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Significance to the Industry: In the nursery industry, irrigation management is
the key cultural practice that determines the extent of nutrient runoff. We are
testing soil moisture capacitance sensors (Ech20 series; Decagon Devices,
Pullman, WA) to monitor and control irrigation scheduling in soilless substrates.
By comparing these results of this research with past published studies on water
availability in soilless substrates, we intend to ensure that we can precisely
integrate these and other environmental sensors into wireless networks for realtime management. Eventually, these sensor networks may revolutionize our
approach to water and nutrient management, making more efficient use of
resources by reducing water consumption and nutrient runoff.
Nature of Work: Previous studies on water desorption curves [2, 3] showed
definitive differences between soil and soilless substrates in the availability of
water for roots. Soilless substrates, which in most cases have larger particle
sizes, tend to release more water at much lower pressures than in most soils.
Plant Available Water (PAW) is defined as the amount of water accessible to the
plant, and this is affected by the physical properties of the substrate. Some
researchers propose that soil moisture availability varies from 0 to about 1.5 MPa
(wilting point). However, in soilless substrates, plant wilt begins at substrate
moisture tensions much lower than 1.5 MPa, and growth reductions can occur at
tensions as low as 16 kPa [7, 8]. Water status in soilless substrates has been
recognized as critical because of the limited amount of water in container
production [6, 5]. The objective of this research was to compare the previous
literature with our data for readily-available water (RAW; 01-10 kPa substrate
moisture tension) and progressively unavailable water (PUW; >10 kPa substrate
moisture tension).
An examination of RAW for plant growth was performed on five soilless
substrates to gather simultaneous water desorption curves with capacitance
sensor readings. We wanted to compare these results to previous methods and
results [6, 2, 4]. Substrates included Perlite (horticultural grade A-20,
Pennsylvania Perlite Corp., Bethlehem Pa.), two commercial nursery mixes [5
pine bark: 1 sphagnum peat moss namely (A), and 100% pine bark namely (B)],
Sunshine Professional LC1 (4 sphagnum peat moss : 1 perlite) and 100% Sri
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Lankan coir (coconut fiber). These substrates were chosen on the basis of their
use in the container nursery industry and/or their differing ability to hold and
release water. Desorption curves were generated for each substrate with
simultaneous readings using 20 cm long Ech2O capacitance probes (Decagon
Devices, Pullman, WA), a custom-built desorption table, and positive
(compressed air) pressure. Ten simultaneous replicate columns were
simultaneously desorbed for each substrate with each run. Columns were 20.7
cm tall x 12.7 cm diameter (packed uniformly to the top) to represent the height
of a substrate column in a container. Each sealed column had a capacitance
probe sealed into the top polycarbonate lid, positioned centrally and vertically
down the column. All substrates in columns were slowly wetted from the bottom
to gradually force all air out and to allow for uniform absorption of water. The
substrates in the columns were allowed to saturate and establish equilibrium for
at least 12 hours. Upon saturation, columns were allowed to drain freely by
gravity (0 KPa), reaching container capacity. Thereafter, positive gas pressure
was applied and monitored with a digital pressure gauge (GE Druck DPI 104)
and adjusted by a gas pressure regulator (E12 244D) at the following increments:
1, 2, 4, 6, 8, 10, 20, 40, 60, 80, and 100 kPa. After allowing the leachate to stop
and the column equilibrate for at least 3 hours, the volume of water leached at
each pressure increment was measured for each replicate column (n=10). The
capacitance data were continuously measured over the duration of each run
using a Campbell Scientific CR23X micrologger and a modified datalogger
program. Regression curves for the expressed water were used to predict the
substrate water content values and compare them against mV output from the
sensors. Upon completion of the desorption run (at 100 kPa), final volumetric
water was recorded (VW), substrates in 4 randomly selected columns were
removed and weighed (WW), then dried at 60 C for 96 hours and re-weighed to
determine dry weight (DW). Container Capacity (CC) or the water contained in
the substrate after saturation and drainage was calculated as:
CC = [(WW-DW) + VW].
Results and Discussion: Readily-Available Water and Progressively
Unavailable Water. Table 1 shows the distribution of available water into RAW
which in turn is typically subdivided into easy-available water (EAW) and water
buffering capacity (WBC) [3]. Surprisingly, our data reveal there was little
difference between the CC of the two pine bark substrates and peat. With coir
and perlite, both substrates had lower CC compared to the other three
substrates, and also substantially lower WBC. Pine bark A also exhibited low
WBC. Overall, we were surprised to note the relatively high percentage of PUW
for these substrates, indicating the small RAW fraction, and hence the
importance of monitoring water content closely for precise irrigation scheduling.
The variability of the capacitance sensors was very low in perlite (Fig 1A), but
higher in pine bark (Fig 2A), perhaps influenced by differences in particle size.
However when regression curves were fitted to the sensor data and overlaid on
the real VW data (Fig 1B, 2B), the fitted curves precisely matched each other in
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each substrate. Note that for predictive purposes, the VWC regression should be
used for monitoring and control purposes (boxes, Fig 1B, 2B). We are therefore
confident that capacitance sensors can provide precise measurements of RAW,
at tensions between 0 and 10 kPa in the soilless substrates that we tested.
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1. Argo, W. R. 1998. Root medium physical properties. HortTechnology 8:11-16
2. Bunt, A. C. 1961. Some physical properties of pot-plant composts and their
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3. De Boodt, M. and O. Verdonck. 1972. The physical properties of the substrates
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4. Drzal, M.S., Keith Cassel, D. and Fonteno, W.C. 1999. Pore fraction analysis: A
new tool for substrate testing. Acta Hort. 481:43-54.
5. Fonteno, W. C., D. K. Cassel and R. A. Larson 1981. Physical properties of
three container media and their effect on pointsettia growth. J. Amer. Soc. Hort
Sci. 106:736-741.
6. Karlovich, P. T. and W. C. Fonteno. 1986. The effect of soil moisture tension
and volume moisture on the growth of Chrysanthemum in three container
media. J. Amer. Soc. Hort. Sci. 111:191-195.
7. Kiehl, P. A., J. H. Liel, and D. W. Buerger. 1992 Growth response of
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Soc. Hort. Sci. 114: 53-56.
Table 1. Mean (n=4) bulk density (BD), container capacity (CC), easily-available water
(EAW), water buffering capacity (WBC) and progressively unavailable water
(PUW) in five commercial soilless substrates.
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Fig. 1 Simultaneous water desorption and
capacitance sensor output curves vs. pressure
applied on substrate from 0 – 100 kPa positive
pressure (1 A), and the fitted output regression
curve vs. actual volumetric water expressed at
each pressure (1 B) for perlite.

Fig. 2 Simultaneous water desorption and
capacitance sensor output curves vs. pressure
applied on substrate from 0 - 100 kPa positive
pressure (2 A), and the fitted output regression
curve vs. actual volumetric water expressed at
each pressure (2 B) for pine bark mix A.
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Significance to the Industry: The ornamental industry comprises the fastest
growing and the third most important section in U.S. crop production, ranking 7th
in cash receipts and among the highest in net farm income, according to the
Economic Research Service of the U.S. Department of Agriculture (8). The
Horticultural Research Institute (HRI), the research arm of the American Nursery
and Landscape Association (1) has consistently ranked water and nutrient
management issues as a top research priority for the past ten years. Containernursery and greenhouse systems differ radically from traditional agronomic-type
agricultural operations in terms of water and nutrient use. We have developed a
web-based knowledge center for the industry to provide an unbiased, integrated
knowledge base for water and nutrient management, which also provides indepth information on substrate, surface water and pathogen-related issues. All
of these inter-related knowledge areas directly or indirectly impact better water
and nutrient management decisions by producers. The primary goal of this
project is to educate and integrate our collective knowledge base, which will
improve the efficiency and conservation of these resources and increase our
ability to reduce non-point source pollution in our nation’s watersheds from this
important sector of agriculture. This project is funded through an extension
education grant from the USDA-CSREES - National Integrated Water Quality
Program (5), to help achieve the larger goals of the National Water Program (6).
Nature of the Work:
THE ISSUES: The majority of plant materials marketed in the United States are
produced by intensive plant production systems, whether they be field or
container operations. They are classified as intensive agricultural systems
because they use a combination of expensive resources (labor, water, fertilizers,
etc.) to produce landscape and ornamental plants in large numbers on small
acreages. Water and nutrient management is complicated for these operations,
for a number of reasons (2):

Water Management Section
115

SNA Research Conference Vol. 52 2007
• The nutrient use of many species has not been adequately researched,
•

•
•

•

especially for herbaceous and woody perennial species;
The growth rate and hence the nutrient uptake of many species varies
specifically with temperature, among other environmental growth factors,
such as the availability of irrigation water or rainfall;
Nursery and greenhouse systems use a wide range of irrigation methods to
grow different sizes of plants and species demanded by the marketplace;
The nutritional requirements of this wide range of species means that
producers rely on a variety of fertilization methods, including conventional,
controlled-release, and soluble fertilizers, where appropriate;
Production times for annual species can range from weeks to months. For
perennial species, production times are typically from a few months (for
herbaceous species) to years for woody perennials and large trees.

THE KNOWLEDGE CENTER: We, as extension and research faculty from six landgrant Universities in the Mid-Atlantic and Southern regions of the United States
have developed this Knowledge Center, based on our combined knowledge and
interaction with the industry over the past two decades. This internet-based
resource comprises two areas: (A) a website [http://www.waternut.org] that
provides general industry information to the general public (Fig. 1), and (B) an
educational resource center [http://www.waternut.org/moodle] that provides
access to the learning modules. More than twenty-five modules cover various
aspects of substrate, irrigation and surface water management, and nutrient and
pathogen management (Fig 2). Each module (Fig. 3) provides in-depth
information on specific topics (Fig. 4), in a user-friendly Moodle (4) learning
environment. This knowledge center is a completely unique resource that is
available and accessible to anyone with internet access.
OUR TARGET AUDIENCES AND GOAL: The primary goal of this project is to educate
and increase the knowledge base of those best management practices that will
improve production efficiency and the conservation of water and nutrients. Our
primary target audiences are growers and the consultant professionals who
serve wholesale producers, although many retail growers will also benefit from
this information. Other stakeholders include county-and regional-based
extension faculty and educators at community colleges and universities, who
provide resources for student learners and outreach presentations to local
audiences. This resource is also intended to help state and federal agencies
who require that industry professionals maintain continuing education credits as
part of their certification process to comply with new knowledge and training
requirements (3, 7).
Expected Impacts: We hope that the development of this knowledge center will:
• Facilitate public policy and education – a common knowledge base will
improve our ability to form partnerships between growers, green-industry
groups, cooperative extension, and state and federal agencies;
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•
•
•

Provide research-based knowledge for the planning and implementation of
water and nutrient best management practices;
Lead to individual actions to undertake water conservation, reduce runoff,
and improve nutrient management, thereby increasing the water quality in
these operations’ watersheds; and
Form partnerships between growers, green-industry groups, cooperative
extension, and state and federal agency programs.

Literature Cited:
1. American Nursery and Landscape Association, 2006. Horticultural Research
Institute Research Priorities.
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2. Lea-Cox, J. D. and D. S. Ross. 2001. Clean Water Policy and the Rationale
for Developing a Water and Nutrient Management Process for Container
Nursery and Greenhouse Operations. J. Env. Hort. 19:226-229.
3. Maryland Department of Agriculture, 2000. Office of Resource Conservation
- Nutrient Management in Maryland.
http://www.mda.state.md.us/resource_conservation/nutrient_management/i
ndex.php.
4. Moodle Open-Source Course Management Software.http://moodle.org.
5. United States Department of Agriculture National Water Quality Program.
http://www.csrees.usda.gov/nea/nre/in_focus/water_if_waterquality.html.
6. United States Department of Agriculture National Water Program.
http://www.usawaterquality.org/>
7. United States Department of Agriculture Natural Resources Conservation
Service. Technical Service Provider Program http://techreg.usda.gov/.
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Figure 1. Water and Nutrient Management Website.
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Figure 2. Water and Nutrient Knowledge Center Homepage.
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Figure 3. Example Module - Fertilization Strategies.
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Figure 4. Example Topic - Page Detail.
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Water Use and Crop Coefficients of Selected
Herbaceous Perennials
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Index words: Landscape irrigation, Landscape plants, Water conservation
Significance to Industry: Irrigation efficiency can be improved by grouping
plants with similar water use and scheduling irrigation based on actual water
requirements. However, little quantitative information on actual water needs for
ornamental plants exists. In this study, water use and crop coefficient of six
herbaceous species were determined in two locations, Dallas and El Paso,
Texas. Plant water use was influenced by climate (environmental conditions),
plant species, and biomass or plant size.
Nature of Work: Due to limited water supply, the nursery and landscape
industries are facing pressure to conserve irrigation water. Increasing irrigation
efficiency is probably the best way to conserve water while maintaining
productivity. However, due to lack of information on actual plant water needs,
irrigation scheduling is often based on empirical observations and hence overwatering is inevitable. The objectives of this study were to determine the water
use and crop coefficients of selected herbaceous perennials grown in two
representative locations, hot and humid in Dallas and hot and dry climate in El
Paso, Texas.
Dallas. Liners (small plants) of Salvia greggii, Coreopsis grandiflora ‘Sunray’,
Rudbeckia fulgida ‘Goldsturm’, and Verbena Canadensis ‘Homestead Purple’
were acquired on May 26, 2006 and transplanted on June 8, 2006 into 1.5 gallon
pots. The growing medium used was a 3:1:1 pine bar: peat moss: sand (v/v)
amended with 5 lb/yd3 dolomitic limestone, 1 lb/yd3 Micromax and 1 lb/yd3
AcquaGro (wetting agent). On June 12, the plants were top dressed with
Osmocote 14-14-14 (20 g/pot), and arranged by species in ground beds, with
additional border plants surrounding the beds. The plants were irrigated through
a manifold of ½” polyethylene tubing feeding individual spaghetti lines fitted with
Roberts spitters (1/plant). The plants were irrigated, using a timer, twice a day
with enough water to leach at least 20%. Water use per plant was measured
gravimetrically one day per week, and every two weeks one set of two plants per
species were destructively harvested. Plant height and two perpendicular widths
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were recorded weekly and used to calculate canopy projected area and growth
index. Reference evapotranspiration (ET0) and weather data were collected daily
with a local weather station. The experiment, started on June 12, was ended on
Aug. 30, 2006 (total of 11 weeks).
El Paso. Plants of Salvia greggii, Coreopsis grandiflora ‘Sunray’, Rudbeckia
fulgida ‘Goldsturm’, Verbena Canadensis ‘Homestead Purple’, Nepeta faassenii
‘Walker’s Low’ and Penstemon x mexicali ‘Red Rocks’ in one gallon containers
were obtained from local nursery on May 19 (liners were not available at this
location). Growing medium was 5 parts composted bark to 1 part pecan shell
with a little bit of sand. Plants were arranged randomly in the field plot,
surrounded by same size additional plants as border and irrigated manually twice
a day. Other cultural information, plant growth measurement, and methodology
for determining plant water use were the same as those described above for
Dallas location study. Weather data were collected from an on-site weather
station and reference transpiration (ET0) was calculated. The experiment was
terminated on 7 Aug., a total duration of 10 weeks.
Results and Discussion: In Dallas, water use was highly influenced by climatic
conditions (Fig. 1). The fluctuation of water use per plant basically matched that
of climatic conditions (temperature, solar radiation and humidity). Among the
four species, water use per plant, and per gram dry weight, were highest in
Salvia and lowest in Coreopsis. Crop coefficient (Kc) per canopy cover area was
higher in Coreopsis and Rudbeckia than the other two species. Kc per container
surface area (330 cm2) was also highest in Coreopsis. Similar to the results
obtained in Dallas, water use obtained in El Paso was mainly influenced by
climatic conditions and by biomass (Fig. 2). Water use per plant was lowest in
Coreopsis. Nepeta had highest water use per plant at the beginning (in June)
because Nepeta had the largest initial biomass. Kc per canopy cover area was
less than 1.0 for most of the species. Kc per canopy cover area was around 1.0
for Rudbeckia throughout the 10-week period. Kc per container surface area
(177 cm2) was lowest in Coreopsis, which was the opposite of the results in
Dallas.
The differences in water use and crop coefficients for the same species in two
locations were due to the differences in plant size or biomass and climatic
conditions. For example, water use per plant was much small in El Paso than in
Dallas, possibly due to the favorable conditions for growth in Dallas in June and
July. Plants used in Dallas grew more rapidly than those in El Paso during the
course of the experiment. This may be because plants in Dallas were from liners
and transplanted to 1.5 gallon containers, while those in El Paso were obtained
in 1 gallon and not transplanted to bigger containers. Also, from June to late
July, it was much hotter and drier in El Paso than in Dallas (Fig. 3). Water use
per plant in El Paso for most plants was between 300 to 600 mL per day, while
those in Dallas used more water (~600 to 1,200 mL per day), having large
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fluctuations caused by climatic conditions. However, water use per gram dry
weight was similar in both locations (~ 30-35 mL per gram DW) and showed
generally similar trends across season and species. The difference in water use
among species was relatively small compared to our previous study with six
woody plants (3). Other researcher also reported that actual water use of a plant
was determined by environmental, plant species, growth rate, and plant size or
stage of growth and development (1, 2, 4).
Acknowledgement: We gratefully acknowledge the financial support from
Cooperative State Research, Education and Extension Service, U.S. Department
of Agriculture under Agreement No. 2005-34461-15661, Texas Nursery and
Landscape Association, and El Paso Water Utilities.
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Figure 1. Plants growth parameters, water use and crop coefficients (on a
canopy cover area and pot surface area basis) for selected containerized
herbaceous plants grown (12 June to 30 August, 2006) in Dallas, TX
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Figure 2. Plant growth parameters, water use and crop coefficients (on a canopy
cover area and pot surface area basis) for selected containerized herbaceous
plants grown (25 May - 7 August, 2006) in El Paso, TX
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Figure 3. Climatic conditions in Dallas and El Paso, Texas during the study.

Water Management Section
127

SNA Research Conference Vol. 52 2007

Salinity Tolerance of Ten Herbaceous Landscape Plants
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Index Words: Landscape irrigation, Water reuse
Significance to Industry: Many municipalities have encouraged using reclaimed
water to irrigate urban landscapes due to a limited supply of fresh water in their
locallities. However, the elevated salinity in reclaimed water may cause foliar
damage on sensitive plant species and thus affect their aesthetic appearance.
This study evaluated the growth and general performance of 10 perennials and
groundcovers grown in a typical desert environment irrigated with saline solutions
at three salinity levels. Five of the species were found to tolerate salinity up to
5.4 dS/m.
Nature of Work: Salinity tolerance of commonly planted landscape plants has
been investigated extensively in recent years where water supply is limited (1, 2,
3, 4, 5) and a wide range of salinity tolerances were found among the tested
plant species. Salt damage on a number of landscape plants irrigated with
treated effluent were most severe during the hottest and driest period of summer
(2). While relative salt tolerance screening of plant species can be conducted in
a greenhouse, the actual salt tolerance thresholds should be confirmed in the
landscape. The objectives of this study were to assess the salinity tolerance of
the selected herbaceous perennials and groundcovers irrigated with synthesized
saline solutions under field conditions and to compare to the results on salinity
tolerance obtained in greenhouse studies.
Seeds of four species, Achillea millefolium, Gaillardia aristata, Rudbeckia hirta,
and Verbena macdougalii, were purchased from a nursery and sown in plug trays
filled with Sunshine Mix no. 5 (SunGro Hort., Bellevue, Wash.). Seedlings were
grown in a greenhouse and sub-irrigated until transplanting. Liners of six
additional species, Lantana x hybrida ‘New Gold’, Lantana montevidensis,
Lonicera japonica ‘Halliana’, Rosmarinus officinalis ‘Huntington Carpet’,
Glandularia canadensis ‘Homestead Purple’, and Glandularia x hybrida in 500
mL containers (4-in pot) were purchased from a local nursery. All 10 species
were transplanted to nine raised beds on 17 May. The dimensions of the raised
beds were 1.5 x 6 x 0.2 m (5 x 20 x 0.66 ft) and they were filled with Blue Point
loamy sand soil mixed with peat moss at a 2:1 ratio (by vol.). The planting
density was 6.5 plants/m2 (0.6 plants/ft2) for all species. Slow released fertilizer
(Osmocote 14-14-14; Scotts-Sierra Hort. Products, Marysville, Ohio) was applied
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on 1 Jun at 1.0 kg/m3 (1.0 oz/ft3) and Micromax on the same day at 1.2 kg/m3
(1.2 oz/ft3). Saline solutions at three levels of electrical conductivity (EC) of 0.8
dS/m (tap water, control), 3.2 dS/m, and 5.4 dS/m were prepared by adding
sodium chloride (NaCl), magnesium sulfate (MgSO4·7H2O), and calcium chloride
(CaCl2) to tap water in 1228 L (325-gal) tanks. Saline solution irrigation was
initiated on 15 Jun and terminated on 25 Sept. Plants in all beds were well
irrigated daily through a micro-spray drip irrigation system. Irrigation treatments
were randomly arranged among the nine raised beds with three replications and
six subsamples per bed. Plant height and two perpendicular canopy widths were
recorded monthly to calculate the growth index: Growth index = ((height +
(canopy width 1 + canopy width 2)/2)/2. At the end of the experiment, shoots
were harvested and fresh weights were recorded immediately in the field. Visual
quality of plants was assessed monthly based on visual foliar salt damage on all
plants. Each plant was given a score of 1 to 5 according to foliar damage (5).
Results and Discussion: Elevated salinity reduced shoot fresh weights of L.
montevidensis and G. canadensis but not in other species (Table 1). Growth
index was reduced by salinity treatment in L. montevidensis, G. canadensis and
G. x hybrida while that of other species was not (Fig. 1). Visual scores were
lower in L. montevidensis in later summer compared to the control (Fig. 2).
However, visual score of G. canadensis and G. x hybrida were lower in late July
when the weather was hotter and drier compare to later summer. Most plants of
R. hirta at 3.2 dS/m or 5.4 dS/m did not survive. No visible foliar damages were
observed throughout the experiment in A. millefolium, G. aristata, L. x hybrida, L.
japonica, R. officinalis, and V. macdougalii as a result of elevated salinity (Fig. 2).
Previous greenhouse salinity tolerance studies conducted during summer and fall
seasons indicated that A. millefolium and G. aristata irrigated with saline solution
up to 4 dS/m had acceptable growth reduction and visual quality but R. hirta
(summer season only) had severe foliar damage or dead (5). Therefore, we
conclude that A. millefolium, G. aristata, L. x hybrida, L. japonica, R. officinalis,
and V. macdougalii could be irrigated with saline water up to 5.4 dS/m with little
reduction in growth and aesthetic appearance. We did not recommend
Rudbackia hirta for landscape use where reclaimed water may be used for
irrigation. The remaining species could be irrigated with reclaimed water at
salinity up to 3.2 dS/m with acceptable growth reduction and little visual damage.
The relative salinity tolerance or order of salt tolerance of plants determined in
greenhouses was consistent with field salinity tolerance results.
Acknowledgement: We gratefully acknowledge the financial support from
Cooperative State Research, Education and Extension Service, U.S. Department
of Agriculture under Agreement No. 2005-34461-15661, the MBRS-RISE
Program at EPCC, Grant Number R25 GM060424, El Paso Water Utilities, and
Texas Agricultural Experiment Station.
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Table 1. Effect of irrigation solution salinity on shoot fresh weight and leaf SPAD
readings (relative chlorophyll content) of 10 herbaceous perennials and
groundcovers grown in the raised beds in the field.
Salinity (dS/m)
3.2
5.4
Shoot fresh weight (g)
720 a z
792 a
673 a
971 a
654 a
781 a
346 a
204 b
86 b
408 a
324 a
289 a
154 a
130 a
129 a
208 a
164 a
156 a
364
-- y
-87 a
41 a
47 a
828 a
629 ab
494 b
576 a
321 b
238 c
0.8

Species
Achillea millefolium
Gaillardia aristata
Lantana montevidensis
Lantana x hybrida
Lonicera japonica
Rosmarinus officinalis
Rudbeckia hirta
Verbena macdougalii
Glandularia canadensis
Glandularia x hybrida

z Means in the same row followed by same letters were not significantly different
tested by Student-Newman-Keuls multiple comparison at P = 0.05.
y plants were dead.
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Figure 1. Growth index [(height + (canopy width 1 + canopy width 2)/2)/2] of 10
species grown in the raised beds in the field and irrigated with saline water at
three salinity levels: 0.8 dS/m (tap water), 3.2 dS/m or 5.4 dS/m. On the same
date, growth indices followed by the same letters were not significantly different
among salinity levels tested by Student-Newman-Keuls (SNK) multiple
comparison at P = 0.05. Growth indices on all other dates without any letter were
not significantly different among the salinity treatments (not indicated).
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Figure 2. Visual scores assessed four times during the experiment of 10 species
grown in the raised beds in the field and irrigated with saline water at three
salinity levels: 0.8 dS/m (tap water), 3.2 dS/m or 5.4 dS/m. On the same date,
visual scores followed by the same letters were not significantly different among
salinity levels tested by SNK multiple comparison at P = 0.05. All other dates
without any letters were not significantly different among the salinity treatments
(not indicated). Vertical bars indicate standard errors.
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Salinity Tolerance, Water Use and Crop Coefficients of Selected
Shrubs and Trees
Genhua Niu and Denise S. Rodriguez
Texas A&M University, El Paso Research and Extension Center
1380 A&M Circle, TX 79927
gniu@ag.tamu.edu; drodriguez@ag.tamu.edu
Index Words: Salt stress, Irrigation, Landscape plants, Water conservation,
Water reuse
Significance to Industry: Due to a rapidly increasing population and limited
fresh water supply, water conservation has become increasingly important in
many parts of the country, especially in arid and semi-arid regions. Use of
recycled water to irrigate urban landscapes and nursery crops may be inevitable
in the near future. Information on salt tolerance of landscape plants is needed to
guide landscape and nursery professionals to select salt tolerant plant species
where recycled or low-quality water may be used for irrigation. Water use or
irrigation efficiency can be improved by minimizing over-watering and accurately
scheduling irrigation. Therefore, water use and crop coefficients, which vary with
climate conditions and species, can aid irrigation management in landscape and
nursery production. In this study, salt tolerance, water use, and crop coefficients
of seven landscape shrubs and trees grown in a hot and dry field environment
were determined and compared.
Nature of Work: As water quality and quantity become limited in many parts of
the country, new irrigation sources must be sought to increase water use
efficiency and conserve fresh water. Alternative water sources (non-potable
water, hereafter) including recycled water, treated municipal effluent (reclaimed
water) and brackish ground water, which generally contain higher levels of salts
compared to potable water, may be used for agricultural irrigation. Previous
research has demonstrated the possibility of using non-potable water for
irrigating horticultural crops (2, 7, 8) and landscapes (1, 3, 4, 5, 9). A wide range
of salt tolerance among these tested ornamental plants was found.
The following trees and shrubs were used for this study: green ash (Fraxinus
pennsylvanica), black cherry (Prunus serotina), chinese elm (Ulmus parvifolia),
desert willow (Chilopsis linearis), Russian olive (Elaeagnus angustifolia), sand
cherry (Prunus besseyi), and sand plum (Prunus angustifolia). Bare root
seedlings were purchased in Jan 2005 and planted in 3-gallon containers filled
with commercial substrate Sunshine Mix no. 4 (SunGro Hort., Bellevue, Wash.).
Plants were well irrigated with tap water. Prior to the treatments, each container
was top dressed with 20 g slow-release fertilizer (Osmocote15-9-12, Scotts,
Marysville, Ohio). Plants were placed randomly in a field plot and surrounded by
same size extra plants. Inside the experimental plot, environmental conditions
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(temperature and light, etc.) were uniform. Saline irrigation, delivered through a
drip irrigation system at 0.8 (tap water), 2, or 4 dS/m electrical conductivity (EC)
was initiated in early July and terminated in middle October. Salinity tolerance
was evaluated by comparing the caliper and visual quality of the plants. Water
use of the control plants (irrigated with tap water) was determined gravimetrically:
plants were irrigated to near container capacity, allowed to drain completely, and
then re-weighed in 24 hours. The difference between the beginning and ending
weights was the water used over the 24 hour period. This procedure was
preformed several times per week throughout the study.
Results and Discussion: Caliper growth was reduced in sand cherry in
response to the salinity treatment (Table 1), whereas all other species were not
affected. Green ash had leaf burn when irrigated with saline solution at 4 dS/m.
Black cherry and sand plum did not perform well, even irrigated with tap water,
which was due to the extreme heat stress in early to middle summer. There
were 7 days with maximum temperature over 40 °C during the experimental
period with humidity ranging from 12% to 35% for 25 d. Chinese elm did not
have any visual injuries and had the highest increases in caliper, regardless of
salinity treatment. Desert willow and russian olive had leaf burn and defoliation
when irrigated with saline solution at 4 dS/m. Although these species were
native to the region, they were not as tolerant to salinity as Chinese elm, which is
native to China. Overall, Chinese elm was the most tolerant species to salinity;
green ash, desert willow, and russian olive were moderate (2 dS/m) and the rest
were sensitive. Black cherry and sand plum may perform better under partial
shade in a hot and dry desert environment. Water use varied among species
and weather conditions, especially for desert willow (Fig. 1). In July, daily water
use was highest in desert willow followed by green ash. There were no
substantial differences in water use among the rest of the species. Water use of
all species decreased in August and September as temperatures decreased and
relative humidity increased. Crop coefficient per container surface area for
desert willow was between 2 to 4 for most days during the summer seasons,
while those for all other species ranged from 1 to 2. In our previous study with
five shrubs grown in the same size containers, the water use varied also with
species, biomass, and weather conditions (6).
In conclusion, Chinese elm was most salt tolerant, which grew rapidly in a hot
and dry desert environment. Green ash, desert willow, and russian olive were
moderate (2 dS/m) and the rest were sensitive. Desert willow had the highest
water use and crop coefficient, while there were no substantial differences in
water use and crop coefficients among the rest of the species.
Acknowledgement: We gratefully acknowledge the financial support from
Cooperative State Research, Education and Extension Service, U.S. Department
of Agriculture under Agreement No. 2005-34461-15661, Texas Water
Development Board, and El Paso Water Utilities.
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Table 1. Effect of elevated salinity in irrigation water on plant growth and foliage
damage. Treatment: control (tap water), EC 2 and EC 4: electrical conductivity of
irrigation water at 2 or 4 dS/m. Saline solutions were prepared by adding NaCl
(87%), MgSO4·7H2O (8%), and CaCl2 (5%) to tap water.
Treatment

Species

Increase in caliper (%)

Control
EC 2
EC 4

Green Ash
Green Ash
Green Ash

11.9 a
3.1 a
2.0 a

no
no
yes, some

Control
EC 2
EC 4

Black Cherry
Black Cherry
Black Cherry

11.9 a
4.0 a
5.7 a

yes, heat stressed no
yes
yes
yes
yes

Control
EC 2
EC 4

Desert Willow
Desert Willow
Desert Willow

35.8 a
22.7 a
20.4 a

no
no
yes

no
no
yes

Control
EC 2
EC 4

Chinese Elm
Chinese Elm
Chinese Elm

43.7 a
32.7 a
42.1 a

no
no
no

no
no
no

Control
EC 2
EC 4

Russian Olive
Russian Olive
Russian Olive

23.3 a
18.2 a
20.6 a

no
no
yes

no
no
yes

Control
EC 2
EC 4

Sand Cherry
Sand Cherry
Sand Cherry

21.7 a
5.6 b
0.0 b

no
yes
yes

no
yes
yes

Control
EC 2
EC 4

Sand Plum
Sand Plum
Sand Plum

3.9 a
4.4 a
4.2 a

leaf burn

Defoliation
no
no
some

yes, heat stressed no
yes
yes
yes
yes
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Figure 1. Daily water use and crop coefficient (Kc) per container surface area of
green ash (Fraxinus pennsylvanica), black cherry (Prunus serotina),
Chinese elm (Ulmus parvifolia), desert willow (Chilopsis linearis), Russian
olive (Elaeagnus angustifolia), sand cherry (Prunus besseyi), and sand
plum (Prunus angustifolia).
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Runoff Water Quality at Container Plant Nurseries
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1
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residues, Total suspended solids
Significance to Industry: Runoff containing nutrients and pesticide residues
from agricultural operations is considered a non-point source of pollution.
Negative environmental impacts of this pollution include eutrophication of natural
waters, which eventually leads to ecological and economic costs. Container
plant nurseries are assumed to contribute to contamination of water, but
documentation of water quality profiles at nurseries is not very common. We
sampled the runoff water at several locations, including adjacent natural bodies
of water, throughout two commercial container plant nurseries in southeastern
United States. Results showed that nitrate and phosphate concentrations in
runoff varied with the sampling location and the month of sampling.
Concentrations of PO4 in samples ranged from 0.60 ppm during the winter to as
high as 144 ppm during the growing season. Values recorded for NO3-N were at
times as low as 0.20 ppm but up to 304 ppm at some locations. Fertigation
increased the concentrations of nitrate-N and phosphate in the runoff. With
detection limits set at 1.0 ppb, 0.50 ppb, 5 ppb, and 10 ppb for bifenthrin,
chlorpyrifos, simazine, and diuron, respectively, we did not detect any residues of
these compounds in any sample collected during the 12-month period. Our data
indicate that to avoid the assumption that container nurseries contribute to
environmental pollution, careful, consistent sampling and documentation of runoff
water quality followed by implementation of appropriate management strategies
to address the areas of concern are necessary.
Nature of Work: Ornamental plant production is the fastest growing agricultural
sector in the US, and Florida is the second largest producer of nursery plants in
the country with an industry value of $15 billion in 2006 (personal
communication, Florida Nursery Growers and Landscape Association) and about
4,500 registered wholesale nursery growers (1). Given the size of the industry
and the production acreage, sometimes poor irrigation practices result in
environmental degradation due to the transport of nutrients, pesticides, salt, and
trace elements to surface- and ground-water. Rainfall also generates runoff at
container nurseries, and it is an unavoidable source of water, and subsequently
of runoff, in high rainfall areas of the Southeast. Irrigated agriculture, therefore,
is facing increasing public pressure and the threat of increased regulation. For
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maintaining economic viability and environmental stewardship, it is becoming
increasingly necessary for nursery growers to document runoff quality at their
nurseries. Such data are helpful for managing the nutrient and pesticide inputs,
and for managing the output. The objective of our work was to assess nutrient
and pesticide residues in runoff water at two commercial container nurseries; we
also evaluated the concentrations of these components at certain locations
where runoff water from the nurseries was discharged into natural bodies of
water.
Sampling locations were selected to include runoff from beds that were
maintained under similar production practices. Fourteen nursery bed runoff
locations were selected at one nursery and five locations at the other. At both
nurseries, the runoff from nursery beds is most frequently diverted into retention
basins for re-use. Water from selected retention basins (six at one operation and
four at the other) also was sampled. The water samples from a natural creek
flowing adjacent to one nursery were collected at three locations: (1)
approximately 1/4th of a mile upstream from the nursery; (2) where the creek
water flowed through the nursery property; and (3) where retained nursery water
was discharged, after settling and re-use, into the creek. Each sampling location
was marked to ensure collection at the same point in subsequent months.
Monthly samples were collected at each location over a period of 12 months.
There were instances when we could not collect samples and these months are
not included in the data presentation. At one nursery, we alternated our monthly
sampling to reflect the effects of fertigation by collecting the samples immediately
after the plants had been fertigated. We used amber, 500-ml plastic bottles to
collect the water samples. Bottles first were rinsed with the water at each
respective sampling site before the sample was collected for analyses. Samples
were stored at 4oC until these were shipped overnight on the same day to a
commercial laboratory for analyses. Samples were analyzed for K, Ca, Mg, Na,
PO4, SO4, Cl, HCO3, CO3, NH4-N, NO3-N, CaCO3, Fe, Mn, B, Cu, Zn, Mo, Al, F,
pH, and electrical conductivity. Total Suspended Solids (TSS) and the
concentrations of bifenthrin, chlorpyriphos, simazine, and diuron also were
analyzed in samples from one nursery. The organic compounds that we selected
were components of most frequently used pesticides at the nursery. Detection
limits were set at 1.0 ppb, 0.50 ppb, 5 ppb, and 10 ppb for bifenthrin,
chlorpyriphos, simazine, and diuron, respectively.
Results and Discussion: Nitrate-N (NO3-N) in the nursery bed runoff samples
was highest, overall, during the growing season (Figures 1, 2, and 3). The higher
values were recorded during the months of April, May, June, July, and August.
Fertigation influenced the concentration of nitrate-N in runoff by increasing the
values in alternate months (Figure 2). Values obtained from beds with drip
irrigation did not show lower nitrate concentrations in runoff and these ranged
from 2.6 ppm to 98 ppm. Nitrate-N values recorded for the retention basins were
below 25 ppm during our sampling period, except in one instance when 304 ppm
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NO3-N was observed in one monthly sample at one sampling location. The water
released into the natural areas and that in the creek contained less than 8 ppm
NO3-N, and often these values were lower than 4 ppm. The nitrate-N
concentrations among these samples also showed the pattern whereby the
values were higher during the growing season and lower (or not-detectable)
during the winter months. Concentration of phosphate (PO4) in the nursery bed
runoff also showed a similar pattern as that of nitrate-N, i.e., the values were
higher during the growing season than those during the winter months (Figures 1
and 3). Fertigation also influenced the phosphate runoff from production beds
similar to that of nitrate (Figure 3). Values ranged from 1 ppm to as high as 144
ppm in some samples. Most values, however, were between 5 and 60 ppm at
both nurseries. Phosphate residues in the retention basins were less than 10
ppm and most frequently were below 3 ppm. Outflow into natural areas and into
the creek yielded values of less than 5 ppm PO4; phosphate often was not
detectable during the winter months among these samples. Total Suspended
Solids (TSS) in runoff samples from nursery beds ranged from 20 to 2,620 ppm
with most values falling between 70 and 350 ppm. Retention basins showed
TSS values between 10 and 250 ppm throughout the sampling period. The TSS
in creek samples ranged from 5 to 150 ppm. When water samples from one
nursery were analyzed to obtain concentrations of the compounds bifenthrin,
chlorpyriphos, simazine, and diuron, we did not observe any detectable residues
in any sample in any given month during the course of this study. In summary,
fertilizing practices and production cycle influence the concentration of nutrient
residues in the runoff generated at commercial plant nurseries. Concentrations
of two nutrients of highest concern, i.e., nitrate and phosphate, were higher
among the runoff samples arising from production beds than in water contained
within retention basins or that which was released into the natural areas adjacent
to the nurseries.
Acknowledgements: The authors extend gratitude to Fanny Ricci for providing
field help throughout the study. Maria L. Ishida and Rebecca Riddle assisted
with timely packing and shipping of the samples.
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Figure 1. Mean concentration of nitrate-N (NO3-N) and phosphate (PO4) in runoff
samples collected from various locations throughout a commercial container nursery
in southeastern US. Samples were captured to assess the nutrient residues in runoff
generated from production beds. Samples were collected monthly (except for March)
at the same location and were sent for analyses to a commercial laboratory (n= 14).

Figure 2. Nitrate-N (NO3-N) concentration in runoff generated at a commercial plant
nursery in southeastern US. Legend entries 2, 3, and 9 are for runoff from production
beds. Runoff data from two production areas irrigated by drip irrigation are not included
in this graph. Entries 1, 4, 8, 10, and 11 are for retention basin samples; entry 10 is for
runoff flowing into a retention basin, whereas the rest are samples collected at the outlet
point for each basin.
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Figure 3. Phosphate (PO4) concentration in runoff generated at a commercial plant
nursery in southeastern US. Legend entries 2, 3, and 9 are for runoff from production
beds. Runoff data from two production areas irrigated by drip irrigation are not included
in this graph. Entries 1, 4, 8, 10, and 11 are for retention basin samples; entry 10 is for
runoff flowing into a retention basin, whereas the rest are samples collected at the outlet
point for each basin.
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Significance to Industry: We designed a two-stage, primary and secondary
treatment constructed wetland system (CWS) that optimized nutrient attenuation.
Primary rooted and floating plant treatments resulted in greater nitrogen (N)
removal efficiency (>98 %) than the ornamental treatment (< 87%). The floating
primary treatment resulted in the greatest soluble reactive phosphorus (P)
removal efficiency (> 87%). Crushed brick and calcined clay, vegetated and nonvegetated secondary treatments P removal efficiencies (> 95%) were similar and
resulted in markedly reduced P in CWS effluent.
Nature of Work: This research utilized a two-stage design, including a surfaceflow, primary treatment and a subsurface-flow, secondary treatment. The
mesocosm (small scale) system was designed to optimize P removal efficiency.
We examined planting type (floating, ornamental, and rooted) effect on N and P
removal in the primary CWSs, and characterized P removal efficiency of the
secondary CWSs, which were established using either crushed brick or calcined
clay and were either vegetated or non-vegetated. Crushed brick and calcined
clay were previously identified as having high P sorption capacity (3).
The experimental setup for the primary treatment mesocosms utilized twenty-four
380-liter (100 gal) Rubbermaid tanks. Simulated nursery runoff was supplied
using a 20-2-20 commercial-grade soluble fertilizer (Southern Agricultural
Insecticides, Inc., Hendersonville, NC) with 15 mg/L (ppm) N and 5 mg/L (ppm) P
supplied to each tank at a 4-day hydraulic retention time. The secondary,
subsurface-flow treatments received effluent from the primary treatment
mesocosms, and consisted of twenty four 190-liter (50 gal) Rubbermaid stock
tanks that were filled with 90.7 kg (200 lbs) of either recycled crushed brick or
calcined clay. Six of the twelve crushed brick and calcined clay filled mesocosms
were planted with ornamental species. Water quality parameters monitored
included NO3-, NO2-, PO4, SO4, and pH. Anions were determined using a Dionex
AS50 ion chromatograph (Dionex Corp., Sunnyvale, CA. Mesocosms were
planted in August of 2006 and sampling began on 14 May 2007, continuing
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weekly to the present. Data was analyzed using SAS PROC GLM procedure
(SAS Institute Inc. Cary, NC).
Results and Discussion: Nitrogen removal efficiency in primary treatment
mesocosms (Fig 1) was comparable between, floating and rooted treatments
with average removal efficiency at 99.4% and 97.8% respectively, while
ornamental treatment removal efficiency was significantly lower at 87.5%.
Nitrogen remediation was most efficient in the floating and rooted primary
treatments, but all treatments filtered N adequately from effluent (all
concentrations < 0.85 mg/L total N). These results agree with previous work that
found N remediation in CWSs is highly efficient (2). However, the ornamental
treatment did not show higher nitrogen remediation efficiency, even though plant
choice was based on those plant species identified as able to efficiently recover
N and P (1).
The floating treatment effectively removed the most P (Fig. 2; 86.5% removal) in
the primary mesocosm experiment, while rooted and ornamental treatments
provided somewhat lower remediation efficiencies (62.4% and 20.3%,
respectively). Secondary treatments were even more effective at P removal from
effluent (Fig. 3). Crushed brick and calcined clay treatments, whether vegetated
or non-vegetated, showed similar capacities for P removal and achieved 95% P
removal efficiencies, resulting in an average P outflow concentration of 0.20
mg/L. These preliminary data indicate that fired clays have great potential for P
removal in CWSs, and, if they follow similar saturation patterns as found in our
previous work (3), should provide 9 or more months of efficient phosphorus
removal.
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. Nitrogen removal efficiency and total nitrogen (NO2 + NO3) concentration
in primary treatment effluent is shown as impacted by planting type. Error bars
signify standard error of mean (P = 0.05).

Figure 2. Phosphorus removal efficiency (%) and phosphorus concentration in
primary treatment effluent is shown as impacted by planting type. Error bars
signify standard error of mean (P = 0.05).
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Figure 3. Phosphorus removal efficiency (%) and concentration in effluent of
secondary, subsurface-flow mesocosms is shown as impacted by treatment.
Error bars signify standard error of mean (P = 0.05).
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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
(1). 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 flow-through
microbial-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 was to evaluate the performance of a
scaled-up bioremediation system for removing nitrate nitrogen (NO3-N) from
surface runoff water associated with ornamental plant production. Previous
research using small-scale model systems indicated a great potential for
removing nitrate within a short period of time following nitrate addition to the
system (2). However, these systems were not evaluated under flow-through
conditions due to logistical constraints. Those results also provided valuable
management information, indicating that native nitrate-removal activity could be
captured from surface drainage water at different nurseries; that the micro-flora
must be exposed to nitrate on a daily basis; and that the available carbon must
always be present to maintain optimal nitrate removal rates (2).
To evaluate the potential for nitrate removal under flow-through conditions, two
sets of larger scale bioreactors were installed at a local nursery. These
bioreactors each consisted of a series of four 64 gal. polyethylene tanks
connected using 2-inch poly vinyl chloride (PVC) pipe and fittings. The
connections between tanks were staggered to facilitate mixing and contact of the
nursery water with the media surfaces (Figure 1). Each tank was filled with 40
gal. of Kaldness media previously described (2). Water was pumped from
separate nursery sumps into the first tank of each set of bioreactors using
magnetic drive pumps (Aquatic Ecosysytems MD-55RLT) (Figure 1). Bioreactor
effluents were discharged back into the sumps. Initially, water was pumped
through each system for approximately three months in order to collect native
microflora on the media surfaces. Following this media-loading phase, flow was
stopped and each tank was dosed with 118 g sodium nitrate and 384 g sucrose
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daily for several weeks to select for the nitrate-reducing microbial communities.
Water samples were collected daily from each tank and analyzed for nitrate using
US EPA Method 300.6. Water pH and oxidation-reduction potential (redox) were
also measured from set-up through the evaluation stages. Once nitrate removal
rates appeared to be rapid, flow through the systems was restarted at a rate of
10 L/min. Carbon was supplied in the form of a sucrose stock solution (2,000
g/15L) using a gravity drip system (Aquatic Ecosystems, AquaDose System).
The sucrose stock solution was supplied at a rate of 5 to 10 mL/min. Automatic
water samplers were stationed at the inflow and outflow points for each set of
bioreactors. Composite samples (70 mL) for nitrate analysis were collected
every 15 minutes at 24-hr intervals for approximately 7 weeks. The mass of
nitrate pumped into and discharged from each set of bioreactors was estimated
by multiplying the concentration (mg/L) in the composite sample by the total
volume (L) of water pumped through each system during each monitored period.
Results and Discussion: During the media loading stage, redox potential was
poised between +100 and +300 mv, indicating relatively aerobic conditions.
Redox potential was highly variable during the denitrifier selection stage, ranging
from -500 to +300 mV. Once flows were reestablished with the sucrose gravity
drip system, redox stabilized between -100 to -300 mV, conditions suitable for
denitrification reactions. Water pH generally ranged from 5 to 7 throughout the
monitored period. During the flow-through nitrate monitoring period, removal of
85 percent of the nitrate loads entering the systems were consistently achieved
when all pumps and carbon-dosing equipment were functioning properly,
indicating much potential for this system. On several occasions, 100% of the
nitrate load was removed during the monitored period. The reduced removal
efficiencies during other periods may have resulted from several factors,
including: nitrate levels exceeding the carbon-dosing levels, and inaccuracies in
delivery of the sucrose using the gravity drip system due to clogging and
changes in viscosity associated with temperature changes. Several operating
and maintenance issues were identified that must be addressed before further
enlarging the scale of the system. Because these systems will be established in,
or pump from, the lowest points of the production areas, concessions must be
made for reducing the inflow of sediments into the system. These sediments
may clog the flow paths through the media and cause excessive wear on pumps,
limiting the reliability of the bioreactors. These studies have provided valuable
information needed for designing and operating these potential bioremediation
systems. Current work is focused on further scaling up the system for evaluation
on-site at local nurseries and adding phosphorus removal modules. In addition,
research is also evaluating the possible effects of fungicides used in pest control
programs on the nitrate removal ability of the microflora.
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Figure 1. Diagram of a bioreactor set-up at an ornamental nursery. Water
was pumped from the nursery sump into the system. Carbon (sucrose) was
supplied using a gravity-feed system.
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Injection of Surfactant in Water Supply Decreases
Water Use of Peace Lilies
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Significance to Industry: Irrigation management is one of the most important
portions of plant production in the nursery industry. Over the last 50 years
awareness of the importance of reduced water use in nurseries has increased.
Luxurious irrigation with low irrigation efficiency is being challenged with recent
droughts, stricter regulations on nursery water use and nutrient release, and
tougher competition for water resources with large cities in some areas (3).
Nursery growers and researchers are searching for practical methods to reduce
water use and also maintain optimal plant growth and production. In this study
we added low concentrations of the surfactant Tween 20 into the drip irrigation
system to maximize plant growth while reducing water use by 40%. Plants
grown with 60% water supply where irrigation was injected with 125 ppm Tween
20 solution grew equally well as plants with 100% water supply with no adjuvant.
Tween 20 as a water adjuvant could be a solution to water crisis in the future.
Nature of Work: Nurseries and greenhouses need significant quantities of water
to sustain optimal plant growth every day. Lack of freshwater resources,
infrastructure or water rights, water use limitations and increased water
shortages threaten nursery production. In such cases nursery growers have to
search for a new, efficient way to water ornamental plants. Many studies report
using surfactants to increase moisture retention in potting substrates and
decrease water repellency of soil, but few studies have focused on direct effects
of surfactants on plant water use and plant growth.
This study was initiated to examine the effects of nonionic surfactant Tween 20
on water use and growth of peace lily (Spathiphyllum floribundum ‘Viscount’) at
the Paterson Greenhouse Complex, Auburn University in Auburn, Ala. on Nov
18, 2005. Peace lilies were potted into 6.5-inch azalea pots in Fafard 3-B (a
blend of peat, perlite, vermiculite, and pine bark; Conrad Fafard, Inc., Agawam,
Mass.) amended with 6.6 kg/m3 (11 lbs/yd3) Polyon 18-6-12 (Pursell
Technologies Inc. Sylacauga, Ala.) and 0.6 kg/m3 (1lbs/yd3) Micromax (Scotts
Co., Marysville, Ohio). The plants were randomized into each treatment
combination of a split-plot design with two blocks, two treatments and six
replications using a total of 360 plants. Six levels of Tween 20 were 0, 25, 50,
75, 100, and 125 ppm. The five irrigation levels were 100%, 90%, 80%, 70% and
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60% of known plant water needs supplied through drip irrigation. Each level of
Tween 20 was considered a whole plot and five levels of irrigation were a
subplot. Plants were grown in a double layer polyethylene-covered greenhouse
with 60% black shade cloth for 50 days. Every three weeks, plants were watered
with tap water for two days to avoid Tween 20 accumulation. Plant growth index
(GI) [(height + width at widest point + width perpendicular to width at widest
point)/3] was measured on the 1st and 49th days. Plant photosynthesis and foliar
transpiration rate were measured with a LICOR 6400 open system (LI-COR, Inc.,
Lincoln, Neb.) at noon (11:00 AM –13:00 PM) on the 49th and 50th days. Water
use efficiency (photosynthesis rate / transpiration rate) was calculated during
analysis.
Results and Discussion: Plant Growth. Growth indices of plants in all Tween
20-treated groups were bigger than those of 60% water-only groups (Table 1).
Peace lily width was more affected than height. Tween 20 concentration affected
plant height. Regression of plant height on Tween 20 concentration was
quadratic. The optimum concentration of Tween 20 for height was between 50
and 75 ppm.
Transpiration. Transpiration rates were affected by irrigation amount and Tween
20 concentration (Table 2). As irrigation volume decreased, transpiration rate
decreased. As Tween 20 concentration increased, transpiration rate decreased
until reaching 75 ppm and then increased. Trends of water and Tween 20 effects
on transpiration rate were linear and quadratic, respectively.
Water use efficiency. Water use efficiency increased with increasing Tween 20
concentration to 75 ppm near the critical micelle concentration (CMC) in a
quadratic manner before a gradual decrease (Table 3).
Surfactant Tween 20 is an amphiphilic molecule, which contains both a
hydrophobic and hydrophilic group. Amphiphilic molecules form micelles
(globular aggregates whose hydrocarbon groups are out of contact with water) in
aqueous solutions until their concentration surpasses a certain CMC (2). The
surface and interfacial tension reach the lowest level as CMC is reached. Tween
20 approached the CMC at about 3.5×10−5 M (43 ppm), 0.059 mmol/L (75 ppm),
0.08mmol/L (98 ppm) (4) in the water (difference is due to different
manufacturers), and above 100 ppm in the plant (1). In this study, Tween 20
reached its CMC at 75 ppm in the peace lily, and transpiration rate also reached
its lowest point. Plant grown with 60% irrigation amount of Tween 20 solution
was as good as those of the fully-watered plants.
One of the possible explanations of our results could be that when Tween 20
reached its CMC at around 75 ppm in the peace lily and formed micelles, which
weakened surface tension, at which contact angle in the xylem decreased to the
lowest point and surface tension of leaf menisci decreased. According to
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cohesion theory, as capillary rise in a plant decreases, transpiration rate
therefore decreases. More study about xylem potential is still needed to confirm
this hypothesis relative to Tween 20.
This experiment demonstrated the possibility of adding surfactant Tween 20 in
the irrigation system as a means of reducing transpiration and promoting plant
growth for ornamental plants while decreasing water needed for plant production.
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