress treatments: mild (upper line)
and moderate (lower line). Lines follow a local regression smoothing algorithm
(loess) for the data collected at 15 min intervals for each stress treatment.
Transparent bands surrounding the water potential measurements are error bars of
+ SEM. Grey shaded vertical bars indicate sunset to sunrise periods and blue
vertical bars indicate a watering event. The dashed lines at -2 MPa represents the
threshold of stomatal closure observed by Dixon and Tyree (1984). Using
repeated measures integrated analysis, mild treatment and moderate treatments
were significantly different with a P<0.01.
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Fig. 2. Relationship between cumulative vapour pressure deficit integrals (CVPDi) vs
cumulative water potential integrals (CWP1) between watering events from sunrise
to sunset for Thuja occidentalis ‘Smaragd’. Data shown contains mild and
moderate treatments during the experimental period. The red line represents a
fitted rezgression line that illustrates a slope response of -2.2 MPa-h/kPa-h with a
strong 1 of 0.83.

CONCLUSION

The ultimate goal of this study was to develop and demonstrate a rational approach to
irrigation management that is less subjective and more efficient than conventional
methods. An irrigation management strategy that requires nothing more than a
conventional weather station will provide nursery growers with a tool to indicate the exact
time to initiate an irrigation event based on predicted plant water requirements.

This research represents the penultimate step towards developing an irrigation-
scheduling tool that will use standard meteorological measurements to accurately predict
plant water status in the field. This in turn can be used to trigger irrigation events based
on actual plant needs rather than making often subjective assumptions of plant needs. The
presented data clearly established the reliability of the relationship between plant water
potential and VPD for this species. This relationship will now be used to form irrigation
schedules based solely on calculated VPDs, with plant water potential measurements used
to validate the efficacy of the scheduling in ongoing research in this field.
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New Generation of Precision Sprayers®

Jason S.T. Deveau
Agriculture Development Branch OMAF, 1283 Blueline Road, Simcoe, Ontario, Canada
Email: Jason.Deveau@ontario.ca

In August 2013, OMAF and MRA invited representatives from the USDA’s Agricultural
Research Service and Ohio State University to demonstrate a new way to spray. The
“Intelligent Sprayer”, developed by a team led by Dr. Heping Zhu, was trialed for 40
nurserymen and industry reps during a day-long workshop at J.C. Bakker and Sons
Nursery in St. Catharines, where attendees learned about the sprayer and about how they
can improve coverage in their own operations.

Given the range of crops nurserymen grow; it is very difficult to achieve effective and
efficient spray coverage with only one or two sprayers. The volume of spray, ground
speed of the sprayer, and the orientation and volume of air required is significantly
different when spraying whips, flowers, shrubs, or container crops. Therefore, to get
efficient coverage every time they spray, the operator must re-calibrate the sprayer every
time they move into a new crop. This is difficult, time consuming and in most cases, not
feasible.

Fig. 1. The Intelligent Sprayer.

Dr. Zhu’s variable-rate, air-assisted sprayer (Fig. 1) meets the challenge by
automatically adjusting the spray volume in real time based on the plant height, distance
from the sprayer and the density of the crop canopy. This is not like an airblast sprayer
with electronic “eyes” that turn sections of the boom on or off. The Intelligent sprayer
employs a single laser sensor and onboard computer to determine exactly how much
pesticide is needed from each of 40 independently-controlled nozzles. The nozzles use
solenoids to switch rapidly between on and off positions. This “pulse width modulation”
allows the sprayer to apply just enough spray without recalibrating the sprayer. Five
Intelligent Sprayers are operating in the USA right now. To date, they have reduced spray
loss beyond tree canopies by 40-87%, airborne spray drift by up to 87%, spray loss on the
ground by 68-93%, and spray volume by 47-73% in a growing season.

To demonstrate the intelligent sprayer, water-sensitive paper targets were placed deep
inside the canopy of trees and shrubs as far as 20 ft from the alley (Fig. 2). These yellow
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targets turn blue when sprayed. The Intelligent sprayer was pitted against the nursery’s
overhead boom sprayer and airblast sprayer. Papers were retrieved and replaced after each
sprayer finished its pass. In almost every case, the Intelligent Sprayer achieved better
coverage and less off-target waste with less spray, compared to the conventional sprayers

(Fig. 3).

Fig. 2. Papers placed deep in canopy.

Unfortunately, the Intelligent Sprayer is not for sale at this time. The prototype cost
more than $21,000.00 in parts, alone. However, there are things operators can do to
improve the efficacy and efficiency of their current sprayers.

Ontario Ministry of Agriculture, Food (OMAF) and MRA have been testing crop-
adapted spraying, which is a new method of optimizing airblast applications in orchards.
This method is a series of sprayer adjustments to match the sprayer calibration to the size,
shape, and density of the crop. Growers have reported pesticide savings of 20% or even
50% in apple orchards, with no significant difference in pest control compared to control
blocks sprayed with conventional methods. Here are a few key points on how a spray
operator can make their sprayers more “intelligent”:

1) Use water sensitive paper as a cheap and easy way to assess spray coverage. Place
papers in hard-to-reach areas to give a true assessment of what you are hitting and
what you are missing. Papers can also be placed beneath and beyond the crop to assess
wasted spray.

2) Tie a 25 cm length of flagging tape to the far side of the target canopy. As the sprayer
passes, have a partner assess how the flagging tape behaves. The goal is to only just
move the ribbon. If it stands our straight, you are using too much air. If it does not
move, spray is likely not penetrating the canopy. You can then modify your practices
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according, such as: changing your ground speed, changing your fan gear, or if you are
using a positive displacement pump you can change your tractor gear (gear-up,
throttle-down) to change fan speed.

3) To ensure each nozzle is operating correctly, perform a timed output test (i.e., collect
spray for 1 min to determine the rate). Use in tandem with the water-sensitive paper,
you may have to switch to a nozzle with a different rate.

Fig. 3. Excellent coverage from Intelligent Sprayer.

Minimally-acceptable coverage on water-sensitive paper is 85 discreet drops per square
centimetre and at least 10% of the paper covered with spray. If you are getting more than
that, you should consider keeping your tank mix the same, but spraying less per hectare.
If you are not achieving that coverage, spray more per hectare, but never exceed the label
rate. The Intelligent Sprayer clearly showed that a sprayer calibrated to achieve the
“right” amount of coverage reduces spray waste and improves coverage. Until it is
commercially available, spray operators will have to make changes to their existing
sprayers, and how they use them, to get similar results.

We are developing an app for operators to try it themselves. That information, a
description of the steps for making any sprayer more effective, and so much more can be
found at: www.sprayers101.com.
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INTRODUCTION

The subject of potential species distributions has long been of interest to ecologists (e.g.,
Elton, 1927; Scott et al., 2002), but the subject is also important to agriculturalists,
horticulturalists, and gardeners as it relates to plant hardiness. Plant hardiness is often
thought of as the mortality or dieback of plants caused by temperature stress (mostly cold
but also heat). In practical terms, hardiness zones are intended to help define the potential
distribution of perennial plant species. The United States Department of Agriculture
(USDA) extreme minimum temperature model (and related map) has been a useful
surrogate for plant hardiness and is widely used throughout North America
(<http://planthardiness.ars.usda.gov/PHZMWeb/>; see also <http://www.ars.usda.gov/
Main/docs.htm?docid=15616> for a heat stress model).

In Canada, a plant hardiness map has also been developed (Oulette and Sherk, 1967a, b,
¢), and has become a standard and familiar source for Canadians. This model employed
seven climatic parameters, and was thought to better represent the plant hardiness
situation in Canada, where long winters and snow cover can dramatically affect plant
survival and performance. McKenney et al. (2001, 2014) updated Canada’s hardiness
zone maps using recent climate data and modern, mathematically sophisticated climate
interpolation techniques. The advent of intensive computer processing techniques and the
digitization of plant observation data have opened the door to a shift away from
traditional hardiness zones in favour of species-specific potential distribution models.
Indeed, there has been a proliferation of species distribution models globally in recent
decades (Booth et al., 2014). Any climate-based plant distribution model can be
interpreted as a customized hardiness map for that species — a connection that has not
been widely recognized. Here we briefly summarize some of the major changes in
hardiness zones that have occurred in Canada as the climate has evolved over the last 50
years. We also briefly describe a plant hardiness project for North America that involves
the collation and bioclimatic analysis of plant observation data (McKenney et al., 2007a).
We illustrate the relationship between the most recent hardiness zones and species
distribution models using two representative woody species and show examples of
projecting species’ range shifts under a changing climate.

CANADA’S HARDINESS ZONES

Hardiness zones are widely known and used around the world to help identify what plants
can grow where (Widrlechner et al., 2012). In Canada there are two hardiness zone
systems, a made-in-Canada approach based on seven climate variables and the USDA
extreme minimum temperature model. The Canadian plant hardiness system was
originally developed by Agriculture Canada in the early 1960s using 1930-1960 climate
data and involved field-based assessments of woody plant species responses to Canadian
climate (Oulette and Sherk, 1967a, b, c). In the original work, survival data for 174
woody plant and shrub species and cultivars were gathered at 108 test stations across the
country. A hardiness index was generated at each test location according to performance
and survival rates of the various species under study. The hardiness index was ultimately
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modeled as a function of seven climate variables that influence plant survival and growth
in temperate regions:

e Mean minimum temperature of the coldest month

e Frost free period in days

¢ Rainfall June through November

e Mean maximum temperature of the warmest month

¢ Rainfall in January

e Mean maximum snow depth

e Maximum wind gust in 30 years.

The original plant hardiness zone map was produced by calculating the hardiness index
at 640 climate stations and then hand-interpolating these values onto separate maps of
eastern and western Canada (Ouellet and Sherk, 1967¢). Raw hardiness values (which
ranged from 0 to 92) were classified into 10, 10-unit zones (labelled 0 to 9), and each
zone was further divided into two, 5-unit subzones (indicated by the letters a and b). It is
these zones that are commonly known to gardeners and other users.

As noted, the USDA hardiness zone map, which is based solely on annual extreme
minimum temperature, is also used to guide planting decisions in Canada. The original
version of this map was produced in the 1960s (Skinner, 1962) using annual extreme
minimum temperature values over the 1899-1952 time period. Ten zones were defined (1-
10) based on 5.6°C temperature intervals. This model was recently updated and is
available at an 800 m resolution for the United States (including Alaska and Hawaii) and
Puerto Rico for the 1976-2005 period (Daly et al., 2012). This updated map has eleven
5.6°C zones (1-11) within the continental United States which are further subdivided into
2.8°C half zones (e.g., la, 1b, 2a, etc).

Both the Canadian (Fig. 1) and USDA (Fig. 2) plant hardiness maps have been updated
for the Canadian land base using recent and improved climate data and modern climate
interpolation methods (McKenney et al., 2001, 2014). High resolution versions of these
maps are available at: <http://planthardiness.gc.ca>, which include fine-scaled insets for
several regions of the country. Note that the Canadian and USDA zones do not overlap in
a simple fashion (McKenney et al., 2006 for a detailed comparison of the two systems);
this is to be expected given the very different approaches used to generate the two
products.

Canada’s
Plant Hardiness Zones
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plantes au Canada
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Fig. 1. Canadian plant hardiness zone map for 1981-2010 .
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Fig. 2. Extreme minimum temperature plant hardiness zone map for 1981-2010 (follows
United States Department of Agriculture approach for hardiness zones).

CLIMATE ENVELOPE MODELS AS HARDINESS MAPS FOR INDIVIDUAL
SPECIES

The Canadian and USDA hardiness zone maps summarize gradients in climate variables
that, in a general and intuitive way, influence the survival and growth of woody and other
perennial plants. Plants are generally assigned to hardiness zones given the experience
and expectations of growers and not through exhaustive survival and performance tests
(but see <http://prairietrees.ca/prairie.htm> for an example involving shade trees being
tested at four nursery locations in the Canadian Prairies). As noted, an emerging
alternative is the use of individual species distribution models (also known as climate
envelope models), which offer a robust approach for mapping the range limits (or
hardiness zone) of a plant species. For this approach, all that is needed are spatial climate
models (e.g., McKenney et al., 2013) and longitude and latitude coordinates where the
species is known to occur in an enduring manner; experience suggests that as few as 30
reasonably well distributed observations can produce robust models. Importantly, the
approach lends itself to rapid updates as new data become available.

In support of this approach, plant distribution data from across North America have
been gathered through ongoing citizen science and data sharing agreements with
government and non-government organizations (see McKenney et al., 2007a for details).
These data, which comprise approximately 3 million plant occurrence observations, have
been used to generate climate profiles for nearly 3000 North American plant species that
can be downloaded at Canada’s Plant Hardiness Website <http://planthardiness.gc.ca/>.
These climate profiles, generated using the software ANUCLIM (Xu and Hutchinson,
2013), provide simple statistics (min, max, mean, and various percentiles) that summarize
a wide range of climate variables at the occurrence locations of each species. When
mapped, a “full” climate range identifies all pixels with climatic conditions that fall
between the minimum and maximum values occupied by the species for one or more
climate variables of interest (Figs. 3 and 4). These full climate ranges invariably extend
outside the typical range limits of the species and are probably best interpreted as an
approximation of the fundamental climate niche — the potential environmental space
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occupied by a species in the absence of biotic constraints such as predation and
competition (Hutchinson, 1957). Alternatively, users can select percentile cut-offs to
eliminate outlying data points and identify a core range that more closely resembles the
species’ realized niche (Figs. 3 and 4).

Fig. 3. Sugar maple climate envelope maps showing 41,764 occurrence observations
(gray dots), full climatic range (orange), and core climatic range (green) for
models based on (a) precipitation and temperature, and (b) temperature only.
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Fig. 4. Horse chestnut climate envelope maps showing 39 occurrence observations (gray
dots), full climatic range (orange), and core climatic range (green) for models
based on (a) precipitation and temperature, and (b) temperature only.

Several types of climate envelope models have been produced and are available for
viewing at the plant hardiness web site. These include models that are based on both
temperature and precipitation variables as would be experienced in natural settings (Figs.
3a and 4a), as well as temperature-only models which are aimed at horticultural situations
where water can be added by the grower/gardener (Figs. 3b and 4b). A recent addition to
the website is a set of distribution models generated using a machine learning method
called Maxent (Phillips et al., 2006). This approach, which provides a sophisticated
estimate of site suitability by comparing occurrence locations against a random selection
of background points, has performed well in comparison to other distribution modelling
techniques (Elith et al., 2006).
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COMPARING CLIMATE ENVELOPES AND HARDINESS ZONES

Figures 5a and b show climate envelope models for two tree species (sugar maple — Acer
saccharum and horse chestnut — Aesculus hippocastanum) overlaid on the Canadian
plant hardiness map. These species were selected because they were part of the original
indicator species used by Ouellet and Sherk (1967a) and they illustrate other attributes
associated with the species modelling approach. The sugar maple model has over 40,000
georeferenced locations in our plant hardiness database, including places well outside its
known natural range (Little, 1971). In contrast, the horse chestnut model is based on only
39 observations. Sugar maple is an indicator species for Canadian plant hardiness Zone
4a, while horse chestnut is an indicator species for Zone 5a. The climate envelope models
(and actual observations used in the models) suggest that the species are in fact hardy to
areas outside these zone designations in certain regions. The horse chestnut model is
clearly a work in progress — as new observation data are obtained the models are
updated. The preliminary nature of models with very few observations is intended to help
spur contributions.

PLANT HARDINESS ZONES UNDER A CHANGING CLIMATE

McKenney et al. (2014) demonstrated that climate changes over the past century have
resulted in significant changes in plant hardiness zones. Specifically, both systems
exhibited: increases of 1 to 3 hardiness zone designations across western Canada;
relatively small increases of up to 1 zone across eastern Canada (with some areas even
showing slight declines); and the appearance of new zones (8b and 9a) on Vancouver
Island that had not previously been found in Canada. The prospects for climate change in
the coming century (IPCC, 2013) suggest ongoing changes to plant hardiness zones,
however, future plant hardiness zone maps have not been generated due to difficulties in
obtaining reliable future estimates of certain climate variables required to calculate the
plant hardiness indices (e.g., maximum snow depth, maximum wind gust, and extreme
minimum temperature).

Climate envelope models are well suited to climate change analysis; models based on
current climate can be projected onto grids of future climate to visualize where suitable
climate is expected to migrate during the course of this century. Numerous studies have
applied this approach to examine changes in potential distributions of plant species. For
example, McKenney et al. (2007b) undertook an analysis of 130 North American tree
species; based on climate projections that assume continued high levels of greenhouse gas
emissions, the average northerly shift in the climate habitat for all species by the latter
part of the current century was approximately 700 km. This is not to say the species will
migrate these distances, but it does suggest that a remarkable degree of migration pressure
will be placed on species over the coming century. Projecting how species will actually
shift in response to climate change is incredibly challenging, and involves considerations
such as species’ migration rates, biotic interactions, disturbance regimes, and human
interventions.
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Fig. 5. Current climate envelope of (a) sugar maple, and (b) horse chestnut overlaid on
the 1981-2010 Canadian plant hardiness zone map.

Figures 6a and b show the projected climate envelopes for sugar maple and horse
chestnut by mid-century, overlaid on the current hardiness zones. Both species show
significant northward shifts, such that locations currently designated as Zone 1 may
become suitable for sugar maple, while locations currently designated as Zone 2 appear to
become suitable for horse chestnut. If climate change progresses as projected, there will
clearly be significant changes in planting opportunities throughout Canada. These
planting opportunities may already be occurring but trends in factors such as late spring
frosts may also limit success (McKenney et al., 2014). The spatial complexity of the
future climate envelopes, as shown in the example here for sugar maple, indicates that
temperature and precipitation are not simply projected to shift northward in synchrony
under climate change; rather, certain climate combinations are expected to be lost, while
novel climate combinations may also be formed (Williams and Jackson, 2007).
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Fig. 6. Future (2041-2070) climate envelope of (a) sugar maple, and (b) horse chestnut
overlaid on the 1981-2010 Canadian plant hardiness zone map.

CONCLUSIONS
Although the hardiness map of Oulette and Sherk (1967c) was seminal for its time and
represented a robust approach to hardiness modelling and mapping for Canada, there are
important limitations to general hardiness zones. First, the map applied a single formula
for the entire country, ignoring possible interactions in bioclimatic variables that may
vary spatially, temporally, and by individual plant species. For example, as the climate
evolves, warmer temperatures may be useful for plant survival in western coastal areas
but could decrease snow cover in other parts of the country exposing plants to lethal
minimum temperatures and damaging winter rains. Furthermore, the hardiness zone
designation for a particular plant is often not based on extensive testing in the field, which
limits the overall effectiveness of the system.

Given that plant species respond to climate in individualistic ways, species-specific
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distribution models are increasingly practical and offer a flexible and rapid approach to
mapping potential distributions. Through data gathered as part of our plant hardiness
project <http://planthardiness.gc.ca>, we have developed climate envelope models for
nearly 3000 species to date that cover both the USA and Canada. This work is ongoing as
time and resources allow. A much larger set of plant species models could be developed
with fairly minimal coordination between nursery growers and citizens and models such
as those described here. Indeed it would appear that some form of citizen science would
be the most effective way to build, maintain and modify plant hardiness zones in the
future. Collaborations are invited.
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Propagate Plants from Cuttings Using Foliar-Applied Aqueous (Water-
Based) IBA Rooting Solutions: Tips — Do’s and Don’ts®

Joel Kroin
Hortus USA Corp., PO Box 1956, New York, New York 10113, USA
Email: j.kroin@hortus.com

Today growers worldwide successfully propagate plants from cuttings using foliar
applied aqueous (water-based) IBA rooting solutions. They use the Spray Drip Down and
Total Immerse Methods. Leafy cuttings are taken from annual, perennial, and woody
plants in the growing season. Compared with other propagation methods, foliar
application has significant labor and material cost savings. Cuttings are treated in bulk at
low rates.

A BRIEF HISTORY OF FOLIAR APPLIED IBA ROOTING SOLUTIONS

More than 25 years ago growers who wanted to propagate plants from cuttings by using
rooting hormones were limited to basal application. Scientists had known plants produce
growth substances (rooting hormones) in leaves. Charles Darwin, in his book The Power
of Movement in Plants (1880), described his study of the production and flow of these
substances from the leaves to the lower portions of the plant. Scientists later identified the
substances produced by plants. Called auxins, indole-3-acetic acid (IAA) and later indole-
3-butyric acid (IBA) have been identified as natural rooting hormones. Commercial
rooting hormones became available. As scientists and growers advanced procedures to
propagate plants from cuttings they only focused on basal application of rooting
hormones. They did not consider that foliar application of rooting hormones would
naturally translocate to the basal end of cuttings where it can induce root formation.

Dr. Frederick Davies did histological and physiological studies on the foliar application
of aqueous IBA rooting solutions (1978). Indole-3-butyric acid is a well used root
promoting substance. The studies were concurrent with his propagation work comparing
root formation in juvenile and mature cuttings.

In 1985 Kees Eigenraam, the technical advisor at Rhizopon, introduced to Dutch
growers the foliar application of IBA rooting solutions to propagate plants from cuttings.
At the time, Kees did not know the research by Dr. Davies. Kees and Joel Kroin began to
formalize the foliar techniques later named the Spray Drip Down and Total Immerse
Methods. By the early 1990s they introduced these techniques to USA growers. Initially
growers of annual plants adopted the methods. Soon after, growers at Yoder (now Aris),
Green Leaf Plants, and Keepsake Plants began using the Spray Drip Down Method on
their many perennial plant taxa. They also developed a foliar program on their Yoder
brand chrysanthemums. After 2000, Sam Drahn’s studies at Bailey Nurseries led to their
extensive use of the Spray Drip Down Method on woody ornamental plant cuttings (Fig.

).

METHODS TO PROPAGATE PLANTS FROM CUTTINGS

Currently five methods are used to propagate plants from cuttings. No one method is best
for all plant taxa under all situations. Use the optimum foliar and/or basal methods as
needed for the plants and operation of the facility.

Basal Methods
Three methods are used to apply rooting hormones to the basal end of cuttings. The
methods are used all year depending upon the condition of the cuttings.
Using dry powder rooting hormones ready for use:
e Basal dry dip method.
Using rooting solutions:
e Basal quick dip method.

149



¢ Basal long soak method.

Entry of
IBA through
leaf stomata
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Drip Down
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Fig. 1. Plant propagation by cuttings using foliar applied aqueous rooting solutions.

Foliar Methods

Two methods are used to apply rooting solutions to the leaves of cuttings. The methods

are used on leafy cuttings taken during the growing season. They are not used on leafless

or dormant cuttings. Using aqueous (water-based) IBA rooting solutions:

e Spray drip down method

e Total immerse method
How does foliar application work? Leafy cuttings are taken from stock plants in the

growing season. The leaves of plant cuttings are treated with aqueous (water-based) IBA

solutions. Indole-3-butyric acid can enter the vascular system through open pores in the

stomata. Stomata are open in a temperature range from about 60-90°F (15-33°C) and

when cuttings are well hydrated before treatment.

¢ A large number of IBA particles are deposited on the leaves. The amount is in excess of
the amount that the plant needs for growth regulation (Fig. 2).

e The IBA translocates through the plant’s vascular system, by polar (one way) transport,
to the basal end of the cuttings (Fig. 2).

¢ At some time in the flow, apparently the plant is able to identify it’s need for the newly
arrived IBA. Somehow some of the surplus IBA is sent away from the basal end.

e Though the rooting hormones have been known and studied since the 1930s, scientists
are still uncertain how they are transported, induce root cell division and root formation.

o At the basal end IBA interacts with IAA, another natural rooting hormone, to induce
root formation.
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Fig. 2. A: Polar transport in cuttings of applied IBA and IAA rooting hormones. B:
Relative concentration gradient of rooting hormones in a cutting based on
Thimann (1977).

We can look at the IBA flow like a ferryboat (carrier) model:
The ferry boat:

¢ Boats pickup an increasing number of passengers on the departure side.

¢ Passengers are transported across the river to a small arrival loading dock.

e The loading dock fills to capacity.

e [f overload, some passengers are carried back.
We can make a carrier model for the foliar applied IBA (Fig. 3):

e A large number of IBA particles in a rooting solution is applied to the broad area of
leaves.

¢ [BA enters the plant’s system vascular system through pores in open stomata. It is polar
transported through in the phloem to the basal end.

e The amount of IBA needed by the plant is accumulated at the small basal site. There the
IBA, in coordination with the other natural rooting hormone IAA, initiates roots.

¢ For the un-needed amount, the excess IBA is returned to the leaves in a non-polar route.
The returned IBA may cause tender leaf deformities on existing leaves.

e New leaves and roots form normally.
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Fig. 3. A: Leaf cross section showing entry of IBA through stomata. B: Free IBA
transport from leaves to the basal end of cuttings through primary shoots and
secondary stem.
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1. Low Labor Cost. Foliar methods require less labor than basal methods. It is faster to
stick cuttings when they are batch treated as compared with individual basal treatment,
and low foliar rates means low material cost.

2. Temperature When Treating. For foliar methods do not apply when the cuttings and
solutions are at low or high ambient temperatures. Use foliar application when the
temperature of both the solution and cuttings are at about 60-90°F (15-33°C).

Total Immerse Method

e Use a tub and strainer basket (Fig. 4).

e Dip the cuttings in the solution until the leaves are completely covered with liquid,
about 5 sec.

® Drain.

o Stick the cuttings into media.
Some benefits:

¢ Simple equipment is used.

o The total immerse method can be used for large homogeneous plant lots that are clean
and free of diseases.

e The method requires little setup and it can be used on small lots.

¢ Can be used to treat large leaves that may be difficult to spray uniformly.

Fig. 4. Total immerse method.

Spray Drip Down Method

o Stick the cuttings into media.

¢ Use the selected sprayer.

e Spray the solution onto the leaves of the cuttings until there is a drip down. The drips
are visual indicator that an adequate amount of solution has been applied. The top and
bottom of cuttings should be treated.

e Excess application is best.

e The solution gets sucked by capillary action into the plant. Wait about 30-45 min or
until the solution dries on the leaves, then turn on misters.

e Typical solution use is about 200 sf/gallon (10 m™>-L™).

Some benefits:
¢ No personal protective equipment is required for sticking untreated cuttings.
e The spray drip down method can be used on many small production lots at one time.
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e The solutions are used one time. There can be no cross contamination between
production lots due to biological matter going into the solution.

Fig. 5. A: spraying cuttings after sticking. B: spraying cuttings until solution drips
down.

1. Sticking and Treatment Timing.

e Apply by the Spray Drip Down Method within the day of sticking.

e For cuttings kept in a hot climate, such as southern Florida, cuttings are stuck during the
day and treated early the following morning.

2. Cutting Hydration and Misting. Well hydrate cuttings before foliar treatment:

e Hydrate cuttings before treating to assure the stomata are open. This will allow the IBA
solution to enter the vascular system.

e Wilted cuttings have closed stomata. The cuttings must be fully hydrated before
treatment.
Well hydrate cuttings after foliar treatment:

e When using the Total Immerse Method, misters can be turned on any time after
sticking. There is always a lag time between treatment and sticking.

e When using the Spray Drip Down Method, wait to turn on misters about 30-45 min or
until the solution dries on the leaves.

e Some growers of chrysanthemum find they get better rooting when they let the cuttings
lose turgor before turning on misters.

Rooting Solutions for Foliar Methods
Foliar methods use aqueous (water-based) IBA solutions (Table 1). Water is the natural
fluid in plants that is used to translocate natural rooting substances.

The US EPA requires registration of IBA rooting products. There are only two
registered products used to make water-based IBA rooting solutions and labeled for foliar
application. These products are: Hortus IBA Water Soluble Salts. (Distributed by
Phytotronics, phytotronics.com, <sales@phytotronics.com>) and Rhizopon AA Water
Soluble Tablets (Distributed by Phytotronics, (URL: <phytotronics.com>).

Only use water-based solutions do not use alcohol-base IBA rooting solutions when
using foliar application. Alcohol dehydrates plant tissue and causes cutting fatality called
“alcohol burn.” When using foliar methods do not use wetting agents in solutions made
with Hortus IBA Water Soluble Salts and Rhizopon AA Water Soluble Tablets.

1. Make Concentrate Rooting Solutions. It is sometimes easier to measure and mix
solutions rather than dry measure the salts or tablets for many production tanks. In those
cases make up a solution concentrate at the required number of grams or tablets, then,
decant the solution into the production tank. Add water to bring the tank to the required
volume. Do not use dry powder rooting hormones. Dry powder rooting hormone
products, like Rhizopon AA #1, #2, and #3, are not used by foliar application. These
products are insoluble in water.

2. Foliar Rates.

Annual Cuttings. Annual cuttings require low rates. Some tender plant taxa and juvenile
cuttings are treated at rates 80-100 ppm IBA. If rates are slightly too high there may be
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some leaf distortion; the roots may form well and new leaves will be normal. Leaf
distortion many not be evident on mature cuttings.

Perennial and Woody Ornamental Plant Cuttings. Perennial and woody plant cuttings
have a similar range of rates. The selected trial rates are: 500, 1000, and 1500 ppm IBA.
Rates above 1500 ppm IBA are rarely needed except for some mature cuttings. Rates
below 500 ppm IBA are sometimes needed for juvenile tender perennial cuttings.

Tissue Culture Plantlets. Use the total immerse method on tissue culture plantlets when
transplanting at the third to fifth stages. Blueberry example: use two Rhizopon AA Water
Soluble Tablets per liter water.

Table 1. Trial foliar application rates using Hortus IBA Water Soluble Salts and Rhizopon
AA water soluble tablets.

Cutting type Hortus IBA Water Rhizopon AA Water Soluble
Soluble Salts as ppm Tablets in tablets per liter
IBA water
Annuals and tender perennials 80-250 1-5
Perennials 250-1500 5-30
Woody ornamental 300-1500 6-30
Tissue culture plantlets at 3™ to 1-3

5" stage transplants

e Juvenile cuttings require lower rates than mature cuttings.

e Growers generally know which of their cuttings are seasonally easy or hard to root.
Based upon that knowledge it is best to select trial rates on the appropriate part of the
range.

¢ Do not use the same rates for foliar application as used by the basal quick dip method,
they are usually too high.

Use The Proper Equipment and Cutting Material

1. Spray Drip Down Method. Use appropriate spray equipment for the job for labor

saving and effectiveness.

2. Total Immerse Method. Use a basket for dipping into the solution tank (Fig. 7A).

¢ Do not overload the baskets to avoid cutting breakage.

¢ Do not use a basket or tank made from materials that can corrode.

Figure 7A shows a simple tank and strainer at a Hedera (ivy) greenhouse in Europe.
Notice the sticking personnel in the background. Figure 7B shows use on tissue culture
plants. Few cuttings are in the basket to prevent damage.

3. The Cuttings. Cutting types:

e Use leafy cuttings in the growing season.

¢ Do not take dormant or leafless cuttings. For those cuttings use basal methods like the
dry dip, basal long soak, or basal quick dip methods.

4. Cutting Maturity.

¢ Do not use hard woody or old mature cuttings.

e Juvenile cuttings are easier to propagate from cuttings compared to those which are
mature. When possible, take cuttings from cuttings. Juvenile cuttings require lower IBA
rooting solution rates than mature cuttings.

¢ Bad cuttings cannot be revived.
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Fig. 6. Typical sprayers: A: Backpack sprayer; B: Hydraulic sprayer (Bailey Nurseries);
C: Robotic sprayer on chrysanthemums in Holland; D: Sketch showing a custom
spray cart used at Aris Green Leaf Plants in Lancaster Pennsylvania.

Fig. 7. A: Simple tank and strainer at a Hedera (ivy) greenhouse in Europe. B: Use on
tissue culture plants.

5. Cutting Nodes and Leaf Tip Cutting. Use cuttings that do not have nodes or buds at

the basal end (Fig. 8A). Do not cut leaf tips (Fig. 8B). In “old-school” for propagation by

other methods, some growers cut the tips of large leaf cuttings to obtain more cuttings in a

propagation tray.

There are reasons NOT to cut the tips:

e The cut causes a wound that is open to infection.

e The cuttings have reduced natural rooting substance [AA formed at a usual place, the
tips of leaves. The natural IAA works with the applied IBA to induce roots. With the
tips cut, there is less IAA available.

e With a wound present, the cuttings use valuable resources to heal, rather than induce
root formation.
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e Growing compact stock plants allows taking cuttings from an earlier stage where the

preferred leaves are smaller.
X\,

\
Do not \
Not acceptable Acceptable with i

bud or node no bud or node cut tips

Fig. 8. A: Photo shows without node or bud at basal end; B: Photo shows cutting without
tips cut.

IMPORTANCE OF THE STOMATA
Stomata are located on outside surfaces of plants. When stomata pores open they allow
fluid, vapor and gas exchanges between the plant and it’s environment. Stomata on some
plant taxa are more numerous, larger, and on the underside of leaves. In some taxa there
are more stomata on the underside.
Stomata functions:
e Open when cuttings are well hydrated.
e Open when temperatures and other factors are suitable for translocation of fluids and
air.
¢ Close when cuttings are wilted.
¢ Close when protecting the plant from exchanges under harsh environmental conditions.
e Close in the dark and open in the light.
Sometimes identifying the primary stomata side is easy. Leaf curl means the plant is
under stress leading to closed stomata interior to the curl.

SECONDARY APPLICATION

For leafy cuttings in the growing state that were first treated by any method, secondary
spray drip down method applications are used. The application levels crops and helps to
improve slow-to-root cuttings. Secondary applications are done weekly as required at the
standard rates for that type of cutting.

HYBRID PROPAGATION SYSTEMS AND SOLUTION PRODUCT

INVENTORY

e Many growers use a hybrid system of both basal and foliar applications in the same
facility. By season, foliar methods may be used with some crops, dry powder rooting
hormones or basal quick dip for others.

e When using aqueous IBA rooting solutions you can use the same product for both basal
and foliar application solution needs. There is no need to stock more than one product.

USE APPROPRIATE PERSONAL PROTECTIVE EQUIPMENT

e Use the most effective personal protective equipment that complies with the product
label. Unless otherwise specified, thin waterproof gloves are adequate for handling
aqueous (water-based) IBA rooting solutions.
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e No chemicals are handled by sticking personal when using the Spray Drip Down
Method, therefore no gloves or other PPE are needed. Thin gloves may be used solely
for sanitary purposes.

AQUEOUS IBA ROOTING SOLUTION DISPOSAL

Do not keep unused solutions for more than several weeks. Biological materials in the
make-up water, such as untreated water, pond water, or well water, may cause the active
ingredient to degrade. Based upon unknown biological factors, the keeping life of the
aqueous solutions cannot be defined. It depends upon the quality of the water.

ADVICE FOR METHODS

e The total immerse method drags biological substances into the use tank. Avoid cross
contamination in the solutions. Dispose the solution after each production lot or the end
of the production day.

e The spray drip down method uses the solution one time. The solutions can be kept until
used up. Don’t keep the solutions a very long time.

OVERCOMING PROBLEMS

Trials Are Essential

Before doing full production using foliar methods, always do trials on small lots. Select
appropriate leafy plants in the growing season.

¢ Evaluate a range of rates and methods.

¢ Consider the time of the year that propagation is being done.

e Review the quality of roots produced on the cuttings.

¢ Study the facility advantages, and labor and setup cost.

Typical Deformities on Tender Plant Cuttings

Leaf curl and spotting are sometimes due to too high an IBA rate, but reversible (Fig. 9).

e When IBA is applied to the leaves of cuttings, it is absorbed into the vascular system
then translocated to the basal end by polar transport. At the basal end the IBA is
accumulated. If there is an IBA excess, it will move back to the leaves causing leaf
deformities such curl or spotting.

¢ Despite initial leaf irregularities, the cuttings will usually form normal roots and normal
new leaves.

Fig. 9. A: Leaf curling; B: Leaf spotting.

Study Plant Variations

For any successful method of propagation there sometimes may be unexpected results.
The method or rate may be considered the culprit even though there was not knowingly
change to the rate, method, timing, product, or other factors.
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Common problems when using foliar application of rooting solutions is selection of
juvenile vs mature cuttings. With excessive rates, juvenile cutting may exhibit distortions
in leaves. Juvenile cuttings require lower rates than mature cuttings.

Some of many things to consider:

¢ Genetic variations of the cuttings: different stock plants.

¢ Quality of the cuttings.

e Deviations in the growing area such as changes in the environmental control systems
and facility.

e Cuttings taken from a different part of the stock area, location, or plantation.

¢ Timing of taking cuttings from previous.

e Seasonal variations from the norm.
When other reasons are not found, somebody “forgot” to do something!

Hybrid System

To produce an optimum crop it may be beneficial to use several methods concurrently.

Foliar methods may be used on a crop at one time of the year and basal methods at

another time.

¢ By season, foliar methods may be used with some crops, dry powder rooting hormones
or basal quick dip for others.

CONCLUSIONS

Growers worldwide successfully propagate annual, perennial, and woody plants using:

¢ Leafy cuttings.

e In the growing season.
Two foliar methods are used:

1) Spray drip down method: cuttings are stuck then sprayed until the solution drips down.

Misters are turned on after 30-45 min or when the solution dries.

2) Total immerse method: cuttings are totally immersed in the solution then stuck.
Key factors for foliar method success:

e Make IBA rooting solutions using Hortus IBA Water Soluble Salts and Rhizopon AA
Water Soluble Tablets.

e Cuttings are to be well hydrated before treatment.

e Temperatures at time of application should be from about 60-90°F.
All cuttings get uniformly treated: Since all the cuttings are treated in bulk, there is a

reduced possibility that some cuttings don’t get (basal) treatment by “misses.”
Significant labor savings:

e Compared with other propagation methods, foliar application has about one-third the
amount of labor used by individual treatment/sticking

¢ Reduced material cost due to low rates: typical rates for annual cuttings are 80-250 ppm
IBA, and perennial and woody plant cuttings rates are typically in the range from 500-
1500 ppm IBA. Foliar rates are usually lower than those by the basal quick dip method.
Foliar methods are useful to propagate many plants from cuttings when taken in the

growing season. While foliar can be useful, basal methods may be more effective for

some cuttings.
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Optimizing Profit Improvement Potential®

Gregory Clarke
3600 Billings Ct #301, Burlington, Ontario, L7N 3N6, Canada
Email: GClarke@sbpartners.ca

As business owners, you are constantly faced with challenges in your business that affects

your profitability. The main factors affecting your profitability consist of the following:

1) The price you charge

2) The quantity that you sell or volume

3) The direct costs you incur to produce your product (i.e., direct costs)

4) The costs you incur regardless of whether you make any sales (i.e., fixed or indirect
costs)

Profitability is impacted by a change in any one of these factors. Due to the dynamic
business environment that we operate in today, it is likely that there is a change to
multiple factors at any given time. Although you may have a positive impact in one factor
such as an increase in sales volume, the effect of the profitability impact is only realized if
there isn’t an offsetting increase or decrease in one of the other factors. Also, some of the
factors you have control over such as price whereas other factors are not in your control
such as fixed costs like property taxes.

When conducting a review of your profitability factors and your strategy, some key
questions to ask are:

1) Can I increase my price and what would be the effect to my sales volume?
2) How can I get my customers to buy more often?

3) How can I get more customers?

4) How can I reduce my costs?

If we look closer at price and volume, it is important to realize that for any increase in
price, sales volume would have to remain either constant or any decline in volume would
have to be less than the offset created by increasing the price. Likewise, for a decrease in
price, the sales volume would have to increase sufficiently to offset the decline in price.
Let’s look at an example in Table 1 of a plant grower who currently sells 10,000 plants at
a price of $100 per plant and each plant costs $60 to produce resulting in a gross margin
of $40 per plant. At current levels, the grower is realizing sales of $1,000,000 per year
with a gross margin of $400,000 before fixed costs.

Table 1. Price and volume effect.

Volume: 10,000 plants Price Price
Current Increase by Decrease by
Price: S 100 5% 5%
Cost: 60
Gross margin S 40
Revenue $1,000,000 $1,050,000 $ 950,000
Direct cost 600,000 600,000 600,000
Gross margin S 400,000 S 450,000 $ 350,000
Change $ 50,000 -$ 50,000
Volume adjustment required 1,250 1,429
179
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If we increase the price per plant by 5% to $105, the increase in price results in
increasing the gross margin by $50,000 to $450,000. Likewise, if we decrease the price
by 5% to $95 per plant, the gross margin is reduced by $50,000 to $350,000. What is
interesting is the effect on volume to deal with these changes. For example, if we didn’t
increase the price by 5%, the grower would need to sell an additional 1,250 plants in the
base scenario for a total of 11,250 plants to achieve an increase in gross margin to
$450,000 equal to the 5% price increase. Alternatively, as a result of the price decrease of
5%, the grower would need to sell an additional 1,429 plants just to retain the gross
margin of $400,000. Many growers don’t realize the effect of discounting their price and
the additional volume requirements necessary to keep their gross margins or to increase
their margins.

Next let’s look at costs in the operations. There are two initial questions to ask:

1) Do you understand your costs?
2) Are you allocating your costs properly?

Many growers do not have a full grasp of the actual costs involved to grow their crops.
Although the total expenditures are recorded, the allocation of direct costs to inventory is
not necessary done correctly and there should also be an allocation of fixed or overhead
costs charged to inventory to determine the actual production cost of a crop. Without a
good understanding of your cost structure, it is difficult or even impossible to correctly
price your crops.

Overall there are two types of costs:

1) Direct (or also called variable): these are costs that are directly incurred in the
production of your crops. An example would be seeds or fertilizer.

2) Fixed (also called indirect or overhead): these relate to costs which do not fluctuate
with volume levels. An example would be advertising or property taxes.

A decrease in variable costs indicates a greater efficiency in the operations and has a
similar effect to the price increase in that the gross margin increases. A decrease in your
fixed costs will result in improving net income but it doesn’t have the same multiplier
effect since it isn’t linked to volume.

Table 2 below shows four different scenarios and provides some examples of the effect
of price, volume, and cost adjustments. The base scenario is the same as Table 1 with
10,000 plants sold for $100 each with a direct cost of production of $60 resulting in a
gross margin of 40% or $400,000. In addition, we have added a fixed cost component of
$300,000 resulting in net income of $100,000.

Scenario 1 shows the effect of a 5% price increase matched with a 3% volume increase
and a $3 per plant decrease in direct costs and a reduction of fixed costs by $20,000. This
results in an increase to revenue of $81,500 and an increase in gross margin of 5.7% or
$94,400. When you match this with a fixed cost savings of $20,000, the result is net
income of $214,400 for an increase of $114,400 or 114% over the base scenario.

Scenario 2 shows the effect of a price increase of 5% per unit matched with a 10%
reduction in volume, a $3 per plant decrease in cost and a $20,000 decrease in fixed costs.
This results in revenue of $945,000 which is lower than our base scenario by $55,000 but
is producing gross margin of $432,000 less direct costs of $280,000 for net income of
$152,000. This scenario is still an improvement over the base scenario by $52,000 even
though there has been a significant decrease in volume.

Scenario 3 includes an increase in volume by 10% to 11,000 plants with a 5% decrease
in the unit price and direct cost per unit remaining at $60 per plant which is the same as
our base scenario. Fixed costs have remained at $280,000. This results in revenue of
$1,045,000, a gross margin of $385,000 and net income of $105,000.

Scenario 4 is almost identical to Scenario 3 except it shows a $3 decrease in the per unit
direct cost. This results, in revenue of $1,045,000 with a gross margin of $418,000 and
net income of $138,000.
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Table 2. Price, volume and cost scenarios.

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Volume 10,000 10,300 9,000 11,000 11,000
Price S 100 S 105 S 105 S 95 S 95
Direct cost S 60 S 57 S 57 S 60 S 57
Fixed costs S 300,000 S 280,000 S 280,000 S 280,000 S 280,000
Revenue S 1,000,000 S 1,081,500 S 945,000 S 1,045,000 S 1,045,000
Cost of goods sold 600,000 587,100 513,000 660,000 627,000
Gross margin 400,000 494,400 432,000 385,000 418,000
% 40.0% 45.7% 45.7% 36.8% 40.0%
Fixed costs 300,000 280,000 280,000 280,000 280,000
Netincome beforetax $ 100,000 S 214,400 S 152,000 S 105,000 S 138,000
Simprovement over base S 114,400 S 52,000 S 5,000 S 38,000
% improvement over base 114% 52% 2% 25%

As a result, one can see the powerful effect that price adjustment and volume
adjustments can have in the profitability of your business.

The next two tables show some information regarding the amount of volume
adjustments that are necessary to compensate for changes in your inputs. Table 3 shows
the amount of volume increases necessary to produce the same profit. For example, if
your margin is 35% and you have a price decrease of 6%, then you would need to
increase your sales volume by 21% to keep the same gross margin. Table 4 shows the
amount your sales can reduce when you increase your price in order to produce the same
profit. If you have a price increase of 4% with a 35% gross margin, your sales can
decrease by 10%.

In conclusion, it is important first to correctly understand your cost of production. Once
you have the correct cost bases, then you can review your pricing decisions and effect on
cost and volume to fully maximize your returns.
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Table 3. Compensating for price discounting.

If your price margin is:
20% 25% 30% 35% 40% 45% 50% 55% 60%
And you
reduce
price by To produce the same exact profit, sales volume must increase by:
2% 11% 9% 7% 6% 5% 5% 4% 4% 3%
4% 25% 19% 15% 13% 11% 10% 9% 8% 7%
6% 43% 32% 25% 21% 18% 15% 14% 12% 11%
8% 67% 47% 36% 30% 25% 22% 19% 17% 15%
10% 100% 67% 50% 40% 33% 29% 25% 22% 20%
12% 150% 92% 67% 52% 43% 36% 32% 28% 25%
14% 233% 127% 88% 67% 54% 45% 39% 34% 30%
16% 400% 178% 114% 84% 67% 55% 47% 41% 36%
18% 900% 257% 150% 106% 82% 67% 56% 49% 43%
20% - 400% 200% 133% 100% 80% 67% 57% 50%
25% - - 500% 250% 167% 125% 100% 83% 71%
30% - - - 600%  300%  200% 150 120%  100%
Table 4. Sales decline following a price increase.
If your price margin is:
20% 25% 30% 35% 40% 45% 50% 55% 60%
And you
increase
price by To produce the same exact profit, sales volume must reduce by:
2% 9% 7% 6% 5% 5% 4% 4% 4% 3%
4% 17% 14% 12% 10% 9% 8% 7% 7% 6%
6% 23% 19% 17% 15% 13% 12% 11% 10% 9%
8% 29% 24% 21% 19% 17% 15% 14% 13% 12%
10% 33% 29% 25% 22% 20% 18% 17% 15% 14%
12% 38% 32% 29% 26% 23% 21% 19% 18% 17%
14% 41% 36% 32% 29% 26% 24% 22% 20% 19%
16% 44% 39% 35% 31% 29% 26% 24% 23% 21%
18% 47% 42% 38% 34% 31% 29% 26% 25% 23%
20% 50% 44% 40% 36% 33% 31% 29% 27% 25%
25% 56% 50% 45% 42% 38% 36% 33% 31% 29%
30% 60% 55% 50% 46% 43% 40% 38% 35% 33%
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Did You Say the “V” Word?®

Glen P. Lumis

Department of Plant Agriculture, University of Guelph, Guelph, Ontario, N1G 2W1,
Canada

Email: glumis@uoguelph.ca

Nursery growers and other landscape horticulture professionals never cease to amaze me
by their extensive knowledge of plant botanical names. Most of us learned botanical
names from an early age, perhaps hearing them from our parents, in an educational setting
or, in the workplace. Both botanical and common names are a requirement for us to be
fluent in our profession. Who among us has not had the temptation to rattle off a long,
tongue-twisting name for someone not so well versed in botanical Latin? I have used
Ampelopsis brevipedunculata var. maximowiczii. Apparently the currently accepted name
of that plant is Ampelopsis glandulosa var. heterophylla. Perhaps botanical taxonomists
just try to increase our vocabulary.

Plant names come easily for us as we work with plants every day. Thousands of
botanical names, many with unusual sounds like Trachelospermum, Eleutherococcus, and
glyptostroboides, roll off our tongues like water over Niagara Falls. However, there is one
word that should rarely roll off our tongues. That is the word “variety”. What we mean
and should say is “cultivar”.

Nursery catalogues and trade magazines are filled with plant names correctly enclosed
in single quotes. Those marks denote a cultivar. However, when speaking, many
professionals say variety for those names. Many respected gardening personalities on
radio and television incorrectly say variety when they mean cultivar. Even some nursery
catalogues, trade magazines, and promotional materials use variety when they mean
cultivar.

The International Code of Nomenclature for Cultivated Plants (ICNCP, 2009) indicates
that: (1) “the botanical categories varietas (var.) and forma (f.) are not equivalent to
cultivar and these terms must not be automatically treated as equivalent terms for
cultivar”, and (2) “the English words “variety,” “form,” and “strain,” or their equivalent
in other languages must not be used for the word “cultivar” ....”. Perhaps confusion arises
from the fact that some national and international legislation uses variety as a legal term
“to denominate a proven variant that is distinct, uniform, and stable, and is exactly
equivalent to the word “cultivar” ...” (ICNCP, 2009).

Dirr (2009) describes the word variety (or subspecies) as “... individuals displaying
rather marked differences in nature. The differences are inheritable and reproduce true-to-
type in succeeding generations”. An example is Cornus florida var. rubra. A seedling
population from a single, individual variety may have some seedlings without the parent’s
unique trait. A closely related term is form (forma) that Dirr (2009) describes as “plant
variation that occurs sporadically and randomly throughout the population of a native
plant species. The trait is usually unstable (unreproducible) through sexual reproduction
(seed) and must be reproduced vegetatively ...”. His example is Lindera benzoin f. rubra.

Dirr’s (2009) description of a cultivar is “an assemblage of cultivated plants which is
clearly distinguished by any characters (morphological, physiological, cytological,
chemical, or others) and which when reproduced (sexually or asexually) retain its
distinguishing characteristic(s)”. His example is Cercis canadensis ‘Forest Pansy’.
Cultivar names begin with a capital letter and are written within single quotes.

Varieties have their origin and exist in nature. Cultivars are variants that originate and
are perpetuated in cultivation. Another way to think of the difference between a variety
and a cultivar is that if the word in written within single quotes, call it a cultivar not a
variety.
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Using Ultraviolet-C Light as a Plant Growth Regulator®

Mark Bridgen
Cornell University, 3059 Sound Ave., Riverhead, New York 11901, USA
Email: mpb27@cornell.edu

INTRODUCTION

Plants use sunlight for photosynthesis and are exposed to the ultraviolet (UV) radiation
that is present in sunlight. Ultraviolet radiation is divided into three classes: UV-C, UV-B,
and UV-A. The ultraviolet-C (UV-C) region of the UV spectrum includes wavelengths
from 200-280 nm; these highly energetic wavelengths are absorbed by ozone and are not
present in the sunlight at the earth’s surface. Under normal growing conditions, effects of
UV-C light are not seen on plants.

At 254 nm wavelength, UV-C irradiation is germicidal. As a result, UV-C irradiation
has been successfully used in the food industry as an environmentally-friendly and safe
defense-inducible biological elicitor for meats and horticultural products such as juices,
fruits, and vegetables (Gonzalez-Aguilar et al., 2007; Vicente et al., 2005; Wilson et al.,
1997). Very recent research from Europe has demonstrated very promising uses of UV-C
to suppress diseases in ornamental plants, to extend postharvest life of cut flowers, and as
a pre-harvest treatment, to make plants flower quicker and grow with increased fresh
mass and lateral branching (Darras et al., 2012, 2013). Other potential uses of UV-C
irradiation have also been identified in the plant sciences, especially with plant tissue
culture (Aros and Bridgen, 2013).

A new research project has begun this year using UV-C irradiation thanks to a grant
from the American Floral Endowment. The objective of this project is to determine the
effects of ultraviolet-C irradiation (UV-C) on commercially-valuable greenhouse
ornamental plants with specific interest in disease suppression, growth regulation
(height/branching/fresh weight), and postharvest longevity. The use of UV-C irradiation
is a low-cost technique that is easy to apply to plants. It has already been shown to be a
defense-inducible biological elicitor in horticultural products that can extend the
postharvest vase life of cut flowers, suppress attack from natural diseases such as Botrytis
cinerea, Penicillium expansum, and other plant pathogens, and act as a natural growth
regulator (Darras, 2013; Darras et al., 2010).

MATERIALS AND METHODS

Germicidal low-pressure vapor UV lamps were assembled on a moveable frame in the
Cornell University greenhouses for treatment applications. A plywood box measuring
4x4x8 ft. was constructed on the greenhouse bench and surrounded the lights to exclude
outside light. Each lamp has a nominal power output of 30 W and peak wavelength
emission of 254 nm. The dosage rate was measured at room temperature (~25°C) us1ng a
Zenith Ultraviolet Meter. Ultraviolet-C doses of 0, 0.5, 1.0, 2.5, 5.0 or 10.0 kJ-m™ were
applied to the test plants depending on the experlmental des1gn and exposure times in
seconds.

Seedlings of Pelargonium X hortorum (geranium), Impatiens wallerana (impatiens),
Salvia splendens (scarlet sage), Catharanthus roseus (vinca), Portulaca grandiflora
(moss-rose), Viola % wittrockiana (pansy) and others were treated for different times
(weekly treatments) and UV-C intensities. The light intensities were accomplished by
varying the closeness of the lamps to the plants and the duration of treatments. The
duration of treatments varied on the day of application (for example: 15, 30, 90 min) and
the number of treatments (weekly for multiple weeks). After treatment, the seedlings were
transplanted into larger pots and grown until anthesis. The plants received normal
watering and fertilizer regimes and were arranged in the greenhouses in a randomized
complete block design. Three to six replications per species were used per crop cycle with
replicate trials; non-irradiated plants were used as controls.
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Growth and flowering responses were evaluated from phenotypic observations during
the cultivation period. The number of days to first inflorescence, number of
inflorescences, and plant height (cm) were recorded every week or at the termination of
the treatment and experiment. The number of lateral stems were recorded when the plant
reached anthesis. Fresh and dry weights of the upper parts of the plants (i.e., stems, leaves
and inflorescences) were recorded with a digital balance.

RESULTS

This research recently began this year and the results that have been seen so far are very
exciting. The first thing that was determined was the range of dosages of UV-C light that
were damaging to the plants. The dosage of light that a plant receives is a combination of
the distance from the plant that the light is and the amount of time that a plant is exposed
to the light. If the dosage is too high, plants show damage within 24 h of treatment.

Extreme damage symptoms include crispy and off-color leaves.

When young plants receive certain levels of UV-C irradiation, they will have shorter
growth habits when they reach flowering than plants that received no UV-C irradiation.
Plants that showed this response included African marigold (Tagetes erecta), French
marigold (7. patula), pansy (V. tricolor), scarlet sage (S. coccinea), vinca (C. roseus), and
zinnia (Zinnia elegans). Some plants showed increased branching when they received
UV-C irradiation as seedlings. These included pansy (V. tricolor), scarlet sage (S.
coccinea), and to some degree, geraniums (P. x hortorum). There is evidence that UV-C
light treatments affect the time to flower of some plants. With pansy plants that received
UV-C light, it was noticed that flowering began 1 to 3 days earlier than control plants.
With other plants, such as scarlet sage (S. coccinea) and geranium (P. x hortorum),
flowering was slightly delayed due to the UV-C light treatments. These results were
dosage-dependent.

SUMMARY

There are several positive and significant impacts of applying UV-C irradiation to
greenhouse seedlings. This research has shown that UV-C light treatments can be used as
a plant growth regulator; proper application of UV-C light to seedlings of annual plants
can reduce plant height, increase branching, and delay or promote flowering depending
on species.

This technique has worked successfully on a number of annual plant species including
African marigold (7. erecta), French marigold (7. patula), pansy (V. tricolor), scarlet sage
(S. coccinea), vinca (C. roseus), zinnia (Z. elegans), and geraniums (P. x hortorum). This
research has just begun and will continue to fine-tune the dosage rates and amount of time
that seedlings need to be treated.

The use of UV-C irradiation has several advantages as a plant growth regulator. This
novel technology is a low-cost technique that is easy to apply to plants. By using simple
light fixtures with special light bulbs, the UV-C can be administered. It has the potential
to save time and money for greenhouse growers by decreasing, or possibly eliminating,
the need for plant growth regulators (PGR). If implemented as a PGR, it can have
tremendous benefits for the environment by reducing pesticide applications to plants.
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Medium Temperature

Gabriela Nunez and R. Keith Osborne
Gro-Bark (Ontario), Ltd., 12300 Britannia Road, Milton, Ontario, L9T 7G5, Canada
Email: keith@gro-bark.com

This report focuses on the effects that potting container size and irrigation
frequency has on the medium temperature and overall appearance of Senecio
cineraria (dusty miller). A 7-week trial was conducted in which 20 four replicates of
S. cineraria were potted into 1-, 2-, and 3-gal containers and evenly divided into two
irrigation treatments: as needed (Treatment A), and on a daily basis (Treatment B).
Their medium temperatures, as well as ambient and ground temperatures, were
recorded throughout the trial.

Quantitative results showed that plants in Treatment A tended to exhibit higher
medium temperatures, usually surpassing ambient temperatures. Results also
showed that the medium temperatures of plants in 1-gal container were usually the
highest ones and tended to fluctuate more than those of plants in 2- and 3-gal
containers, and they also tended to exceed ambient temperatures. Finally, difference
in temperature between container size was less evident for plants in Treatment B.
Qualitative results showed that plants in Treatment B were bigger, more abundant,
and had less dry leaves than plants in Treatment A; and that plants in 1 gal
containers were the smallest and exhibited more dry leaves.

It was concluded that daily watering of S. cineraria helps to maintain their medium
temperatures close to their preferred range more effectively, that S. cineraria grow
faster and healthier when potted into 2-gal and 3-gal containers, and that medium
temperature is ultimately dependant upon their surroundings. Recommendations
include watering S. cineraria every day, potting them into containers bigger than 2
gal, and conducting further research and enhanced trials on this area.

INTRODUCTION

Over the past years, container-grown plants have emerged as the most popular method of
growing plants for sale in the horticulture industry (Evans, 2013). With its many benefits,
such as better establishment of plants after transplanting, decreased labour, and increased
product availability, growers have started to shift from traditional in-ground production to
the container one (Mathers et al., 2007). Nevertheless, growing plants in containers alters
root growth and function, and it may change root morphology (Mathers et al., 2007). In
fact, roots of container-grown plants are especially susceptible to temperature and
moisture extremes that are not normally found in field production (Henley et al., 2006).
Senecio cineraria (Dusty Miller), in particular, prefers a medium temperature of 18 to
23°C (Cornell University, 2006) and is especially water hungry when grown in containers
(Wishhart, 2014). Two important factors that affect medium temperature of container-
grown plants are the size of the potting container and water regimes. According to Martin
and Ingram (1993), different potting container dimensions might either alleviate or
intensify optimal rooting medium temperatures, which in turn have an effect on the well-
being of the plant. Irrigation water also plays an important role in affecting the medium
temperature of plants as it may help disperse heat energy and maintain plant media at an
optimal temperature (Martin and Ingram, 1991). Even though it is well known in the
horticulture industry that these two factors affect the medium temperature of plants, many
growers have issues determining the optimal container size and water regimes for their
crops. Therefore, the purpose of this report is to analyze the effect that potting container
size and water regimes have on the medium temperature of S. cineraria, and to clarify the
role of container size and irrigation as a useful management tool for heat dispersal. The
report will examine the results of a seven-week temperature trial, reach a conclusion, and
propose appropriate recommendations.
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CONTAINER-GROWN PLANT PRODUCTION

Container-grown plant production is the practice of growing plants exclusively in
containers as opposed to planting them in the ground (Mills, 2012). Due to its flexibility,
portability, and compaction, container-grown plant production has become extremely
popular nowadays, with more and more growers adapting this method and seeing it as
more appropriate (Missouri Botanical Garden, 2014). Some benefits of container-grown
plant production include control of growing conditions, such as soil, water, sunlight, and
nutrients; low requirements of money, human capital, and tools; maximization of growing
space; and many more (Mills, 2012).The growth of plants will ultimately depend on
providing the basic needs of each species, an adequate growing medium, sufficient light,
proper temperature, and necessary moisture and nutrients (Missouri Botamcal Garden,
2014).

Even though container-grown plants are extremely popular, it is important to keep in
mind that growing in a closed system unfortunately increases the susceptibility of plants
to health issues and causes the root zone to be very fragile (Million et al., 2011). This is
because containers are an artificial environment and thus lack the healthy soil ecosystem
usually found in raised beds and in-ground gardens (Williams, 2014). Containers also do
not retain water for long periods of time and they tend to heat up a lot faster, depending
on their size (Martin and Ingram, 1991). These factors ultimately affect the medium
temperature of the plant and, in turn, the success of its growth (Martin and Ingram, 1991).
Since physical support is the only feature sustained after the initial planting, appropriate
container size, and levels of irrigation are essential for the cultivation of premium quality
plants (Bailey et al., 2001).

SIGNIFICANCE OF MEDIUM TEMPERATURE IN PLANT HEALTH AND
IMPORTANCE OF STUDY

Maintaining an adequate medium temperature is extremely important for the well
development of plants (Mathers, 2001). High medium temperatures are a major limiting
factor in the distribution, adaptability, and productivity of wild and cultivated plants and
may result in inhibition of growth or plant decline (Mathers, 2001). Net photosynthesis, in
particular, is one of the most heat-sensitive processes that govern plant growth
(Hamerlynck and Knapp, 1995). Heat stress has been shown to be a major limiting factor
for plant production and adaptability in containers since the roots of container plants are
exposed to more rapid fluctuations and greater extremes in temperatures than plants
grown in the ground (Henley et al., 2006). With the increased use of containers as a
culturing method, determining the appropriate temperature for the optimal growth of
specific species has become of high importance (Bunt, 1988). In fact, growers could
encounter a cost of more than $200 per cubic yard of container plants through losses in
plants or reduced plant quality due to a poor container medium (Henley et al., 2006).
Since the size of the potting container and the watering regimes are important factors that
affect medium temperatures, choosing the right container and developing an adequate
irrigation regime is an investment that will pay great dividends in terms of plant growth
and quality (Martin and Ingram, 1991). In hopes of improving the horticultural industry
and the container stock production, Mr. Keith Osborne has proposed to do a study about
the effects of potting container size and irrigation on the medium temperature of S.
cineraria. This study will ultimately help determine the effects container size and
irrigation frequency have on medium temperature of plants, as well as provide insight for
prospective investigations.

MATERIALS AND METHODS
Methodology
The study began on 17 June 2014, and lasted for 6 weeks until 25 July 2014. The entire

trial took place at Gro-Bark’s Milton site located on 12300 Britannia Road East, Milton,
Ontario, Canada, where 30 replicates of S. cineraria in 1-gal, 2-gal, and 3-gal potting
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containers were placed on the west field next to the front parking lot. The following
section explains the materials used, the experimental set-up, the watering regimes, and the
data collection for this study.

Materials

¢ 10 1-gal black potting containers e Distilled water

¢ 10 2-gal black potting containers e Plant rack and collecting tray
* 10 3-gal black potting containers e White oil-based pen

¢ 30 plugs of S. cineraria ¢ 40-cm identifying flag

3 HOBO meter ¢ 50-ml testing cup

e Hanna® pH and conductivity metre ¢ 550-ml measuring cup

e Temperature metre ¢ 250-ml graduated cylinder

¢ 60 gal of bark mix of Sheridan 2014 #3 e Hose
e Data collection sheet

Experimental Set-Up

Set-up for the study began on the first day during the afternoon when ten replicates of S.
cineraria were potted in a 1-gal, 2-gal, and 3-gal potting containers for a total of 30
replicates. Plants were located on the west field next to the front parking lot and separated
into two different sections based on their watering regimes, as shown in Figure 1. Plants
in section A were irrigated as needed (Treatment A), and plants in section B were
irrigated once a day during the early morning (Treatment B). A buffer zone of
approximately 2.65 m was left between the two sections. Within Treatment A and
Treatment B, plants were separated into three different subsections depending on their
potting container size. For example, plants in Treatment A that were potted into the 1-gal
potting containers were in one group called TA-1; those that were potted into the 2-gal
potting containers were in another group called TA-2; and those potted into the 3-gal
potting containers were in group TA-3. All plants were potted in a soilless mix called
Sheridan 2014 #3, which was supplied by Gro-Bark. This mix contains 40% of
composted pine bark 35% of aged bark — Blend A, 15% of compost, 10% of peat moss,
and fertilizer Osmocote® 21-4-8 at a rate of 3.18 kg per yard

West Field
Treatment A - lirigated as Needed Treatment B - Irrigated Daily

255m.
[ |

I
o With HOBO® metre With 2 HOBO® metres

With HOBO® metre

TA-2 ?u' ?ﬂ' TB-2

@~
@
@
? G

Parking Lot

Fig. 1. Experimental set-up for the temperature trial.

Potting

Plugs were obtained from Sheridan Nurseries and were transferred to Gro-Bark Milton’s
location. Potting began on the first day of the trial on 17 June 2014 and took place at the
west field. All plugs were potted by one Gro-Bark employee in order to reduce the
variability in potting techniques. The plant species, mix, and fertilizer rate combination
were repeated five times per potting container size and per water treatment to decrease
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variability of experimental results and increase the chance of statistical significance. The

potting procedure is explained below.

1) Fill a 1-gal container three quarters of the way with Sheridan 2014 #3 mix.

2) Compact the mix by lifting the pot approximately 3 in. off the floor and then let it fall.

Repeat this two more times.

3) Insert the plug into the container.

4) Backfill the container with the mix.

5) Firm mix by repeatedly applying light pressure with your fingertips to top surface of

the mix.

6) Add or subtract soil as necessary to ensure there is 1.5 cm between the medium and the

pot lip.

7) Label the pot with the correct container size, sample number, and watering treatment

name and code.

8) Place the species in its corresponding section as shown in Figure 1 and ensuring equal

spacing between each pot.

9) Repeat steps 1-8 nine more times to achieve a total of 10 identical replicates.

10) Repeat steps 1-9 for the 2-gal and 3-gal potting containers.

11) Insert one HOBO meter into the core of Sample #2 of the 1-gal, 2-gal, and 3-gal
potting containers for both watering treatments. Position it in the centre of the pot
and right below the plant.

12) Place one HOBO meter on top of Sample #1 of the 2-gal container of Treatment A as
shown in Figure 2.

13) Tie another HOBO meter to the top of the 40-cm identifying flag and stick the flag
onto Sample #1 of the 2-gal container of Treatment A as shown in Figure 2.

Fig. 2. HOBO" metres placed in Sample #1 of the 2-gal container of Treatment A.

Irrigation

Plants were irrigated by placing a hose on top of the soil and watering it until a bed of
water of approximately 1 cm was visible. The first irrigation took place right after potting
on 17 June 2014 at around 4:30 PM. After that, plants in Treatment A were irrigated once
or twice a week, depending on precipitation levels and dryness of the plants. Hot and dry
weeks usually resulted in plants being watered twice a week, whereas mild and wet weeks
resulted in only one irrigation treatment per week. Plants in Treatment B were irrigated
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every day during the early morning around 8:30 AM. Due to lack of personnel, plants
were not irrigated during the weekends and holidays.

Data Collection

The data that the temperature trial looked at was ambient temperature, soil temperature,

precipitation levels, pH, and electrical conductivity (EC), as well as overall appearance of

the plants. Ambient temperature was obtained with the two HOBO meters placed in

Sample #1 of Treatment A, and soil temperature was obtained with the other six HOBO

meters that were inserted into the core of Sample #2 for the 1-gal, 2-gal, and 3-gal potting

containers for both watering treatments. All eight probes were programmed to collect data
at 15 min intervals from 17 July 2014 at 4:00 PM until 25 July 2014 at 4 PM.

Precipitation data was obtained every morning using a standard rain gauge that was

placed on top of one the planters by the west field. A week after activating the probes,

weekly pour through tests for all Samples #3 were performed every Friday around 8 AM
to measure pH and EC levels for the medium. Pour through tests were conducted in
accordance with the procedure below.

1) Place Sample #3 of the 1-gal container size of Treatment A upon a rack with collecting
tray.

2) Measure 250 ml of distilled water and pour this into the pot. It is important to pour the
water in the center of the pot and to pour slowly to avoid water running down the
inside wall of the pot without being filtered through the soil.

3) Check to see if the collecting tray contains any leachate. If there is no leachate, slowly
continue to pour water onto the soil in 100-ml increments until at least 30 ml of
leachate is obtained.

4) Record the amount of water poured into the pot in the data collection sheet.

5) Pour the leachate into a small 50-ml testing cup.

6) Obtain the pH/EC probe and rinse with distilled water.

7) Turn on the probe and set it to the pH function.

8) Insert the probe into the testing cup and wait for the pH to stabilize.

9) Once the pH has stabilized enter the EC mode by pressing the EC button located on the
meter, wait for the EC to stabilize and record this number on the data collection sheet.

10) Enter the pH mode once more and record this number on the data collection sheet.

11) Record the amount of leachate by pouring the remaining liquid left in the collecting

tray in the 250-ml graduated cylinder and then adding this amount to the 30 ml of
leachate that was poured into the testing cup.

12) Rinse all equipment with distilled water.

13) Place plant back into its corresponding section.

14) Repeat steps 1-13 for Sample #3 of the 2-gal and 3-gal potting containers in

Treatment A.
15) Repeat steps 1-14 for Treatment B.

RESULTS

Results were divided into quantitative and qualitative ones. A total of 18 graphs were
constructed to depict the data obtained for the entire duration of the trial and were divided
according to their specific purpose. The week of 8 July to 14 July 2014 shows the typical
outcome, with ambient temperatures peaking at noon and declining as the day progresses,
and it will be the focus of this section.

Quantitative Results

The data showed that the temperature recorded with the HOBO meter placed on top of the
soil and the one placed 12 m above it was significantly different, with the ground
temperature being generally 10°C higher. The maximum ground temperature was 56.6°C
and the maximum ambient temperature was 40.2°C. They both occurred on 28 June 2014
at 14:15. Out of all the plants with HOBO meters, the plant in the 1-gal container in
Treatment A (irrigated as needed) showed the highest maximum medium temperature of
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43.8°C, while the plants in the 3-gal container in Treatment B (irrigated daily) showed the
lowest maximum medium temperature of 38.8°C. The plant in the 1-gal container for
Treatment A also showed the lowest minimum medium temperature of 9.3°C, while the
plant in the 3-gal container for Treatment A showed the highest minimum temperature of
13.1°C. The plant in the 3-gal container for both Treatment A and B showed the highest
average medium temperature of 25.2°C for the one in Treatment A, and 24.5°C for the
one in Treatment B. Statistics are depicted in Table 1.

Table 1. Maximum, minimum, range, and average ambient and medium temperatures.

Temperature (°C)

Ambient Ambient Treatment A Treatment B

ground 1’2m lgalas 2galas 3galas 1gal 2gal 3gal
needed needed needed daily daily daily

Max 55.6 40.2 43.8 41.9 40.5 416 403 3838
Min 6.5 7.5 93 11.4 13.1 9.6 109 121
Range 49.1 32.7 34.6 30.5 27.5 320 294  26.7
Average 24.6 22.9 24.5 25.1 25.2 23.6 243 245

During the afternoon, plants in Treatment A tended to exhibit higher medium
temperatures, while during the night and early morning plants in both treatments shared
similar medium temperatures, as shown in Figures 3, 4, and 5. Medium temperatures of
plants in both treatments generally exceeded ambient temperatures, although plants in
treatment A had a tendency to do so more often. They only exceeded ground temperatures
during the night and early morning. After that, ground temperatures tended to be
significantly higher than medium temperatures.

<
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Ambient 1 gal as
ground needed
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Temperature
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o
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8-Jul 9-Jul 10-Jul 11-dul 12-Jul 13-Jul 14-Jul

1gal As Needed —1gal Daily Date
--- Ambient Ground Ambient 1 1/2

Fig. 3. Comparison of the medium temperature between Treatment A and B for 1-gal
containers (8-14 July 2014).

176



60.0

50.0

)

i
f

R

40.0

{

o e AN N L
VaVAVAVAVENAVA
- Y NNV Y a

Temperature

30.0

20.0

=
=4
=
o
8-Jul 9-Jul 10-Jul 11-Jul 12-Jul 13-Jul 14-Jul
2gal As Needed —— 2gal Daily Date
-~~~ Ambient Ground Ambient 1 1/2

Fig. 4. Comparison of the medium temperature between Treatment A and B for 2-gal
containers (8-14 July 2014).
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Fig. 5. Comparison of the medium temperature between Treatment A and B for 3-gal
containers (8-14 July 2014).

Results also showed that the medium temperature of plants in 1-gal containers of both
treatments fluctuated more than medium temperatures of plants in 2-gal and 3-gal
containers, exhibiting the highest range of all containers of 34.6°C for Treatment A and
32.0°C for Treatment B. Medium temperatures of plants in 1-gal containers were usually
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the highest ones, especially during the late morning and afternoon, and they tended to
exceed the ambient temperature with more frequency. All plants exceeded the ambient
and ground temperature during the night and early morning, where plants in 3-gal
containers had the highest medium temperature. Finally, differences in temperature
between containers size was less evident for plants in Treatment B.

As for pH and EC results, plants in both treatments shared the same average pH of 6.7
and very similar average EC results of 1.62 mS-cm™ for Treatment A and 1.58 mS-cm’
for Treatment B. Plants in Treatment A yielded a lower leachate percentage of 31.09% as
compared to plants in Treatment B with a leachate percentage of 33.89%, as shown in
Table 2. Both pH and EC tended to increase as container size increases, although this is
more evident with pH.

Table 2. Field test result averages for Treatment A and B.

Treatment Pot size H,0 added Leachate Leachate pH EC
(gal) (ml) (ml) (%) (mS-cm™)
A: As needed 1 208.33 79.83 38.32 6.5 1.24
2 333.33 119.17 35.75 6.7 1.84
3 533.33 102.33 19.19 6.8 1.78
Average  358.33 100.44 31.09 6.7 1.62
B: Daily 1 225.00 97.50 43.33 6.5 1.45
2 333.33 86.67 26.00 6.8 1.65
3 533.33 172.50 32.34 6.8 1.65
Average 363.9 118.9 33.89 6.7 1.58

Qualitative Results

At the end of the trial, plants in Treatment A exhibited more dry leaves and looked less
abundant than plants in Treatment B, as shown in Figure 6. Plant size and abundance
increased as potting container size increased, making the plants in 1-gal containers the
smallest for both treatments, also shown in Figure 6. The biggest plants were found in the
3-gal containers. Plants in 1-gal containers in both Treatments also tended to exhibit some
dry and yellow leaves at the bottom, as shown in Figure 7. When it comes to plants in 2-
gal and 3-gal pots, plants in Treatment B did not exhibit any dry leaves but those in
Treatment A seemed to have a few dry leaves at the bottom.
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Fig. 7. Plants in 1-gal pots exhibiting yellow leaves in Treatments A and B.
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DISCUSSION AND INTERPRETATION

Once all the data was organized, theories could then be revised. Throughout the trial,
ambient and ground temperatures showed extremes changes unlike the medium of all
plants which generally followed the same curvy pattern. However, medium temperatures
of all plants usually tended to correlate with the ambient and ground temperatures. As
seen in Figure 4, the peak medium and ground temperature occurred around noon when
there is more direct sunlight. After that, temperatures decreased as the sun started to set.
Medium temperatures revealed a similar tendency, with temperatures increasing and
decreasing around the same time as ambient and ground temperatures do so and strongly
suggesting that the warmth of the medium of all plants is dependent upon its
surroundings. It is interesting to note that medium temperatures of all plants generally
tended to exceed ambient temperatures, suggesting that the medium was usually warmer
than its exterior. In comparison to temperature data obtained by previous Gro-Bark trials,
medium temperatures for this study were significantly higher. In fact, medium
temperatures in previous studies were well below the ambient temperature. This raises the
question of why medium temperature for this trial was significantly higher and provides
opportunities for future research. Possible reasons could include the proximity of the
plants, the level of shade received, the colour of the pots, and the solar radiation. Another
interesting observation is that ground temperatures were generally higher than ambient
temperature. This could be because the HOBO meter recording ground temperature was
placed directly on top of the soil, and thus it was receiving some of the heat that the soil
itself was releasing and it was barely receiving any currents of air.

There were also many interesting findings when comparing medium temperatures and
the appearance of plants between both irrigation treatments. In general, plants in
Treatment A had higher medium temperatures and tended to exceed ambient temperatures
more often than plants in Treatment B. Additionally, plants in Treatment A exhibited
more dry leaves and were less abundant than plants in Treatment B. These findings are
consistent with the theory that irrigation usually lowers the medium temperature of
container-grown plants and, in turn, allows for a healthier plant growth. In fact, a study
performed by Keever and Cobb (1985) showed that overhead irrigations reduced
container medium temperatures and increased the root growth of Rhododendron
‘Hershey’s Red’ compared to irrigations applied as needed. This is because the
temperature differential between the irrigation water and container medium “creates a
gradient for the flow of heat energy by the thermal processes of conduction and
convection until temperature equilibrium is established” (Martin and Ingram, 1991).
However, Keever and Cob (1985) discuss that this is only true if the temperature of the
irrigation water is lower than the medium temperature and a sufficient volume of water is
applied to physically disperse the thermal energy, which was indeed the case for this trial.
Furthermore, the results showed that the difference in medium temperature between
container sizes is less evident for plants in Treatment B. This could be because water
mitigates temperature fluctuations by allowing plants to release more energy, making in
this way medium temperatures less variable in Treatment B. Temperature results and
overall appearance of plants in Treatment A when compared to those in Treatment B
strongly suggest that irrigation water, when cold and applied in sufficient volumes, may
be a successful method for lowering container medium temperatures, dispersing heat
energy, and optimizing root development and the well-being of plants.

The trial also provided interesting findings when comparing medium temperatures and
the appearance of plants between different container sizes. In general, medium
temperatures of plants in 1-gal containers were usually higher. This is also consistent with
previous studies and theories that discuss that smaller containers tend to heat up faster as
heat has a more limited space to disperse and thus it is concentrated more intensely
(Martin and Ingram, 1993). Plants in smaller containers also do not retain water as well as
those in bigger containers, and thus the medium temperature is usually higher (Martin and
Ingram, 1993). High medium temperatures could be the cause of why plants in 1-gal
containers showed browner leaves than those in 2 and 3-gal containers, especially at the
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bottom. However, another cause could also be that when the plants in the 1-gal containers
were irrigated the water coming out of the hose usually made contact with the leaves at
the bottom due to limited space, and this ultimately might have caused some ornamental
damage (Wishhart, 2014). Further research is necessary to determine the main cause of
this. Plants in 1-gal containers also showed a more variable medium temperature than that
of plants in 2 and 3-gal containers. Reasons for this include the fact that the HOBO meter
inserted into the 1-gal containers had less insulation, less soil volume, and less water
present, and thus ambient temperature had a bigger impact in the temperature readings.
Another reason could be that the plants in the 1-gal containers were smaller, and thus the
soil was not receiving as much shade. The results also showed that plant size and
abundance increased as potting container size increased. This could be due to the fact that
1-gal containers had a more limited space for roots to growth. In fact, a similar study
performed by Navindra and others (2011) showed that plants in 3-gal pots produced the
highest number of leaves and roots per seedling, and greater stem height and diameter
than the ones in 1-gal pots. Bar-Tal and others (1995) affirmed that plant height, number
of leaves as well as shoot and root dry weight increases with increasing container size,
and Keever and others (1985) reported that root confinement within a limited volume
results in reduced root growth. These theories correspond to the findings in this study
with regard to the increase of container size and plant size and abundance, whereby plants
in 1-gal containers in both treatments were the smallest.

It is important to note that all of these findings should be taken in the strictest manner.
As the experiment was conducted on S. cineraria using a custom soil substrate supplied
by Gro-Bark, the estimate is only valid under the same conditions. The trial also had some
limitations and sources of error. For example, plants were not always watered at the same
time or in the exact same manner since they were irrigated by hand. This might have
caused some deviation in the data, although exact effects are unknown. Additionally, the
medium temperature of only one plant per container size was recorded and this prevents
the results to be generalized to a larger scale. Finally, numerous factors that could have
affected the results were not measured, such as the amount of solar radiation, exact levels
of precipitation, proximity of the plants, amount of shade received, currents of winds, etc.

CONCLUSIONS

After an analysis and interpretation of both quantitative and qualitative result, it is
concluded that a water regime that consists of daily irrigation helps to maintain the
medium temperature of S. cineraria close to its preferred range more effectively than
irrigating the plant on a once or twice a week basis. This will ultimately help the plant to
achieve a more rapid growth and greater leave abundance, as well as to prevent the
generation of dry and yellow leaves.

Another conclusion is that potting S. cineraria in 2-gal and 3-gal containers also helps
the plant to maintain a medium temperature that is close to its preferred temperature
range, more stable throughout the day, and more resistant to extreme weather conditions
than when they are potted in 1-gal containers. Senecio cineraria also tend to achieve a
bigger size, greater abundance, and an overall healthier appearance when they are potted
in 2- or 3-gal containers since roots have more space to spread out.

One final conclusion is that, even though the medium temperature of S. cineraria may
be controlled by their container size and watering regime, medium temperatures are
ultimately dependant upon their surroundings, and thus choosing an optimal container
size and irrigation regime are not enough to ensure that the medium temperature of S.
cineraria is within the plant’s preferred range. Other factors such as the proximity of the
plant, the colour of the pot, the amount of solar radiation, and the overall weather
conditions could also play a big role and more research on this area is necessary.

RECOMMENDATIONS
Based on the analysis and previous conclusions, it is recommended that S. cineraria are
thoroughly watered everyday in order to maintain optimum medium temperatures,
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achieve a faster growth rate, and improve the general appearance of the plants. Irrigation
should occur in the morning, either by hand or with sprinkles, and growers should make
sure that the roots of the plants are indeed receiving enough water, especially during the
early stages of growth.

It is also recommended that S. cineraria are potted in medium to big containers of at
least 2 gal. This will help maintain the medium temperature of plants close to its preferred
range and increase the size and plant abundance of plants. If space is an issue, S. cineraria
could be potted into 1-gal containers during their early stages of growth but it is
recommended to increase the frequency of water and decrease the amount of solar
radiation received. It is also recommended to re-pot them into bigger containers later on if
greater plant abundance is desired.

Finally, it is strongly suggested to conduct further research on this area and perform
more trials in which a greater number of variables are measured, such as solar radiation,
proximity of the plants, amount of shade received, precipitation levels, and wind currents.
The use of more HOBO meters in future trials is also recommended to decrease
variability of experimental results and increase the chance of statistical significance. For
example, every plant should have a HOBO meter, instead of just one per container size.
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Cooling of a South-Facing Wall Using a Double-Skin Green Facade in a
Temperate Climate®

J. Scott Maclvor and Liat Margolis

Green Roof Innovation Testing (GRIT) Laboratory, University of Toronto, 230 College
St., Toronto, Ontario, M5T 1R2, Canada

Email: jsmacivor@gmail.com

Green facades made of metal wire screens and mounted to the walls of buildings to
support trellised vegetation is increasingly looked to as a means of urban greening
and as a sustainable building technology. Here we examine the thermal cooling
performance of three candidate vine species (hops, Virginia creeper, and riverbank
grape) on a 3-dimensional welded wire frame against a south-facing wall in a
temperate climate. We found that from May to September, the green facades kept
the wall surface on average 1.84°C (3.31°F) cooler, with grape as the best performer
reducing surface temperatures by 2.91°C (5.24°F) in September. In all three species,
wall cooling increased with vegetated cover, which increased over the growing
season. The effect of vegetated cover on wall cooling was most apparent in hops
which re-grows from root stock and basal stems to cover much of the trellis by the
end of the growing season, whereas grape and creeper foliage re-grows from stems
that remain attached to the trellis, achieving more heterogeneous covering earlier in
the growing season. These findings contribute to a growing body of research on
green facades and their functional performance as components of the building
envelope and as architectural materials.

INTRODUCTION

Vegetation, including vining plants trellised up against or directly on the surface of
structural walls has been a feature in landscape design and architecture to mask
unaesthetic surfaces and increase building cooling via shading and evapotranspiration (Di
and Wang, 1999; Akbari et al., 2001; Kohler, 2008; Susorova et al., 2014). Different
types of vine trellising structures have been implemented, but most fall within the single
skin (abutting up against the building without a gap between the building wall and the
trellis) or double skin (set off from the wall creating a pocket of air between the building
wall and the planed trellis) types (Stec et al., 2005; Hunter et al., 2014). Wong et al.
(2010) in Singapore simulated the cooling load for a building with walls entirely covered
with vegetation was 10% greater than bare walls. Di and Wang (1999) in Beijing
determined that thick ivy covering a west facing wall can reduce the peak cooling by 28%
in a clear summer day. In a modeling exercise, Susorova et al. {2014) estimated the
effective thermal resistance of a plant layer to be up to 0.7 m**K-W™' and determined that
the thermal behaviour of green facades are (in order of importance): solar radiation, wind
speed, relative humidity and outdoor air temperature. Needless to say, trellising
vegetation (hereafter referred to as vine fagades) is one effective means of cooling
building to reduce energy costs during warm weather periods.

Vine facades are rarely incorporated into new development and in landscape
architecture, due to the length of time it can take for a mature vine to grow, the amount of
soil volume required for the vine, and the perceived potential damage done by vining
plants to building infrastructure (for example, eroding wood or brick walls due to the
attachment of vine tendrils). However, vine facades can convey an attitude of
environmental awareness and as mentioned have been both theoretically and empirically
demonstrated to have some cooling benefit (Hunter et al., 2014). Other recent studies
have estimated the cost savings of vine fagades resulting from building thermoregulation
(Alexandri and Jones, 2008; Wong et al., 2010; Ottelé et al., 2011). This has created
interest in industry to design vine fagcade products that optimize the survival, growth,
movement and cover of vining plants to maximize their benefits.

Aside from vine survival and the life-cycle costs of implementing different vine fagade
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designs and materials, the most studied benefits of fagades have been thermal
performance in warm seasons and in Mediterranean climates (Kontoleon and
Eumorfopoulous, 2010; Pérez et al., 2011; Perini et al., 2011; Ottelé et al., 2011; Hunter
et al.,, 2014). Literature on green fagades in Canadian regions or those with similar
climates is scarce compared with that on green roofs (Dunnett and Kingsbury, 2010;
Sutton, 2015). One study in Maryland used a three-dimensional trellis system and four
vine species in combination on East and West facings and found vine facade walls an
average of 7°C cooler than bare walls (Tilley et al., 2012). However, few studies have
compared thermal performance between different vine species, which can vary
considerably in absorption of water, reflectivity of solar radiation, transpiration rates and
cooling potential, among other variables that impact leaf energy balance and reduction in
heat energy transfer (Holms, 1989). As building density and height increase in Canadian
cities, so does the proportion of bare wall surfaces and associated building inefficiencies.
Since trellising vine fagades are not constrained by load and other structural issues that
green roofs provoke, they are more easily included in the retrofit of existing buildings to
achieve goals addressed by green infrastructure. Vine facades are also more visible to the
public from ground and so could be more attractive to clients uncertain as to whether or
not they should commit to greening the building envelope during development or
renovation. The objectives of the research of this study were to gather baseline
information on wall cooling potential of vine fagades using the greenscreen® three-
dimensional double skin trellising system in Toronto. The trellis system consists of three
different vine species and vegetation-free controls. This information is critical for
increasing knowledge of vine fagades in temperate climates and for determining how
different vine species might interact to complement and enhance overall vegetative cover.

METHODS

Site

The Green Roof Innovation Testing (GRIT) Lab is located on the roof of the five-storey
Daniel’s Faculty of Architecture, Landscape, and Design building at the University of
Toronto St. George Campus, in Toronto, Ontario (43°39°42”N, 79°23°42”W). Further
construction details and description of the facilities is given in Maclvor et al. (2013) and
available at the website (www.grit.daniels.utoronto.ca). The double skin facade wall
under study is located on this roof and comprised of a south-facing 3D greenscreen trellis
against a building wall containing heated office and storage space. These trellises were
2.15 m in height and set 6 cm from the exterior wall creating an insulating layer (Hunter
et al., 2014) (Fig. 1).

Three vine species were used in the set up, Nugget hops (Humulus lupulus ‘Nugget’)
(hops), Virginia creeper (Parthenocissus quinquefolia) (creeper), and river bank grape
(Vitis riparia) (grape). Each grape was planted with a short 60-cm stake to enable the vine
to touch the trellis during establishment. All three species were planted in monoculture in
groups of 6 into the fagade modules as 1-gal pots in June 2012. Each module measures
102.2x31.8%x29.2 c¢m in dlmensmn and is raised 39.4 cm from the roof surface. Each
module comprised of an “organic” growing medium (“EcoBlend” Bioroof ™ Systems,
Burlington, Ontario) (Table 1). The media was set atop a 25-mm layer of sand, filter cloth
and biovoid retention mat (Bioroof, Toronto, Canada) as well as waterproofing membrane
and trimmed with aluminum flashing (Tremco, Toronto, Canada) (Fig. 2).
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Table 1. Properties of the growing medium used in this study.

Standard Property Bioroof Eco-blend
Porosity (ASTM E2399) Pore volume >60%
Air filled porosity >10%
Saturated hydraulic conductivity >0.01 cm/s
Moisture (ASTM E2399) Max. water holding capacity >60%
Density (ASTM E2399) Max media density at saturation 1.10 g/cm’
Dry density 0.58 g/cm’

Each fagade module was overlaid with interconnected drip-irrigation line (DH Water
Management; The Toro Company, Canada) set up with a pressure of 25 kPa and an
emission rate of 0.063 L/emitter/min., to ensure an efficient use of water. Approximately
5 min of water beginning at 8§ AM was provided daily. No fertilizer was added during the
course of the study. The vine fagade modules were weeded regularly and the primary
colonizers arriving with growing media or colonizing spontaneously included: chickweed
(Cerastium sp.), horseweed (Conyza canadensis), tree of Heaven (Ailanthus altissima),
lamb’s quarter (Chenopodium album), and dandelion (Taraxacum officinale). Golden
tickseed (Coreopsis tinctoria), black eyed susan (Rudbeckia hirta) and several Sedum
species were also colonizers of the fagade modules and presumably arrived via green roof
test beds sharing the same roof space where these species were planted intentionally.

Cover

Vegetated cover was measured non-destructively using digital image analysis (Olmstead
et al., 2004) using photos taken with a Canon SLR and analyzed in Adobe Photoshop.
Photos were taken at 1.70 m from the roof surface and 2 m from the fagade on the first
and third week of each month on a sunny day. The image from the third week of each
month from Region 1 was cropped to include only the fagade area, and in Photoshop, the
“sampled colours” and “localized colour clusters” were selected, the fuzziness set to 60,
the range set to 100%, before the eyedropper function and the “add to sample” function
were used to select the desired vegetation colour range. The number of vegetated pixels in
the image was divided by the total number of pixels in order to get a % vegetated cover
value for each facade.

Thermal

A single temperature probe (110 PV Surface Mount Thermistor, Campbell Scientific) was
attached to the surface of the exterior wall centered, and immediate behind each of the
vine facades and the three control facades (trellis, but vegetation-free) (Fig. 3). Each
thermistor recorded temperature (°C) at five-minute intervals from May to September
2013 (and continuously thereafter). To compare thermistor data recorded from the fagade
walls, GRIT lab weather station ambient air temperature (°C) and relative humldlty (%)
(HMP45C Probe, Campbell Scientific), as well as solar radiation (W/m?) (Kipp and
Zonen CMP 11 Pyranometer) data were downloaded for the same time intervals.
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Statistics

Data from the temperature probes and weather station were subset by day and night using
positive solar radiation readings (>0 W/m?) as an indicator of daytime. Daytime data was
then converted to monthly averages for comparison with vegetated fagade cover data for
each of the three species. A paired t-test was used to compare wall surface temperatures
between vegetated facades and non-vegetated controls. In SPSS, an analysis of variance
(ANOVA) (a=0.05) with post hoc analysis was used to examine the effect of cover and
vine type on surface building wall cooling and the change in temperature reduction over
the growing season.

RESULTS

Of the three vine species, all reached maximum over 50% cover by the end of the study
period with grape reaching over 70% cover. The t-test revealed that from May to
September, vegetated fagades significant reduced wall surface temperature over non-
vegetated facade controls (t=-8.576, df=14, t<0.001) (Fig. 4). However analysis of
variance revealed no significant difference in reduction in wall surface temperature
among the different vine types (F-1.35, df=2, p=0.30). Vegetated facades resulted in a 6-
11% reduction in wall surface temperature.

The reduction in surface temperature by vegetated fagades increased significantly over
the sampling period with the greatest reduction achieved in September [almost 3°C
(5.24°F) reduction] (F=5.04, df=4, p=0.017) (Fig. 4). Increasing vegetative cover led to
significant reductions in wall surface temperatures (t=-11.169, df=14, t<0.001) (Fig. 5),
however since the physiological adaptability to light conditions in vining plants is related
to their climbing mechanics (Carter and Teramura, 1988), each vine species displayed a
distinct and different growth pattern (Figs. 6 and 7).
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Hops Virginia Creeper Riverbank Grape Combination

Fig. 6. Conceptual drawing of growth pattern of each of the three vine species on the
greenscreen” trellises and a conceptual pattern of all three species in combination.

Fig. 7. Cover 1mages for each of the three vine species in Region 1 (South-facing 3D
greenscreen” fagade wall against a building wall). From top to bottom: hops,
Virginia creeper, grape.

191



DISCUSSION

Our study indicates there was no difference in wall cooling potential of the three vine
species examined, but that vine fagades cooled the building wall to a temperature
significantly lower than the bare wall. This cooling effect increased over the season and
was correlated with increasing vine growth over time. Our finding that vine fagades
reduced surface temperature by 6-11% is comparable to the temperate climate green
facade temperature reduction values determined in Alexandri and Jones (2008) using
common Ivy (Hedera helix). However, the cooling potential recorded in our study was
less than that recorded by Tilley et al. (2012) where the weather is warmer (Maryland,
USA) and vine growth enhanced by additional fertilizer, greater available soil depth, and
greater volumes of supplemental irrigation. Moreover, our study set up was located on a
rooftop experimental testing site whereas most others are carried out on fagades
immediately adjacent to ground level where conditions are presumably less extreme than
in rooftop environments (Oberndorfer et al., 2007).

Hops

In this non-adhesive tendril deploying species as cover increased over the season, the
reduction in surface temperature compared with non-vegetated wall surfaces significantly
increased (Fig. 5). Hops had a different growth pattern than both grape and creeper, not
only in form, but also phenology; hops grows quickly, but dies back over winter. Because
of the dieback, it begins the season with low cover at basal stems that quickly increases
from spring to summer using the trellis to support itself. Because of the winter dieback,
hops might be a good choice for maximizing multi season thermal benefits of vine
facades, as in cold seasons, absorption of solar radiation through building walls will be
preferred. However, in application, this species would require more maintenance cleaning
dead stalks and restringing new vines in the spring.

Virginia Creeper

Virginia creeper kept most of its foliage into the winter, eventually it falls but unlike
hops, leaves regrow from stems spread about the trellis from previous year(s). As a result,
less change in vegetated cover over the study period (2012-2013) was observed, and wall
surface temperature was significantly cooler than non-vegetated walls. One potential issue
with Virginia creeper in vine fagade applications is that it tends to not conform to the
trellis. As an adhesive-tendril climbing vine, it grows through the trellis and can attach to
bare exterior wall surfaces. Re-stringing can be accomplished in maintenance visits but
gaining access to behind installed trellises can be difficult, adding to maintenance
requirements. Since Virginia creeper is an understory vine that is adapted to low light
conditions (Carter and Teramura, 1988), the slightly more shaded conditions behind a
trellis might be preferred, continuing this issue over time and warranting more research
on the vine species in trellised applications. One other interesting observation was that as
Virginia creeper foliage turns red by September, this apparently has no significant effect
on temperature reductions (Fig. 7). The colour change greatly increases visual interest,
especially in combination with the other two species.

Anecdotally, we noted that Virginia creeper was more resistant to weeds than the other
two vine species. This was perhaps because its foliage tended to cover the growing media
surface within the module right away, potentially blocking incoming seeds from
germinating. This differed from the other two vine species that had mostly bare substrate
areas, and as such, more weeds. If including grapes or hops in a vine fagade, it might be
useful to include natural mulch or maintain grass or wildflower plantings to suppress
weeds.

Grape

Grape had the greatest overall cover among the three vine species after 2 years (Fig. 5).
Grape vine tended to bunch half way up the trellis at the point where the stalking used to
support the vines in Year 1 ended, and at the very top of the trellis, at which point the
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vines would begin to drape down (Fig. 6). Grape grew aggressively on the trellis so much
so that maintenance to re-string the non-adhesive vine tendrils back within the boundaries
of the facade module was necessary nearer the end of the growing season. Grape vines
also produced berries in the second year, which are attractive to birds, but also to invasive
paper wasps (Polistes fuscatus) and could be perceived to be a nuisance as staining by
berries on the surrounding ground adds to maintenance and avoidance of the area by
building users. Grape was also attractive to beneficial insects: leaf cutter bees cut circles
out of the leaves to use as nest building materials, which has little impact on plant cover
or survival. Grape, like Virginia creeper displays a mix of colour in its leaves over the
season, adding to visual interest. Given the colour range and growth patterns of the three
vine species examined, aesthetically it would be interesting to combine these in vine
fagade applications. Further, studies that combine all three species in an experimental
setup could interpret whether diversity can improve thermal benefits of vine fagades.

CONCLUSIONS

This study provides much needed evidence of performance benefits of vine fagade
infrastructure in a temperate climate where demand is high but application rate and
success is lower than that in tropical and Mediterranean regions. Although climbing vines
on buildings have long been a part of human societies, there is increasing need to quantify
their contribution to building cooling in contemporary designs as they become more
commonplace in architectural designs.
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Branding How-To for Nurseries and Public Gardens®

Laurie Scullin
The New Products Group, Lewiston, New York, USA
Email: Iscullin@gmail.com

What do you need to know about branding to help your nursery or public garden? You’ll
learn what a brand is and how to communicate your brand.

As consumers we spend a lifetime buying branded products — from clothing to food to
laundry soap and cars most of us are influenced by brand messages. As an industry — we
in the ornamental horticulture space have traditionally gotten away with “less marketing.”
Many of us on the plant production side lived through decades of year over year growth
for ornamental plant products. It has only been in recent years with declining demand for
many plant products that many are open to the idea of “marketing” as a tool to sell more
plants.

We also now have witnessed the success At retail of programs such as Proven Winners®,
the Knockout® rose, and Endless Summer”™ hydrangea. When we conduct surveys asklng
consumers thelr awareness of horticulture brands, we see that many recognize brands —
with Burpee®. Scotts”®, and Proven Winners leadlng the way.

Table 1. Brand awareness.

Un-aided Awarness Aided Awarness

Miracle Gro 31% Burpee 76%
Proven Winners 23% Scotts Miracle Grow 71%
Burpee 18% Proven Winners 58%
Scotts 17% Knockout 48%
Fiskars 10% Wave 38%
Knockout 6% All-American Selections 38%
Monrovia 6% Bonnie's Plants 37%
Espoma Fertilizers 6% Vigoro 30%
Felco 6% Endless Summer 24%
Osmocote 6% Stepables 17%
Ortho 5% Garden Club Select 11%
Bonnie Plants 4% Simply Beautiful 10%
Preen 3% Flower Fields 8%
Roundup 3% Viva 5%
All-America 3% Red Fox 2%
Wave 3%

Endless Summer 3%

The question for us is no longer should we “brand” — but rather who should own and

develop the brand. Is there a role for a nursery in creating their brand?

According to the American Marketing Association a brand is the name, term, design,
symbol, or any other feature that identifies one seller's product distinct from those of other
sellers. Typically a “brand” has two parts:

1) Brand Identity (ID) is the outward expression of a brand — including its name,
trademark, communications, and visual appearance or logo.
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2) Brand Message is the words and images and “feelings” we share when we talk about
our brand.

We think that a “brand” is an emotional and intellectual relationship your business
establishes and nurtures with its customers. Brands are the amalgam of perceptions and
knowledge consumers have formed about your company — from its people, products and
services, to its traditions and way of doing business. A positive brand identity is vital for
sustained growth through new customer attraction and existing customer retention.

Gardening consumers tell us in surveys that they rely heavily on the internet and social
media to get information about plants. In creating your brand, some of the costs of social
media tools such as YouTube® and Facebook™ are “free,” however putting energy into
using social media tools to create a brand will have costs. Time to create good content,
time to manage the various social media platforms will all be investments for any brand
manager.

For success in the social media content space we suggest that the nursery make their
online content both engaging and inspiring. The well-known horticulture brands all have
professional marketing staff and frequently hire outside help from ad agencies and other
marketing support teams. For the person or company starting a new brand there are a
number of choices in creating fresh and engaging content. Having the right person
involved in content support is as important as having the right person in charge of pest
management or propagation. Companies such as ZRB can support in content creation.
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Propagation: Does it Ever Make You Wonder?®

Tim Brotzman
Brotzman’s Nursery, Inc., 6899 Chapel Road, Madison, Ohio 44057, USA
Email: tim@brotzmansnursery.com

PLANT AGING AND ITS EFFECT ON STEM CUTTINGS

Have you ever experienced or heard someone say that a certain plant is not as easy to root
as it used to be? Have you ever wondered why different clones of the same species differ
in their rooting characteristics? In The Plantsman, McMillan-Browse (2010) writes about
plant aging and its effect on stem cuttings. I have found this short article to be very
thought provoking while he discusses chronological age of a clone as playing a major role
in the ease/difficulty of rooting and how to “recover regenerative capacity by
manipulation of the parent plant.”

Propagators know that in many cases woody plants become much more difficult to root
as they move from their juvenile growth phase into their mature phase (ontogenetic
aging). McMillan-Browse states “...it would appear that the ability to regenerate
asexually declines with an increasing ability to regenerate sexually.”, until reaching their
senescent phase when this “...potential is virtually lost.” He continues, saying “...the
ability of the stem to initiate roots, does not occur as a constant function throughout the
life of the plant” — it declines as the plant ages. This context has particular significance
for the continuous propagation of a woody plant. The physiological condition of the
material is not represented by the immediate age of the individual parent stock, but is a
function of the chronological (and physiological) age of the original selection. This is the
case however many generations it is removed from the current material. For example, a
10-year-old stock plant of Ribes sanguineum ‘Pulborough Scarlet’ should be regarded as
80 years old because the cultivar originated in the 1930s. He further supported this
statement by referencing some well-known groups of deciduous azaleas and the number
of years they have been in production: Ghent (150-200 years), Mollis (130-140 years),
Knapp Hill (~60-70 years), and Ilam (40-50 years). According to McMillan-Browse, each
group gets progressively easier to root as the time in production decreases. The only “tip”
I can recall learning about deciduous azalea cuttings is that they would root easier when
taken before the bristly hairs on the young shoots fell off. This idea that the total
chronological age of the clone can influence the amount of regenerative capacity that can
be gained by restoring juvenility is something that I have never considered. No doubt the
actual processes at work are much more comphcated In fact, Hartmann and Kester (Plant
Propagation, Principles and Practices, 7" ed., p. 617) commenting on systemic diseases
(specifically viruses) in fruit tree productlon state “ ...plant virologists have demonstrated
that very small, transmissible organisms were the cause of numerous plant disorders and
the primary reason for clonal degeneration.” Clearly there are multiple views on this
question since as clonal vitality degenerates rooting can also decrease.

For better understanding of the concept of chronological aging, I asked Dr. Brent
McCown to explain how the above referenced 10-year old Ribes sanguineum ‘Pulborough
Scarlett’ could be seen as really being 80 years of age. In his response he said (pers.
commun.) “...the oldest (most adult part of a plant) is the original meristem from the
embryo. However, on this same plant, in any year much more juvenile shoots may be
coming from the basal collar region. Thus your 80-year-old Ribes stock plant is only that
old if the tips of the original seedling shoots still exist; however, in most shrubs, these
shoots have long been replaced by new collar shoots, thus the plants are not
physiologically 80 years old anymore.” If I continue this same line of reasoning I would
therefore have to conclude that the 10-year-old plant would not be 80 years old
(physiologically), although I suspect it could easily be much more than 10.

In most cases the propagator is working with clones that were selected for
characteristics exhibited in their mature phase, and successive generations of vegetative
propagation has resulted in stabilization (fixing) in this condition at the expense of any
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juvenile characterlstlcs (Hartmann and Kester’s Plant Propagation: Principles and
Practices, 7" ed., p.610). For cuttings rooted from plants in this mature growth phase, the
“fixed” phys1010g1cal condition of the parent plant is passed on to the newly produced
plants. For difficult-to-root plants the propagator must attempt to turn back the clock and
restore their stock to a juvenile phase where greater regenerative rooting potential exists.
This is usually accomplished by cutting the plants back severely so that only vigorous,
upright, non-flowering shoots are produced. Dr. McCown points out that the juncture of
the stem and root is referred to as the “basal collar” and remains the most juvenile part of
the plant. Shoots which arise from this area will exhibit more juvenility than growth from
the main stem of the original stock plant. Additionally, Mr. McMillan-Browse comments
“the faster the growth achieved by this process, the higher is the level of regenerative
capacity regained. Therefore, it is the speed of growth which is the critical factor in
regenerative capacity.”

Mr. McMillan-Browse also speaks about the importance of including the “basal
swelling” with the cutting. Although he probably means this to include the basal collar,
this might also be interpreted as the swelling which is typically seen where
twigs/branches/trunks intersect. Using Salix daphnozdes as an example, but generalizing
this concept to include other woody plants... “quality (size and vigour) of the new plant is
greatest when derived from the basal cuttmg, with progressively, declining quality with
cuttings taken from the tip of the shoot.” “This basal swelling ...represents the fastest
growth rate of the new shoot...” and therefore, the greatest regenerative capacity. These
basal portions are the oldest chronologically, but are the most juvenile in maturity
(ontogenically) whereas the tips are the youngest chronologically but the most mature
physiologically. It is a commonly accepted nursery practice to leave a “heel’” on the
bottom of conifer cuttings, as well as many harder-to-root deciduous trees and shrubs.
Many times at our nursery we like to leave a sizeable bit of the older stem and on
compact shrubs, like Fothergilla and dwarf forms of Hamamelis and Clethra we will
actually take a branched cutting that includes 2- or 3-year old wood. We believe this
improves the quality and overwintering success of our rooted cuttings and we have been
doing so without even realizing enhanced juvenility might be a factor.

In 2014 I thought I would try some cuttings from a plant my grandmother had grown of
Rosa ‘Harison’s Yellow’. Regarded as difficult to root, I found that to be true. I also
discovered that it was introduced in 1824. I asked Mr. Bill Hendricks of Klyn Nursery,
Perry, Ohio what he thought of the idea of rootability declining with the accumulated age
of the original clone. Like me he had never given the question any thought, but he did
note that Malus ‘Bob White’, a cultivar introduced in 1876, was one of the most difficult
crabapples for his propagator to root. Do these observations have anything to do with total
chronological age, clonal degeneration, failure to restore juvenility (rejuvenate), or
something else? Probably all of the above are involved.

HOW LONG SHOULD A PLANT BE MONITORED TO DETERMINE IF ITS
DESIRED TRAITS ARE REPRODUCIBLE?

Growing in one of Ohio’s highway rest areas are several unique and interesting specimens
of Ginkgo biloba. Although they do vary slightly, their distinguishing traits are being tall,
narrow, and possessing branches spaced tightly along the trunk, almost to the point of
touching at their bases. Branching is so thick that it is difficult to insert your hand and
touch the trunk. From a distance the trees appear like thin, tapered paint brushes held
upright. Probably planted in the 1970s, I can only assume they were sourced from a
commercial nursery, although no one I have spoken to has ever seen a cultivar which
resembles this form. No graft unions can be observed — might these be nearly identical
seedlings or clonal cuttings? No one really knows.

Dr. Bob Lipka was one of the first to notice just how unique they are and 5 or 6 years
ago he gathered some propagating material. He called this plant Ginkgo biloba
‘Grindstone’, named after the area in which they were found. Technically, he felt that
each plant could be considered a clone, so he focused on the plant with the thickest,
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fullest form. He told others about the plants and soon several propagators were trialing it
as well. In 2014 I received bare-root liners from two of these growers. Plants were in the
3- to 4-ft size range. Some of them were upright in form while others exhibited a wider
branching habit. Ginkgo are notorious examples of plants exhibiting topophysis — the
phenomenon of the location from which the cutting is taken influencing the habit of the
plant it produces, and this can create real issues for growers. I contacted four other
propagators who had plants in the 3- to 4-year-old range. They reported some plants had
wide branch angles but the majority was upright; again, topophysis at work. What I find
of interest is that the dense twiggy branch formation of the mother tree is not clearly
evident in the young plants being produced from it. Although Dr. Lipka reports a small
percentage of his plants have dense branching, none are thick as the mother tree. Should
this characteristic not be reproducible? Instead of branches that are packed almost to the
point of touching, the limbs on my plants are well within what would be considered
“normal” for the species. Is this inconsistency due to vigor and in time will revert to what
is expected for this clone? Would cutting produced plants look different than those that
are budded or grafted? I would expect own root plants to develop more slowly and have
shorter internodes. Again thinking of Mr. McMillan Browse, instead of using propagation
material from tips of ascending branches, what would happen if we were to take scions
from the base of the same branch or closer to the basal collar? In his article he states:
“Woody plants grown from cuttings with basal swellings show the expected
characteristics of the mature cultivar by the second season after propagation.” Would this
solve the problem seen in the ‘Grindstone’ ginkgo? Lacking time to visit the mother plant,
in 2014 I took terminal cuttings from the more upright portions of the 3- to 4-ft liners
which we had purchased. Ideally, I would like to take cuttings from different locations on
the original tree. The answer must be in there somewhere.

This begs the question, how long should a plant be monitored to determine if its desired
traits are reproducible? I believe that this topic can and does stimulate considerable
debate. Let me give you but one short example. Our company has in the last 18 years
introduced two forms of weeping Cercis canadensis, ‘Covey’ (Lavender Twist™ red bud)
and Vanilla Twist® red bud. In each case the mother plants were observed for several
years, as were young plants produced from them until it was easily discernible that the
strongly weeping trait was maintained through propagation. However, I was always
hoping to find another Cercis that possessed a more upright habit with a dominant central
leader as well as weeping branches. Observing several hundreds of F, seedlings involving
‘Covey’ and ‘Royal White’ we found plants that were primarily strongly weeping or
exhibited the normal, wide spread form typical of the species. Nothing impressed me as
intermediate. However, now nearly 10 years later some plants are beginning to develop a
form that appears going in the right direction.

During this time a Cercis was found in an old park in Cleveland. It was close to 15 ft
tall and had definite cascading branches — very much like I had been seeking. We
propagated it and after approximately 7 or 8 years the young plants still have not taken on
the form of the parent tree. These examples, along with the previously mentioned Ginkgo,
suggests two points:

1) Some mature characteristics that we select for may not develop in time to be present in
the smaller, younger plants that we offer for sale and possibly.
2) That such a delay may limit the marketability of such a selection.

I have now initiated propagating some of the more interesting F2 Cercis hybrids and I
will be watching the young plants they produce to see how long it takes for them to
develop the same parental forms.

OBSERVATIONS ON DWARF SELECTION OF GINKGO

Continuing with Ginkgo biloba, 1 have been rooting softwood cuttings of this ancient
specie for a number of years. They are quite easy to do but own root plants will be slower
to develop into saleable stock than those that are budded or grafted. The fastigate form I
am producing is called ‘Elmwood’ and for whatever reasons, I find this selection easier to
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produce with a straight, central leader. Many of the clones I have tried were nearly
impossible to develop and keep a central leader without staking. For me, ‘Elmwood’ is
easier. As much as possible I limit my cuttings to new growth taken from branches that
are strongly ascending. Even the young 2-, 3-, and 4-year-old plants are showing a very
high percentage of central leader dominance and narrow branch crotch angles.

In 2013 I thought I would try rooting some of a dwarf selection called ‘Troll’. Cuttings
were taken on July 31, treated with 1:10 Dip ‘N Grow and placed into mist. One year
later, new growth is about 0.5” long and rooting appears weak. This is probably what I
should have expected from a dwarf. But then a question occurred to me, does the
rootability of any given dwarf form depend at all on the origin of the original plant? In
other words could ease of asexual reproduction be additionally influenced by whether it is
a genetic dwarf (from seed) or a mutated form (broom) of an otherwise normal growing
plant? A broom generated plant would most certainly have arisen in an old, mature or
even senescing tree where rooting percentages would be expected to be low. Grafts from
these would be perpetuating the mature characteristics and unless the grafted plants were
being cut back drastically, one would not expect to find a lot of vigorous new growth
(cuttings) being produced. However, I think if I wish to do own root dwarf ginkgo,
cutting them back to produce juvenile growth is what I will need to consider.

OBSERVATIONS ON INCONSISTENT POD FORMATION IN ‘DAVES’
COLUMNAR HONEY LOCUST

Several years ago our company introduced Gleditsia triacanthos ‘Draves’, marketed
under the name of Street Keeper™ columnar honey locust. The nearly 50-year-old mother
plant had been found near Buffalo, New York where it had been observed by Mr. Tom
Draves for nearly 20 years. During this time he had not noticed it to be a seed producing
plant. When one of the distinctive pods of this specie was shown to the owner, who had
lived there since it was planted in his front yard; he asked “what is this”? But, shortly
after being put into production the mother plant began to produce seeds, sometimes quite
heavily. Growers also found that this was happening but oddly enough, not every tree, not
every year and not in every nursery. Gleditsia is a plant that can change the balance of
male and female flowers it produces from year to year, and stress may possibly be a factor
in causing this. Trees that have been primarily male can start producing seed and plants
that were primarily female can begin producing male flowers. Could it be that the stock
plants being used by propagators have become “fixed” into male or female clones? Could
some of the ‘Draves’ selection simply be replicating the mature physiologic age of the
parent tree while others are expressing the juvenile (non-fruiting) traits of rejuvenated
stock. One grower indicated he found a plant with thorns which would be an indication of
a juvenile phase.

The first year we collected budwood we used a bucket truck to reach into the upper
portion of the nearly 50-ft-tall mother tree. I recall that there was a small zone in the
upper portion that had pods, probably limited to one branch. That was all. We avoided
that area in harvesting propagation material. Several years later, however, the tree had
started to produce pods throughout, sometimes in very large quantities. Could the scions
we gathered after the 1% year have had a different sexual reflection than before? What
might have happened to initiate seed production on the entire tree? One individual
suggested that the use of the systemic insecticide, Bidrin®, to control honey locust plant
bugs, might have encouraged the parent tree to set more flowers. This product has a
phosphorus component in its chemistry and apparently there is antidotal evidence to
support this side effect in flowering trees. Or, is it possible that the plant bugs had been
limiting flower production and once they had been killed by the insecticide, the flowers
could carry on as never before? Could it be that the ‘Draves’ selection is primarily a
female clone that will not produce fruit unless it is pollinated by another male clone?
With only two licensed propagators receiving scions during this time I thought it might be
possible to determine if one of them was working with a primarily female or male clone,
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but it appears that plants from both suppliers have seed producing capacity. Once again,
the answer to the vexing question of inconsistent pod production remains to be found.

OBSERVATIONS ON PRODUCTION WITCH HAZEL

In 2009 the idea of a fixed juvenile form crossed my mind when I visited wild
populations of Hamamelis ovalis (running witch hazel) in Camp Shelby, Mississippi. Mr.
Harald Neubauer (Hidden Hollow Nursery in Belvedere, Tennessee) and I were being
escorted by Mr. Steve Leonard who had discovered this new species in 2005. Three
locations were visited and despite recent fires, we were surprised to find some plants over
8 ft tall and others that spread across the ground like a mat measuring approximately 12 ft
wide by 18 in. high. Later that same year I went with Mr. Wayne Webb to observe other
colonies in Clark County, Alabama. Here we found plants at least 12 ft tall that were
surrounded by what appeared to be short rhizomatous outgrowths from a central location.
We had observed the same spreading growth habit in Mississippi. Although I was told
that a least one “mat form” had been observed in this area, I was not able to see it for
myself.

The question of this low growing form still puzzles me. Could it be a genetic dwarf that
still maintains the running characteristic? Is it some sort of abnormal habit that has
become “fixed,” the result of some environmental factor, such as periodic fires? Is a
juvenile form that may not flower as well as more ascending forms? From the most
pronounced of the low statured plants I gathered some rhizomes which have been
established at our nursery. We are anxiously waiting to see just how they perform and if
they will remain short. We are taking cuttings from these as well as about 12 other normal
growing clones (grafted) in an attempt to get each of them established on their own roots.
So far it has been possible to observe that some clones definitely do root better than
others. I imagine the trick is going to be, as it appears to be for most efforts to do
Hamamelis by cuttings, to get them into their 2™ or 3™ winter without dying. Own root
Hamamelis are famous for dying during their first winter outdoors, even if they are 2 or 3
years of age at the time. Could lack of root hardiness on cutting grown plants be a sign of
juvenility? Dr. McCown told me “...root tissues probably always remain juvenile, but we
have no way to measure this since roots do not flower.”

OBSERVATIONS ON PRODUCTION OF RED MAPLE CULTIVARS

When it comes to the production of Acer rubrum cultivars the nursery industry has come
a long way from the days when budded stocks suffered high failure rates due to
incompatibility. Production by cuttings or tissue culture has become the accepted and
preferred standard. Several years ago a local landscape architect suggested that I grow
him some plants of A. rubrum ‘Columnare’ so I immediately looked to the mainline
producers of tree liners for a supplier for this very old selection. Finding none, I asked
Kris Bachtell at the Morton Arboretum to send me some budwood from their majestic
specimen. This material arrived in October 2006 and the only understock I had available
were some containers of own root 4. rubrum ‘Somerset’ and ‘Brandywine’. Due to the
size mismatch I chip budded these anywhere from 3 to 5 ft up from the bottom. Enough
survived that I was able to plant out about six of them. At that point I did not record on
which understocks the grafts had succeeded or failed. For several of the following years
we asked Hidden Hollow Nursery to bud for us additional trees using 4. rubrum as the
understock. The observation I wish to make is that for the stock budded onto A. rubrum
seedlings a number of plants eventually formed a swollen, bell-shaped flair at the graft
union and died from incompatibility. This is consistent with the problem that was
expected from budded propagation before the days of own root cultivars. On the other
hand, my two remaining plants which are on ‘Somerset’ and ‘Brandywine’ have reached
a caliper size of 3.5 in. and have perfectly smooth unions and no symptoms of
incompatibility after 8 years. This suggests to me that had not the industry developed own
root techniques for commercial cultivars of A. rubrum and A.x freemanii then it might
have pursued clonal understocks and cultivar compatibility studies. Of course such a
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project might have been academic in nature, since to develop clonal understocks begs the
question, by what means would they have been produced if not by rooting or tissue
culture (perhaps stooling?) As it stands today, budding onto a specific clone might prove
useful only in limited instances where a particular cultivar remains difficult to root or to
establish new stock. I would like to point out that we have tried to root this cultivar using
softwood cuttings with very limited success. It is my understanding that J. Frank Schmidt
& Son and Klyn Nursery have found it difficult as well. I bet Mr. McMillan Browse
would suggest the fact this cultivar was introduced prior to 1889 has a lot to do with that.

WINTER DAMAGE OBSERVATION

Let me make an observation on winter damage, of which we have seen a lot occur in our
fields as of late. Brotzman’s Nursery is primarily a producer of field grown stock and we
maintain only about 10,000 ft* of container production. A wide range of both deciduous
and evergreen plants are overwintered in white, single-poly covered houses measuring
110%14 ft and either 8 or 11 ft tall. In the past certain plants were chosen to be stored in
specific houses only as dictated by available space or their height requirements. Once the
houses are closed we try to enter once, if not twice during periods of thaw to water each
container thoroughly.

After the winter of 2014 we experienced higher loses than normal, despite being able to
water once in mid-winter. At the time I was surprised to find that the greatest losses were
in the taller houses. Whereas Ginkgo biloba ‘Elmwood’ (own root) growing in quarts, 1-
and 2-gal containers were fine in the short houses, 6-ft standards of G. biloba ‘Troll’ in
15-gal containers were mostly dead. The same observation was made for own-root plants
of Parrotia persica ‘Vanessa’. Quart and 1-gal containers in short houses were mostly
alive, whereas most of the 3-gal containers from the high house were badly hurt or killed.
Assuming all containers had adequate amounts of moisture during critical periods, I now
realize that during the prolonged and extreme cold we faced, the tall houses may have
offered less protection than the short houses, primarily due to the greater heat loss from
the taller house. Using the formula for Heat Conduction Loss Factor [TSA (Total surface
area) X T (max. temp. inside — min. temp outside) X HLV (heat loss value of poly
covering, which is .83 for 4 ml)] I determined my 8-ft houses would lose 118,695 BTU/h
and my 11-ft houses would lose 178,000 BTU/h. Apparently the shorter houses held more
of the ground heat closer to the container, whereas in the higher houses the ground heat
escaped more quickly into the ambient air and eventually, to the outside. Clearly during
the long periods of below zero temperatures the issue became a matter of root damage
from the containers freezing. In the future, using air inflated double poly, laying the plants
down and covering with a sheet of poly or a frost blanket or utilizing an alternate location
for the suspect species may need to be considered.
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Management of Boxwood Blight Caused by Calonetria
pseudonaviculata®

J.A. LaMondia

The Connecticut Agricultural Experiment Station Valley Laboratory, P.O. Box 248,
Windsor, Connecticut 06095, USA

Email: James.LaMondia@ct.gov

Calonectria pseudonaviculata causes leaf and stem lesions resulting in defoliation and
dieback of boxwood. Trials were conducted to evaluate fungicide management of
boxwood blight under greenhouse and container nursery conditions in Connecticut using
fungicides previously determined to have in vitro activity against conidial germination or
mycelial growth. Plants of different boxwood cultivars were inoculated 48 h after
fungicide application. Disease progression was monitored over 6 weeks and progressed
from leaf and stem lesions to defoliation. The level of disease control achieved by
fungicides was generally good, with the most efficacious treatments averaging from 95%
to nearly 100% control. Products containing propiconazole, myclobutanil, thiophanate-
methyl, fludioxonil, pyraclostrobin, kresoxim-methyl, and chlorothalonil had significant
efficacy. The combination of systemic plus protectant fungicides in a single application
resulted in superior disease control compared to the use of a systemic fungicide. There
were no differences between the fungicide treatments that included thiophanate-methyl
and those that included propiconazole as the systemic fungicide. Korean and ‘Winter
Gem’ (Buxus sinica var. insularis) were the least susceptible of the taxa evaluated,
common boxwood (B. sempervirens) and true dwarf (B. sempervirens ‘Suffruticosa’)
were the most susceptible, and ‘Green Mountain’ (B. sinica var. insularis * B.
sempervirens ‘Suffruticosa’) and ‘Green Velvet’ (B. sinica var. insularis * B.
sempervirens ‘Suffruticosa’ were intermediate. These results suggest that B. sinica var.
insularis may have some level of resistance to boxwood blight. Management of boxwood
blight will rely on integrated best management practices that include inspection of
incoming plant material, sanitation, cultural controls including use of cultivars tolerant to
infection, and fungicide application.
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Calonectria pseudonaviculata Can Cause Leaf Spot and Stem Blight of
Pachysandra terminalis and Pachysandra procumbens®

J.A. LaMondia and S.M. Douglas

The Connecticut Agricultural Experiment Station Valley Laboratory, P.O. Box 248,
Windsor, Connecticut 06095, USA

Email: James.LaMondia@ct.gov

Cylindrocladium pseudonaviculatum Crous, J.Z. Groenewald & C.F. Hill (syn=
Calonectria pseudonaviculata (Crous & al.) L. Lombard & al., Cylindrocladium buxicola
Henricot) was recently reported infecting boxwood Buxus spp. L. in North Carolina and
Connecticut. This was the first report of this disease in North America (Ivors et al., 2012).
The pathogen caused significant losses in container nurseries and in the landscape in both
states and a number of boxwood taxa were shown to be infected. Henricot et al. (2008)
reported that all Buxus spp. tested and a Sarcococca Lindl. (sweet box) sp. tested were all
susceptible to this pathogen. Plants in the Buxaceae that are either native or grown as
ornamentals in North America include Buxus, Sarcococca, and Pachysandra Michx.

Japanese spurge, Pachysandra terminalis Siebold & Zucc. is widely grown and
Allegheny spurge, Pachysandra procumbens Michx., is a native plant that is also grown
as an ornamental ground cover in nurseries and landscapes. Pachysandra procumbens is
primarily reported as a perennial woodland herb or subshrub from the southeastern United
States, from Louisiana to Florida and north to Indiana and Pennsylvania. It is relatively
rare in nature with locally common populations (Dirr and Alexander III, 1979). It is hardy
far north of its natural range and is propagated and sold as an ornamental groundcover in
the nursery trade.

We inoculated healthy plants of both Pachysandra species in separate experiments to
conduct Koch’s postulates. Circular lesions (1-4 mm diameter) were evident on leaves
within 7 to 10 days after inoculation. Stem lesions were also observed. All inoculated
plants developed lesions, and no lesions were observed on non-inoculated plants. Leaves
and stems with lesions were surface sterilized in 0.5% NaOCI for 30 s, rinsed twice in
sterile distilled water and lesion margins plated onto water agar or 2 PDA (potato
dextrose agar). The pathogen was re-isolated from all plants tested.

Stem lesions girdled the plant after 2 weeks and resulted in stem blight and plant death
of P. procumbens, but not P. terminalis. Under humid conditions, heavy sporulation of C.
pseudonaviculatum was observed on both leaf and stem tissues of P. procumbens.
Sporulation also occurred to a lesser extent on P. terminalis. Microsclerotia were
observed in infected leaves and chlamydospores, in infected leaves and stems using both
tape lifts and epidermal peels at 400x magnification.

Cylindrocladium pseudonaviculatum has now been shown to cause disease on all
common ornamental species in the Buxaceae grown in North America. To date, over 20
cases of natural landscape infections in P. terminalis have been confirmed in Connecticut
(S.M. Douglas, pers. commun.). The discovery of landscape infections of P. terminalis
resulted in important modification of best management practices for management of this
disease in the landscape (Douglas, 2012).

Pachysandra procumbens, while not as common as P. terminalis, typically grows in
environments conducive for the development of disease and may also serve as a reservoir
of inoculum for the boxwood blight pathogen in cultivated landscapes and in nature. In
addition, P. procumbens is listed by the USDA Natural Resources Conservation Service
as endangered in states such as Florida and Indiana (<http://plants.usda.gov/java/
threat?statelist=states&stateSelect=US12>) and C. pseudonaviculatum leaf spot and stem
blight may further threaten this species in its native habitat.

205



ACKNOWLEDGEMENTS

The authors thank Michelle Salvas and Nathaniel Child for technical assistance. This
research was supported by grants from the USDA APHIS and Horticultural Research
Institute.

Literature Cited

Dirr, M.A. and Alexander III, J.H. 1979. The Allegheny pachysandra. Arnoldia 39(1):16-
21.

Douglas, S.M. 2012. Natural infection of pachysandra with boxwood blight in
Connecticut landscapes. CAES Fact Sheet <http://www.ct.gov/caes/lib/caes/
documents/publications/fact_sheets/plant_pathology and_ecology/natural_infection_o
f pachysandra_with_boxwood_blight in_connecticut_landscapes_07-03-12.pdf>.

Douglas, S.M. 2012. Guidelines for reporting and managing boxwood blight in
Connecticut landscapes Ver. 2.0. CAES Fact Sheet <http://www.ct.gov/caes/
lib/caes/documents/special_features/boxwood_blight/guidelines_for_reporting_and_m
anaging_boxwood blight in_connecticut landscapes version 2 10-12-12.pdf>.

Henricot, B., Gorton, C., Denton, G. and Denton, J. 2008. Studies on the control of
Cylzndrocladzum buxicola using fungicides and host resistance. Plant Dis. 92:1273-
1279.

Ivors, K., Lacey, W., Milks, D., Douglas, S.M., Inman, M.K., Marra, R.E. and LaMondia,
JLA. 2012. First report of boxwood blight caused by Cylindrocladium
pseudonaviculatum in the United States. Plant Dis. 96:1070.

Full Manuscript References

LaMondia, J.A., and Li, D.W. 2013. First report of Calonectria pseudonaviculata causing
leaf spot and stem blight of Pachysandra procumbens. Plant Health Progress
<http://www.plantmanagementnetwork.org/sub/php/brief/2013/allegheny>.

LaMondia, J.A., Li, D.W., Marra, R.E. and Douglas, S.M. 2012. First report of
Cylindrocladium pseudonaviculatum causing leaf spot of Pachysandra terminalis.
Plant Dis. 96:10609.

206



Clivia Breeding at Longwood Gardens®

Alan Petravich
Longwood Gardens, 1001 Longwood Road Kennett Square, Pennsylvania 19348, USA
Email: apetravich@longwoodgardens.org

Longwood Gardens, in Kennett Square, Pennsylvania, has recently released three
cultivars of Clivia miniata from their breeding program which began in 1976. At the
beginning of the program, most existing C. miniata were orange flowered cultivars, and
yellow flowers were rare and very desirable. The original goal of the breeding program
was to produce a superior yellow flowered Clivia. Thirty-four years after the program
began, in 2010, C. miniata ‘Longwood Debutante’ was released at the North American
Clivia Society Show at Longwood Gardens. “Debutante” is a fitting name as this plant
was the first release from Longwood’s breeding program to enter into Clivia Society. It
was revealed in the grandeur of the Longwood Ballroom. Clivia miniata ‘Longwood
Debutante’ produces slightly fragrant, buttery yellow flowers, with overlapping tepals, in
an umbel set on a sturdy scape, that rises nicely above the dark green foliage. The goal of
the breeding program was realized with ‘Longwood Debutante’. Superiority of the plant
was validated when single blooming fans of Clivia ‘Longwood Debutante’ sold for $900.

Fig. 1. Clivia miniata ‘Longwood Debutante’.

In 2011, C. miniata ‘Longwood Fireworks’, a second yellow flowered cultivar, was
released and again sold for $900 per single blooming division. Clivia miniata ‘Longwood
Fireworks’ produces large, soft yellow flowers, with reflexed tepals and protruding
stamens, which are held on a spherical umbel, that rises well above the foliage. Fireworks
traditionally fill the summer skies over Longwood during the Festival of Fountains, and
the reflexed tepals, protruding stamens, and impressive umbel of ‘Longwood Fireworks’
creates a flower that looks like an explosion of fireworks in the sky.
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Fig. 2. Clivia miniata ‘Longwood Fireworks’.

In the process of breeding Clivia at Longwood, a chance mutation manifested keeled
tepals. A keel refers to a raised area on a flower petal that resembles a keel of a boat. In
some cases, the keel actually changed the shape of the flower. The keeled tepals were so
unique and interesting, that a new breeding goal of producing keeling cultivars was set.
Several years of data was collected on keeling seedlings. In some cases, a plant that
keeled very well one year had very little keeling other years. After years of observation,
C. miniata ‘Longwood Sunrise’ was introduced with uniformly keeled orange tepals.

Fig. 3. Clivia miniata ‘Longwood Sunrise’.
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The evaluation of seedlings continues and several new cultivars are in the pipeline. In
2015 Longwood plans to release a cultivar with orange tepals with a deep bronze cast,
and green throats. The tepals fade to a brick red color. Red is a rare and desired color in
Clivia breeding. A 2008 cross produced a plant with green flowers with an ivory
highlights. Green is also a very coveted color in the Clivia world. Several other keeled
selections of various color combinations may also be released in the future.

It should be mentioned that not all Clivia cost $900 for a single plant. Seeds can be
purchased relatively cheaply. Unnamed selections of attractive plants can be obtained for
reasonable prices. Do not be afraid of Clivia. They make great house plants, and thrive on
the coast of California. They tolerate low light conditions and are drought tolerant. Protect
them from direct sunlight and freezing, and they should grow well for you. They have
attractive leaves that look good all year, and amazing flowers if grown correctly.

Clivia are easily started from seed. The seed should be planted soon after it is removed
from the berry. If it desiccates, it may not germinate. Place the seed on the surface of
moist vermiculite in a Tupperware container in indirect sunlight. The seed will produce a
huge root that tends to push the seed out of the soil. After the leaf emerges, plant the long
thick root in a well-drained mix. Allow the plant to dry between watering’s. Be patient. If
you are an amazing grower, you may see a bloom 3 years after sowing the seed. In some
cases, it could take 7 to 8 years to see a bloom. The plant needs to produce 13 leaves
before it blooms. The faster you produce the required leaves, the faster the plant will
bloom.

After the required 13 leaves have been produced, the plant needs a cool dry dormancy
for at about 40 days. During the dormant period temperatures should be maintained below
50°F and above freezing. Plants should receive very little water during this time. If the
proper dormancy is not administered, the flower stalks may not elongate properly, and
remain hidden in the foliage. After the dormancy requirements have been met, water the
plants and gradually raise the growing temperature to the mid-60s. Two months after
breaking dormancy, the plants should bloom and brighten your spring.
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Does Composting Eradicate the Pathogen Responsible for Boxwood
Blight? An Outline of Future Investigations®

R. Harvey, D. Davis and J. Pecchia

Department of Plant Pathology and Environmental Microbiology, The Pennsylvania State
University, University Park, Pennsylvania 16802, USA

Email: jap281@psu.edu

BOXWOOD BLIGHT: AN OVERVIEW

Boxwoods (Buxus spp.) have been a staple ornamental in both Europe and the United
States for hundreds of years (Bir et al., 1997; Henricot and Culham, 2002; Varela et al.,
2009). Controversy exists surrounding the current naming of the pathogen responsible for
boxwood blight. This stems from the pathogen being isolated and proposed as a new
species independently by two different lab groups in 2002. The first of these reports
(Crous et al., 2002), documented a new species of fungus infecting boxwoods in New
Zealand and described it as Cylindrocladium pseudonaviculatum. Shortly thereafter,
Henricot and Culham (2002), published a paper documenting their findings and named
the fungus Cylindrocladium buxicola. Although the teleomorph has yet to be observed,
the name Calonectria pseudonaviculata has been proposed for the sexual stage by
Lombard et al. (2010). However, within the research community Calonectria
pseudonaviculata is becoming the preferred name, and will be used in this paper.

Due to the polycyclic nature of the disease, boxwood blight poses a significant threat to
the boxwood industry. The adhesive nature of C. pseudonaviculata’s spores also
contribute to the rapid spread and infection of new hosts (Henricot, 2006). Infested tools
and clothing, if not properly sanitized, can vector pathogen propagules inadvertently to
healthy plants and non-threatened areas. The life cycle for the pathogen is rather
straightforward. Germination takes place approximately 3 h after inoculation, with
penetration occurring approximately 5 h post-inoculation under ideal weather conditions
(Henricot, 2006). Penetration occurs directly through the cuticle, or through a stoma. The
presence of an appressorium has not been reported for this pathogen. Once the fungus
enters the host, the mycelium grows intercellularly within the mesophyll; the fungus re-
emerges through the stomata 2 to 3 days after initial infection. After 1 week,
conidiophores can be observed on the abaxial leaf surface (Henricot, 2006). The presence
of microsclerotia, which represents a method of survival during adverse environmental
conditions, has also been noted (Henricot, 2006; Ivors et al., 2012).

The disease and symptom progression of boxwood blight is as follows. Circular lesions
appear initially on the leaf, forming concentric rings which appear due to the outward
growing of the fungus (Akilli et al., 2012; Cech et al., 2010; Crepel et al., 2003; Elmhirst
and Auxier, 2013; Gorgiladze et al., 2011; Henricot and Culham, 2002; Henricot, 2006;
Ivors et al., 2012; LaMondia et al., 2012; Mirabolfathy et al., 2013; Saurat et al., 2012;
Varela et al., 2009). Over time, the lesions expand, eventually coalescing and leading to
leaf death. Symptoms are not limited to the leaves. Large black cankers and streaks
appear on the stems, eventually leading to total defoliation and plant death (Akilli et al.,
2012; Cech et al., 2010; Crepel et al., 2003; Elmhirst and Auxier, 2013; Gorgiladze et al.,
2011; Henricot and Culham, 2002; Henricot, 2006; Ivors et al., 2012; LaMondia et al.,
2012; Mirabolfathy et al., 2013; Saurat et al., 2012; Varela et al., 2009).

The host range of C. pseudonaviculata is not fully understood; however, in vitro
experiments have yet to uncover an immune species of Buxus. Buxus balearica appears to
be most resistant to the pathogen. This putative resistance is attributed to its thick leaves,
leading to the postulate that the pathogen experiences difficulties penetrating the leaf
Unfortunately, B. sempervirens represents one of the most popular boxwood speicies, and
shows the most susceptibility towards the pathogen (Henricot, 2006; Henricot et al.,
2008). Other member species of ornamental importance in the Buxaceae family include
Sarcococca sp. and Pachysandra sp., both of which have been evaluated for
susceptibility. Sarcococca has illustrated some susceptibility to the pathogen, but not to
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the same extent as in Buxus (Henricot, 2006, 2008). However, Pachysandra terminalis
(LaMonida et al., 2012) and P. procumbens (LaMondia and Li, 2013) have been
confirmed as susceptible.

Severe damage and losses have occurred due to the rapid rate of boxwood blight spread
in the United States. Ten thousand plants were confirmed to have boxwood blight in
North Carolina alone, with the amount of infected plants found in Connecticut being 15-
fold higher. Within two nurseries, 150,000 infected boxwood plants were found (Ivors et
al., 2012). The estimated monetary loss in Connecticut alone amounts to $3,000,000
(LaMondia, 2014). Boxwood blight is a major concern for the nursery industry, as the
boxwood market is valued at $103 million annually. Fourteen states have confirmed cases
of boxwood blight in the USA (Fig. 1) as well as Quebec, Ontario, and British Columbia
in Canada, as of December 2014.

Source: digmaps.nct (<]

Fig. 1. Incidence of confirmed boxwood blight cases in the United States. Fourteen total
states have reported the disease, mainly on the East Coast. Map as of December
2014.

COMPOSTING AS A METHOD FOR CONTROL
Composting is a complex process involving multiple physical and biological factors.
Generally, composting involves microbial decomposition processes that transform
heterogeneous organic waste to a homogenous soil-like material. These decomposition
processes produce heat, leading to internal temperatures that vastly exceed ambient
(Hassen et al., 2001). Overall the composting process can be divided into three separate
phases: mesophilic, thermophilic, and cooling (Hassen et al., 2001; Hoitink et al., 1997).
Temperature appears to be the key factor involved with pathogen eradication by
composting (Fayolle et al., 2006; Harnik et al., 2004; Hassen et al., 2001; Hoitink et al.,
1997; Noble and Roberts, 2004; Noble et al., 2009). Heat can be an effective killer, even
when not with in the composting system. Harnik et al. (2004) reported that
chlamydospores of the pathogen Phytophthora ramorum were killed in 3 min when
exposed to temperatures of 53°C. Indirect evidence of pathogen eradication was reported
by Hassen et al. (2001), when they observed that fungal populations declined during the
thermophilic stage of the composting process, indicating that many fungi cannot tolerate
the high temperatures. Generally, many fungi can be eliminated under composting
conditions at 52°C for 7 consecutive days (Hoitink et al., 1976; Noble and Roberts, 2004;
Noble et al., 2009). However, not all fungi are eradicated under these conditions.
Windrow composting produces a temperature cross sectional profile, with uneven

212



heating, due to air flow and insulation properties of the substrate. Therefore, windrows
must be turned on a regular basis to ensure that all material is exposed to high
temperatures (Hoitink et al., 1997).

Aeration is another factor that influences pathogen eradication. Fayolle et al. (2006)
noted that under aerated conditions, pathogen eradication was successful in compost;
however, no aeration led to incomplete pathogen eradication. When compost is not
aerated or turned properly, the system can become anaerobic, which results in lower
temperatures in the compost pile (Fayolle et al., 2006).

High moisture leads to eradication temperatures that are lower than in drier composts
(Noble et al., 2004). Fayolle et al. (2006) demonstrated that Plasmodium brassicae
eradication was not as efficient in drier composts as compared to composts that had
higher moisture contents. There was one exception, however. The level of moisture in
wood-chip-compost did not influence eradication by heating (Fayolle et al., 2000).

RATIONAL/PLAN OF ACTION

Pathogen presence in compost is an important issue. To alleviate landfill pressure, many
green wastes are being diverted to composting operations (Fayolle et al., 2006). However,
many states have regulations limiting landfilling of organic wastes. Burning is another
method utilized to dispose of organic waste. However, bans on open burning are also
increasing (Noble et al., 2009). As a result, yard waste from many locations currently
ends up in the compost stream. Such organic waste may include infected boxwood
materials. If composting is not able to eradicate the pathogen, then reapplication of the
finished compost as mulch near healthy boxwoods could lead to disease outbreak.
However, the safety of compost must be ensured, and protocols must be established to
ensure pathogen elimination (Fayolle et al., 2006; Noble et al., 2009). Both environmental
and plant pathological perspectives must be accounted for, in order to prevent the
introduction and spread of pathogens from non-infested to healthy areas (Noble et al.,
2009).

Calonetria pseudonaviculata produces microsclerotia which are extremely resistant to
extreme environmental conditions, and function as survival structures. It is unknown
whether the temperatures and environmental conditions within a compost pile are
adequate to destroy microsclerotia. However, if composting is shown to destroy the
pathogen, then composting could be employed as an environmentally friendly control
option. If the pathogen survives temperatures routinely reached in commercial
composting operations, then compost being used for mulches or as soil amendments could
be a potential source of inoculum, further contributing to spread of the pathogen.

A small bioreactor system has been constructed within the Mushroom Research Center
at The Pennsylvania State University (Fig. 2). This system includes three independently
controlled incubators, each of which holds three reactor vessels. Each reactor vessel has a
diameter of 15.2 cm and a height of 31.5 cm. The benefit of a small bioreactor system is
that precise temperature and oxygen controls can be incorporated, eliminating variability
found in a windrow or aerated composting systems. Flow regulators control the volume of
air that enters the system, and each incubator can be programmed to maintain a different
temperature regime. Another benefit is the ability to monitor multiple metrics in the
system. Each reactor vessel is connected to a data collection system that gives real-time
readings, as well as allowing data storage on a computer. Oxygen and carbon dioxide
meters, as well as boric acid traps for ammonia analyses, allow for measurement of
exhaust gas from each vessel. Each vessel also has a probe for temperature monitoring.

Overall, this bioreactor design allows performance of carefully controlled
experiments to examine specific questions related to pathogen eradication. We plan to
first investigate the effect of compost temperature and time on pathogen survival, as this
is likely the most important factor. Other options can then be explored, such as
comparison of different starting materials to determine if their content plays a role in
pathogen eradication. For example, a low C:N ration would mean that more ammonia
would be produced, which might help with pathogen eradication. In addition, the effects
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of other microbes could be investigated to determine if different microbe populations
influence pathogen eradication.

Fig. 2. Three bioreactors inside of a high-temperature incubator. The system consists of
three incubators, allowing for the simultaneous operation of nine bioreactors.
Humidified air enters the reactor at the bottom, and exits the top. The reactors
hold approx. 4 L and are constructed with 15.2 cm diameter PVC.

It is our goal to utilize this system to evaluate the survival of C. pseudonaviculata
during the composting process. As this new pathogen presents a significant threat to the
nursery industry, it is extremely important to recognize and identify any and all pathways
by which the pathogen can spread. Results from these experiments can hopefully be used
as a tool in developing integrated pest management plans to minimize the spread of
boxwood blight.
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Management of Hail-Damaged Landscape and Nursery Plants®

James R. Johnson
Rutgers Cooperative Extension, 291 Morton Ave., Millville, New Jersey 08332, USA
Email: jjohnson@njaes.rutgers.edu

INTRODUCTION

The weather can be fickle with effects of some widespread while at other times quite
localized. Hailstorms seem to travel in bands whereby a swath is cut through an area
while nearby areas are untouched.

A recent spring hail event in our area resulted in a distinct Christmas-like smell that was
combined with a dying plant smell (Fig. 1). While the damage can seem to be
overwhelming it’s important to move quickly to clean up the site to reduce the impact of
secondary infectors and infestations.

Prioritize the treatment of damaged plants. Decide which plants are beyond saving due
to severe damage, those that have moderate damage but can be saved, and those that have
minimal damage and will survive with limited care. The first plants to be treated should
be those in the moderate damage category since immediate attention is needed and those
that follow should be the minimally damaged plants. An exception might occur when a
specimen plant experiences a high level of damage and “needs” to be saved.

DAMAGE

It’s important to recognize that while hail injury is mechanical damage, it is also a stress-

related injury. The impact on plants may continue long after the storm has ended. The

following are types of damage and notes on what to consider when reviewing damage.
Damage to herbaceous plants can include damage that extends from holes in the leaves,

to shredded leaves, to near total defoliation. This damage can result in significantly

reduced photosynthetic activity and create opportunities for disease infection.

Fig. 1. A: Accumulated hail the morning after the storm. B: Evergreen (Pinus) buds,
catkins, and cones on pavement.

While herbaceous plants are aggressive growers, recovery will depend on the stage of
growth when damage occurs. Some plants will come through well while others may not
survive. If plants are located in largely defoliated wooded areas, increased sunlight may
also modify the plant’s environment further limiting recovery.

Foliar damage to woody plants can include symptoms similar to those experienced by
herbaceous plants. Young twigs and stems can also be stripped or broken from heavier
stems. If enough of the foliage is lost, trees will usually generate new leaves and buds.
When partial defoliation occurs, trees will generally not initiate new leaf growth.
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Damage to thin-barked trees can vary from tearing to what appears to be pinpoint

damage. Tearing will lead to a scaring while pinpoint damage tends to result in a callus
tissue bump on the stem. Each type of wound exposes the vascular cambium and will lead
to necrotic or dead areas on the stem. Callus will normally form along the margins of the
wounds (Fig. 2). Extensive wounding will negatively impact nutrient movement. Early in
the year, when the vascular cambium is active, these wounds tend to be more severe and
are more susceptible to infection. Later in the year, when wood is tougher and conditions
are cooler and drier, infection is less likely. Bruising is another type of damage that is
similar to pinpoint damage but without a break in the bark. It is not easily detected and
may lead to delayed symptoms that can include dieback.
Bud damage on evergreens can have more impact than bud damage on deciduous plants.
Hail damage that occurs in the spring, when there is new growth with many new buds and
cones, can result in open wounds that can lead to disease infection and insect pest
infestation. Because evergreens have leaves (needles) that are meant to last for several
years, stress-related secondary impacts can occur over an extended period and will
continue until the water and nutrient supply is balanced against plant growth needs.

TREATMENT
Treatment options are related to the type of plant impacted and the extent of damage but
the first step is to clean up the area of plant material that has fallen to the ground (Fig. 3).

Fig. 3. A: Mostly evergreen tissue dropped the day following a hailstorm. B: Cleanup is
important: the same area a week later after cleaning.
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Flowers and fruit are desirable for their beauty but if damaged, plan to dispose of them
as soon as possible. Flowers and fruit are succulent and/or sugary and can easily be
infected with diseases. Rain and wind can then spread the infection to other susceptible
plants.

When annuals experience moderate to large amounts of damage they will likely need to
be replanted. Consideration must be given to one’s goals. Flowering periods are generally
limited so replanting may be the best option even under limited damage scenarios.
Recovery takes time. If there is no regrowth within 1 to 2 weeks following the hail event,
plan to replace plants.

While herbaceous perennials will generally survive and initiate new growth, they are at
risk because of damage to succulent growth. Plan to remove damaged tissue to reduce the
possibility of secondary infection. The crown of many herbaceous perennials is a critical
area. When crown damage occurs, they will either decline or have a prolonged period
needed to restart growth. Regrowth of vegetative plant parts can be slow or quick
depending on the time of year and the type of plant. When damage occurs during
flowering or an active stage of growth, new flowers and buds can start appearing within a
week.

Mature deciduous trees can generally survive hail damage. Leaves may be stripped but
buds will normally survive, ensuring tree refoliation. Younger deciduous trees are most at
risk due to the possibility of the aforementioned bark damage.

It may take a couple years to repopulate evergreens with the same number of needles
that were there before the storm. During that repopulation period, plants will continue to
be under increased stress. For younger trees, plan to manage water needs during dry
periods.

Fig. 4. Cleaning up can be a big job. This was load #3 and there was plenty left to do.

While the thought of cleanup can be bewildering, it’s imperative to get started as
quickly as possible. Remove fallen leave tissue and larger plant parts to help reduce
secondary infection. Woody plants that have been damaged will often have a secondary
drop of leaf tissue and small stems that have been damaged but most of those will have
dried down so cleaning up those is less critical.

There is continuing discussion on the value of pesticide applications following hail
damage. The application of fungicides following removal of damaged tissue can help
prevent secondary infections. Depending on pest pressure an insecticide bark spray may
be useful to help prevent damage from borers and bark beetles. Since there doesn’t seem
to be a consensus to use or not to use chemical controls, monitoring for problems is
important.
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OPTIMIZING GROWING CONDITIONS

It’s important to optimize future growing conditions. Plan to prune to eliminate problem
areas and to enhance plant structure. In locations where hail damage has reduced the
amount of foliage and it has resulted in increased light and temperature, mulch damaged
plants to help maintain soil moisture and reduce the soil temperature.

For herbaceous plants, remove tattered leaf tissue while maintaining as much good
tissue as possible. Closely examine the crown areas to be sure there is not damage. It’s
difficult to recommend fertilization practices for herbaceous perennials. Some species
respond well to increased fertility while others respond better to lower levels of fertility.
Weather conditions following a damaging hail event can have a major impact on
recovery. Research has been conducted to determine the relationship between leaf tissue
loss and re-growth from animal feeding damage and environmental factors. Results
indicated that when environmental conditions limit plant growth, loss of plant tissue will
most likely be detrimental to plant performance but when conditions are favorable,
limited defoliation may enhance plant growth (Hicks, 1997).

For woody plants, prune using techniques recommended by Dr. Alex Shigo (Shigo,
1982). Remove dead and injured twigs and tissue first. Prune back to a bud; don’t leave
stubs that will lead to decay. Prune to develop a desirable plant structure. Don’t paint
wounds in an effort to protect them.

Irrigation may not be needed soon after hail events. Since the root systems have not
been affected, there may be more capacity than plants require. Clean up the ground of
plant tissue prior to initiating irrigation activities to reduce the possibility of spreading
disease. Trickle irrigation is preferred over sprinkler irrigation to avoid wetting damaged
leaves. Under high heat conditions, plan to irrigate regularly as soils become dry. Aim for
a total of about an inch per week. Irrigate more frequently with less water on lighter soils
and less frequently with more water on heavier soils.

The need for fertilization is dependent on the time of the year and the type of plant. Hail
damage in the spring can occur after plants have used most stored carbohydrate reserves
so hail damage may have high impact. If plants survive the event, they may require initial
low levels of nutrition that gradually increase.

Depending on the time of a summer hail event, plants may have adequate carbohydrates
stored that will help with re-growth. Look for nutrient deficiency symptoms as new
growth generates and fertilize accordingly.

Late-summer and early autumn events can result in an early dormant period or a time of
re-growth. If re-growth is initiated, plants need to have time to have that growth mature so
additional carbohydrates can be stored before heading into the winter. Young growth that
is exposed to freezing conditions can be killed and any additional plant injury can
compromise overwintering success. Fall fertilization is usually not beneficial since it can
stimulate growth that might continue later into the autumn and risk winter damage.

If a late autumn event occurs, plants should have stored carbohydrates that would not be
called upon for new growth until spring. Plant should enter a fairly normal dormancy.
Late autumn fertilization is not required.

Nurseries, especially those with container production, have a way to minimize the
potential for hail damage and to optimize growing temperatures. If cooler temperature
conditions or lower light intensity helps optimize growth, plan to install shade cloth. This
is especially useful as related to nursery container plant production. Polyethylene or
polypropylene shade cloth can also reduce damage resulting from future hail events.
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INTRODUCTION

Botanic Gardens Conservation International (BGCI) maintains two free, online databases
to support plant conservation in botanic gardens: GardenSearch and PlantSearch.
GardenSearch is an on-line directory of the world’s botanic gardens and related
institutions while PlantSearch provides an account of the plant species held by these
institutions. Information included in these databases is provided by each institution which
is responsible for regularly updating its own record, using an on-line log-in facility.

Some Statistics GardenSearch

e Records (institutions): 3,200

e Number of countries represented: 176

¢ Breakdown of institutions per region (Fig. 1)

Africa

Europe

Americas

Australia/Pacific

Asia

Fig. 1. Regional breakdown of institutions represented in GardenSearch.

'This article has been adapted from: Sharrock, S. and Hird, A. 2014. Networking Botanic Gardens for
Conservation—the role of Botanic Gardens Conservation International’s (BGCI’s) Databases. BGjournal
11(2):3-6.
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ONLINE DATABASES

PlantSearch
e Collection records 1,255,261
e Taxa 413,167
e Institutions providing data 1,079
There has been a significant increase in the amount of data included in these databases
in recent years (Fig. 2).

500,000
400,000 |
300,000 -
200,000 —1 no. of
100,000 —— —— insitutions
No of taxa | — 1,200
- __1 1,000
- —{ 800
- — | 600
- — 1 400
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Fig. 2. Number of taxa and number of institutions providing data to PlantSearch.

GardenSearch

Botanic Gardens Conservation International’s GardenSearch database is a gateway to

information about the world’s botanic gardens (Fig. 3). Each garden record provides basic

information about the garden and where applicable, a link to the garden’s own website.

For smaller gardens that do not have their own website, GardenSearch provides a web

presence they would not otherwise have. All records in GardenSearch are georeferenced,

allowing easy mapping of search results using a mapping “applet” available via

GardenSearch. As well as botanic gardens, GardenSearch also includes an increasing

number of related institutions (seed/gene banks, zoos, etc.), with a common interest in

conservation and maintaining plant collections.
GardenSearch fields are divided into three sections:

e Section 1: Allows the garden to provide basic information in a free text format,
including uploading an image. This information can be provided in the garden’s local
language and/or English. This provides an opportunity for the garden to promote itself
in whatever way it prefers.

e Section 2: Consists of a form to collect information on features and facilities, plant
collections, and conservation, research and education programs in a standard format.
This section forms the “backbone” of the database and the data provided is compiled
into a unique, searchable global directory of skills, expertise, and facilities relevant to
plant conservation.

e Section 3: Allows the garden’s record to be linked to related resources (journal articles,
news items, etc.) that appear elsewhere on the BGCI website.
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Fig. 3. Global map of institutions recorded in GardenSearch (map by Adam Smith).

Advanced Searching

In 2012, BGCI launched an Advanced Search function for GardenSearch. The
Advanced Search function not only locates institutions geographically and by keyword,
but also allows users to explore in more detail the conservation, research, education and
public outreach facilities and expertise offered at botanic gardens around the world.
GardenSearch includes a total of 63 searchable fields related to the work of botanic
gardens, each of which can be searched at the global or national level.

GardenSearch, as well as providing a unique tool to identify specific expertise and
resources in countries around the world, also allows major gaps in botanical capacity to
be identified. GardenSearch also supports studies related to plants and climate change,
allowing the identification of gardens offering different climatic conditions in which to
test and potentially grow plants in the face of changing environmental conditions. An
example of this is provided by Smith et al. (2014).

PlantSearch

Botanic Gardens Conservation International’s PlantSearch database is the only global
database of plant species maintained in the collections of botanic gardens and similar
organizations. In addition to hundreds of living plant collections around the world,
PlantSearch includes taxon-level data from gene and seed banks as well as cryopreserved
and tissue culture collections. This dynamic collections database was originally developed
to measure progress toward Target 8 of the Global Strategy for Plant Conservation
(GSPC) by tracking which threatened species are in botanical collections throughout the
world (GSPC 2020 Target 8: At least 75% of threatened plant species in ex situ
collections, preferably in the country of origin, and at least 20% available for recovery
and restoration programs). Through its online interface, PlantSearch also connects
collections directly to conservationists, educators, horticulturists, researchers, policy
makers, and many others around the world who are working to save and understand plant
diversity.

All data included in PlantSearch are uploaded by collection holders directly to
PlantSearch via an on-line facility. Uploaded taxa lists consist of seven taxonomic fields
ranging from genus to cultivar name. Before being included in PlantSearch, records are
screened against existing names in the database and IPNI (International Plant Names
Index) to ensure that only valid names enter the database. As of July 2014, the
PlantSearch database included 1,255,261 collection records, representing 413,167 taxa, at
1,079 institutions. Each record in PlantSearch is linked to a record in GardenSearch, thus
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providing a georeferenced location for each plant. Location details are however not made
public, to ensure the anonymity of species in cultivation. A “blind email” request system
has been developed to allow users to request further information on species of interest.

PlantSearch has direct links to a number of other databases, most notably the [IUCN Red
List, but also other taxonomic databases (IPNI, Tropicos), a list of CITES species and
lists of socioeconomically useful plants (medicinal, crop wild relatives). Work is
presently ongoing to also add links to information on invasive species.

Benefits for Data Providers

PlantSearch provides a useful collection management tool for collection holders. By
uploading a plant list, the collection holder will be notified of misspelled or unrecognized
plant names in their list. Once uploaded, the list can be compared with the global
database, allowing collection holders to identify how many other gardens are maintaining
the same taxa. Plant lists are also automatically screened against the [IUCN Red List and
CITES lists, so that rare and threatened species in the collection can be easily identified.
This can facilitate the establishment of conservation priorities for the collection holder
and contribute to collection evaluation (Aplin, 2008, 2013).

Using PlantSearch Ex Situ Surveys

PlantSearch can be used to carry out surveys of ex situ collections on a global, regional or
national level, as well as for taxon-level surveys. At the global level, monitoring progress
toward GSPC Target 8 is constrained by lack of progress in Red Listing, with, to date,
only 6% of plants having been assessed at the global level. A recent assessment by BGCI
identified 29% of globally threatened species in ex situ collections, but the lack of
information on which species are under threat means that this is probably a considerable
under-estimate. As national and regional lists of threatened species are more widely
available, BGCI has also carried out a number of national/regional assessments on ex situ
conservation progress. In the USA, a recent review found that 39% of threatened native
U.S. species are now maintained in living plant and seed bank collections. This is up from
37% in 2010. This leaves more than 3,000 threatened species to add to collections by
2020 for the USA to meet the 75% ex situ target. For more details on this assessment,
visit: <www.bgci.org/usa/naca>.

Taxa not reported in AU/NZ collections
Taxa reported in AU/NZ collections

1000
800
415
600
400 173
481 53.7%
200 63 296 63.1%
93  59.6%
Critically ' Endangered ' At Risk
Endangered

Fig. 4. Results of an assessment of ex situ collections in Australian and New Zealand
botanic garden collections.
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In Australia and New Zealand, 56% (854 of 1,519) of threatened species are
safeguarded in living plant collections (Fig. 4). Although this is the best regional progress
toward GSPC Target 8 found so far, there is still work to be done to reach the 75% goal
by 2020. Furthermore, nearly 40% of reported threatened native species in the region are
reported in only one collection, which suggests that collections contain low levels of
intraspecific genetic diversity. For more details on this assessment, visit
<www.bgci.org/usa/bganz2013>.

Taxon-Based Surveys

BGCI and its partners also use PlantSearch to carry out ex situ surveys of the

conservation status of plant family groups. So far, these have included magnolias, oaks,

rhododendrons and, most recently, conifers.

These surveys are typically carried out by BGCI following the publication of a Red List
for the family or group in question, with the aim of identifying how many collections are
cultivating species identified as threatened during the Red Listing process.

A summary of the results obtained through recent assessments:
¢ Conifers: The survey identified 81% of globally threatened conifer taxa in over 800 ex

situ collections. However 134 threatened conifer taxa are known in very few or no

collections. These are highlighted as priorities for establishing a more effective safety

net against extinction of threatened conifers (Shaw and Hird, 2014).

e Rhododendrons: The survey identified 12,068 rhododendron records from 304
institutions in 42 countries. However, only 276 ex situ records represent just 48 of the
77 most threatened rhododendrons. This means that nearly 40% of the critically
endangered or endangered taxa are currently not known in cultivation
<www.bgci.org/ourwork/rhododendron_survey>.

e Magnolias: The survey included 2,274 Magnoliaceae records from 238 institutions in
47 countries. However, only 362 of these records represent 37 of the 89 most threatened
Magnoliaceae. This means that more than half of the critically endangered or
endangered taxa not currently documented and protected in living collections
<www.bgci.org/ourwork/magnoliasmain>.

e Oaks: The survey identified 3,796 oak records from 198 institutions in 39 countries.
However, only 91 ex situ records representing just 13 of the 29 most threatened oaks
were located. This means that more than half of the critically endangered or endangered
oak taxa are not currently reported by living plant and seed collections worldwide
<www.bgci.org/ourwork/2358>.

NETWORKING PROJECTS

Botanic Gardens Conservation International’s databases can also be used to support
projects that require a networking approach — helping to identify gardens with similar
research interests, or growing specific plant species. One such example is the
International Plant Sentinel Project, a new BGClI-coordinated project that aims to bring
botanic gardens and arboreta together to share information on pest and disease attacks on
plants in their collections <www.bgci.org/ourwork/ipsn>. The overall aim is to develop
an early warning system for new and emerging pests and diseases in a globally distributed
network. The knowledge of which gardens are cultivating which plant species is an
essential tool in the development of this network.

FUTURE DEVELOPMENTS

Botanic Gardens Conservation International is keen to further develop its databases as a
tool to support the conservation of threatened plant species and to promote and strengthen
the work of botanic gardens in this area. There is clearly a high demand for information
on plants in collections as evidenced by the approximately 2,000 requests passed through
the PlantSearch “blind email” request system every year. While PlantSearch does not
publicly identify which gardens hold which species, many gardens are already publishing
their collections data online [e.g., the catalogue of the Living Collections of the Royal
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Botanic Garden Edinburgh <http://elmer.rbge.org.uk/bgbase/livcol/bgbaselivcol.php>.
Botanic Gardens Conservation International is therefore considering various options of
how to make information on plants in collections more accessible to bona fide users,
while still maintaining anonymity where this is required. Other areas where developments
are ongoing are in the identification of synonyms (using information from The Plant List)
and better verification of cultivar names (in collaboration with the Royal Horticultural
Society in the UK). Of course, as with any database, the value of the GardenSearch and
PlantSearch databases is only as good as the data they contain. Botanic Gardens
Conservation International continues to encourage awareness of and participation in these
unique and powerful tools to support plant conservation and the work of botanic gardens
and the broader botanical community.

For further information and to consult the databases please visit:
<www.bgci.org/garden_search.php> and <www.bgci.org/plant_search.php>.
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The U.S. National Arboretum has implemented a new graphical database of all mapped
plants on the grounds of the arboretum. The new interface allows any member of the
public to locate over 30,000 plants using interactive maps, view thousands of plant
images, explore the grounds through featured tours, find dedicated trees and benches,
search for specimens in the herbarium, and plant a visit using the “my Visit” feature (Fig.
1). This new interactive database is of significance to researchers and the floral and
nursery industry because it greatly improves access to scientific information about plant
material conserved at the U.S. National Arboretum. In addition, the database benefits
members of the public and educators by making information available that will improve
the quality of their visit and demonstrate the nature and details of preserved germplasm at
the Arboretum <http://usna.usda.gov/abe/>.
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