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Abstract

Poinsettia stock plants were grown in a greenhouse and irrigated with a 20 mM (280 ppm) N solution to produce a low (10%) or
high (50%) leaching fraction (LF). At two week intervals, core samples were removed from the soil underlying the crop at 15 cm
(6 in) increments to a depth of 90 cm (36 in). Leachate was collected from pots following each irrigation, and plant tissue and
potting medium samples were collected. All samples (soil, leachate, plant tissue and potting medium) were analyzed for nitrate-N
(NO;-N) content. The rate of NO;-N accumulation and the depth to which nitrate accumulated in the soil profile were significantly
affected by leaching fraction. Under high LF treated plants, nitrate moved deeper into the soil profile and accumulated at higher
concentrations than under low LF treated plants. Each irrigation event in the high LF treatment resulted in an average deposition
of 243 ml (8.2 f1. ounces) of effluent containing 100 mg (3.53 % 1073 0z) of NO;-N. The average low LF irrigation event deposited
an average of 65.7 ml (2.2 fl. ounces) of effluent containing 33.5 mg (1.18 X 1073 oz) NO5-N. Poinsettia cutting production and
tissue nitrogen levels did not significantly differ between treatment groups.

Species used in this study: Poinsettia (Euphorbia pulcherrima Willd. cv. ‘Lilo’)

Significance to the Nursery Industry

Under film covered structures such as greenhouses, ir-
rigation and fertilization practices directly affect the quantity
and nutrient content of waste water deposited on the soil
underlying the crop. Limiting waste water from contain-
erized crops reduces both the downward movement of nitrate
through the soil under the crop and the total nitrate load
deposited on the soil surface. When low leach fraction ir-
rigation practices are used, crop productivity is not adversely
affected and less fertilizer (i.e. a lower rate) is required to
maintain desired nutrient levels in the potting medium.

Introduction

Greenhouse agriculture is intensive, continues year-round
and is heavily dependent on the regular use of nitrate-ni-
trogen (NO;-N). Soils under greenhouse sites are often ex-
cessively compacted and the glazed structure excludes rainfall,
altering hydraulic loading (and, presumably, the leaching
patterns) at these sites.

There is strong evidence that considerable NO;-N loading
to groundwater occurs in the soil underlying greenhouses.
In Europe, extremely high nitrate concentrations, up to 2000
kg N/Ha (1784.4 lbs/A), were found in the top meter of
soil underlying commercial greenhouses (8). In Connecti-
cut, NO;-N accumulation exceeding 2300 kg/Ha (2052 Ibs/
A) was measured in the top meter of soil under decades-
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old greenhouses (9). Similar levels were found under old
structures in New York (13).

Although these data indicate that greenhouses represent
a potentially significant source of nitrate contamination,
they do not indicate how specific crop management practices
contribute to nitrate loading to groundwater, or how the
exclusion of rainfall and increased soil compaction may
influence nitrate movement through the soil profile.

Researchers have only recently begun to explore the ef-
fects of ornamental crop NO;-N management practices on
nitrate loading to the environment. Rathier and Frink (11)
reported that both irrigation method and fertilizer form af-
fected nitrogen runoff from containerized nursery stock grown
in the field. Nitrogen runoff was reduced with trickle irri-
gation relative to overhead irrigation and with slow release
fertilizer relative to soluble fertilizer. Wang and Boogher
(12) examined the effect of hydrogel on the electrical con-
ductivity (EC) of leachate from plants produced in shade
house structures and reported leachate from hydrogel amended
medium had higher salt levels than from medium without
hydrogel. Rainfall was not excluded from either of these
studies.

Poole and Conover (10) examined the effect of slow re-
lease fertilizer placement on foliage plants produced in glass
greenhouses. Although the potential for ground water con-
tamination was suggested, nitrate loading onto the soil and
movement through the profile was not determined.

Studies related to greenhouse crop nutrient management
practices have been primarily concerned with crop response,
or changes in potting medium and leachate ion concentration
(i.e. leachate EC), and have not addressed the effect of
these practices on the soil profile underlying the crop. Ku
and Hershey (6) studied the effect of leachate fraction on
geraniums but only plant growth response was reported.
Williams and Nelson (14) screened alternative slow release
nitrogen sources with the intent of limiting environmental
contamination, only plant growth response was reported.
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Conover and Poole (2) studied the effects of leachate fraction
and fertilizer form on plant growth and NO; , NH, and P
ion content in the leachate. Fare et al. (3) implemented split-
interval irrigation practices and reported a significant re-
duction in effluent volume. However, none of the above
studies determined the fate of effluent in the soil profile.

Scientific scrutiny of existing management practices with
regard to soil NO,;-N loading has not been reported. Con-
sequently, little is known about the environmental impact
caused by normal greenhouse ornamental crop management
practices.

The objective of this study was to quantify changes over
time in the NO;-N profile in the top 0.9 meters (36 in) of
soil underlying a greenhouse crop when low and high leach-
ing fractions were used.

Materials and Methods

On July 2, 1990 rooted poinsettia cuttings (Euphorbia
pulcherrima Willd. cv. ‘Lilo’) were planted in Fafard 2, a
commercial peat:lite medium (Fafard, Inc., Agawam, MA),
in 15 c¢cm (6 in) plastic pots. The plants were then placed
on top of soil filled boxes at a density of 25 per m? (20.9
per yd?) and irrigated to attain a leachate fraction of either
0.1 or 0.5 (i.e. 10 or 50% LF). Leachate fraction is defined
as the portion of the applied irrigation volume which leaches
out of the growing container. At each irrigation, plants were
fertilized with 20 mM (280 ppm) N from Peters 20N-4.4P-
16.6K (20-10-20) water soluble fertilizer (Grace/Sierra,
Cambridge, MA), with 60% of the nitrogen in the nitrate
form.

One cubic meter wooden boxes were recessed into the
earthen floor of a greenhouse and filled with soil screened
through 1.6 cm (% in) hardware cloth. Boxes were bottom-
less to establish contact to the sub-soil. The native soils
underlying the greenhouse were placed in the boxes in strat-
ified layers of similar depth to those in the existing green-
house soil profile. The top 19 cm layer of soil (7.5 in) was
a coarse sand, the next 51 cm layer (20 in) was a silty loam
and the bottom 30 cm layer (12 in) was a clay loam. As
each 15 cm (6 in) layer of soil was added to the box, the
soil was compacted to simulate the conditions in a com-
merical greenhouse. Soil compaction was achieved by ap-
plying a uniform pressure of 5 Ib/in? to each 6 inch soil
layer. Prior to the start of the study, the soil was leached
with tap water to reduce the level of residual NO,-N in the
profile. Residual levels were determined at the start of the
experiment (week 0) by sampling the leached soil profile
prior to the application of the experimental treatments.

Plants were irrigated when the potting medium became
dry, about every 5 to 7 days on average (see Fig. 1). Prior
to each irrigation, the water holding capacity of the pots
was estimated by adding either 550 or 1000 ml of nutrient
solution (18.6 or 33.8 fl. oz. respectively) to test plants
located in the greenhouse but outside of the experimental
matrix. The leachate quantity from these plants was mea-
sured and the amount of nutrient solution required to produce
a 10% and a 50% leachate fraction was calculated. Nutrient
solution volumes equal to the calculated 10% and 50% LF
quantities were then applied by hand, directly to all 25 pots
on each box using a graduated cylinder. Leachate was col-
lected from each of three pots within each treatment group
and actual leachate volume was determined using a grad-
uated cylinder. Actual leachate volume and initial irrigation
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volume were used to calculate LF (i.e. LF = volume leached/
volume applied). Leachate samples were frozen and stored
in an ultra-low temperature freezer, at —60°C (—76°F), for
future analysis. At two week intervals, July 2 to Sept. 24,
1990, a soil profile at 15 cm (6 in) increments to 0.9 meter
(36 in) depth was obtained with a 1.9 cm (0.75 in) dutch
auger from each box. Each box was divided into a 1 dm?
(15.5 in?) grid containing 100 possible sample sites and two
soil cores were randomly selected from each box on each
sampling date. Samples were immediately spread in a thin
layer (1 cm or 0.4 in) and dried overnight at ambient tem-
perature (20-25°C or 68—77°F) in a continuously ventilated
room. Dried samples were then screened, and stored in acid
washed bottles for future analysis. After removing samples,
auger holes were filled with soil and the location marked
so that sites were not re-sampled.

Poinsettia cuttings were harvested from stock plants on
week six (Aug 13) and week 11 (Sept 17) and the number
of cuttings recorded. Tissue was then dried at 70°C (158°F)
and ground to pass a 40 mesh screen. At final harvest,
potting medium samples were collected and dried for anal-
ysis.

NO;-N was extracted from soil and media samples using
2N KCI and from plant tissue using an aqueous solution
and quantitatively determined (5) using an Auto-Analyzer
(Scientific Instruments Corp, Pleasantville, NY). Total ni-
trogen in plant tissue samples was determined with a thermal
conductivity LECO LP-428 Nitrogen Determinator (LECO
Corp, St. Joseph, MI).

Treatments were arranged in a completely random design
with two replications per treatment. A separate box was
used for each leachate fraction treatment and each treatment
was replicated using identical soil boxes. NO;-N concen-
trations in the low (10%) and high (50%) LF treatment soil
profiles were compared at each depth on each sample date
using one-way analysis of variance ptocedures (4). The
effects of LF treatments over time, on NO5-N concentrations
at each soil depth, were determined using a split-plot anal-
ysis over time and single-degree-of-freedom orthogonal
contrasts (4).

Results and Discussion

The actual LF obtained from the low (10%) LF treatment
over the course of the 12-week study averaged 13% or 65.7
ml (2.2 fl. oz) of effluent per pot per irrigation. The high
(50%) LF treatment resulted in an actual LF of 36% or 243
ml (8.2 fl. oz) of effluent per pot per irrigation (Fig. 1).

After four weeks of fertilization, NO;-N concentrations
were significantly higher (P < 0.01) in leachate from pots
irrigated to 13% LF than from pots irrigated to 36% LF,
Fig. 1. In the low (13%) LF treatment, NO,-N concentra-
tions averaged 509 mg NO4-N/I (4.248 x 1073 Ibs/gal) of
effluent over the course of the study. In the high (36%) LF
treatment, NO;-N concentrations averaged 411.6 mg/l
(3.435 x 1073 Ibs/gal) of effluent.

These data demonstrate that effluent NO3-N concentra-
tions increased when LF’s were reduced. Previously, Ye-
lanich and Biernbaum (15) and Ku and Hershey (7) reported
an increase in total electrical conductivity (EC) in response
to reduced leach fractions. These studies are consistent in
that one might expect individual ions to increase as overall
salt levels (EC) increase.

Nitrate-N movement down through the vertical soil profile
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Fig. 1. Average leachate fraction (volume %) recorded following each
irrigation event and NO;-N concentration measured in the
leachate from pots irrigated to produce either a low or high
leachate fraction. Vertical bars represent =S.E. of means,
error bars which do not appear on graphs are smaller than
symbols.

underlying the crop was directly influenced by the leachate
fraction originating from the crop (Fig. 2A—F). As cumu-
lative leachate volumes increased over time, NO5-N moved
deeper into the underlying soil profile and higher concen-
trations accumulated. No significant difference in the NO;-
N profile was detected, in the top 0.9 m (36 in) of soil
under the low and high LF treatments, after four weeks
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Fig. 2. NO;-N profile in top 0.9 m (36 in) soil depth under both the
low and high LF treated pots. NO;-N profile (A) initial (week
zero and two), (B) week four, (C) week six, (D) week eight,
(E) week 10, and (F) week 12. Horizontal bars represent +S.E.
of means, error bars which do not appear on graphs are
smaller than symbols.
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(Fig. 2A and 2B). After six weeks, however, NO;-N con-
centrations at the 0—15 cm (0-6 in) and 15-30 cm (6-12
in) depths became significantly higher (P < 0.05) under the
high LF pots than under the low LF pots (Fig. 2C). At week
eight, nitrate levels continued to increase under the high LF
pots and NO;-N concentrations began to increase in the 0—
15 cm (0—6 in) depth under the low LF pots as well. After
10 weeks, NO;-N at the 30-45 cm (12-18 in) depth of the
high LF profile began to increase, reaching 25.5 mg/kg
(4.09 X 10* 0z/Ib) a level more than double the week 0
to 8 average of 11.1 mg/kg (1.78 X 10~* oz/Ib). By com-
parison, the level of NOs-N at the 30-45 cm (12—18 in)
depth of the low LF profile only reached 16.3 mg/kg (2.61 x
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Fig. 3. Temporal change in NO;-N concentrations in the soil under
poinsettias irrigated to a low (13%) or high (36 %) leach frac-
tion at each irrigation: (A) 0-15 cm (0-6 in) depth, (B) 15—
30 cm (6-12 in) depth, and (C) 30-45 cm (12-18 in) depth.
The symbols *, **, and ns in the statistical summary denote
significance at the 5% level, 1% level and non-significance,
respectively. The (L) and (Q) designations following statis-
tically significant single-degree-of-freedom orthogonal con-
trasts, indicate linear and quadratic effects respectively.
Vertical bars represent *+S.E. of means, error bars which
do not appear on graphs are smaller than symbols.
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Table 1. Poinsettia cutting production (number per plant), tissue NO;-N and total nitrogen content, and final NO;-N levels in the potting medium
under low and high LF irrigation regimes.
NO;-N in potting
Harvested Tissue NO,-N Total tissue N medium, pg/cm?
Treatment cuttings per plant (% of dry weight) (% of dry weight) (bs/ft?)

Harvest date: August 13, 1990

Low leachate fraction 5.2 0.320 6.42 —
High leachate fraction 49 0.341 6.39 —
Treatment effects ns* ns ns —

Harvest date: September 17, 1990
Low leachate fraction 5.3 0.310 6.72 294.1 (18.4 X 107%)
High leachate fraction 5.8 0.314 6.63 225.2 (14.1 x 1079

Treatment effects ns

ns

ns *%

*The notations ** and ns denote significant (1% level) and non-significant treatment effects respectively.

107 % 0z/Ib) by week 10 (Fig. 2E). At week 12, NO;-N in
the 0—15 cm (0-6 in) depth of the low LF treatment con-
tinued to increase, however, no increase was detected at the
15-30 cm (6—12 in) depth for this treatment (Fig. 2F).

From these data, it appears two factors affect nitrate ac-
cumulation and movement in the soil profile. First, at low
leach rates (i.e. the low LF treatment in our study), hydraulic
loading is limited and nitrate does not move as far down
through the soil profile as when higher leaching rates are
used. Second, at low leach rates, a smaller total nitrate load
is delivered to the soil surface relative to the nitrate load
deposited under higher leach rates; this occurs even though
low LF treatments result in effluent containing higher nitrate
concentrations. For example (Fig. 1), under the low LF
treatment, the average irrigation event resulted in a depo-
sition of 33.5 mg (1.18 X 1072 0z) NO;-N (i.e. 65.7 ml
or 2.2 fl oz of effluent with a NO5-N concentration of 509
mg/l or 4.248 x 1073 lbs/gal). Under the high LF treat-
ment, each irrigation event deposited 100 mg (3.53 x 1073
0z) NO;5-N (243 ml or 8.2 fl. oz of effluent with a NO5-N
concentration of 411.6 mg/l or 3.435 X 1073 Ibs/gal).

Temporal changes in soil NO5-N accumulation varied sig-
nificantly with leaching fraction at the 0—15 cm or 6 in (P <
0.01), 15-30 cm or 12 in (P < 0.01) and 30-45 cm or 18
in (P < 0.05) depths (Fig. 3A—C). In the top layer of soil
(0—15 cm or 0-6 in), NO;-N concentrations in the high LF
profile displayed a significant linear increase over time (P <
0.01, r? = 0.96). Over the course of the study, NO;-N
concentrations were significantly higher (P < 0.05) under
the high LF crop than under the low LF crop (Fig. 3A). At
this same depth, NO;-N levels in the low LF profile showed
a significant quadratic increase over time (P < 0.05, r?
0.90). At the 15-30 cm (6-12 in) soil depth, NO;-N in the
high LF soil profile increased linearly (P < 0.01,1?* = 0.76)
while NO;-N concentrations in the low LF soil profile did
not significantly change during the study. At the 30-45 cm
(12—18 in) soil depth, a significant linear increase (P <
0.05, r> = 0.59) in the NO5-N concentration in the high
LF profile was observed over the course of the study. The
low LF profile showed no increase in NOz-N at this depth
throughout the study. NO;-N concentrations did not signif-
icantly change in the 45-90 cm (18-36 in) soil profile zones
(data not shown) for either LF treatment during the 12-week
study period.

Poinsettia cutting production and tissue nitrogen content,
both NO5-N and total N, were similar for plants produced
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under high and low leachate fraction regimes (Table 1). Ku
and Hershey (7) also reported poinsettia growth to be un-
affected by leachate fraction in the range 0 to 40%.

Final NO;-N levels in the potting medium at the end of
the study were significantly higher (p < 0.01) in the low
LF treated pots than in the high LF treated pots (Table 1).
NO;-N concentrations in both leachate and potting medium
were significantly higher at low leach rates than at high
leach rates. As a result, leachate from the low LF treatment
contained significantly higher NO;-N levels than leachate
from the high LF treatment when a similar fertilizer rate
was used. Biernbaum (1991) showed that, with reduced
leaching, a corresponding decrease in fertilizer concentra-
tion is required in order to maintain root medium electrical
conductivity levels similar to those resulting from high LF’s
and high fertility levels.

The data obtained in this study indicate that altering ir-
rigation management practices to reduce leach fractions when
water soluble liquid fertilizer is applied, will decrease the
movement of NO;-N down through the soil profile and the
accumulated levels of NOs-N in the profile. These data also
help to explain the excessively high levels of NO;-N found
in the soil profiles under decades old greenhouses. Through
the exclusion of rainfall, hydraulic loading onto the soil
profile and subsequent movement of soluble fertilizers down
through the profile, is controlled exclusively by irrigation
practices within the greenhouse. By limiting downward
movement of water, NO;-N levels accumulate in the upper
layers of the underlying soil profile.

Reduced fertilizer rates coupled with lower LF’s, as dem-
onstrated by Biernbaum (1) and reinforced in this study,
and the application of stricter irrigation practices as per Fare
et al. (7) are recommendations which will help reduce nitrate
loading to soil and its downward movement in the soil
profile in a greenhouse crop management situation.
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Micropropagation and Field Establishment
of Tiarella cordifolia’

S.L. Kitto and A. Hoopes?
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Newark, DE 19717

in the field rooted and survived.

Abstract

Tiarella cordifolia L. (foamflower) was proliferated on an MS-based nutrient medium. Proliferation was maximal on medium gelled
with 0.4% Difco-Bacto agar containing 1.0 mg benzyladenine (BA)/1 and 0 or 0.025 mg naphthaleneacetic acid (NAA)/1. Proliferation
of T. cordifolia var. collina was maximal on medium gelled with Gelrite® containing 0.25, 0.5 or 1.0 mg BA/I plus NAA (0,
0.025, 0.05, 0.1, 0.5 mg/l). Greenhouse rooting and survival was directly related to an increase in microcutting length, whereas
leaf number (two to six leaves per microcutting) had no effect. At least 48% of the microcuttings of T. cordifolia inserted directly

Index words: native plant, tissue culture, herbaceous perennial, Saxifragaccae

Significance to the Nursery Industry

Methods are described for rapid clonal mircopropagation
of the native herbaceous perennial, Tiarella cordifolia
(foamflower). This research demonstrates that microcuttings
of T. cordifolia are fairly resilient. Thus nurseries should
be able to purchase less expensive Stage II microcuttings
from commercial tissue culture companies and root them
with little difficulty. One advantage of this tissue culture
protocol is that for plants found to have desirable charac-
teristics, potentially new cultivars, can be quickly multiplied
and made available to the public.
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Introduction

As demand for native plants in the landscape increases,
nurserymen must seek more economical means of propa-
gation (9, 13) since collecting of plants in the wild is harmful
to the environment and such plants are less likely to survive
transplanting (7, 13). Propagation of selected natives using
conventional methods such as division is a slow process
compared to micropropagation which offers economical,
year-round production in a disease-free environment. How-
ever, while in vitro proliferation is relatively inexpensive,
the rooting/acclimatization phase is labor intensive and usu-
ally requires a greenhouse with a mist or high humidity
system (5). Therefore, there is interest in developing pro-
tocols for direct field establishment of microcuttings both
to reduce costs and to improve acclimatization success (2).

Tiarella cordifolia (foamflower) is a native perennial
groundcover of rosette growth habit having evergreen leaves.
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