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Nature of Work: Maryland’s Water Quality Improvement Act of 1998 (6)
requires all agricultural operations to develop and implement nitrogen
and phosphorous-based nutrient management plans by December 2002.
Educational programs were mandated to train professionals to write
nutrient management plans, and to enable growers to implement plans.
Maryland Cooperative Extension faculty have developed a nutrient
management process that will enable nursery and greenhouse industry
professionals to achieve these goals and ensure industry compliance
with this legislation. The process satisfies the regulations and provides
insight into cost-effective management changes.
Irrigation is essential for out-of-ground container production, and nutrients
move with water, since nitrate-N and orthophosphate are soluble. Water
management is important because compacted nursery-site characteristics,
infrastructure and irrigation techniques may contribute to both water and
nutrient runoff. With the wide range of plant species, containers and
irrigation systems used in the industry, the challenge was to develop a
relatively simple method to get an overview of the potential for runoff.
Container size was selected to be the basis for defining “management
units” in the planning process, rather than plant species. Thus, we have
integrated irrigation interception efficiency (plant density), leaching fraction
(irrigation duration), container height, and substrate physical characteristics
into a method that estimates the potential runoff that may occur. If we
add the nutrient loading rate, using, for example, the nutrient concentration
of liquid feed (ppm) or the rate of applying slow release (oz/pot) and the
number of applications, we can determine the total maximum daily load
(TDML) for the area (4). Combining the water and nutrient data, we therefore
have an objective assessment of the TMDL for each management unit.
Interception efficiency and leaching fraction provide a means of assessing
potential runoff, which is the excess water that flows out of the growing
area being irrigated and moves toward off-site surface water. For
overhead irrigation, runoff is made up of water that leaches through
containers plus the water that is not intercepted by individual containers.
For drip irrigation, runoff is measured by leachate.
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The Interception Efficiency (IE) is a theoretical measure of the amount of
applied water that is captured by the containers during an overhead irrigation
event; the rest falling onto the ground around the containers (5). It is expressed
as a percentage of the applied water but, in terms of area, it is the “container top
area” divided by the “ground area allotted to one container” (Fig. 1). The
“container top area” is the open area of the top of the container through
which irrigation water enters the container. Ground area is defined by the
container spacing. The term (100 - IE,%) is therefore the percentage of
irrigation water or fertigation solution that falls directly onto the ground,
and that contributes more directly to nutrient runoff. This value is particularly
important in those operations that “fertigate”, i.e., apply soluble nutrients
in the irrigation water. Tightly “jammed” containers have high interception
efficiency compared to spaced “unjammed” containers. Properly installed
drip irrigation should have 100 percent interception efficiency.
The Leaching Fraction (LF) is a measure of the excess water that is applied
to each container during an irrigation event. It is the amount of water that runs out
the bottom of the container divided by the total amount of water applied to
the container. The goal is to manage water applications more accurately and
reduce that proportion of leaching that contributes to runoff. As a management
tool, a leaching fraction test is performed during a normal irrigation cycle
with the irrigation being initiated when the grower feels it is time to water
and for the normal length of time. The purpose is to assess the length of
the scheduled irrigation cycle used for wetting the substrate; the goal is to
minimize leachate volumes to less than 15% of the applied water (Table 1).
Evaluation of LF is performed by using a pair of plastic-lined (with trash
bags) containers for each plant-occupied container being measured (Fig.
2). At least five replications should be selected from various locations
across a growing area. A plant-occupied container is placed into an
empty lined container, using a rock to hold the plant-occupied container
up for draining. An empty, lined container is placed adjacent to the plant
container to collect the irrigation volume applied (Fig. 2). After allowing
time for drainage, the leachate should be collected and measured from
each plant-occupied container. The corresponding volume of irrigation
water in each adjacent lined container is then measured. A comparison
of the two volumes of water and leachate from each of the five replicates
will give a reasonable estimate of the average LF, expressed as a
percentage. Electrical conductivity measurements should be made to
evaluate salt levels. In some cases, the substrate, the type of irrigation
system or the rate of water application may require examination if the
substrate is not being adequately wetted before leachate appears.
The Potential Runoff (PR) is estimated by using IE and LF values in the
following equation. If the total amount of water applied to a management
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unit is known, the gallon volumes can be entered into the equation to get
the volume in cubic feet. If the volume of water applied is not known, a
value of 100 percent can be substituted for the total applied water to
calculate the percentage, i.e.,
Potential Runoff (Percentage) = 100% x [(1.00 - IE) + (IE x LF)]
where IE and LF are expressed in decimals, not percentage. The risk
assessment criteria (Table 1) have been established to quantify LF, IE
and PR in terms of low, medium, or high risk for the nutrient management
process in Maryland. The LF values are based upon the best available
information that is currently in the literature (1,2,7).
Table 1. Irrigation and Runoff Risk Assessment Criteria for the Nutrient
Management Process in Maryland.
Risk Value
Low
Medium
High

LF
< 15 %
16 - 29 %
> 30 %

Variables
IE
> 80 %
61 - 80 %
> 60 %

PR
< 32 %
33 - 57 %
> 58 %

Results and Discussion: A majority of containers are irrigated by
overhead irrigation in the industry (8). The water that is applied either
falls into the container, onto the ground or evaporates into the air. The
water that either falls between or leaches from the container may contribute
to runoff. Interception efficiency provides an estimate of what enters the
container, taking account of the dynamics of container size, plant size
and plant density. It is recognized that water falling onto plant foliage
may be directed into or away from the container and that there are
infiltration and evaporative losses. Additional research is needed to more
accurately define how IE is affected by plant size and canopy density.
Leaching may occur from both overhead and drip irrigation. A measure
of LF in an actively growing crop assesses the irrigation duration and
efficiency. A small amount of leaching may be used as a visible indicator
of adequate wetting or to prevent salinity, but excess leaching contributes
to excessive nutrient loss and runoff.
Significance to Industry: Various state (6) and federal (3,4) nutrient
management regulations are making us reexamine the efficiency of water
and nutrient applications, particularly when plants are grown in intensive,
out-of-ground container operations. In Maryland, the regulations are in place
and the nursery and greenhouse industries are responding. The efficient
management of fertilization and irrigation practices will conserve water
and nutrients and reduce the chance of nutrient runoff to the environment.
Literature Cited:
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Water Use of Marketable-size Shrubs in
Containers - A 2-year Average
R. C. Beeson, Jr.
University of Florida Mid-Florida Research and Education Center
Apopka, FL 32703
Index Words: Irrigation, container production, water volume, overhead
sprinkler
Nature of Work: In the early 1990s, the Southwest Florida Water
Management District funded research to develop crop coefficients (Kc) for
container-grown landscape ornamentals. Crop coefficients are essentially
the ratio of actual evapotranspiration (ETa = plant transpiration + evaporation
from a soil) to potential evapotranspiration (ETp = derived mathematically
from meteorological data), both calculated as a depth of water. These
Kcs were required for a computer model the district was evaluating for the
purpose of assigning annual permits for irrigation volumes of container-grown
landscape ornamentals. To calculate these Kcs, it was necessary to measure
plant water use (ETa) daily for two years along with local climatic conditions.
In Central Florida, liners are transplanted into containers nearly year-round.
Thus, development of traditional Kcs which track a crop’s increasing
irrigation needs with growth was deemed too complex for the goal of
predicting annual irrigation requirements. For simplification, it was agreed
to develop Kcs for 3 representative species growing in #1, #3 and #7 plastic
containers which averaged marketable size over the course of a year.
Species chosen were Rhaphiolepis indica (Indian hawthorn) for low
irrigation requirements, Ligustrum japonicum (Japanese ligustrum) for
medium requirements, and Viburnum odoratissimum (sweet viburnum)
for high requirements. These selections were based on nurserymen’s
recommendations. To average marketable size over a year, plants
approximately 2 months from marketable size were placed in lysimeters
in late December 1994 and grown for 4 months. Before dawn on May 1,
1995, these were replaced with similar plants, again about 2 months
from obtaining marketable size. Plant replacement occurred again on
September 1, 1995 and January 1, 1996, and the same dates in 1996 as
in 1995. Each species and container size was isolated on individually
irrigated production areas. For each species and container size combination, 3 plants were grown in lysimeters. These were surrounded by
identical plants spaced one container diameter apart to fill out the 12 x
16 ft production area. Lysimeters consisted of a load cell mounted on a
tripod from which a plant was suspended just off the ground. These
were connected to a datalogger computer which recorded individual
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plant weights every half hour, and then controlled the irrigation to bring
the containers back to near full container capacity each night. ETa was
calculated for each plant daily, taking into account rainfall if necessary. ETa
was summed each year for each lysimeter and averaged over the 2 years.
Results and Discussion: There was little difference in the average
annual ETa in the two larger container sizes between the viburnum and
ligustrum (the high and medium irrigation-requiring species, respectively;
Table 1). In both these larger sizes, the low irrigation requiring Indian
hawthorn used only 60% of that of the ligustrum, and less relative to the
viburnum. In the #1 containers, the difference in ETa in gallons between
species was more pronounced. ETa increased about 3-fold between
plants grown in #1 containers and those in #3 containers, and doubled
between plants in #7 containers compared to those in #3 containers,
independent of species.
Daily average ETa ranged from 9 oz. for #1 hawthorn to 89 oz for #7
viburnum (Table 2). Over the course of a year, ETa varied Å 50% from
the mean, independent of plant size. So, during the winter in Central
Florida, with lows in the low 40s and highs in the mid-70s, marketable-size
#7 ligustrum would transpire about 40 oz per day. This was about 20%
of the total plant available water in these containers with the substrate
used. During the summer months, which were comparable to July and
August in most of the Southeast, the same ligustrum plants would
transpire about 1 gal of water per day. This was about 60% of the total
plant available water in these containers. Even in the #1 containers, the
summer ETa of ligustrum was 40 to 50% of the plant available water daily.
While water volumes are appropriate for determining application rates
when using microirrigation systems, most nurseries use overhead
sprinklers, with irrigation volumes measured in depths. For #1 and #3
containers, which are normally overhead-irrigated, mean annual ETa
ranged from 204 inches for #1 Indian hawthorn to 433 inches for #3
viburnum, based on container surface area (Table 3). For plants in #7
containers (for which overhead irrigation is discouraged in peninsula
Florida), cumulative ETa ranged from 251 to 461 inches annually (Table 3).
Cumulative ETa, however, does not directly translate into irrigation application
rates. Unlike moderate to hard rainfall, overhead irrigation is not 100% efficient
in penetrating plant canopies. Thus, if plants in an irrigated area averaged
marketable size the entire year, irrigation application would need to be increased
20 to 40% above that presented in Table 3 to make up for canopy shedding.
Significance to Industry: While the winter values of plant water use
reported are high for most nurseries in the Southeast, they would likely
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be comparable to spring and fall use. Summer values presented here for
marketable-size plants should be similar for plants grown in full-sun
throughout the Southeast. This study quantifies what most nurseries already
know: that marketable-size plants need almost daily irrigation if grown in
full sun, and at rates higher than the frequently quoted half-inch per day.
Acknowledgment: This project was funded by the Southwest Florida Water
Management District, and supported by the Florida Agricultural Experiment
Station and approved for publication as Journal Series No. N-02083.
Table 1. Mean annual gallons of water lost from container-grown plants.
Means are based on 3 replications per species and container size measured
in 1995 and 1996.
Species

Relative Irrigation
Requirement

Viburnum odoratissimum
Ligustrum japonicum
Rhaphiolepis indica

High
Medium
Low

Container Size
#1
#3
#7
41
35
26

115
109
67

255
238
139

Table 2. Mean daily ounces of water lost from container-grown plants.
Means are based on 3 replications per species and container size
measured in 1995 and 1996.
Species

Relative Irrigation
Requirement

Viburnum odoratissimum
Ligustrum japonicum
Rhaphiolepis indica

High
Medium
Low

Container Size
#1
#3
#7
14
12
9

40
38
23

89
83
49

Table 3. Mean annual inches of water lost from container-grown plants,
based on the surface area of each container size. Means are based on
3 replications per species and container size measured in 1995 and 1996.
Species

Relative Irrigation
Requirement

Viburnum odoratissimum
Ligustrum japonicum
Rhaphiolepis indica

High
Medium
Low
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Container Size
#1
#3
#7
320
273
204

433
431
252

461
430
251
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Time Domain Reflectometry Accurately Monitors
Plant Water Use and Reduces Leaching Volumes
in Soilless Substrates
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Index Words: stomatal conductance, volumetric water content, Wv,
easily-available water, EAW, matric potential
Nature of Work: Horticultural soilless substrates have large pore
spaces and a small range of easily-available water (EAW) for optimum
plant growth, compared to most natural soils (5). Easily-available water
can be measured based on the matric potential (Ym) of the substrate. Soilless
substrates generally hold EAW in an Ym range from 0 to -10 KPa, with the
majority of free water available from 0 to -5 KPa (4,5,6). Water release
curves follow a characteristic shape, yet vary according to the substrate
composition and particle size (4). Container geometry also affects the
water retention characteristics of a substrate, particularly container height
(5). Gravity acts in the vertical plane, with increased drainage from taller
containers of the same volume. A taller container therefore holds
proportionally less water, as a percentage of water content by volume
(i.e. decreased Wv). Accurate irrigation parameters should therefore be
based on specific substrate characteristics and container height.
Water-release curve data can be used to define precise irrigation applications if
an accurate method for measuring Wv is available. Up until now, no
technology has existed to do this with any degree of precision in soilless
substrates. Accurate monitoring and control of irrigation amounts will
retain nutrients in the root zone (by increasing the residence time), and
maximize plant growth, while minimizing leaching volumes. Time
Domain Reflectometry (TDR) has been shown to accurately measure Wv
in a range of soilless substrates, but few studies (2,1,3) provide
information on the variability of such data. Also, there are few data to
indicate how Wv and plant water use are correlated in soilless substrates,
or if measurement of Wv can accurately sense plant water stress.
Materials and Methods: Experiment 1: Murray et al. (6, 7) described
how a modified tension table was used to repeatedly measure the
volumetric water content (Wv) and TDR output of six soilless substrates
at three column heights, and how each substrate has a very narrow
range of EAW in the range of 0 to -10 KPa. The six soilless substrates
were selected based on their prevalence in the container nursery industry
and/or their differences in particle type: Pro-Mix ‘BX’, a commercial pine-bark
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mix, a commercial hardwood-bark mix, medium-grade perlite, rockwool,
and sieved washed sand (as a uniform particle size control). The heights
of each substrate column were equivalent to commercial #1, #3, and #5
containers with heights of 6”, 8” and 10” (15, 20 and 25cm), respectively.

Experiment 2: Rhododendron azalea cv. ‘Hot Shot’ liners were transplanted
into 3-gallon, (8”) containers and grown for one year in each of the six
substrates (40 plants per substrate) in a greenhouse, under standard
cultural conditions (7). Eight plants were randomly selected from each
group and placed in a walk-in growth chamber in a randomized complete
block design, with each block containing 4 replicate plants of each
substrate (n=48). The growth chamber was fitted with metal halide and
incandescent light bulbs that could be programmed to increase light
intensity during the day, to simulate natural growth conditions; the
temperature was maintained at a constant 75F (25C). The photoperiod
consisted of an nine-hour dark period and 15 hours of light on the
following schedule, ramping up and down every 3 hours from 300 (low),
to 600 (moderate) and 1000 µmol/m2/s, (high light) respectively (7).
Plants were kept well watered for 3 days prior to (and re-watered to
container capacity on) Day 1. TDR (and hence Wv) measurements were
automatically logged on a continuous basis throughout the study period.
Leaf stomatal conductance (gs) of similarly aged leaves on each plant
was measured mid-way through each incremental light period each day,
using a LiCor 1600 Steady State Porometer. Measurements of Wv were
carried out until wilt, 14 days later, whereas gs measurements were taken
until a sharp decline was apparent, due to the initiation of water stress (7).
Experiment 3: The objectives of this study were firstly, to determine
whether sensor placement in relation irrigation method and emitter
placement had an effect on sensor performance for five of the substrates,
(i.e., whether substrate porosity and/or other effects interfered with the
precision of sensor performance), and secondly, whether TDR irrigation
could significantly reduce leaching volumes. The study was set up as a
two by two factorial in a completely randomized design (7); factor one
was sensor placement, in either the vertical or diagonal plane; the second
factor was emitter type – spray stake vs. drip irrigation (Fig. 3). Forty
plants per substrate (n= 10 per treatment) were used in this study. A
Campbell TDR100 system with 7” (18 cm) sensors was used to monitor
all 40 plants in each substrate, with a cycle time of approximately one
sensor per second. This was an ideal monitoring interval to use with spray
stakes due to their relatively large water output. Irrigation cycles were
initiated at -10 KPa, and a -1 KPa set point was selected to terminate irrigation
events. The moisture content of each of plant was measured every two
hours for 7 days. Replicate leachate totals were collected every day and
summed for the study period. Since some treatments had no leaching, this
study required a nonparametric analysis. Proc NPAR1WAY (SAS, Institute)
was used to analyze the data using a rank transformation procedure (7).
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Results and Discussion: An example of the relationship between substrate
Wv and TDR output is given for Pro-Mix (Figs. 1a , b). Relationships shown here
are indicative of changes for all substrates studied in Exp. 1. Mean coefficients
of variance for TDR measurements in all substrate and column heights ranged
from 0.8% to 7.9% (7), proving that TDR can precisely measure water contents
in soilless substrates under most conditions. Substrate water-holding
capacity decreased sharply between 0 KPa and -10Kpa. Water-release
and TDR curves for each substrate indicate that Wv is primarily determined
by substrate characteristics. However, container height also affects Wv
(Fig. 1b), especially at substrate Ym near 0 KPa (container capacity).
Thus, TDR sensors should be calibrated with Wv data based on container
height (Fig. 1a), if irrigation scheduling set points are close to 0 KPa.
Irrigation initiation at -10 KPa appears ideal from these results, but only if
the species does not experience water stress at that substrate Wv.
Stomatal conductance (gs) values during a drying cycle are shown for
azalea grown in pro-mix substrate (Fig. 2). Azalea plants in the other
substrates showed similar trends; no correlations were made between
substrates (7). All plants showed a decline in g s when the Y m fell
below -10KPa (Fig. 2). The Wv of the substrate showed a steady
decline after the last irrigation on day 1, as expected (Fig. 2). Interestingly,
a decline in gs was evident nine days before wilt was observed, but 5 days
after the last irrigation event. Both time periods were surprisingly long.
The TDR cyclic irrigation system precisely controlled irrigation events, with
an initiation at -10KPa and a termination of irrigation at -1KPa matric
potential. However, the placement study indicated that sensors need to be
placed vertically in the wetting zone to minimize leaching volumes, especially
when the wetting zone is restricted (as with drip emitters). If not, large
leaching volumes occurred with most substrates (Table 1). It is apparent
that sensor placement is less important with spray stakes, but diagonal
placement may also be preferable, since great care was taken in this study
to ensure even coverage of the surface with each spray stake in each pot.
Significance to Industry: These experiments provide the first
comprehensive study of TDR technology in soilless substrates. Conceptually,
the technique has shown to be very precise and it can be adapted to
accurately monitor and control irrigation schedules in horticultural
situations. Further development of cheap wireless probes would
enhance the adoption of this technology by the industry in the future.
Literature Cited:
1. Anisko, T., D. S. NeSmith and O. M. Lindstrom, (1994). “Time
Domain Reflectometry for Measuring Water Content of Organic
Media in Containers.” HortScience 29(12):1511-1513.
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Content of Soil Substitutes with Time-domain Reflectometry (TDR).”
Journal of American Society of Horticultural Science 123(4):734-737.
4. de Boodt, M. a. V. O. (1972), “The Physical Properties of the Substrates
in Horticulture.” Acta Horticulturae 26:37-44.
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Plants and Turf. Sydney, Australia, University of New South Wales Press.
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Table 1: The effect of combination of emitter and sensor placement on
mean leaching volume (± standard error) in ml/plant /irrigation event.
Significance of placement effects (vertical vs. diagonal) indicated by P-value.
Substrate

Significance
Drip
Drip
Significance Spray Spray
Vertical Diagonal (P-value) Vertical Diagonal (P-Value)
(ml)
(ml)
(ml)
( ml)

Pro-Mix

33(± 13) 276(± 38) P< 0.001

0(± 0) 27(± 27)

P = 0.22

Hardwood
Mix

0 (± 0)

37 (± 9) P < 0.001

1 (± 1) 12 (± 8)

P = 0.15

Pine Bark
Mix

0 (± 0) 623(± 42) P < 0.001

14(± 8) 32 (± 9)

P = 0.33

Perlite

0 (± 0) 168(± 30) P < 0.001

0(± 0)

6 (± 4)

P = 0.21

Sand

8 (± 4)

70(± 27)

9 (± 5)

P = 0.09

57 (± 15) P < 0.03
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Ground Cover Production Using Low Nutrient Water
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3
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Index Words: Herbaceous Perennials, Water Pollution, Episodic Fertility,
Nutrient Recovery
Nature of Work: A preliminary study was conducted to investigate the
possibility of producing ground covers with run-off water from nurseries.
Nutrients in run-off water negatively impact the environment and require
investments by the nursery industry for remediation. Identifying crops
that could be produced with the low levels of nutrients in wastewater
would serve to turn a liability into an asset.
In a nursery environment plants are watered daily during the period when plants
are actively growing. If water-soluble fertilizers are used, materials are generally
applied once or twice weekly. Applications of water-soluble materials result
in a charge of fertility when applications are made with little loss into run-off
waters between applications. The effects of episodic fertility applications on
commercial crop plants at sub-optimum levels are not well documented.
Our goal was to determine how several herbaceous perennial genera
produced commercially respond to levels of nitrogen encountered in
nursery wastewaters which are considerably lower than the published
range for commercial perennial production of 100 to 150 ppm N applied
once weekly (1,2). A species that shows little response to higher levels of
nitrogen would be more adapted to production in low nitrogen wastewaters
than a species producing optimum production at a higher level because
production schedules and product quality would change little.
Nine genera (Acornus gramineus minimus aureus, Ajuga reptans, Lythrum
salicaria Robert’, Ophiopogon japonicus, Liriope muscari ‘Variegata’,
Hemerocallis X hybridia ‘Aztec Gold’, Pachysandra terminalis, Eupatorium
purpureum, Cortaderia selloana) were planted as bare root liners into
trade gallon pots filled with fine sand at a nursery in north Alabama. Sand
was used as a growing media to facilitate the extraction of roots. Plants
were grown in full sun and received natural rainfall as well as supplemental
irrigation to maintain adequate moisture for growth.
Treatments consisted of 5 fertility rates (10, 20, 40, 80, and 160ppm N
from Peters 20-10-20) in a randomized block design with 5 single pot
replications. Fertility applications were begun on June 2, 2000 one week
after planting and were applied at weekly intervals for a total of 16
applications. Plants were harvested in early October and data collected
as plant dry weight.
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Results and Discussion: Acornus and pachysandra were not adapted to
production in full sun under the conditions of this study thus growth and leaf
color were poor. The other 7 species generally had good color for all fertility
levels. Pampas grass, lythrum and ajuga were the most responsive species
to the higher range of rates used in the study (Table 1) with the lower fertility
rates producing approximately 20% of the growth generated by the highest
rate. Joe Pye weed and daylily produced no significant growth increase at
fertility rates above 20ppm. No significant increase in growth between
the high and low fertility rates was indicated for liriope and mondo grass.
Significance to Industry: Data from this study indicate that some
herbaceous perennials used as ground covers can be grown with low
nutrient wastewater for the first growing season without impacting
growth. Use of such water for production would benefit nurseries by
providing a technique to turn a liability (nutrient laden run-off water) into
two assets (higher quality water and a marketable crop).
Literature Cited:
1. Armitage, A.M. 1993. Specialty Cut Flowers. Varsity Press/ Timber
Press, Portland, OR.
2. Nau, J. 1996. Ball Perennial Manual: Propagation and Production.
Ball Publishing, Batavia, IL.
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Nature of Work: Growers are now becoming increasingly aware of the
impacts of agricultural chemicals on subsurface soils, microflora, and
most importantly, water. Most herbicides are usually not considered a
threat to groundwater quality since they are expected to break down or
be taken up by the targeted weeds before reaching the water table.
Water in soils does not flow in a uniform, easily predictable manner. Due
to soil macropores or unstable wetting fronts, water often flows through
preferential paths and thereby reaches deep into the subsoil much quicker
than expected (Beven and Germann, 1982). Therefore, herbicides may be
transported into the subsoil by infiltrating water before uptake or/and
decomposition can take place (Jury et al.,1986; Hong and Smith, 1997;
Briggs et al., 2000; Nelson et al., 2000). This and other concerns,
particularly those regarding herbicide detection in runoff water and the
potential for groundwater contamination, strongly support the need for
best management practices that will mitigate point and non-point source
movement of herbicides in nursery crop production systems.
The primary objective of the study was to investigate the effects of pine
bark wood fiber on the movement of Simazine, the active ingredient in
Princep® 4L, 80W and 4G herbicides. Princep® is a widely used
selective herbicide for the control of broadleaf and grass weeds in
ornamentals and nursery plantings.
The study was conducted with soil columns made of polyvinyl chloride
(PVC) tubes, 15 cm i.d. X 40 cm long (6 in i.d. X 16 in long). Rainfall
simulator devices constructed from clear acrylic plastic tubes 15 cm i.d. X
25 cm long (6 in i.d. X 10 in long) were used to apply water to the soil
columns at a constant rate of 19.2 cm (7.6 in) per day (Ogden et al.,
1997, Dennis et al.1998). The experimental setup is shown in Figure 1.
The soil samples used to pack the PVC columns were collected from the
Tennessee State University Nursery Crop Research Station in
McMinnville, Tennessee. The soil was classified as Waynesboro sandy
loam soil (54% sand, 31% silt, 15% clay; 1.82% organic matter). Pine
bark nuggets (mulch) were bought from a local hardware store. They
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were crushed and passed through a 2- mm sieve and used as pine bark
wood fiber. The pine bark wood fibers were applied to the surface of the
soil in the PVC columns, 5 cm (2 in) deep and then mixed into the soil
with a hand-held cultivator. A control sample (soil columns with no wood
fiber added) was included in the study. The soil columns were saturated
with water from the rainfall simulators. Princep® 4L (41.9 % a.i. of
Simazine) was used as the test herbicide.
An application of 46 Kg/ha (40 lb/acre) of Princep® 4L (16.8 lb/ac of
Simazine) was uniformly applied to the surface of the soil in the PVC
columns. A 0.8M (0.8 lb/gal) potassium bromide solution was also
uniformly applied to the soil surface as a solute tracer. The rainfall
simulators with water dripping from them were then placed on top of the
soil columns to leach the soil for the herbicide. The leaching experiment
was performed in duplicate and was run for 48 hours. Leachate samples
were collected in 500-ml (0.52 qt) polyethylene bottles (Figure 1) at
specific time intervals. The leachate samples collected were assayed for
Simazine and bromide that may have been transported through the soil
columns by water. Simazine was extracted from the leachate samples
using approved EPA protocols and then analyzed with a gas chromatograph.
Bromide concentration was determined with an ALPKEM 3000 Flow
Solution® automated ion analyzer. The concentration of Simazine in soil
columns amended with the pine bark wood fiber was then compared with
that obtained from soil columns with no wood fiber added.
Results and Discussion: Simazine and bromide (tracer) were both
detected in the leachate samples, establishing the transport of the
herbicide and the tracer through the soil columns. A mass balance
ranging from 97 to 99 percent was achieved for the applied bromide.
Bromide was used as a tracer for water movement because it is
non-adsorbing to the soil and non-interacting with Simazine. Instead, it
was used to indicate a breakthrough of the water that was applied to the
surface of the soil. A consistently lesser concentration of Simazine was
found to have leached through the soil columns amended with pine bark
wood fiber (Table 1). According to Benoit et al.(1999), the fate of most
organic chemicals in soils depends on their interactions with soil
organic matter. Soil organic matter primarily governs adsorption
processes, thus affecting the transport and degradation of organic
chemicals (e.g. Simazine) in the soil environment. The pine bark wood
fiber used in the study was relatively high in organic carbon and
subsequently increased the organic matter of the amended soil.
Therefore, from an environmental point of view, the herbicide (Simazine)
may have been adsorbed to the soil organic matter, thus retarding the
movement of the herbicide through the soil columns amended with pine
bark wood fiber.
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Significance to Industry: Herbicides are used extensively in the
nursery industry to control many noxious weeds in fields and
greenhouses. Some of those herbicides have been detected in runoff
water and, in some instances, in groundwater. A major challenge is to
develop best management practices that not only enhance maximum
production of nursery stock, but also soil and water quality. This study
shows that pine bark wood fiber can be incorporated into growers’
BMPs because lesser concentration of the herbicide was detected in
leachate samples of soil amended with the wood fiber. Therefore,
incorporating the use of these wood fibers, spread in fields and
disked in during soil preparation as part of growers’ management
practices, will help in our effort to abate ground water pollution.

Literature Cited:
1. Benoit, P., E. Barriuso and G. Soulas. 1999. Degradation of 2,4-D,
2,4-Dichlorophenol, and 4-Chlorophenol in soil after sorption on
humified and nonhumified organic matter. J. Environ. Qual. 28:1127-1135.
2. Beven, K. and P. F. Germann. 1982. Macropores and water flow in
soil. Water Resour. Res. 18:1311-1325.
3. Briggs, J., T. Whitwell and M. B. Riley. 2000. Reducing off-site
movement of herbicides in runoff water: To spray or not to spray.
Proc. SNA 45:383-386.
4. Dennis, S. O., T. Tsegaye and R. E. Harrison. 1998. Transport of
entomogenous nematodes in soil. Proc. SNA 43:240-343.
5. Hong, S. and A. E. Smith. 1997. Potential movement of dithiopyr
following application to golf courses. J. Environ. Qual. 26:379-386.
6. Jury, W. A., H. Elabd and M. Resketo. 1986. Field study of Napropamide
movement through unsaturated soil. Water Resour. Res. 22:749-755.
7. Nelson, S. D., W. J. Farmer, J. Letey and C. F. Williams. 2000.
Stability and mobility of Napropamide complexed with dissolved
organic matter. J. Environ. Qual. 29:1856-1862.
8. Ogden, C. B., H. M. Van Es and R. R. Schindelbeck. 1997. Miniature
rain simulator for field measurement of soil infiltration. Soil Sci. Soc.
Am. J. 61:1040-1041.

604

SNA RESEARCH CONFERENCE - VOL. 46 - 2001
Table 1. Amount of Simazine that leached through soil columns.

Soil Columns

Initial mass of
Simazine Kg ha (lb/ac)

With Wood Fibers
Without Wood Fibers

19.3 (16.8)
19.3 (16.8)
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Amount of Simazine
Leached Kg/ha (lb/ac)
11.9 (10.3)
16.0 (13.8)
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Nature of Work: Efficient water management is important for nursery
production to achieve optimum growth and reduce runoff and infiltration,
which is an increasing concern for public policy makers. Moreover,
transplanting success in urban tree installations depends on irrigation
management and the capacity of the planting stock to acclimate to water
deficits under low maintenance conditions. It would be desirable to select
plant species and develop cultivars based on variation in physiological
traits that can lead to the site-specific employment of trees with greater
drought tolerance characteristics. The benefits would effect nursery
production strategies and selection of plants while at the same time
increasing water use efficiency at both the nursery and landscape level.
The objectives of this study were to: 1) increase the efficiency of water
management at both the nursery and landscape level, 2) determine the
response of red maple seedlings to water stress, and 3) select new
cultivars of red maple based on physiological traits of water use and growth
characteristics. Specifically, seedlings of red maple were stressed by
withholding water. Their responses were compared to unstressed seedlings.
Red maple seeds were collected from maternal trees at six sites within a
100-km radius of Ithaca, NY and two sites in Virginia. Sites were selected
to represent the hydrologic extremes, and will be referred to hereafter as
either wet or dry sites. Seeds from all wet sites were sown immediately in
flats containing a 1:2:1 mixture of sand, peat moss, and silt loam. Seedlings
were transplanted into 0.35-L plastic pots containing a mixture of sand,
peat, and silt loam (1:2:1, v/v/v) placed in an evaporation-cooled greenhouse,
and fertilized weekly with 5g/L of Hydro Sol 5-11-26 N,P,K, (Scotts Co.,
Marysville, OH).
Two annual cohorts of plant material were randomly selected from the
eight sites. One hundred ninety-two plants were randomly assigned to
one of two watering treatments and placed on an outdoor gravel pad in a
completely randomized block design. Of the 192 plants, randomly
selected plants from each source and treatment combination were
randomly chosen for repeated sampling of growth, gas exchange, and
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water potential measurements (n = 6). Initially, all pots were watered to
saturation and permitted to drain for 18 hours. Each pot was fitted with a
pressure-compensating drip emitter (Chapin Watermatics Inc.,
Watertown, NY). Treatments consisted of a well-watered control and a
drought treatment where water was withheld.
After drainage and thereafter at each gas exchange measurement, each
container was weighed on a top loading balance. When four of the six
replicates of a given ecotype weighed 35% less than container capacity,
they were re-watered the following morning and kept well watered for 10
days of post-stress observations. Water potential measurements were
taken at predawn using a pressure chamber (Soil Moisture, Santa
Barbara, CA) corresponding to the peak of drought (35% less than
container capacity) and post-stress (a 10-day well-watered phase).
The experiment was blocked over time so that on any given day, only half
of the replicates were measured. This allowed sufficient time for sampling
during the morning and avoided any midday stomatal closure. Block 1
was sampled on the first day (n = 3) and block 2 was sampled the following
day (n = 3) between 8.00 and 12.00 hours. Four times a week, net
photosynthesis (Anet) and leaf conductance (gs) were measured on the
first fully expanded leaf using a portable steady state gas-exchange system
(LiCor 6400, Lincoln, NE). Leaves were tagged and used throughout the
experiment. On any given day, measurements were taken in random order
to compensate for any effects caused by time of sampling. Leaf temperature
was controlled at 25o C, and photosynthetic photon flux density (PPFD)
was maintained at 1000 µmol m-2 s-1 with a high-pressure sodium lamp. A
circulating water bath was used to dissipate heat between the light
source and the leaf. Humidity in the cuvette was kept at 1.3 ± 0.3 kPa.
Nondestructive growth measurements were taken on days 0, 12, 24, 36,
and 48 of the study. A cylindrical volume index was calculated as the
diameter squared multiplied by height, where diameter was measured 7
cm above the soil surface, at a premarked location, to the nearest 0.1
mm. Height is the total tree height 7 cm from the soil surface to the tip of
the main stem within the nearest 0.5 cm.
Results and Discussion: For Anet and gs there were highly significant
differences among site and treatment. Under well watered control
conditions, Anet and gs of wet-site ecotypes was higher than dry sites. In
well-watered conditions, dry-site ecotypes had less growth than wet-site
ecotypes with no interactions between treatment and site origin present
in either year’s analysis. The higher Anet for wet-site ecotypes may
explain the higher growth rate under well-watered conditions. In each
year, wet-site trees grew faster than dry-site trees when adequate water
was provided. In relation to control material, dry site trees slowed their rate
of growth to a greater extent than wet site trees under drought conditions.
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The intraspecific differences in stress response is characteristic of differences
between species native to either resource-rich or resource limiting
environments (Pearcy et al. 1987). In well-watered conditions, wet-site
ecotypes had higher Anet and gs. In our findings, the higher gs of the wet-site
ecotype seedlings were associated with increased photosynthesis and
growth under well-watered conditions. Regardless of water status, dry-site
ecotypes had lower gs and growth rates in comparison to wet-site ecotypes.
Comparatively, dry-site ecotypes growth rate is lower than wet sites, a
characteristic of drought avoidance, under well-watered conditions. The
lower Anet under well-watered conditions may be a down regulation of
photosynthesis, which could result in the lower gs values and be an
evolutionary adaptation to a water limiting environment. The lower
conductance level would not only conserve available water, but it would
increase chances of survival as well. Comparatively, the lower Anet levels
in the dry site ecotype seedlings could reduce overall leaf area that in
turn could reduce transpirational water loss on a whole plant basis. We
conclude that under drought stress conditions, wet and dry site seedlings
have characteristically different acclimation strategies. On the one hand,
wet could regulate stomatal gs to avoid periodic drought episodes.
Comparatively, dry sites have a lower photosynthetic capacity, which
reduces gs and conserves water.
Significance to industry: These results provide evidence to substantiate
the selection of plant species and cultivar development based on variation
in water use and photosynthesis traits that can lead to the site specific
employment of trees at both the nursery and landscape level. The
benefit would increase nursery water management strategies while at the
same time increasing water use efficiency at the landscape level. For
these reasons, water management and plant response to water deficit
effects not only plant production, but also plant survival in the landscape.
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