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Signiﬁcance to Industry: Fertilization and irrigation regimes are integral
portions of the plant production cycle in the nursery industry. The fate of water
and nutrients used to grow these plants is of growing concern. Over the last
40 years awareness of the importance of reduced nutrient levels in runoff water
from nursery production areas has increased. Using constructed wetlands (CWs)
to ﬁlter irrigation-runoff water before it enters nearby surface water efﬁciently
controls nitrogen. However, soluble reactive phosphorus (SRP) removal is much
more difﬁcult to accomplish, with a substantial proportion of phosphorus traveling
through remediation wetlands without appreciable removal except during times
of peak wetland plant growth. The use of clay-based media, whether calcined
clay or crushed brick, as a secondary treatment following wetland remediation
increases the amount of SRP removed from runoff before it enters nearby
streams and surface waters.
Nature of Work: Excess amounts of nutrients such as nitrogen and phosphorus
are a concern in the aquatic environment because of their ability to promote
increased rates of eutrophication, resulting in excessive growth of algae,
periphyton, and nuisance plant weeds (3). The resulting accelerated plant growth
can eventually reduce dissolved oxygen levels in the water when dead plant
material decomposes. This can lead to the death of other aquatic organisms,
such as ﬁsh, benthic invertebrates, and plankton. Because of the environmental
risks associated with increased eutrophication in surface waters, it is important
for growers and production managers to have a remediation strategy in place
for irrigation runoff water that is not going to be reused in the production cycle. A
very efﬁcient strategy for nutrient remediation, especially nitrogen, in areas where
water is not limiting is the use of CWs (2). SRP remediation is more difﬁcult to
achieve, and removal efﬁciency often increases or decreases based on active
growth or dormancy of aquatic plants (7).
Phosphorus is acknowledged as the most recalcitrant nutrient in terms of
remediation efﬁciency. Several years after CW establishment, phosphorus
export occurs due to internal cycling processes in the wetland (4). Biological,
chemical, and physical factors all play a role in wetland phosphorus solubility
and reactivity. Phosphorus solubility is regulated by microbial activity (3,4),
temperature (1), pH (8), interstitial water concentrations (7), and redox potential
(2). In our work with a 3.1 ha CW located in Cairo, GA, we have documented
considerable seasonal variation of SRP removal efﬁciency, noting highest
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SRP removal efﬁciencies occur during periods of active plant growth (2).
Because of this variability in SRP removal, an additional step should be added
to a constructed wetland management strategy to increase SRP remediation
efﬁciency. This research addresses both the use of CWs for SRP removal and
the use of a secondary media treatment to remove excess SRP from wetlandtreated water before it enters surrounding streams and groundwater. To ﬁnd a
media that can be efﬁciently used for secondary treatment, we screened several
media to characterize their phosphorus sorption capacity. We accomplished
this by examining several clay-based media because clay media that are rich in
Fe- and Al- binding sites are able to strongly bind phosphorus. The media that
we screened for phosphorus sorption included a ﬁne (24/48 LVM-GA, Oil-Dri,
17 Apr. 1998) and coarse (4/20 LVM-GA, Agrisorbents, 11 Nov. 1997) calcined
clay and crushed brick (4/20 mesh, National Brick Research Institute, 16 Jan.
2006). As a ﬁrst step we characterized the sorption capacity of each media and
determined which sorbed the greater quantity of phosphorus by performing a
series of sorption experiments. We incubated 2 g of ﬁne and coarse calcined
clay and crushed brick with 45 mL of a phosphorus solution as KH2PO4 for 24 hr,
centrifuged, removed the supernatant, and analyzed the supernatant with ICP
MS/OES. For calcined clay experiments, we used phosphorus concentrations
of 0, 0.1, 1.0, 10.0, 100.0, and 1000.0 mg/L P as KH2PO and four replicates per
concentration per media type. For crushed brick isotherms, we used phosphorus
concentrations of 0, 0.01, 0.5, 1.0, 5.0, 10.0, 50.0, 100.0, and 250.0 mg/L P as
KH2PO4 and six replicates per concentration because the lower concentrations in
the calcined clay experiments had high variability. Based on the results of these
screening studies, we used media with efﬁcient phosphorus sorption capacities in
subsequent mesocosm (small-scale CW) studies. We analyzed our results using
SAS PROC REG (SAS Institute Inc. Cary, NC).
The current mesocosm experiment examined the inﬂuence of retention time on
nutrient remediation. The experimental setup used twenty-four 380-liter (100 gal)
mesocosms planted with aquatic macrophytes that are characteristic of natural
wetlands and bogs in the Southeast. For SRP secondary treatment evaluation,
eight planted large mesocosms had their discharge directed into eight 190-liter
(50 gal) secondary treatment mesocosms ﬁlled with ﬁred clay absorbent granules
(5/20 Terra-Green®, Oil-Dri, Chicago, Illinois). We exposed planted mesocosms to
two different retention times and three nutrient concentrations using a complete
factorial design. We prepared nutrient solutions from a 20-2-20 nitrate special
commercial-grade soluble fertilizer (Southern Agricultural Insecticides Inc.,
Hendersonville, NC). Hydraulic retention times were 4 and 7 days, and nutrient
treatments were High [30 mg/L N (57% NO3, 41% urea, and 2% NH4) and 4 mg/L
P (P2O5)], Medium (20 mg/L N and 3.5 mg/L P) and Low (10 mg/L N and 3 mg/L
P). We chose these nutrient concentrations because they are representative
of the range of nutrient concentrations in efﬂuent from commercial nursery
production beds (on an annual basis). We used six treatment by retention time
combinations with four replicates each. Each set was exposed to a 4-day High,
4-day Medium, 4-day Low, 7-day High, 7-day Medium, or 7-day Low treatment.
These treatments were designed to facilitate determination of the wetland size
needed to treat runoff from a given average production area. We took water
samples weekly and analyzed for NH4+, NO3-, NO2-, PO4, pH, total organic
carbon (TOC), total dissolved nitrogen (TN), water temperature, and dissolved
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oxygen. We determined anions using a Dionex AS50 ion chromatograph with an
AS50 autosampler. We analyzed TOC and TN using a Shimadzu Total Organic
Carbon analyzer with a TN measuring unit. The mesocosms were planted in
July of 2005 and allowed to establish for 2 months before sampling began on 22
September 2005. Sampling continued weekly through May 2006. We analyzed
data using SAS PROC GLM (SAS Institute Inc. Cary, NC).
Results and Discussion: All three media when tested for their sorption capacity
had the ability to sorb phosphorus from the aqueous environment. During data
analysis, we examined three isotherm relationships for linearizing the data. We
ﬁtted Temkin (linear, no transformation necessary), Freundlich (two-dimensional
binding surface, assumes no saturation of binding sites), and Langmuir (threedimensional binding surface, assumes a saturation point is reached and rate
of binding decreases as sites become more saturated) models and found the
Freundlich model provided the highest correlation coefﬁcient of ﬁt for the data
for all three media (Fig. 1). The slopes of the coarse and ﬁne calcined clay did
not differ signiﬁcantly from each other (P
P > 0.05), but the slope of the crushed
brick sorption line differed signiﬁcantly from both ﬁne (P
P < 0.001) and coarse
(P
P < 0.001) calcined clay. The coarse and ﬁne calcined clay appear to more
efﬁciently sorb phosphorus at lower concentrations, while the crushed brick
appears to sorb as much phosphorus from a 250 mg/L P exposure as the coarse
and ﬁne calcined clay sorb when exposed to 1,000 mg/L P. Based on these
results, we choose coarse calcined clay as the media for secondary treatment
because of its greater capacity to sorb phosphorus at lower aqueous phosphorus
concentrations, which reﬂect typical runoff nutrient concentration conditions in
actual nursery production areas.
The mesocosm experiment was divided into 6 treatment regimes (as described
above), of which the secondary treatment was applied to two regimes, the 4day High and 7-day High. This discussion will focus on these two regimes and
their secondary treatments. The 4- and 7- day High treatments alone without
secondary treatment had consistently lower SRP removal efﬁciency (Fig. 2) and
higher SRP export than the water that ﬂowed through the secondary treatment
cells in all months save the Apr:May season, when the primary mesocosm
treatment cells provided greater SRP removal efﬁciency. The 4-day hydraulic
retention time (HRT) was consistently better at SRP removal than the 7-day HRT
(Fig. 2), and we recommend planning for a 4-day HRT when designing a CW for
nutrient remediation.
The SRP removed from the simulated nursery runoff after ﬂowing through the
mesocosms was generally greater when the plants were undergoing active
growth, as during the Sept:Oct and Apr:May seasons. During the periods when
the plants were not actively growing (Nov-Mar), SRP was exported from the
mesocosms; at this time the secondary treatment was more effective than
the primary alone, and removed some of the SRP that the primary treatment
mesocosms had exported. The trend of SRP removal during growth cycles and
export during dormant cycles has been noted before with our other work (2).
There is potential for the calcined clay media to be an effective tool for reducing
the amount of SRP exported from CWs functioning as remediation cells. We
hypothesize that the reason for decreasing effectiveness of the calcined clay
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media is saturation of internal and external phosphorus binding sites. We are
currently characterizing the maximum sorption capacity of the clay so that we
know approximately how long the clay will be effective at sorbing SRP from
nursery runoff. With that information we can recommend the effective lifetime of
secondary treatment media based on the average concentration of SRP in the
runoff. Overall, the mesocosms mimicked the SRP cycling seen in natural and
CWs, but with the addition of the calcined clay media as a secondary or post
treatment, it seems that additional SRP can be removed from runoff water before
it reaches streams or surface water. Thus, a secondary treatment can serve to
reduce the impact that nursery production sites may have on their surrounding
water resources.
Acknowledgement: Financial support for this project was provided from a
USDA/ARS speciﬁc cooperative agreement for “Environmental Resource
Management Systems for Nurseries, Greenhouses, and Landscapes” as part of
the USDA ARS Floriculture and Nursery Research Initiative.
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Figure 1. Freundlich (two-dimensional) binding isotherms ﬁt for crushed brick,
coarse calcined clay, and ﬁne calcined clay media that had been screened
for phosphorus sorption capacity. Isotherms depict phosphorus removal from
aqueous solution after binding to clay media.

Figure 2. Phosphorus removal efﬁciency of mesocosms grown under High
nutrient treatment (4 mg/L P) is shown. Treatments include 4- and 7- day
hydraulic retention times and primary (only vegetated mesocosm treatment of
simulated nursery runoff) or secondary treatment (coarse calcined clay media
treatment of simulated nursery runoff). Data show average removal with standard
deviations for the four treatment regimes for September:October, November:
January, February:March, and April:May.
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Signiﬁcance to the Industry: Growers in many countries are searching for
alternative substrates for use in container production that will maintain optimal
plant growth and production. In Costa Rica, some growers are using a native
gravel substrate to grow ornamental crops rather than using costly imported
substrates such as peat. Although this native quarry gravel is cheap, growers
recognize that it needs to have adequate physical and chemical properties to
provide sufﬁcient water-holding and aeration conditions for speciﬁc crops. In
addition, irrigation scheduling for crops grown in this gravel substrate is more
difﬁcult than for traditional substrates because of its weight and porosity. The
typical methods of ‘sensing’ the water content of a substrate (e.g. picking up
the pot, visually examining the rootball, using touch to sense the moisture
status of the substrate) are not very applicable to this gravel substrate, since it
is heavy, easily falls apart and does not appear to be wet, even soon after an
irrigation event. In addition, plant species of interest in this experiment Kalanchoe
Blossfeldiana [Poelin] is a desert-adapted succulent species, and does not show
typical symptoms of plant wilt, even when the plant is severely water-stressed.
It typically grows best in a well-aerated substrate for optimal growth, especially
when grown under intensive greenhouse conditions for commercial shoot-tip
production [3, 4].
The Ech20 capacitance probes (Decagon Devices, Pullman, WA) were chosen
to sense the available water in two substrates, therefore enabling the grower
to schedule irrigation events more accurately. Although some nursery and
greenhouse operations use gypsum or Watermark™ blocks, and/or tensiometers
to sense the water status of soilless substrates, previous research and grower
experience has typically shown that these tools do not provide reliable data in
soilless substrates with air-ﬁlled porosities above 15-20%. We chose to use
Ech20 probes because they are relatively cheap and easy to use for scheduling
irrigations [9], if calibrated correctly. Ech20 probes, like time domain reﬂectometry
(TDR) probes, sense the water status of the substrate by measuring the dielectric
permittivity (potential) of the water contained in the soil volume, by using a
reference value of 81 for water and 0 (inﬁnity) for air [9, 8, 1]. With correct
calibration, TDR sensors have been shown to accurately sense the water content
in both soils [9, 8, 1] and a variety of soilless substrates [5, 6, 7], if calibration and
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placement issues are resolved [1, 5, 7, 8]. In addition to the substrate’s physical
properties, the interaction of the height of a container is well-known to affect the
plant available water in a substrate [2].
Nature of Work: The purpose of this study was to measure the performance of
Ech20 probes in two substrates, namely peat (Pindstrup Peat, Denmark) and a
local quarry gravel (Alajuela, Costa Rica), in two container types {a 1.1 gallon
(4.25 L) ‘pot’ container and a 2.15 gallon (8.15 L) ‘ﬂat’ container}. The calibration
experiment was ﬁrst accomplished for the peat substrate (Experiment 1) and
then for the gravel substrate (Experiment 2), each over a 10-day period. Six
randomized blocks of nine pots and three ﬂats containing two and six Kalanchoe
plants per container, respectively, were laid out in a greenhouse at the Fabio
Baudrit Moreno Research Centre near Alajuela, Costa Rica. Twenty-cm long
Ech20 probes were used in the pot container 7.87 in (20-cm) high and 3.94 in
(10-cm) long Ech20 probes were used in the 3.15 in (8-cm) ﬂat container. Probes
were inserted into the middle container of both substrates at a 45º angle to sense
the entire rooting depth of each container. Other plants and pots constituted
guard rows for each block. The plants were irrigated to container capacity for
three days prior to the initiation of each experiment (day 0). Containers were
not watered thereafter, until pre-dawn and mid-day leaf water potential (ψL)
measurements (data not shown) indicated the plants were showing temporary
water stress (approximately 8-9 days later). All containers (containing the probes)
were weighed at 0800 h every day, and the data recorded. The Ech20 probe
data were measured continuously using a Campbell CRX-10 datalogger and a
modiﬁed datalogger program (Ech20 probe manual) over the duration of each
study. From these data, the mean plant available water for each container and
substrate was calculated. The mean probe mV reading and the container weigh
at 0800 h were used to derive the regression equations for each substrate /
container combination (Figure 1, 2).
Results and Discussion: Plant Available Water. Calibration data were
measured from container capacity (day 1) until plants exhibited temporary
water stress. This occurred at day 9 in peat (Figure 1) and day 8 in the gravel
substrate (Figure 2). Measurement of this total volume represented the total
plant available water in each substrate/ container combination (Figure 1, 2). The
volumetric ratio of the containers was 1.91 (= 8.15 L / 4.25 L). However the plant
available water content of the ﬂat container was nearly three times that of the pot
container with the peat substrate (Figure 1) and over 2.33 times that of the pot
container with the gravel substrate (Figure 2). This conﬁrms that container height
has a disproportionate effect on the water holding capacity of any substrate,
and that growers should be aware that tall containers hold less water and
therefore require more frequent irrigations. The gravel substrate in this study held
considerably less water than the peat substrate, indicating that this substrate
would need more frequent irrigations, especially with the high plant densities (six
plants per ﬂat container) commonly used by the commercial operation using this
production system.
Calibration Data and Probe Function. The precision (probe-to-probe variability)
of both Ech20 probe sensors was good throughout the range of plant available
water in both substrates and container shapes (Figure 1, 2). However, one of
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the 10-cm probes gave spurious data throughout both calibration studies and
these data were eliminated from the results. Some probe-to-probe variability
was noted in the gravel substrate (Figure 2) which was mainly due to the offset
value of the factory calibration; for that reason we decided to show the data for
each probe. The slope and goodness of ﬁt of the regression equations were very
highly signiﬁcant (P<0.001) in all tested combinations, i.e. each probe precisely
measured the plant available water content of the gravel in each container. The
calibration values shown in Figures 1 and 2 can be used to substitute for the
calibration settings provided by the manufacturer.
This paper describes a practical method to more accurately calibrate Ech20
probe sensors for two diverse horticultural substrates of differing composition
and structure. These data show that this speciﬁc substrate calibration is more
important when sensors are used in pots of differing heights, conﬁrming the
fact that container height affects the water holding capacity of any substrate
[2]. Growers and irrigation consultants should perform these calibrations before
using these sensors in growing operations, although it is noted that the factory
calibration is probably adequate for gross irrigation control. If calibrated for
speciﬁc substrates and container heights, it appears that Ech20 probes will give
precise measurements of plant-available moisture and that these measurements
can be used to schedule irrigations more accurately in greenhouse and
nursery production.
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Figure 1. Plant Available Water (PAW) vs. Ech20 probe output (mV) for peat
substrate in two containers.
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Figure 2. Plant Available Water (PAW) vs. Ech20 probe output (mV) for gravel
substrate in two containers.
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Signiﬁcance to the Industry: Dry matter accumulation by plants is the net result
of the cultural and environmental conditions experienced by those plants. To
gain an understanding of plant productivity, it is necessary to know how the plant
is growing over time, especially under highly intensive greenhouse production
conditions. There is limited information on how Kalanchoe blossfeldiana v.
Poelln. grows and adapts morphologically to conditions experienced during
the plant production cycle. The improvement of agricultural practices and crop
management can be better achieved when plant growth is compared to a
baseline of knowledge of how the species accumulates dry matter under speciﬁc
environmental and cultural conditions.
In Costa Rica, growers are looking for new substrates to replace imported peat
moss, which is a costly and unsustainable substrate. The use of gravel has
become very popular with the production of many ornamentals and vegetable
crops under greenhouse conditions. Apart from the fact that it is a natural,
locally-available substrate, it is relatively inexpensive, has good initial physical
properties, is relatively inert, and can be easily pasteurized between crops.
However, greenhouse conditions may speed up the degradation of this substrate,
which may require that certain remedial measures are done between crops to
ensure that optimal substrate physical properties are maintained (2).
Nature of Work: There is a large body of literature on Kalanchoe, mostly
regarding the metabolic and physiological nature of this species; however, there
appear to be no published references on either Kalanchoe plant growth or on
production practices in greenhouse production. Therefore, this paper describes
the growth of Kalanchoe blossfeldiana cv. ‘Tenorio’ in two types of containers and
three gravel substrates with varying particle size distributions. We established
an initial study (Experiment 1) to ascertain the growth and partitioning of dry
matter of ‘Tenorio’ with two different container types (a 4.25 L ‘pot’ container
and a 8.15 L ‘ﬂat’ container) described by Arguedas et al. (1). We then studied
the differences in dry mater accumulation and partitioning in a second study
(Experiment 2) using two gravel substrates with increased particle size and
increased aeration, which are described in the following paper (2). In experiment
2, both substrates were used in the ﬂat container, since this provided the most
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challenging production situation in terms of plant density, rooting volume, and
irrigation scheduling (substrate water status).
We used a complete randomized design (four replicate harvest blocks for
each of the two containers) in the ﬁrst experiment. We performed sixteen dry
matter harvests every two weeks from 21 days after transplanting (DAT). We
transplanted plants on June 8, 2005 and ran the experiment for 35 weeks.
At each sample date, we harvested two plants from each harvest block and
evaluated roots, stem, leaf dry matter, and leaf area. We used a complete
randomized design with three replications of three cultivars in two substrates
(n=18) for the second experiment (2). We evaluated dry matter and leaf area
once every four weeks. We only report the dry mass accumulation of ‘Tenorio’
in this paper, for comparative purposes. We transplanted plants on 4 November
2005 and ran the experiment for a total of 35 weeks. In the ﬁrst study, the grower
maintained all production factors (e.g., irrigation and fertilization regime and
frequency, automatic shading and ventilation, pesticide and growth regulators,
etc.). In the second study, in addition to modifying the substrates, we also
modiﬁed the irrigation system, installing a pressure regulator to keep water
pressure at 12 psi, and ensured that there were two emitters per container. In the
ﬁrst study, some ﬂat containers may have had two or three emitters per container,
due to the uneven spacing of the drip tape. We placed a single drip emitter in
pot containers, as plant density was two plants per pot. Otherwise we gave all
treatments identical cultural management.
Results and Discussion: Experiment 1: Plant growth in two containers. Plant
dry matter accumulation and leaf area: Over the course of this experiment, there
was no signiﬁcant difference in root, stem or leaf dry mass between plants in
either container (Fig. 1), despite relatively large differences in container depth
and volume (1) and plant density (2 plants per pot container and 6 plants per
ﬂat container). There was minimal plant dry matter accumulation up to 50 DAT,
although this was likely due to terminal shoot removal following transplanting
(plants initially must overcome a transplant shock followed by pruning shock).
Differences in leaf area on a per plant basis (Fig. 2) became signiﬁcant between
containers only after 201 DAT, with an increase in leaf area in the ﬂat container
most likely due to less crowding, since pots were placed in an offset pattern. An
increase in the root dry matter after 50 DAT corresponded to the time that root
differentiation was ﬁrst noted (Fig. 3). A second growth phase was noted after 50
DAT, with a signiﬁcant increase in stem and leaf dry matter.
Plant morphological changes: Initially, roots of Kalanchoe are relatively thin
and non-ﬁbrous. Differentiation was ﬁrst noted at the 66 DAT harvest and it
was apparent that three or four of these initial roots became thicker (Fig. 3).
However, it was noted throughout the study that the roots in both containers did
not penetrate deeper than 12 to 15 cm, which effectively made the root volume
in both containers very similar (Fig. 4). This was most likely due to poor aeration
characteristics of the gravel used in Exp. 1 (2), combined with high irrigation/
fertigation frequencies during this experiment. The net effect was that there
were no signiﬁcant differences noted in root, stem, or leaf dry mass between
containers (Fig. 1). Substrate physical properties and irrigation/fertigation
practices probably had more inﬂuence on root growth than the container height
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in this case, since the substrate was so poorly drained. Plants reached maturity
at 96 DAT when a suberization (appearance of corklike tissue) was noticed at the
base of the stem in all plants. Of note in this particular production situation was
that excessive lateral bud production (caused by shoot-tip harvest) in Kalanchoe
increases the malformation of new leaves and new shoot tips, which certainly
affects total shoot-tip yield and may also affect photosynthesis and further dry
matter accumulation.
Experiment 2: Plant growth in two substrates. Plant dry matter accumulation
and leaf area: Differences in leaf and stem dry matter were not evident between
substrates up to 210 DAT. There also appeared to be little difference in total dry
mass accumulation between plants in Exp. 1 (Fig. 1) and Exp. 2 (Fig. 5) up to
this time. However in Exp. 2., signiﬁcant differences in ‘Tenorio’ root dry mass
were noted by 210 DAT (Fig. 5). By the end of the experiment, these differences
in root dry mass were highly signiﬁcant, not only in ‘Tenorio’, but also in the ‘Pink’
and ‘Fuego’ cultivars (data not shown). Differences in root dry mass are likely
due to more large particles in the substrate (2), increasing root aeration. Careful
irrigation management was also a likely factor in the increased root dry matter
partitioning, since without careful irrigation scheduling, this substrate can quickly
dry out, resulting in plant water stress (2). Differences in leaf and stem dry mass
were not signiﬁcantly different between cultivars by the end of the experiment,
both in ‘Tenorio’ (Fig. 5) and in the other two cultivars (data not shown). However,
with a decrease incidence of Rhizopus (2), these results show that the growth of
K. blossfeldiana is tolerant of drier conditions, and we assume that a greater root
dry mass and greater root:shoot ratios is going to result in better diurnal plant
water relations, and improved general nutrition over the plant production cycle.
The growth of K. blossfeldiana is therefore generally unaffected by differences
in container size or shape, as long as optimal cultural conditions are maintained
in greenhouse production. Increasing the particle size distribution of the gravel
substrate signiﬁcantly increased the total root dry mass of all three cultivars in
this study, with increased root:shoot ratios. For this particular species this is
likely to be important, not only for maintaining better plant water relations under
relatively dry substrate conditions (which Kalanchoe favors), but a better root:
shoot ratio may be important in allowing the plant to better adapt to continuous
harvest ‘shocks’, thereby maintaining the productivity and health of the plant over
the long term.
Literature Cited:
1.

Arguedas, F.R., J.D. Lea-Cox and C.H. Méndez. 2006. Calibration of
Ech20 Probe Sensors to Accurately Monitor Water Status of Traditional
and Alternative Substrates for Container Production. Proc. South. Nursery.
Assoc. Rec. Conf. 51:501-505.

2.

Lea-Cox, J.D., F.R. Arguedas, P. Amador, G.A. Quesada and C.H. Méndez.
2006. Management of Water Status of a Gravel Substrate by Ech20 probes
to Reduce Rhizopus Incidence in Container Production of Kalanchoe
blossfeldiana. Proc. South. Nursery Assoc. Rec. Conf. 51:511-517.

508

Water Management Section

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
Figure 1. Dry matter accumulation and partitioning of K. blossfeldiana cv.
‘Tenorio’ in two containers (Pot and Flat) – Experiment 1.

Figure 2. Leaf area increase of K. blossfeldiana cv. ‘Tenorio’ in two containers
(Pot and Flat) – Experiment 1.
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Figure 3. Root differentiation of Kalanchoe blossfeldiana cv. ‘Tenorio’ at 66 days
after transplanting.

Figure 4. ‘Tenorio’ rootballs at 66 DAT; representative plants from pot (left) and
from ﬂat container (right).

Figure 5. Dry matter accumulation and partitioning of K. blossfeldiana ‘Tenorio’ in
(a) unmodiﬁed gravel and (b) modiﬁed gravel – Experiment 2. Refer to Lea-Cox
et al., 2006 (2) for particle size distributions of the two substrates.
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Management of Water Status of a Gravel Substrate
by Ech20 probes to Reduce Rhizopus Incidence in
Container Production of Kalanchoe blossfeldiana
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Signiﬁcance to the Industry: Cultural and management practices in a growing
operation can greatly affect the productivity and quality of any plant species.
What is less easy to identify is when those factors change over time and
how they may conspire to inﬂuence the plant growth environment, reducing
plant productivity, quality, and maybe increasing the incidence of disease. We
investigated the cultural and environmental variables that appear to inﬂuence
the incidence of the shoot fungal pathogen Rhizopus stolonifer (Ehrenb. ex Fr.)
Lind on the growth and development of Kalanchoe blossfeldiana v. Poelln. under
intensive greenhouse conditions.
Nature of Work: Kalanchoe blossfeldiana is succulent species, native to
Madagascar and regions of Africa, which has been selected and bred since
1930 as a ﬂoral ornamental crop (1). It is an extremely popular indoor plant
species in Europe and the Americas, with long-lived showy inﬂorescences.
Many cultivars have been bred with different ﬂoral colors and it ﬂowers under
short-day conditions. Propagation is usually from shoot-tip cuttings, which are
harvested from blocks of mother plants grown under intensive greenhouse
conditions in Central America and other regions of the world. Shoot-tip cuttings
are air-freighted to wholesale growers in other countries, to be grown for the
retail trade. Rhizopus stolonifer is usually a post-harvest pathogen (8) with a
worldwide distribution (6), which commonly infects fruit in storage and transport.
The literature indicates that the presence of water and high relative humidity
contribute to the development of this pathogen; however, Rhizopus can also
infect the stem and leaves of K. blossfeldiana in greenhouse production.
Since there appear to be no references in the literature on either the growth
of Kalanchoe or on the incidence of Rhizopus on living vegetative plants, we
initially hypothesized that the development of Rhizopus was due mainly to the
overabundance of moisture from irrigation and high relative humidity at certain
times of the year in the greenhouse. Rhizopus appears to be an opportunistic
(weak) pathogen, since spores are ubiquitous in the environment and many
plants exhibit no visible symptoms of the pathogen during production. The
incidence of Rhizopus infection increases when wetter conditions prevail during
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times of production, i.e., under conditions of high relative humidity, lower radiation
load, and when irrigation is excessive.
An understanding of the ecophysiology of the species and its native environment
(1) is important, to better control environmental and cultural conditions and
maximize plant productivity. Although K. blossfeldiana is a facultative CAM
species, it is known to switch to a C3 metabolism when environmental
conditions (e.g., high light, long days, adequate water) are optimal to maximize
photosynthesis (9). However, it is known to revert to a CAM metabolism under
conditions of stress (9). Kalanchoe is adapted to low-moisture conditions both in
the aerial and root environment, and thus normal greenhouse cultural conditions
might in fact provide too much moisture for this species. Plant available water
in a substrate is known to be affected by both substrate physical properties and
container height (3, 4, 5). The particle size distribution in a substrate has the most
signiﬁcant effect on the total water-holding capacity and aeration of a substrate
(10, 5). Thus for precise irrigation scheduling, a knowledge of the interaction of all
of these variables is important to provide an environment that is ﬁrstly conducive
to plant root growth, and secondly more antagonistic to fungal pathogens.
After an initial evaluation of substrate particle size distribution, irrigation
frequency, and greenhouse relative humidity records, we initiated a study where
we increased the air-ﬁlled porosity of the gravel substrate used to produce
Kalanchoe mother plants, by reducing the percentage of ﬁne particles in a
modiﬁed substrate. We compared the growth and production of three Kalanchoe
cultivars with known sensitivity to Rhizopus infection (‘Pink’, ‘Tenorio’, and
‘Fuego’) in two substrates (the local ‘unmodiﬁed’ gravel and a ‘modiﬁed’ source
of this gravel) in a complete randomized design with three replicates (n = 18).
Each replicate block consisted of 660 plants in ﬂat containers (2) with six 6 plants
per container. The three cultivars were transplanted on 4 November, 2005 and
the experiment ran for a total of 43 weeks (until 15 August, 2006), a normal
production period. Irrigation water was supplied using drip tape, with two emitters
per container. A pressure regulator was installed to maintain water pressure
at 12 psi. Drip emitter uniformity was evaluated over the entire experimental
area (6 rows) and had a chi-squared value of 90.8. The available water in each
replicate block was continuously monitored (data were measured every minute
and an average (n = 10) logged every 10 minutes) using 10-cm Ech20 sensors
(2) and two CR10X dataloggers (Campbell Scientiﬁc, Logan, Utah) for the
duration of the experiment. Data from the Ech20 sensors were downloaded and
graphed on a weekly basis and the average output of the sensors (by substrate;
n = 9) was used by the irrigation manager to schedule irrigations, to better suit
actual plant water requirements in each substrate. Data on the weekly number
of plants infected by Rhizopus were kept by treatment as they were culled
from the blocks every few days. All other production factors were maintained
by the grower (e.g., fertilization regime and frequency, automatic shading and
ventilation, pesticide and growth regulators, etc.).
Results and Discussion: Substrate Particle Size. We initially evaluated the
original (‘old’) gravel that had been used for approximately three years, with
steam pasteurization between crop production cycles. We found that the smallest
particle size fractions (Table 1) constituted a large proportion (46.3%) of the total
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volume; visual observations noted that this gravel retained water for relatively
long periods after an irrigation, and that it became very compact (set like
concrete) when the substrate dried out. Root system development was relatively
shallow (7) in this old gravel and irrigation frequencies were high (almost daily)
because of small root:shoot ratios, especially after plants reached maturity [when
secondary thickening was observed (7)]. When the particle size distribution of a
new batch of gravel was analyzed, we found that this ‘unmodiﬁed’ gravel had a
signiﬁcantly lower proportion of ﬁne particles (Table 1). This gravel was sourced
from a quarry near Alajuela, Costa Rica. The gravel is volcanic in origin, but
not extrusive (i.e., pumice expelled as magma and containing gaseous pores),
but classiﬁed as intrusive (without gaseous matrices) and dark grey in color.
Even though this gravel material is initially very hard, we suspect that it breaks
down rapidly under conditions of high moisture and relatively high (greenhouse)
temperatures. Also the use of soluble fertilizers in production may provide ionic
factors that may accelerate this process. We then modiﬁed the particle size
distribution of this new gravel by washing out as many of the ﬁne particle sizes as
possible, reducing the small and residual fractions to 16.2 % of the total volume
(column 3; Table 1). By doing this, we produced a substrate that did not compact
when it dried out and provided a higher air-ﬁlled porosity, but which had a low
water-holding capacity. For this reason, we monitored the water status of both
substrates on a continuous basis (2) and used this information (Fig. 1) to provide
the irrigation manager with data each week during the experiment.
Irrigation Management. As stated, the Ech20 sensor data was downloaded,
graphed, and provided to the irrigation manager on a weekly basis. Although
this was retroactive information, it allowed us to discuss irrigation strategies
with him in an effort to reduce the frequency of irrigation and to better match
the requirements of the plants in each substrate. Although this information
was very useful, we agreed that the irrigation manager could decide to irrigate
at any time, based on his knowledge of the species and his integration of
immediate environmental conditions. Despite this latitude, we found that
irrigation frequencies were reduced on average to 2 to 3 times per week
(Fig. 1), compared to the previous situation where plants were irrigated more
frequently (as often as once a day). Irrigation durations were also reduced since
the substrate was more porous and it leached more rapidly. The net effect of
these management changes was a signiﬁcant reduction in the overall amount of
irrigation water applied to both substrates compared to the previous practice.
Incidence of Rhizopus. We used Rhizopus incidence data (from 2005) in the
old gravel substrate to compare with the incidence of infection in the new
(unmodiﬁed) and modiﬁed gravel substrate, by cultivar. Pathogen incidence data
(Table 2) were normalized by calculating an index value (= number of diseased
plants / plant age in weeks). This provided a weighed average over time for the
incidence of Rhizopus in areas planted at different times (since production areas
are replanted continuously during the year). As can be seen from Table 2, the
progression of the disease was delayed by using new (unmodiﬁed) and modiﬁed
gravel. In the old gravel substrate, the total incidence of Rhizopus was 17%, 28%
and 22% for Pink, Tenorio, and Fuego cultivars respectively, over the production
period. In contrast, the total incidence of Rhizopus was 5.1%, 7.9% and 32.1%
in the unmodiﬁed substrate, and 4.6%, 9.3% and 14.1% (for Pink, Tenorio, and
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Fuego, respectively) in the modiﬁed substrate. Except for the Fuego/Unmodiﬁed
substrate combination (Table 2), the incidence of Rhizopus was signiﬁcantly
lower in all three susceptible varieties, especially in the modiﬁed substrate.
The most notable decrease in Rhizopus infection was with Pink (irrespective
of substrate).
Providing a substrate with better aeration and careful control of irrigation
management therefore appears to help reduce the incidence of Rhizopus
infection of Kalanchoe in greenhouse production. This knowledge will allow us to
further develop a non-chemical control strategy for reducing the incidence of the
disease in the greenhouse. Further decreases in infection rate would probably
occur with a more comprehensive disease management program. In terms of
proﬁtability, Kalanchoe mother plants return a net proﬁt from approximately week
25 onwards. Therefore, any reduction in the development of this disease with an
increase in the number of shoot-tip cuttings per plant will have a direct effect on
the net return from this crop for producers.
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Table 1. Particle size analysis of three gravel substrates used in the
commercial production of Kalanchoe blossfeldiana in mean percent with
standard deviation_ (s).
Particle size fraction
(diameter, mm)

Old
gravel1
Mean %
s

Unmodiﬁed
gravel2
Mean %
s

Modiﬁed
gravel3
Mean %
s

Large (> 5 mm)

24.3

± 3.2

22.2

± 0.9

24.6

± 3.5

Medium (3 to 5 mm)

29.5

± 2.8

49.9

± 1.8

59.2

± 3.1

Small (1 to 3 mm)

11.0

± 0.8

16.4

± 2.3

13.7

± 1.0

Residual (< 1 mm)

35.2

± 4.2

11.6

± 2.4

2.5

± 0.4

Large + Medium

53.7

± 4.3

72.1

± 2.3

83.8

± 0.9

Small + Residual

46.3

± 4.3

27.9

± 2.3

16.2

± 0.9

1

Three-year-old gravel.

2

New, unwashed gravel.

3

New, washed gravel.
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Plant
Cultivar

Pink

Tenorio

Fuego

Pink

Tenorio

Fuego

Pink

Tenorio

Fuego

Type of
Gravel

Old

Old

Old

Unmodiﬁed

Unmodiﬁed

Unmodiﬁed

Modiﬁed

Modiﬁed

Modiﬁed

22
00
22
00
22
00

22
00
22
00
22
00

44
99
57
98
47
34

#
Plants

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.2

0

0

0

0

0

0

0.1

0

0

0

0

0

0

0

0

0.2

0

0

0

0.4 0.1

0.1

0.2 0.1 0.5

0

0

0

0

0.1 0.1 0.2

0

0

0

1.8 0.2

0

0

0

0

0

0

0

0

0

0

0

0

0.2

0

0

0

0

0

0

0

0

0

0

0

0

0.1

0

4.6 8.1 6.0 5.8

0

0

0

0

0

0

0.1

0

0

0

0.1

0

0

0

0.2

0

0

0

0
0.1 0.1

0.1

0

0
0.3 0.2 0.4

0

0.5 0.4

0.1 0.1 0.4 0.2

0

0

0

0.2 0.1 0.2 0.1

0

0

0.1 0.2

0

0

0

0

0

0

0

0

0

0

1.0 2.0 0.4

0

0.6 2.1

0.9 2.2 2.5 2.7

1.7 1.0 1.3 1.7

0

3.3 6.3 6.1 4.0

0.7 0.4 0.9 2.6

0.2 0.1 0.5 2.3

0

0.5 0.7 0.7 1.7 0.1 0.4 1.4 1.3 1.2 1.8 3.9 3.1

0

0.3 0.4

0

0

Production Week
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Table 2. Index of Rhizopus infection by substrate, cultivar and production week. (index value = number of diseased plants / plant age
in weeks) Increasing intensity of shading indicates increasing disease incidence over time. No Rhizopus infection was noted before
week 17.
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Figure 1. Typical irrigation frequency for modiﬁed substrate during production
week 25. Average value is the mean of nine Ech20 sensor readings.
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Modeling of Water Requirements for Container
Production Using Overhead Irrigation
Wenliang Lu and Jeff L. Sibley
Department of Horticulture, Auburn University, AL 36849
jsibley@acesag.auburn.edu
Index Words: Nursery management, Best management practices,
Precision irrigation
Signiﬁcance to Industry: While the container nursery industry has been a
pioneer in using controlled-release fertilizers to increase nutrient use efﬁciency,
its irrigation technology for small containers largely remains unchanged for
the last half century. A common practice is to over-irrigate, trading a higher
input of water for the safety of high value ornamental products. This practice
has been both economically and scientiﬁcally well based until very recently,
as short periods of drought could signiﬁcantly reduce both current and longterm plant growth in some cases, which also means signiﬁcant economic loss.
However, such a philosophy of luxurious irrigation is facing challenges from many
directions and has to be abandoned sooner or later. Increasing competition for
water resources, stricter regulations on water environment, and extreme and
unpredictable weather conditions as a part of the global climate change are but a
few challenges. Modeling of water requirements for overhead-irrigated container
production is a new but promising approach that has yet to be fully studied.
Nature of Work: Within the environmental horticulture industry, which is the
fastest growing segment of agriculture in the United States, container nurseries
are the major plant production system. Container nursery production systems
are among the most intensively managed plant growth systems with large ﬂux
of materials (plants, water, nutrients, pesticides, labor, etc.) and energy. Plants
almost exclusively depend on artiﬁcial supply of water (scheduled irrigation)
and nutrients (mainly controlled-release fertilizers). This research uses both
process-based and empirical modeling approaches to quantify the precise water
requirement by container-grown ornamental plants.
Overhead irrigation is the primary irrigation system for small container production
of ornamentals (less than #7) and there are no foreseeable alternatives to
the cost and ease of overhead irrigation of small containers in the coming
decade (2). However, the actual irrigation application efﬁciency is very low,
often in the range of 15% to 30%. When containers are pot-to-pot spaced, the
theoretically maximal percentage of water falling within containers is 78.5%
and this percentage decreases to 37.3%, 44.1%, and 48.7% respectively for
1-, 2-, and 3-gallon containers with spaces of 3 inches between containers in
linear alignment. Besides direct effect of spacing, increases in total leaf area,
canopy shedding, and canopy retention of water later lost by evaporation can
signiﬁcantly lower water falling in containers (3, 4). Because of the difﬁculty of
uniform irrigation and other reasons, irrigation is applied to the level of about
10% of leachate even when carrying out best management practices. Besides
irrigation application efﬁciency, many factors arise when the water use efﬁciency
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is considered. Physical properties of substrate, container size, shape and
color, weather conditions (such as wind, humidity, and temperature), and plant
requirements are just a few of the many factors.
Low irrigation efﬁciency and lower water use efﬁciency have not been a big issue
in most areas until recently. However, a panel of nursery irrigation researchers,
nursery growers, and directors of nursery organizations reached a consensus
that the availability and consumption from groundwater or public surface waters
by container nurseries will decline signiﬁcantly in the coming decade (2).
Various methods and technologies to increase water use efﬁciency are being
considered. Conventional approaches include grouping of plants according to
water requirements and plant or container sizes, increasing of artiﬁcial substrate
water holding capacity while maintaining other necessary properties, increasing
application uniformity and better design and scheduling of irrigation (such as
cyclic irrigation and water in the morning), etc. Recently, recycling or recirculation
of water from collection structures has been adopted by many nurseries.
Implementation of effective irrigation management techniques and other best
management practices is the most obvious choice for the nursery industry.
A different approach to improve container nursery irrigation efﬁciency is precision
irrigation or plant requirement-based irrigation. In this approach, substrate
moisture sensors have been investigated to be used in irrigation scheduling.
Another aspect of this approach is modeling. Irrigation modeling has a long
history of research and wide application in agriculture. However, research of
modeling approaches? in ornamentals, especially those grown in containers,
is rare (1). Intensive modeling of irrigation requirements in agronomic crops
resulted in one simple, basic equation:
ETA = ET0 × Kc
where ETA is the actual evapotranspiration (ET), ET0 is the reference crop
evapotranspiration, and Kc is the crop coefﬁcient. ET0 can be calculated from
methods derived from the Perman-Monteith equation (5). This basic equation
provides a foundation for modeling of irrigation requirements of container
production (1). Cheap computer calculation capacity, widely available from
the internet, and inexpensive weather stations have made the reference
evapotranspiration (ET0) readily available to most nurseries. The main challenge
of development and application of an irrigation model is the determination of crop
coefﬁcient Kc. This issue is especially critical in container-grown ornamentals as
the number of species/cultivars in any middle-size nursery is often in the range
of hundreds and initiating time of crop production can be any time during the
year for small containers. Other issues unique to container production exist and
should be included in any good irrigation model. Models have been developed for
ornamentals grown in 1- to 5-gallon containers with production period up to two
years (1). The development of these models appears to provide a sound platform
for modeling container-grown plant ETA. However, the results are rather primitive
and practical application of a modeling approach has a long way to go.
Results and Discussion: We present here a conceptual model for determination
of water requirements for container plant production using overhead irrigation.
The approach is to develop a real-time parameterized irrigation decision support
system (DSS) based on a combination of empirical models and process-based
Water Management Section

519

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
models developed for container-grown ornamentals using overhead irrigation.
Process-based models are dynamic representations of crop processes in a
systems context. All quantiﬁed processes should have a sound physical or
physiological basis. The goal of such models is to simulate and explain crop
development and behavior as a function of environmental and management
conditions or of genetic variation (6). Many processes are involved in water
consumption by plants in containers. The accuracy of water requirement
quantiﬁcation largely depends on how well these processes are being
understood. Empirical models or statistical models are models with black-box
parameters ﬁtted using measurements from ﬁeld or laboratory, regardless of the
mechanisms or processes between parameters. Empirical models developed for
a speciﬁc circumstance cannot be readily applied once conditions are changed.
While process models represent rigor and soundness, empirical models often
represent good utility. A hybrid approach of employing both process models and
statistical models is necessary for modeling irrigation in container production.
With models being developed, a decision support system is necessary for
application of model results in real nursery production. The DSS bridges the
gap between complexity but with soundness of scientiﬁc research and userfriendliness and good utility of technology delivery. With inputs of meteorological
parameters, plant parameters, and cultural parameters, the DSS will be
incorporated into an automatic irrigation control system, which controls irrigation
frequency and amount according to plant water requirements and real-time
weather conditions. Another goal of such an irrigation control system is to have a
capacity to adjust irrigation strategy in response to short-term weather forecasts
and long-term climatic changes.
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Capillary Mats for Maintaining
Plants in the Retail Nursery
Ursula K. Schuch1 and Jack J. Kelly2
Plant Sciences Department, University of Arizona, Tucson, AZ 85721
2
Pima County Cooperative Extension, 4210 N Campbell Ave., Tucson, AZ 85719
ukschuch@ag.arizona.edu
1

Index Words: Water Conservation, Irrigation, Container Plants
Signiﬁcance to Industry: Retail nurseries have the challenge of maintaining
plants in good condition from the time they are delivered from growers until they
are sold to consumers. Frequent turnover of product results in most businesses
using limited automated overhead irrigation and relying primarily on hand
watering to keep plants moist. Hand watering is the least efﬁcient and most costly
means of irrigation, but efforts to automate irrigation have been greatly hampered
by constraints such as multiple irrigations necessary per day in summer,
product turnover, customer trafﬁc, and mixing plants of different sizes and
water requirements in displays. Capillary mats can provide automated irrigation
to different size plants, help with water conservation, and free retail nursery
personnel from hand watering.
Nature of Work: Capillary mats are constructed with absorbent fabric that is
lined on the bottom with polyethylene ﬁlm and covered on top with perforated
polyethylene or similar material that minimizes water loss to evaporation,
but allows water uptake into the media of containers sitting on the mat. One
advantage of capillary mats is that plants of different size and water requirement
can be placed on the same mat without under- or over- watering individual
containers. Empty areas of the mat would not be subject to evaporative loss
and can be restocked when practical. Uniform water application, which can be a
problem with hand watering, and the generation of large amounts of runoff water
is not an issue with capillary mats (1). Comparing the economic feasibility of
capillary mats versus overhead irrigation, sub-irrigation tray, and micro-irrigation
showed that using projected costs and proﬁts over a six-year period, capillary
mats had the highest net return of the systems (1). Disadvantages of capillary
mats include the higher initial installation costs, the need for a very ﬂat surface to
avoid puddling or dry spots on the mat, the need for a soil mix with porosity that
allows the capillary rise of water, and cleaning and maintenance of the mats (2).
According to a market analysis of this technology for wholesale nurseries in the
southeastern United States, approximately 25% of nurseries surveyed, especially
larger ﬁrms with annual sales greater than $2.5 million, were interested in the
technology for wholesale production (2).
The objective of this study was to compare water application and plant
performance during the maintenance of plants in retail nurseries using either
capillary mats or overhead spray irrigation. Plants ready for retail sales were
obtained from local nurseries and were placed in a simulated retail environment
in a retractable roof greenhouse at the University of Arizona in Tucson.
Perennials in 1-gal. pots used were Euphorbia rigida, Hymenoxis acaulis, Gaura
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lindheimeri, and Salvia chamaedroides. Annuals in 6-cell pony packs used were
Catharanthus roseus, Salvia splendens ‘Red’, and Verbena peruviana. Plants
were placed on benches with either a capillary mat (Aquamat S10, Soleno
Textiles, Laval, Quebec, Canada) or overhead spray emitters. Annuals were
maintained for 25 days and perennials for 118 days. The study was replicated
on three benches for each irrigation system where four pony packs of each
annual species and ﬁve 1-gal plants of perennials were arranged in a completely
randomized block design per bench.
Plants were watered with overhead irrigation spray or capillary mats from
August 20 to November 8, 2005. Application times changed based on weather
conditions, which affected plant water use. Water was applied three times a
day at 0800, 1200 and 1600 hours and sprinklers were set to turn on between
8 and 12 minutes while capillary mats were supplied with water between 5 and
8 minutes during each irrigation event. The amount of water applied and plant
size (canopy height x 2 widths) and plant quality based on visual appearance of
foliage and ﬂowers were recorded.
Results and Discussion: Between 69% and 72% less water was applied
to plants irrigated with subirrigation via capillary mats compared to overhead
irrigation (Fig. 1). Over the three-month study period, an average of 71%
less water was applied to maintain plants with capillary mats compared to
overhead irrigation.
Canopy size of E. rigida and G. lindheimeri after 118 days of overhead irrigation
was larger than for plants under capillary mat irrigation, possibly because
these plant are adapted to dry conditions and may thrive better when drying
out between irrigations. Conversely, canopy size of S. splendens ‘Red’ and
V. peruviana was larger after 25 days of capillary mat compared to overhead
irrigation (Fig. 2), most likely because the relatively large plants in small 6-cell
packs beneﬁted from the almost constant moisture on the capillary mat, while
plants under overhead irrigation suffered from intermittent drought stress
between irrigations. No difference in canopy size was found for the other three
species between the two irrigation treatments. Aesthetic performance was similar
and all plants performed well under both irrigation systems. Calcium deposits
on plant foliage were not observed when plants were irrigated with capillary
mats, but on plants with larger, glossy leaves such as C. roseus, water spots
were observed.
In summary, irrigation with capillary mats compared to overhead spray has the
potential for saving up to 70% of water that is applied to maintain plants under
retail conditions. Plant performance of bedding plants that are relatively large
for the container and that require frequent irrigation may be enhanced when
maintained on capillary mats, while plants that require good drainage and drying
out between irrigations may better be suited for long-term maintenance under
overhead irrigation. However, most of the species tolerated either irrigation
system well.
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Figure 1. Water applied per table and day during 27 day intervals from August 20
to November 8, 2005 (n=3).
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Figure 2. Canopy size (height x 2 width) of Salvia splendens ‘Red’ and
Euphorbia rigida after irrigation with overhead or capillary mat irrigation.
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How Much Water Does it Take to Grow a Ligustrum?
Richard C. Beeson, Jr. and Julie Brooks
MREC, IFAS, University of Florida, Apopka, FL 32703
rcbeeson@uﬂ.edu
Index Words: Nursery production, Irrigation, Container production, Water
conservation, Transpiration, Actual evapotranspiration
Signiﬁcance to Industry: Evidence is accumulating that there is a basic volume
of water required to produce marketable plants. Knowledge of this quantity can
be used in calculating size requirements for irrigation reservoirs, determining
irrigation system capacities, and justifying irrigation water-use permits. It also
supports the hypothesis that restricted irrigation can delay crop development,
extending production time.
Nature of Work: Planning, as deﬁned by Merrian-Webster (6), is: “to devise or
project the realization or achievement of [a given activity]”. Successful nurseries
plan for quantities of supplies (e.g., substrate, containers, fertilizer, labor, etc.)
needed for the coming year. With such planning necessary supplies will be
on hand, and often more economically. However planning for yearly irrigation
volume is rare. Nurseries have wells, collection basins, and/or ponds that they
conservatively assume will supply enough water. Irrigation water volumes are
generally not planned for because there is little information on quantities of water
required to produce plants. When these numbers are available, there appears
to be a pervasive “That was there, but we are here.” attitude. We propose an
hypothesis that there is a ﬁnite minimum volume of water required to produce
a marketable woody ornamental. The basis for this hypothesis comes from
data collected at three locations, independently compiled at different times over
a 14 yr period. Ligustrum japonica Thunb. was chosen because it is the only
species for which water use was reported across years, locations and container
sizes. It is also widely grown around the Southeast and West Coast of the US.
Knox (5) reported cumulative actual evapotranspiration (ETA) volumes required to
produce plants from liners to market size in #1 containers. ETA is the total volume
of water lost by plant transpiration and substrate evaporation. Knox determined
these quantities by hand-watering each container with a known volume thrice
weekly and recording leachate volume each time. Cumulative ETA measured for
ﬁve species ranged from 10.0 to 13.3 gals. These plants were grown under a
40% shade structure in Monticello, Fla. They were started in June 1987, overwintered, and grown to completion in 1988. Ligustrum japonica was not one of
the species evaluated.
In early March 1994, market size plants of L. japonica in #1 containers were
transplanted into #3 containers and grown through the summer at the Central
Florida Agricultural Research and Education Center in Sanford, Fla. (3). Plants
were grown in full sun under ﬁve overhead irrigation regimes consisting of a
0.72-inch daily control or managed allowable deﬁcits (MAD) ranging from 20 to
80%. Two plants in each irrigation regime were placed in suspension lysimeters
with their weights recorded every hour. Cumulative ETA was calculated from
Water Management Section

525

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
each plant from transplanting until plants were harvested 6.5 months later. Data
selected for use was from the 40% MAD regime. This regime required the lowest
volume of irrigation water that still produced commercially marketable plants.
Marketable size was determined by local growers in a blind evaluation as well as
meeting the requirement that >90% were graded #1 or better according to Florida
Grades and Standards (4).
In March 2001, liners of L. japonica were transplanted directly in #3 containers
from 2.25 inch peat cups and grown at the University of Florida’s Mid-Florida
Research and Education Center in Apopka, Fla. By late March 2002, the seven
plants in suspension lysimeters had obtained marketable size. Cumulative ETA
was calculated for each plant (2).
Results and Discussion: Knox (5) reported mean cumulative ETA to produce
marketable plants in #1 containers was 11.8 gal., comprising two growing
seasons and one winter dormancy period (Table 1). During the summer of
1994 (3), mean cumulative ETA to achieve commercially acceptable size and
quality plants in # 3 containers was 29.5 gal (Table 1). Adding these results,
one arrives at a volume of 41.3 gal of cumulative ETA to produce market size
ligustrum from liners in #3 containers. This data comes from two experiments
separated by 6 years in time, 300 miles in location, and one full hardiness zone
(Zone 8a Monticello and 9b Sanford). This volume, however, is not the irrigation
volume that needs to be applied, but how much water must be lost through
leaves by transpiration and evaporation from the substrate surface. Total volume
of irrigation water needed depends on surface area of the container, canopy
shedding (1), and effective rainfall (amount of rain retained in a container). In the
2001 experiment (2), one of the objectives was to test the hypothesis that ETA
accumulated from liners to a market size ligustrum in #3 containers was indeed
41 gal. Mean ETA for these 7 plants was 37.7 gal, yet cumulative ETA ranged from
33.7 to 41.3 gal (Table 1).
The hypothesis that for a plant to reach a speciﬁc shoot size or mass, a relatively
ﬁxed volume of water must be evapotranspired has a strong physiological
basis. There is a direct linkage between transpiration and photosynthesis, and
regulation of both by stomata. Conditions that limit plant transpiration, such as
higher MAD that occur with less frequent or non-saturating irrigation events,
reduce ETA and plant size (3). For regions with shorter growing seasons than
Central Florida, production time will likely be extended resulting in greater
cumulative ETA because of evapotranspiration during longer periods of shoot
dormancy. Nevertheless the basic minimum requirement of 38 gal of cumulative
ETA to produce a marketable #3 container size ligustrum remains.
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Table 1. Cumulative transpiration from plants and evaporation from a substrate
surface (actual evapotranspiration, ETA) taken from different experiments from
1987 through 2002 for Ligustrum japonica.
Experimental data source
Knox, 1989

Beeson, 2006

Beeson, 2004

Year(s)

1987-88

1994

2001-02

Location

Monticello, FL

Sanford, FL

Apopka, FL

Method

liner to #1

#1 to #3

liner to #3

Mean volume (gal)

11.8

29.5

37.7

Volume range (gal)

10 - 13.3
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The Effect of Water Holding Capacity of Container
Substrates on Irrigation Practices
Elizabeth Crowley and J. Roger Harris
Virginia Tech, Department of Horticulture, Blacksburg, VA 24061
rharris @t.edu
Index Words: Compost, Container media, TDR, Quercus rubra, Acer rubrum
Signiﬁcance to Industry: Increasing the water holding capacity of pine bark
substrates can potentially save growers water by increasing the intervals
between irrigation events. In this study we increased water content by 25% by
amending 100% pine bark substrate with 50% compost or by adding Canadian
peat and sand and grew red oak and red maple seedlings for one growing
season. Compost-amended trees required much less irrigation than trees in
100% pine bark or in pine bark amended with peat and sand, but growth was
also much less. The peat:sand-amended trees grew equally well as trees in
100% pine bark, but they required similar irrigation. Since quality, size and
irrigation requirements were similar for 100% pine bark and the peat:sand:pine
bark substrates, there appears to be no utility in amending a 100% pine bark
substrate to achieve a 25% increase in container capacity under the conditions of
this study.
Nature of Work: Virginia nursery growers commonly grow container plants
in milled pine bark with little or no other incorporated materials. This very well
drained substrate produces a high quality plant as long as frequent (often
daily) irrigation is applied. Pine bark substrate has a low anion and cation
exchange rate, so fertilizers can easily be leached (1), and frequent irrigation
may contaminate native streams and other water sources. Increasing the water
holding capacity of pine bark substrates may decrease requirements for irrigation
during production, and therefore potential danger of environmental degradation
may be reduced.
The experiment described here tests our hypothesis that by increasing the water
holding capacity of pine bark, less water is required to produce a crop. To test
our hypothesis we obtained seedling (3-in diameter containers) red oak (Quercus
rubra authority?) and red maple (Acer rubrum authority?) liners from Appalachian
Nurseries in Chambersburg, Penn. Twelve of each species were planted into
2-gallon nursery containers in each of four substrates on 14 June 2002. The
substrates were: 1) conventional 100% pine bark, 2) 3 parts pine bark:2 parts
Canadian Sphagnum peat:1 part coarse builder’s sand, 3) 1 part pine bark:1
part Wolf Creek compost (Town of Abingdon, Va.), or 4) 1 part pine bark:1 part
Panorama Pay Dirt (Earlysville, Va.). All measurements were by volume, not
weight. Wolf Creek compost is composted biosolids and milled yard waste, and
Panorama Pay Dirt is composted chicken litter and leaves. The three amended
pine bark treatments held approximately 25% more water at container capacity
than the 100% pine bark substrate as estimated by a Theta Probe (Delta-T
Measurement Devices, Cambridge, UK).
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Substrate treatments were arranged in a completely random statistical design,
and thoroughly irrigated daily for one week. Substrate water status was
monitored thereafter with a time domain reﬂectometry (TDR) system (Trace
System, Soil Moisture Equipment Corp., Santa Barbara, Calif.), ﬁtted with a
multiplexer that was attached to two randomly selected buriable wave guides
per treatment. Beginning 21 June, each treatment was irrigated to container
capacity when TDR reading of one wave guide was at 15% (approximately
25% actual) total volumetric water content. This re-irrigation point was selected
from experience with past studies (unpublished) and represents a point where
plants will soon wilt from moisture deﬁcit. All plants were fertilized with the
manufacturer’s recommended medium rate of Osmocote 18-6-12 fertilizer
immediately after planting. The experiment was carried out until 17 October, at
which time ﬁnal tree trunk diameter (2 inches from the soil surface) and height
were measured. Day of irrigation event was recorded throughout the experiment.
Trunk diameter growth was calculated for each replication and evidence for
difference between means was determined by using Fisher’s protected LSD
within the GLM procedure of SAS v. 9.1 (SAS Institute Inc. Cary, NC).
Results and Discussion: Required irrigation events for the duration of the study
were 21, 15, 28, and 29 for PPD, WC, PB, and PB:P:S, respectively for red
oak (Fig. 1) and 9, 9, 23 and 25 for PPD, WC, PB, and PB:P:S, respectively for
red maple (Fig. 2). Trees in PB and PB:P:S substrate had very similar irrigation
patterns for both species, whereas PPD and WC oaks generally required more
irrigation than their maple counterparts. Figures 1 and 2 illustrate the seasonal
pattern. A mid-season rainy period is evident, especially for PPD and WC trees,
where irrigation was not required. For both species, the compost-amended
substrates required much less seasonal irrigation. This reduction in irrigation was
most likely due mainly to slower growth and therefore lower tree water use for
both species (Figs.3 and 4). This reduction in growth was somewhat surprising
since these two particular composts were chosen because of favorable pH and
soluble salt levels and overall good performance (4). Compost may be a more
desirable amendment than inert substances in part because of potential disease
suppression in rainy weather (3). Since the increase in water holding also
decreases the airspace of the substrates (2), PPD and WC trees may not have
faired well in the rainy period in mid summer. However, PB:P:S trees were not
affected and roots appeared healthy on all trees in compost-amended substrates
when visually inspected. Because of our favorable results in trials of these two
composts, we did not continuously monitor substrate salt levels. The precision
irrigation utilized in this study allowed all plants to become quite dry before
irrigation was applied, and perhaps substrate levels reached growth-reducing
levels for PPD and WC trees. Although compost-amended trees generally looked
ﬁne, the much slower growth would not be desirable for most growers. Since
quality, size and irrigation requirements were similar for 100% pine bark and
the peat:sand:pine bark substrates, there appears to be no utility in amending a
100% pine bark substrate to achieve a 25% increase in container capacity under
the conditions of this study.
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Figure 1. Irrigation events for red oak growing in four substrates, June to October
of 2002. PPD = pine bark amended with Panorama Pay Dirt compost, WC = pine
bark amended with Wolf Creek compost, PB = pine bark, and PB:P:S = pine bark
amended with peat and sand.
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Figure 2. Irrigation events for red maple growing in four substrates, June to
October of 2002. PPD = pine bark amended with Panorama Pay Dirt compost,
WC = pine bark amended with Wolf Creek compost, PB = pine bark, and
PB: P: S = pine bark amended with peat and sand.

Figure 3. Trunk diameter increase for red oak growing in four substrates, June to
October of 2002. PB = pine bark, PPD/PB = pine bark amended with Panorama
pay Dirt compost, WC/PD = pine bark amended with Wolf Creek compost,
and 3PB:2P:1S = pine bark amended with peat and sand. Letters above data
columns indicate differences according to Fisher’s Protected LSD (α = 0.05).
n=12.
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Figure 4. Trunk diameter increase for red maple growing in four substrates,
June to October of 2002. PB = pine bark, PPD/PB = pine bark amended with
Panorama pay Dirt compost, WC/PD = pine bark amended with Wolf Creek
compost, and 3PB:2P:1S = pine bark amended with peat and sand. Letters
above data columns indicate differences according to Fisher’s Protected LSD
(α = 0.05). n=12.
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Screening Landscape Plants for Their Ability to
Recover Nitrogen and Phosphorus
Robert F. Polomski1, Milton D. Taylor2, Sarah A. White2,
Stephen J. Klaine2, Ted Whitwell1 and Douglas G. Bielenberg1
1
Department of Horticulture, Clemson University, Clemson, SC 29634-0375
2
Clemson Institute of Environmental Toxicology,
Clemson University, Pendleton, SC 29670
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Index Words: Phytoremediation, Nutrient contaminants, Constructed wetlands,
Nursery runoff, Nitrogen, Soluble reactive phosphorus, Water quality
Signiﬁcance to Industry: Eighteen herbaceous aquatic and woody semiaquatic
landscape species were screened in a greenhouse study for 8 to 13 weeks,
respectively, to determine their ability to take up nitrogen (N) and soluble
reactive phosphorus (SRP) from simulated runoff water with pea gravel as the
planting media. The range of N and SRP supplied to the plants encompassed
the levels of nutrients found in constructed wetland (CW) inﬂow and discharge.
All of these commercially available plants can be used in CW plantings that can
be customized to maximize remediation by the selected species. To illustrate,
plants with high N and SRP recovery rates at low nutrient concentrations, e.g.,
Pontederia cordata ‘Singapore Pink’ (pickerelweed), Iris ‘Full Eclipse’ (Louisiana
iris), and Rhyncospora colorata (stargrass), would be sited near the discharge
end of a CW. Species that have high N and SRP recovery rates across all
runoff concentrations, e.g., Canna, Thalia geniculata ‘Red-stem’ (red-stemmed
thalia), and Oenanthe javanica ‘Flamingo’ (variegated celery), would be sited
throughout the CW. These species are well-suited for CW use because of their
ability to “process” high volumes of nutrient-rich water, which effectively reduces
the amount of efﬂuent that has to be discharged. Woody semiaquatics with
lower assimilation rates for N and SRP, notably Salix integra ‘Hakuro-nishiki’
(ﬂamingo willow), would be suitable species at the discharge end of a CW
where the treated water would have low N and SRP levels. Floating aquatics,
e.g., Eichhornia crassipes (water hyacinth), Pistia stratiotes (water lettuce), and
Myriophyllum aquaticum (parrotfeather), could be used throughout a surface-ﬂow
CW treatment system in regions where they will not become invasive because
they have the ability to assimilate nutrients from a wide-range of N and SRP
concentrations and have a propensity to reproduce asexually.
We believe the potential exists for using these species in a “put plants to work”
marketing strategy targeted at residential and commercial landscapes. By selling
species that offer the dual beneﬁts of aesthetic value and nutrient remediation,
growers can keep pace with the demand for plantings in bioretention basins, rain
gardens, buffer zones, and ﬁlter strips. Commercial and residential landscapes
and golf courses can use attractive plants that “work” to capture and ﬁlter runoff
of potentially polluting nutrients. Another potential market gaining international
interest are “natural swimming pools” that rely on potted, gravel-grown aquatic
plants to maintain water quality by absorbing nutrients and supporting microbial
growth (3, 5). Producers with limited growing space should consider remediation
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systems, such as bulb trays in irrigation channels to intercept nutrients from
runoff (8) and pot-in-pot plantings in gravel subsurface-ﬂow CWs that offer
the dual beneﬁts of remediation and revenue. The roots of the future in
environmental stewardship can originate in commercial nurseries.
Nature of Work: Nursery and greenhouse producers use signiﬁcant quantities of
water and nutrients to produce their crops. Runoff contaminated with N and SRP
can negatively impact the quality of surface water and groundwater. Constructed
wetlands, functioning as biological ﬁlters, are used worldwide to treat municipal,
industrial, and agricultural wastewater (1). We have monitored a surface-ﬂow
CW for four years at a commercial nursery in Georgia and have found that it can
reduce nutrient levels in runoff signiﬁcantly below current water quality standards
(9). Planted surface-ﬂow CWs require signiﬁcant land area, and consequently,
one with more efﬁcient nutrient-removing plants would be of value to the industry.
Alternately, a subsurface-ﬂow CW, which offers producers a space-saving
alternative, would require even less space if planted with highly efﬁcient nutrientsequestering plants. This type of CW typically consists of a lined basin ﬁlled
with a coarse, porous medium and a limited number of plant species (7). The
coarse medium supports microbes that have the primary role of breaking down,
transforming, or incorporating contaminants and plants enhance remediation
by creating a favorable environment for microbial growth and by accumulating
inorganic nutrients from the water (1).
To identify a suite of commercially available plants that thrive in a wetland
environment and provide superior nutrient remediation potential, we developed a
screening test for commercially available landscape plants to assess their ability
to recover N and P in a static, laboratory-scale, pea gravel media subsurface
wetland. We washed liners of 18 species and cultivars of woody and herbaceous
aquatic and semiaquatic landscape plants free of planting medium, weighed
them, and transplanted them into 6.5 inch (16.5 cm) azalea pots in pea gravel.
We inserted the potted plants in 1 gallon (16.5 cm) aquatic pots with rims even
and watered them with about 1.4 qts. (1350 mL) of 10% Hoagland’s solution
until water was visible through the gravel. After acclimation for 2 to 4 weeks, we
rinsed the gravel with deionized water and arranged the plants in a randomized
complete block design with 6 replicates and ﬁve treatment levels of Hoagland’s
solution: 0.1% (2 ppm NO3, 0.2 ppm PO4); 1% (8 ppm NO3, 0.6 ppm PO4);
5% (46 ppm NO3, 6 ppm PO4); 10% (95 ppm NO3, 11 ppm PO4); and 20%
(163 ppm NO3, 21 ppm PO4). We chose these concentrations because they
fall within the range of nutrients used in nursery irrigation (high rates), found in
nursery runoff (medium rates), and in CW discharge (low rates). We watered the
plants every two days, as required, and added water until we observed it at the
gravel surface. We watered herbaceous and woody species for 8 and 13 weeks,
respectively. We measured total water usage, shoot and root dry weight, and
nitrogen and phosphorus concentration at the conclusion of the experiment. We
replicated the experiment twice for each species, and combined replications for
this report as there were no differences between replicates.
Results and Discussion: Both herbaceous and woody species thrived in
this bench-scale wetland system over the 8- and 13-week growing period,
respectively. Nitrogen and SRP recovery rates were determined by correlating
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the amount of N or P supplied to the amount recovered from the shoots and roots
[see Figures 1 (A & B) for examples]. Ideally, the amount of nutrients supplied
to a species should equal the amount of nutrients recovered in their tissues as
depicted by the dashed line (“x=y”; slope=1) in each ﬁgure. While ‘Singapore
Pink’ pickerelweed and ‘Full Eclipse’ Louisiana iris had higher N assimilation
rates than Canna ‘Bengal Tiger’ and ‘Yellow King Humbert‘ (Figure 1A), both
cannas accumulated more nitrogen due to their higher rate of water use. Soluble
reactive phosphorus assimilation rates of Peltandra virginica (arrow arum) and
‘Singapore Pink’ pickerelweed were similar to the cannas; however, ‘Bengal
Tiger’ and ‘Yellow King Humbert‘ accumulated more SRP over the duration of the
experiment (Figure 1B) because they produced much higher biomass.
With woody species, the N and SRP recovery rates of ﬂamingo willow and
Cornus amomum (silky dogwood) increased with higher concentrations of
nutrients (Figure 2). However, the N recovery rate of Myrica cerifera ‘Emperor’
(Emperor waxmyrtle) declined with increasing concentrations. Phytotoxicity
symptoms were observed at concentrations equal to or exceeding 22 and
3.6 ppm N and SRP, respectively. The reduced rate of N and P assimilation in
woody semiaquatics can be explained, in part, by their comparatively slow growth
rate and reduced biomass production (data not presented). Also, the nitrate form
of N used in the Hoagland’s solution may not have been their preferred source
of N. Generally, most plants prefer ammonium to nitrate (6), although in nursery
production a combination of nitrogen sources produces equal or better growth
when compared with either single nitrogen source alone (10).
The eighteen species and cultivars we screened were separated into
4 categories and ranked according to their N and P recovery rates (Tables 1
and 2). Overall, herbaceous aquatic species had higher N and P assimilation
rates than woody species (data not presented). Herbaceous aquatic species
thrived in a nonaerated, oxygen-limited environment due, in large part, to
morphological and physiological adaptations. Adventitious root formation and the
presence of aerenchymous plant tissues that transport gases to and from the
roots and into the surrounding rhizosphere enable them to survive in waterlogged
or ﬂooded environments (1, 4). Also, the high evapotranspiration rates of these
species caused water levels to ﬂuctuate in our system and this could have led to
increased aeration of the nutrient solution and enhanced uptake of N and SRP
(2). Slow growth rates and low tissue concentrations of N and P in woody plants
contributed to their low N and SRP recovery rates.
Acknowledgement: Financial support for this project was provided from a
USDA/ARS speciﬁc cooperative agreement for “Environmental Resource
Management Systems for Nurseries, Greenhouses, and Landscapes” as part of
the USDA ARS Floriculture and Nursery Research Initiative.
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Table 1. Nitrogen recovery rates ranked from highest to lowest of 4 categories of
herbaceous and woody aquatics and semiaquatics grown in the greenhouse for
8- and 13-weeks, respectively, in a gravel-based wetland system.
Herbaceous ﬂoating aquatics

Woody semi-aquatics

Water lettuce (Pistia stratiotes)
Flamingo Willow (Salix integra ‘HakuroWater hyacinth (Eichhornia crassipes) nishiki’)
Parrotfeather (Myriophyllum aquaticum) Silky dogwood (Cornus amomum)
Emperor waxmyrtle (Myrica cerifera
‘Emperor’)
Herbaceous emergent aquatics
Herbaceous emergent aquatics
(with storage organ)
(without storage organs)
Pontederia ‘Singapore Pink’
Red-stemmed thalia (Thalia geniculata)
Iris ‘Full Eclipse’
Stargrass (Rhyncospora colorata)
Canna ‘Yellow King Humbert’
Lanceleaf frogfruit (Phyla lanceolata)
Canna ‘Bengal Tiger’
Variegated celery (Oenanthe javanica
Colocasia antiquorum ‘Illustris’
‘Flamingo’)
Arrow arum (Peltandra virginica)
Dwarf cattail (Typha minima)
Chinese water chestnut (Eleocharis
dulcis))
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Table 2. Phosphorus recovery rates ranked from highest to lowest of 4 categories
of herbaceous and woody aquatics and semiaquatics grown in the greenhouse
for 8- and 13-weeks, respectively, in a gravel-based wetland system.
Herbaceous ﬂoating aquatics
Water hyacinth (Eichhornia crassipes)
Water lettuce (Pistia stratiotes)
Parrotfeather (Myriophyllum aquaticum)
Herbaceous emergent aquatics
(with storage organ)
Canna ‘Bengal Tiger’
Arrow arum (Peltandra virginica)
Pontederia ‘Singapore Pink’
Canna ‘Yellow King Humbert’
Iris ‘Full Eclipse’
Colocasia antiquorum ‘Illustris’
Chinese water chestnut (Eleocharis
dulcis))
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Woody semi-aquatics
Flamingo Willow (Salix integra ‘Hakuronishiki’)
Silky dogwood (Cornus amomum)
Emperor waxmyrtle (Myrica cerifera
‘Emperor’)
Herbaceous emergent aquatics
(without storage organs)
Dwarf cattail (Typha minima)
Red-stemmed thalia (Thalia geniculata)
Lanceleaf frogfruit (Phyla lanceolata)
Stargrass (Rhyncospora colorata)
Variegated celery (Oenanthe javanica
‘Flamingo’)
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Figure 1. Correlation between the quantity of nitrogen (A) and phosphorus
(B) applied to the amount recovered from shoots and roots of 7 herbaceous
emergent semiaquatic species (replicates combined). The following ﬁve
concentrations of Hoagland’s solution were supplied over an 8-week period to the
greenhouse-grown plants: N: 0.39, 1.75, 10.44, 21.57, and 36.81 ppm; P: 0.07,
0.18, 1.86, 3.63, and 6.77 ppm. Individual data points removed for clarity.
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Figure 2. Nitrogen (A) and phosphorus (B) recovered from shoots and roots
of semi-aquatic woody species (replicates combined) after receiving the
following ﬁve concentrations of Hoagland’s solution over a 13-week period in the
greenhouse: N: 0.39, 1.75, 10.44, 21.57, and 36.81 ppm; P: 0.07, 0.18, 1.86,
3.63, and 6.77 ppm. Individual data points removed for clarity.
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Nutrient Mitigation for Large-Scale Nurseries
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Index Words: Nitrogen, Dissolved reactive phosphorus, Nursery runoff,
Remediation, Constructed wetlands, Nutrient contaminants, Mesocosm
Signiﬁcance to Industry: Discharges of nutrient contaminants into surface
and ground water from nurseries and greenhouses is of increasing concern
to horticultural managers and owners because of their desire to be good land
stewards and resource managers. Substantial research has focused on ways
to modify irrigation and fertilization practices to allow growers to maximize plant
growth while reducing fertilizer and water use. Nitrogen and phosphorus are the
primary contributors to surface and ground water quality degradation and are of
particular interest to communities downstream from nurseries and greenhouses.
Surface-ﬂow constructed wetlands (CWs) offer a means to remediate oxidized
nitrogen from large volumes of nursery runoff to levels that exceed current
water quality standards. However, because CWs remove phosphorus for just
the ﬁrst few years after their establishment, other phosphorus management
must be employed to lower the level of this pollutant from runoff water. This
begins with “up front” strategies to minimize usage and leaching from media;
however secondary treatment with ﬁred clays may be necessary to lower the
soluble reactive phosphorus (SRP) remaining in runoff. We evaluated secondary
treatment with ﬁred clays in a mesocosm study and feel this technique may
provide the means to remove signiﬁcant amounts of P from discharged runoff
water. This will help nurseries and greenhouses meet water quality standards.
The entire CW system is a valuable public relations tool for the industry as it
cleans surface waters of nutrients, removes pesticides from runoff, provides
habitat for wildlife, and harbors and preserves biodiversity.
Nature of Work: Plant nurseries apply signiﬁcant quantities of nutrients to
crops to sustain optimal plant growth for proﬁtability, and, although they typically
employ best management practices for both, nutrient export above current water
quality standards (3) can occur. If released untreated, these nutrients can exceed
the needs of healthy aquatic ecosystems downstream and lead to eutrophication.
Large nurseries can have tremendous quantities of runoff to manage, depending
on local climate conditions, e.g., tropical cyclones, thunderstorms, surplus rainfall
events. Surface-ﬂow CWs offer one method for remediating nutrients from large
volumes of runoff.
Over four years, we characterized the runoff water quality and quantity from a
large container nursery, and evaluated an existing 9.3 acre (3.77 ha) surface-ﬂow
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CW for oxidized nitrogen (NOx) and SRP remediation of runoff from a 120 acre
(48.6 ha) catchment and production area. Also, we assessed the effects of spring
regeneration on the CWs remediation efﬁciency, evaluated the ‘ﬁrst-ﬂush’ effect
of rain events with concurrent rainfall and collection channel ﬂow measurements
and nutrient concentration sampling, and surveyed plant species diversity in
the CW system. For our mesocosm study, we planted eight 380-liter (100 gal)
mesocosms with aquatic macrophytes from the nursery CW and directed their
discharge into eight 190-liter (50 gal) secondary treatment mesocosms ﬁlled with
ﬁred clay absorbent granules (5/20 Terra-Green®, Oil-Dri, Chicago, Illinois). We
used this system to evaluate secondary treatment options for SRP removal over
9 months.
We analyzed water samples for chloride, nitrate, nitrite, phosphate, and sulphate
using a Dionex AS50 ion chromatograph with an AS50 autosampler, and,
concurrent with sampling, measured water temperature, dissolved oxygen,
conductivity, and pH, with portable meters (YSI Model 85, SonTek/YSI, Inc.,
Yellow Springs, Ohio and HI 98128 pH meter, Hanna Instruments, Woonsocket,
Rhode Island). We also measured total nitrogen (TN) and nonpurgable organic
carbon on concurrently taken samples with a Shimadzu Total Organic Carbon
analyzer with a TN measuring unit. We analyzed data using SAS PROC GLM
(SAS Institute Inc. Cary, NC).
Results and Discussion: Hydraulic loading rates for the surface-ﬂow CW
averaged 7.6 cm·d-1 and ranged from 1.1–13.2 cm·d-1 with an average daily
throughput of 0.5 million gallons of runoff. Oxidized nitrogen levels in runoff was
highest in spring and lowest in winter, and declined by 50% over the course of
the study due to ongoing nutrient management efforts by nursery personnel.
By comparing the NOx loading rate to the NOx removal rate for the 4-yr period,
we determined that the CW system would reduce oxidized nitrogen in inﬂow by
> 91% regardless of loading rate (Fig. 1). Nitrogen removal rates did not vary
signiﬁcantly among or across years. Three years of spring regeneration studies–
running from early March to mid-May–gave no evidence of decompositioninduced nitrogen export (data not shown). Oxidized nitrogen removal efﬁciency
declined during winter months (Fig. 2) when mean wetland water temperature
dropped below approximately 15 °C (59 °F). Kadlec and Reddy (2) attributed
seasonal differences in wetland remediation efﬁciency to the temperature
dependence of microbial activity. In our survey of plant diversity in the CW, we
found the number of species in the wetland currently exceeds 120, although only
6 species were in the initial planting of the wetland.
Monthly SRP remediation efﬁciency was highly variable with removal occurring
primarily during periods of rapid plant growth and export occurring during most
other periods. Further, it was not inﬂuenced by season, an observation supported
by Kadlec and Reddy (2) who attributed SRP removal efﬁciency to the rate
of decomposition of accumulated plant detritus. Also, Greenway and Woolley
(1) noted that as a CW aged, phosphorus concentration in the efﬂuent often
exceeded that of the inﬂuent, an observation consistent with our own results.
Soluble reactive phosphorus in runoff was highest in spring and late summer
when nursery managers increased fertigation to promote plant growth. However,
in the ﬁnal two years of the study, SRP in runoff declined dramatically due to
Water Management Section

541

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
intensive nutrient management efforts by nursery managers. Our mesocosm
study supports the idea that a secondary ﬁred clay treatment following wetland
remediation can reduce SRP export from nursery production areas.
Acknowledgement: Financial support for this project was provided from a
USDA/ARS speciﬁc cooperative agreement for “Environmental Resource
Management Systems for Nurseries, Greenhouses, and Landscapes” as part of
the USDA ARS Floriculture and Nursery Research Initiative. Additional assistance
and support was provided courtesy of Stewart Chandler, Horticultural Resource
Manager for Monrovia Growers, Cairo, Ga.
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Figure 1. Oxidized nitrogen loading rate plotted against removal rate for monthly
samples taken from a commercial nursery’s surface-ﬂow constructed wetland
between March 2002 and 2006 at Monrovia Growers, Cairo, Ga.
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Figure 2. Oxidized nitrogen removal efﬁciency for a surface-ﬂow constructed
wetland designed for nutrient remediation of container nursery runoff water (bars)
and mean sample day wetland water temperature (line) for the period between
March 2002 and 2006 at Monrovia Growers, Cairo, Ga.
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Organic Slow Release Fertilizer for Minimizing
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Signiﬁcance to Industry: Concerns over negative environmental impacts
of nutrient contaminants in agricultural runoff have increased during the past
decade. Consequently, use of low-impact production methods and products is
necessary to aid the nursery industry in minimizing contamination of natural
waters. We compared organic slow release fertilizers with a synthetic slow
release fertilizer to determine their effects on plant growth and nutrient runoff.
Results showed that while nitrate and phosphate concentrations in the leachate
decreased among all treatments over the course of the 12 week period, the
organic alternatives (applied at rates comparable to the recommended rate of
synthetic fertilizer or at lower rates) resulted in lower concentration of NO3-N and
PO4 in the leachate when compared to other fertilizer treatments. The shoot dry
weight was only slightly lower in plants treated with organic fertilizers, whereas
the reduction in nitrate and phosphate leaching was noticeable.
Nature of Work: Nursery growers and consumers are concerned about the
environmental impact of production practices. Producers recognize the need to
meet consumer expectations and wish to use resources in an environmentally
responsible and economically viable manner. But, traditional practices often
take precedent. For example, Hemerocallis (daylilies), which can be grown from
liners to saleable plants within 6 weeks, are often grown in a soilless medium
containing an 8 to 9 month formulation of slow release fertilizer. Further, the
synthetic nature of fertilizers also is an environmental concern because the
manufacturing process utilizes non-renewable resources. Composted natural
materials can be used to supplement plant growth, but few reliable products
are available (1, 2, 3). Those that are available are used rarely at commercial
nurseries because of the lack of data supporting the beneﬁts of organic
alternatives. We evaluated an organic slow release fertilizer (Suståne®; Natural
Fertilizer of America, Inc., Cannon Falls, Minnesota) along with a commonly
used slow release fertilizer (Osmocote Plus®; The Scotts Company, Marysville,
Ohio) to demonstrate their effect on plant growth and on the environmental fate
of nutrient contaminants. The objective of this study was to assess the efﬁcacy of
organic and synthetic fertilizers for minimizing nutrient loss in the leachate while
optimizing plant growth.
Thirty six plants of Hemerocallis ‘Hyperion’ (Daylily) were assigned randomly to
each of the six fertilizer treatments: control, Osmocote Plus 16-9-12 applied at
10 lb/cubic yard (recommended rate), Suståne 8-2-4 at 20 lb/cubic yard, Suståne
16-4-8 at 5 lb/cubic yard (Suståne 16-4-8 ½x), Suståne 16-4-8 at 10 lb/cubic yard
(Suståne 16-4-8 1x), Suståne 16-4-8 at 20 lb/cubic yard (Suståne 16-4-8 2x).
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The recommended rate for Osmocote Plus 16-9-12 was used as a reference
to calculate the comparable rate of application for the organic fertilizers.
Suståne contains aerobically composted turkey litter, hydrolyzed feathermeal,
monoammonium phosphate, polymer coated sulfur coated urea, potassium
nitrate, and sulfate of potash. Soilless medium contained, by volume, 70% aged
pine bark, 10% sand, 20% sphagnum peat was used in this experiment. Two
hundred sixteen 1-gal containers were placed outside on a nursery bed at the
University of Florida-Quincy for 12 weeks, and 6 replicates from each fertilizer
treatment were removed and processed biweekly. Leachate was collected by
using the pour-through method and the bottles containing the samples were
shipped on ice to a laboratory for water quality analyses. Whole plants were
harvested to determine the nutrient concentration in the tissue. After washing
the plant roots to free the roots of media, roots and shoots were separated and
excess water was removed by using paper towels. Tissues then were dried in
paper bags at 65oC for up to 72 hours. Ground tissues were sent to a laboratory
for nutrient analyses. Data were subjected to analysis of variance by using the
GLM procedure in SAS/STAT (version 8.02, SAS Institute, Inc., Cary, NC).
Results and Discussion: Dry weight of shoots was affected by an interaction
between harvest date and fertilizer treatments. The largest increase in shoot
dry weight was observed in plants fertilized with Osmocote Plus 16-9-12.
However, comparable increases were observed in plants that received Suståne
fertilizer (Table 1). This suggests that the 1x rate of Suståne (comparable
to the recommended rate of Osmocote Plus 16-9-12) would be viable for
growing Hemerocallis ‘Hyperion’. Although plants treated with Osmocote Plus
16-9-12 had higher shoot dry weight, this treatment also resulted in higher
concentration of NO3-N and PO4 in the leachate when compared to plants
treated with comparable fertilization rates of Suståne. Treatment with twice the
recommended rate of Suståne 16-4-8 did not result in larger plants; on the other
hand, phosphate and nitrate-N losses often were higher or similar to those under
Osmocote Plus 16-9-12.
Dry weight of roots increased during the course of the experiment, but was
not affected by the fertilizer treatment (data not presented). At the end of the
experiment, percentage of N in shoots (Shoot %N) was highest in plants fertilized
with Osmocote Plus 16-9-12 and those fertilized with Suståne 16-4-8 ½x and
Suståne 16-4-8 2x, but the values were not highly different from other Suståne
treatments. Shoot %P decreased over the 12 weeks, and this decrease was most
pronounced in the control treatments and in plants to which Suståne 16-4-8 ½x
was applied. Root %N and root %P remained consistent within the fertilizer
treatment, but control, Suståne 8-2-4, and Suståne 16-4-8 ½x had lower root %N
values (Table 1). Leachate pH ranged from 6.4 to 7.5 and the EC ranged from
0.07 to 0.42 dS/M. Although these values were affected slightly by the interaction
between the date and fertilizer, these were within the ranges acceptable for plant
growth. In summary, it appears that the organic alternatives tested in this study
may be viable substitutes for the synthetic products typically used in container
production of Hemerocallis ‘Hyperion’ in the southeastern U.S.
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13 June
Control
Osmocote Plus 16-9-12
Suståne 8-2-4
Suståne 16-4-8 ½×
Suståne 16-4-8 1×
Suståne 16-4-8 2×
27 June
Control
Osmocote Plus 16-9-12
Suståne 8-2-4
Suståne 16-4-8 ½×
Suståne 16-4-8 1×
Suståne 16-4-8 2×
11 July
Control
Osmocote Plus 16-9-12
Suståne 8-2-4
Suståne 16-4-8 ½×
Suståne 16-4-8 1×
Suståne 16-4-8 2×
2.61
1.34
2.42
4.25
3.12
2.69
---*
-----------------------

1.02
1.27
1.08
0.38
0.80
0.60

0.97
1.62
0.73
1.70
0.83
0.70

Shoot
%N

1.23
0.60
0.90
0.65
1.00
0.85

Shoot dry
wt. (g)
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-------------

-------------

0.38
0.40
0.37
0.40
0.17
0.37

Tissue
Shoot
%P

-------------

-------------

1.70
1.29
0.89
1.53
1.64
1.51

Root
%N

-------------

-------------

0.30
0.24
0.21
0.22
0.22
0.27

Root
%P

7.02
6.63
7.00
6.94
6.88
6.69

6.80
6.85
6.75
6.98
6.78
6.39

6.54
6.72
7.03
6.88
7.21
7.30

pH

0.10
0.15
0.10
0.09
0.10
0.13

0.17
0.23
0.23
0.20
0.26
0.30

0.15
0.28
0.42
0.23
0.45
0.53

0
0
0
0
0
0

0
0.50
1.26
0.18
0
0.23

0
320
22.52
5.37
17.5
22.55

Leachate
NH4-N
EC (dS/M)
(ppm)

0.45
8.43
1.38
1.32
3.30
7.12

3.20
14.00
16.46
6.28
17.85
30.50

0.52
8.40
0.98
2.73
6.90
15.30

NO3-N
(ppm)

0.97
6.02
2.44
1.18
2.55
4.75

1.13
8.03
6.66
2.80
4.40
6.85

4.03
9.00
11.0
5.53
8.36
13.36

PO4
(ppm)

Table 1. Dry weight, tissue nutrient concentration, and leachate nutrient concentration of Hemerocallis ‘Hyperion’ (daylily) in response to
organic and synthetic fertilizers. Intact ‘fans’ of Hemerocallis ‘Hyperion’ were grown for 12 weeks in 1-gal nursery containers. Leachate
and tissue analyses were conducted biweekly. An interaction between the date and fertilizer was observed. Percentage data were
transformed (arcsine square root) prior to analysis; nontransformed means are presented. n= 6.
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------------------------1.12
2.09
1.32
2.22
1.91
2.12

0.93
1.65
1.06
0.83
1.57
0.92

0.74
2.69
1.22
1.50
1.92
2.39

0.80
3.12
1.84
1.22
1.33
2.14

0.90

Overall LSD (α=0.05)
( =0.05)

0.07

0.14
0.26
0.28
0.19
0.28
0.23

-------------

-------------

0.17
0.21
0.24
0.25
0.20
0.20

Shoot
%P

Tissue

0.56

0.46
1.68
0.71
0.96
1.61
1.48

-------------

-------------

0.66
1.61
1.17
1.47
1.51
1.56

Root
%N

0.07

0.12
0.20
0.21
0.14
0.22
0.17

-------------

-------------

0.14
0.21
0.24
0.19
0.17
0.16

Root
%P

0.14

7.48
7.23
7.59
7.52
7.46
7.40

7.31
7.03
7.34
7.29
7.28
6.95

7.27
6.95
7.36
7.31
7.26
6.99

7.35
6.83
7.38
7.25
7.29
7.04

pH

0
0.22
0
0.23
0
0
1.86

0.04

0
0
0
0
0
0

0
0
0
0
0
0

0.07
2.42
0.40
0.43
0.60
0.95

NH4-N
(ppm)

Leachate

0.15
0.17
0.14
0.16
0.16
0.14

0.11
0.18
0.12
0.14
0.16
0.15

0.07
0.12
0.10
0.11
0.12
0.12

0.15
0.28
0.17
0.14
0.22
0.25

EC (dS/M)

*Tissue analyses were conducted for tissues collected during the ﬁrst, 4th (middle), and the 7th (last) data collection dates.

0.48

1.16
1.95
1.17
2.65
2.20
1.95

1.28
1.98
1.28
0.83
2.28
1.38

Shoot
%N

25 July
Control
Osmocote Plus 16-9-12
Suståne 8-2-4
Suståne 16-4-8 ½×
Suståne 16-4-8 1×
Suståne 16-4-8 2×
8 August
Control
Osmocote Plus 16-9-12
Suståne 8-2-4
Suståne 16-4-8 ½×
Suståne 16-4-8 1×
Suståne 16-4-8 2×
22 August
Control
Osmocote Plus 16-9-12
Suståne 8-2-4
Suståne 16-4-8 ½×
Suståne 16-4-8 1×
Suståne 16-4-8 2×
5 September
Control
Osmocote Plus 16-9-12
Suståne 8-2-4
Suståne 16-4-8 ½×
Suståne 16-4-8 1×
Suståne 16-4-8 2×

Shoot
dry wt.
(g)

2.80

0.78
3.54
0.72
1.00
1.70
2.68

0.48
7.03
1.28
1.47
2.40
4.97

0.43
3.82
0.52
0.95
1.10
2.65

0.57
14.45
1.98
1.52
4.63
11.58

NO3-N
(ppm)

1.87

0.62
2.95
1.13
1.39
2.29
3.09

0.94
5.68
2.31
2.17
3.37
5.99

0.41
2.11
0.87
1.34
1.50
3.42

0.96
10.81
3.32
2.75
5.62
9.99

PO4
(ppm)
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Persistence of Chlorpyrifos Used in Dip
Treatment of Japanese Beetle Grubs
Sam O. Dennis, Jason Oliver, E. Kudjo Dzantor and Peter Nveawiah-Yoho
Institute of Agricultural & Environmental Research,
Tennessee State University, 3500 John A. Merritt Blvd Nashville TN 37209
sdennis@Tnstate.edu
Index Words: Quarantine, Dip treatment, Pesticide, Insect, Organic carbon
Signiﬁcance to Industry: Nursery crops are continually threatened by harmful
soil-borne insects like Japanese beetle grubs. Their control is very important to
growers because of the damaging nature of the insect. Moderate persistence
of soil-acting pesticides like chlorpyrifos (Dursban®) is desirable for long-term
protection of nursery stock against soil-borne insects. The desirable period
of protection may range from weeks to several months especially when the
pesticide is applied as a late season treatment for third instar Japanese beetle
grubs. This study shows that following dip treatment, chlorpyrifos was detected
in the soil throughout the four months following application and therefore may
enhance the efﬁcacy of the pesticide in a quarantine system.
Nature of Work: Japanese beetle (Popillia japonica Newman) is a pest that
does a considerable amount of plant damage to horticultural crops including
nursery stock. The adult beetles feed on foliage and fruits of about 435 plant
species, including almost all deciduous fruits, shade trees, shrubs, garden
ﬂowers, and lawns (4). As a result of the damaging nature of the Japanese
beetle, the United States Department of Agriculture (USDA) started in 1920 to
quarantine the movement of products that are likely to contain Japanese beetle.
In 1978 regulatory responsibility for the quarantine program was transferred from
USDA to individual States; each State now determines its compliance options or
treatment requirements.
The nursery industry needs Japanese beetle quarantine treatments for in-ﬁeld
nursery stock that are effective, practical and to some extent environmentally
friendly. Current ﬁeld nursery stock treatments for Japanese beetle include one
in-ﬁeld treatment and one post harvest (ball and burlap) treatment option (5).
However the adoptions of these treatments are challenged by environmental and
economic pressures. Chlorpyrifos dip treatment is one treatment option approved
for controlling Japanese beetle in the United States-Domestic Japanese Beetle
Harmonization Plan. This treatment is used because it is the only effective late
season treatment for third instar Japanese beetle grubs. Therefore, it is important
to evaluate the persistence of chlorpyrifos applied to root balls of nursery stocks.
Pesticide persistence and mobility are inﬂuenced by the properties of the
pesticide, which are in turn inﬂuenced by the soil environment, site conditions,
weather, and application rate (3). Speciﬁcally, factors such as soil type, soil
moisture, soil temperature, pH, chemical formulation, chemical volatility,
chemical movement, and microbial activity also inﬂuence pesticide persistence
in the soil (1). On the basis of half-life, pesticide persistence is categorized into
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persistent (> 100 days), moderately persistent (30-100 days), and non-persistent
(< 30days). Other factors that may affect the persistence of pesticides in the
soil proﬁle are volatilization and photodegradation. Over an entire growing
season, it is estimated that between 10 and 90% of pesticides may be lost from
volatilization, photodegradation, or a combination of both (2). Consequently, the
speciﬁc objective of this study was to evaluate the residue levels of chlorpyrifos
(Dursban TNP) in ball and burlaped (B&B) nursery soil at 1, 2, and 4 months after
treatment with the chemical.
The B&B stock (root balls) were dug from a commercial nursery site in Middle
Tennessee. Chlorpyrifos was applied as a dip treatment. The dip treatment
involved complete immersion (dipping) of the root balls (≈ 37.5 cm diameter)
into chlorpyrifos solution in a dip tank for one minute as recommended in the
Japanese Beetle Harmonization Plan (5). The treatment was replicated three
times and included a control group with no pesticide in the dip tank. The rate of
chlorpyrifos applied was 0.907 kg a.i./378 liters of water, which is equivalent to
2 lb/gal. of water. The root balls were not irrigated but were rain-fed because they
were set out in the ﬁeld at the Otis L. Floyd Nursery Research Center located
in McMinnville, Tenn. during the study period. Soil samples were taken from the
root balls 1, 2, and 4 months post-pesticide application for chlorpyrifos residue
analysis. A sub-sample of the soil was taken for pH, organic carbon, and soil
particle size analysis.
Results and Discussion: Chlorpyrifos was detected in all root ball soil samples
tested except controls. The average pesticide residue in soil taken one month
after treatment was 16.16 mg/L (Table 1); it decreased to 14.82 mg/L in the
two-month samples and to 1.85 mg/L in four-month samples. Even though
there was a gradual dissipation of the pesticide residue with time; there were
no signiﬁcant differences between the mean concentration values for 1-, 2-,
and 4-month samples. The decline in pesticide concentration may be attributed
to several factors. Chlorpyrifos can undergo many different transformation
or degradation processes in the soil, such as volatilization and runoff during
rainfall events, and these may have removed chlorpyrifos from the root balls.
Due to the low organic carbon (OC) content of the B&B soils (Table 1), it could
be inferred that the sorption potential of the soils would be relatively low. Soils
with low sorption potential would have low chlorpyrifos retention ability, and thus
may be susceptible to run-off and volatilization. Chlorpyrifos degradation is also
inﬂuenced by light-induced reactions (photodegradation). It is important to note
that all the root balls used in the study were left outside in the open ﬁeld and may
have been susceptible to photodegradation. The high and low daily temperatures
during the study period were abnormally high and also may have contributed to
the degradation of chlorpyrifos.
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Table 1. Average soil properties and chlorpyrifos residue of dipped root balls
(n = 3).
Treatment

Month

pH

% organic carbon

Chlorpyrifos1 (mg/L)

Dip

1

5.98

1.22

16.16a (8.51)2

Dip

2

5.89

1.61

14.82a (12.06)

Dip

4

5.52

1.42

1.85a (0.60)

1

Values of chlorpyrifos concentration followed by the same letter are not signiﬁcantly different (P > 0.05)
according to Duncan multiple range test.

2

Values in parenthesis indicate standard error of the mean.
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Development of a Small-Scale, High Efﬁciency
Bioremediation System for Removing Nitrate
from Nursery Runoff Water
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University of Florida/IFAS-Indian River Research and Education Center
2
USDA/ARS Horticultural Research Laboratory, Fort Pierce, FL 34945
pcwilson@mail.ifas.uﬂ.edu
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Signiﬁcance to Industry: Signiﬁcant amounts of nitrate nitrogen may leave
nursery production sites in runoff water generated during normal irrigation
events. With increased pressures from state and federal regulatory agencies,
nursery managers will need to reduce nutrient export from production areas to
natural water bodies. Results from these studies indicate that a microbe-based
bioremediation system may potentially be highly efﬁcient at removing nitrate from
drainage water within a short period of time. This type of system may be a viable
option for space-limited nurseries faced with future regulation and associated
ﬁnancial obligations.
Nature of Work: The goal of these studies is to develop a bioremediation system
for removing nitrate nitrogen (NO3-N) from surface runoff water associated with
ornamental plant production by optimizing denitriﬁcation processes catalyzed
by naturally occurring micro-ﬂora. Very little research has addressed the use of
biological and chemical processes to remove NO3 from plant nursery drainage
waters. Much research in allied areas has focused on nitrate removal using
constructed wetlands. However, constructed wetlands require extensive land
area and relatively long hydraulic retention times for signiﬁcant nutrient removal
(1). These restrictions reduce the feasibility of constructed wetlands for smaller
nurseries in regions where land is scarce and values are high. In these areas,
alternative nitrate removal methods are needed that can be incorporated into
the existing landscape without sacriﬁcing production space. To design such
a system, several physical and managerial aspects must be considered,
including: 1) what are realistic ﬂow rates to design for?, 2) what are realistic
nitrate loadings?, 3) can native micro-ﬂora be harvested and exploited for nitrate
removal?, 4) since micro-ﬂora depend on nitrate, does it need to always be
present or can it be pulsed?, and 5) does carbon always need to be present, or
can it be supplied only when nitrate runoff is expected?
Nitrate loadings and runoff ﬂow rates were measured at a local foliage plant
nursery. This nursery study area was 1 hectare (2.5 acres or 108,900 ft²) and
drained through three discrete discharge pipes. Fertilization was applied through
a drip irrigation system. Runoff water samples were collected from the discharge
pipes at 10 minute intervals from start of discharge during several irrigation/
runoff events. Water volume discharged was estimated based on water depth
measurements (measured at 5 minute intervals) in calibrated weirs attached to
the pipes. Nitrate and water volume applied during each event was estimated
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by collection of irrigation water in clean containers. Nitrate concentrations were
quantiﬁed using standardized methods (2-4).
To determine whether native micro-ﬂora could be harvested and manipulated
for nitrate removal purposes, Kaldness media was selected as a substrate
for microﬂora attachment. This media is used in aquaculture for nitrifying
bioremediation systems (conversion of ammonia to nitrate). It is constructed
of polyethylene and has a large surface area (259 ft2/ft3). Media were bagged
and deployed for several weeks at four nurseries in South Florida, and at a
local surface water canal on the UF/IFAS-IRREC research farm. Following
environmental exposure, media were brought into the laboratory where nitrate
was provided on a daily basis (25 mg/L NO3-N) and carbon was provided in
excess of a 2:1 ratio of carbon to nitrogen. Test systems consisted of 5-gallon
polyethylene containers ﬁlled with 10 L Kaldness media and 10 L surface water
from the respective media acclimation site. Water within each unit was circulated
using a 250 L/minute pump to maximize water contact with media surfaces.
Ten-mL samples were collected from replicate treatments before nitrate dosing,
then at 1, 4, 8, and 24 hours after dosing on a daily basis until optimal nitrate
removal rates were achieved. Nitrate was analyzed as previously described.
Carbon was supplied as sucrose in these studies. Other studies using similar
test systems evaluated molasses (by-product of sugar processing) and grass
clippings as potential carbon sources. The nitrate needs for the system were
evaluated by providing it on a daily basis or at three or ﬁve day intervals. Carbon
needs were assessed on optimally functioning systems (optimal nitrate removal
rates) by allowing carbon reserves to deplete below a 2:1 carbon to nitrogen ratio
for ﬁve days prior to replenishing.
Results and Discussion: Nitrate concentrations in runoff water from the nursery
ranged from 70 to 253 mg NO3-N/L. An estimated 62 to 67% of the nitrate applied
during fertigation events left the production site in runoff water. Irrigation losses
during these events accounted for 36 to 49% of the amount applied, with ﬂow
rates ranging from 9.3 to 19.1 L/minute.
Native nitrate removal micro-ﬂora were successfully captured from the UF/IFASIRREC surface water canal and the four different nurseries in South Florida.
Under optimal conditions, nitrate removal rates of >90% removal within 8 hours
were achieved after 3 to 5 days acclimation; and >90% removal within 4 hours
was achieved after 7 to 14 days acclimation depending on the site. To achieve
these rates, the micro-ﬂora must be exposed to nitrate on a daily basis. When
nitrate was pulsed at 3 or 5 day intervals, microﬂora never achieved 90%
removal in less than 10 hours. Under the pulsed scenario, microﬂora was able to
achieve 90% removal within 24 hours after 16 days. Once optimal nitrate removal
rates were achieved, pulsing of carbon signiﬁcantly reduced nitrate removal
rates, making it impossible to estimate removal times since nitrate tended to
accumulate over time with the daily additions. Results indicated that all of the
alternate sources of carbon performed similarly.
These studies have provided valuable information needed for designing and
operating these potential bioremediation systems. Current work is focused
on scaling up the system for evaluation on-site at local nurseries. In addition,
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research is evaluating the possible effects of fungicides used in pest control
programs on the nitrate removal ability of the microﬂora.
Acknowledgement: Financial support for this project was provided from a
USDA/ARS speciﬁc cooperative agreement for “Environmental Resource
Management Systems for Nurseries, Greenhouses, and Landscapes” as part of
the USDA ARS Floriculture and Nursery Research Initiative.
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