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Kathryn M. Santos™?, Paul R. Fisher', and William R. Argo?

ADDITIONAL INDEX WORDS. calibrachoa, greenhouse, leaching, nitrogen
nutrient distribution, petunia, phosphorus, potassium, uptake efficiency,
vegetative cuttings

Summary. The objective of this study was to quantify water volume and nutrient
content leached during propagation of herbaceous cuttings in commercial
greenhouses. Nutrient concentrations in the fertigation solution, substrate, tissue,
and leachate were measured between Jan. and Mar. 2006 at eight greenhouse
locations in Michigan, Colorado, New Hampshire, and New Jersey. Grower
management of the timing and concentration of nutrients applied to vegetatively
grown calibrachoa ( Calibrachoa xlybrida) or petunia ( Petunia xhybrida) liner trays
varied among the eight locations, ranging from 0.5 to 80 mg.L' nitrogen (N) in
wecek 1 and from 64 to 158 mg-L' N in week 4. Over a 4-week crop period, applied
nutrients averaged 4.9 g-m 2 N, 0.8 g-m™? phosphorus (P), and 5.8 g-m potassium

(K), and leached nutrients averaged 1.1 gm™? N, 0.3 gm? P, and 1.6 gm > K.
Leaching of nutrients and irrigation water was highly variable among locations.
Leached water volumes ranged from 4.5 to 46.1 L-m 2 over 4 weeks and contained
0.29 t0 1.81 gm™? N, 0.11 to 0.45 g:m2 P, and 0.76 to 2.86 g-m2 K. The broad
range in current commercial fertigation practices, including timing of nutrient
supply, concentration of applied fertilizer, and leaching volume, indicate
considerable potential to improve efficiency of water and fertilization resources

during propagation and reduce runoff.

ost horticultural produc-
tion firms either propagate
or buy seed, cuttings, or

tissue-cultured propagules. These
propagules are planted into small cells
called plugs or liners, placed under
high humidity to germinate or pro-
duce roots, and are subsequently
grown to a saleable seedling plug or
rooted liner, which requires 4 to 6
weeks in the case of most herbaceous
cuttings. The plug or liner is then
transplanted into the field or land-
scape or into a larger container for
further growth before sale. The total
value of sales of propagative plant
material for cut flowers, potted flow-

when including vegetable, woody
ornamental, and fruit production.
Agriculture accounts for over
80% of freshwater consumption in
the United States and an increase in
water use regulations necessitates im-
proved irrigation strategies (Weibe
and Gollehon, 2006). Greenhouse
propagation involves considerable
application of water for control of
humidity, soil moisture, and as a
means to apply water-soluble fertil-
izer. In a typical rooting environ-
ment for vegetative cuttings, water is
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initially supplied by either mist emit-
ters or automated boom watering
systems to minimize transpiration
loss. The amount of water required
is species-dependent. For example,
artemisia (Artemesia spp.), gaura
(Gaura lindheimeri), rosemary (Rose-
marinus officinalis), or lavender (Lay-
andula angustifolia) cuttings rooting
performance is reduced in high-mist
environments (Dole and Gibson,
2006). Excessive water application
can lead to increased use of water
resources and associated production
costs, reduce oxygen availability in
the substrate, and thereby reduce
rooting percentage (Geneve et al.,
2004). Improved irrigation manage-
ment may help reduce nutrient, pes-
ticide, and trace element loads in
irrigation’ runoff to surface waters
as well as leaching of agricultural
chemicals into groundwater supplies
(Schaible and Aillery, 2003).

Annual nitrogen (N) fertilizer ap-
plication rates as high as 3600 kg-ha™!
N were estimated for chrysanthemum
(Dendranthema  xgrandiflorum)
(Nelson, 1998) and poinsettia
(Euphorbia puicherrima) potted crops
(Yelanich and Biernbaum, 1994).
Much of the excess N applied in crops
grown with high fertilizer concentra-
tions and heavy leaching can be lost
into the environment, depositing as
much as 100 mg of nitrate—nitrogen
(NO;3-N) (243 mL or of effluent with a
NO3-N concentration of 411.6
mg-L™) per irrigaton from a 6-inch-
diameter pot into the soil profile (McA-
voy et al.,, 1992). Soluble phosphate
and micronutrients are also used more
intensively per hectare in greenhouse
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production than in field crop produc-
tion (Nelson, 1990).

A similar net nutrient supply can
be achieved with either low fertilizer
and leaching rates (resource-efhicient
strategy) or high fertilizer and leach-
ing rates (resource-inefficient); and
commercial horticultural practices
vary widely (Yelanich and Biernbaum,
1993). Fertilizers applied to both
stock plants and during propagation
of cuttings impact successful rooting
of vegetative cuttings in propagation
(Blazich, 1988; Gibson, 2003; Leb-
ude et al., 2004; Rowe and Blazich,
1999). Biernbaum et al. (1995) and
Kerr and Hanan (1985) found that
the majority of fertilizer salts were
rapidly removed from container
media after leaching of one container
capacity (Biernbaum et al., 1995) or
one soil volume (Kerr and Hanan,
1985). Container capacity can be
defined as the total amount of water
present in the container after the
substrate is saturated and then
allowed to drain for 1 h.

Previous research on leaching
in greenhouses (Groves et al., 1998;
Ku and Hershey, 1997; Argo
and Biernbaum, 1996; Yelanich and
Biernbaum, 1994) has focused on
potted plants rather than propagation.
We are unaware of research on leach-
ing and fertilizer concentration in plug
and liner trays in which the water
inputs relative to substrate volume
may be much higher than in large
containers. Based on the variability in
growing practices within the industry,
management practices need to be eval-
uated and critical areas such as the
amount of water and nutrients lost
should be quantified to determine
points of potential improvement. Our
objectives were to: 1) quantify levels
of irrigation water leached during
production of liner trays in multiple
commercial greenhouse operations;
2) quantify nutrient levels in sub-
strate, tissue, and leachate of these
commercial crops; and 3) compare
nutrient use efficiency at each location.

Materials and methods

Nutrient and irrigation data were
collected in 2006 from eight green-
house locations in Michigan, Colo-
rado, New Hampshire, and New
Jersey, which represent a range in
climatic conditions within the north-
ern United States. Two greenhouse
locations were selected in each of four
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states, each of which had at least 3 ha
in plug and liner production. Each
greenhouse location represented an
experimental unit. Although several
locations had the capability to recir-
culate irrigation water, none were
doing so with these crops because of
disease susceptibility. The green-
house businesses were leading propa-
gators that had previously cooperated
with the authors in on-site trials, and
we were therefore confident about
being able to collect reliable data.
The timing for the experiments was
determined based on the peak pro-
duction season for U.S. propagation
of annuals (January to March). The
experiment was run for 1 week at each
location (conditions described in
Table 1) and four crops of vegeta-
tively grown liner trays were related
that were either 0 to 1,1 to 2,2 to 3,
or 3 to 4 weeks of age. In this context,
a “crop” refers to a specific age group
in one location. In six locations, cal-
ibrachoa was selected; and in two
locations, petunia was selected. Spe-
cies selection depended on the crops
grown and available at each location,
and both species had a similar 4- to 5-
week crop time in a liner tray (Black-
more Co., Belleville, MI). The cultivar
within the species was consistent
within a given location, but varied
between locations.

Within each crop, there were
five replicate measurements of each
of the following variables located
randomly within the crop: volume,
pH (Pinnacle Corning pH Meter
model 430; Nova Analytics Corp.,
Woburn, MA) and electrical conduc-
tivity (EC) (Orion model 130;
Thermo Fisher Scientific, Waltham,
MA) of applied nutrient solution (n =
5) (using five individual irrigation
collection funnels); volume, pH,
and EC of leached nutrient solution
(using five leachate collection trays);
substrate-pH  and  substrate-EC
(using five liner propagation trays);
and plant fresh and dry weights (com-
bined root and shoot using five
groups of three plants each). Within
each crop, there was a single replicate
measurement of cach of the follow-
ing: substrate nutrient levels (com-
bined from five trays), leachate
nutrient levels (n = 1) (combined
from five leachate samples), tissue
nutrient levels (from 15 combined
plants), and tissue nutrient levels on
unrooted (“week 07) plants.

Data were analyzed as a split plot
design with location as the main plot,
crop age as the subplot, and each tray
as a random block. There were no
significant differences between spe-
cies or cultivar; therefore, location
was assigned as the main factor in
the model. Proc Mixed and Proc
GLM in SAS (version 9.1; SAS Insti-
tute, Cary, NC) were used for stai-
istical analysis and Tukey’s honestly
significant ditference test was used for
mean comparisons.

Quantify leached irrigation
water volume

Growers recorded the number
and schedule of irrigation events pev
day, N:P:K ratio, and concentration
(parts per million) of fertilizer ap-
plied. The volume of applied irriga-
tion solution was measured by
randomly placing five “irrigation col-
lection funnels” (0.47-L dark brown
plastic bottles topped with open fun-
nels, surface area = 24.4 cm’® and
stood 17 cm above the bottle) in cach
of the four crops, or a total of 20
bottles (five bottles/crop x four
crops) per location. The irrigation
collection funnels were left for 1
week, and growers were instructed
to apply irrigation solution evenly
across the crop surface and funnels
as per normal practices. The datz or
irrigation water volume applied were
not shown as a result of too much
variability in the measurements.

The volume of solution leached
from the propagation trays was mea-
sured by placing 20 15 x 45-cm
“leachate collection trays” bcnc—:ath
five propagation trays per crop. The
vent holes on the top of plug trays (11
between the plug cells) were covered
with water-resistant tape to prevent
irrigation water from running directly
into the leachate collecting tray. Aftet
1 week, the collection trays Were
removed from beneath the propaga-
tion trays and the leachate volumes
were measured.

tray area, substrate components, crop, cultivar, start date, end date, and mean day and night temperature for eight commercial greenhouse
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then combined into one sample per
crop and sent to Quality Analytical
Laboratories (Panama City, FL) for a

complete nutrient analysis using
inductively coupled plasma atomic
emission spectrophotometry (ICAP
61E; Thermo-Jarrell Ash, Franklin,
MA) to measure P, K, calcium (Ca),
magnesium  (Mg), sulfur (S), iron
(Fe), manganese (Mn), boron (B),
copper (Cu), zinc (Zn), molybdenum
(Mo), aluminum, and sodium. The
leachate and substrate solution sam-
ples were analyzed for NO;-N and
ammonium (NH,) N using a Lachar
QuikChem AE (Lachat Instruments,
Loveland, CO). This instrument uses
flow injection analysis to colorimetri-
cally determine NO3-N and NH4-N
concentration. For tissue samples,
N was measured as total Kjeldahl N
where all the protein is converted to
NHy using heat, a catalyst, sulfuric
acid, and hydrogen peroxide. The
sample was then run on a spectropho-
tometer (DR 4000; Hach, Loveland,
CO) using Nesslerization for N deter-
mination. A Hach Digestahl appara-
tus was used for the conversion
(digestion) and a spectrophotometer
(DR 4000) for the analysis.

Plug squeeze tests were per-
formed ~1 h after irrigation with
nutrient solution by pressing down
firmly on the top of the substrate
surface and collecting the solution
from the hole at the bottom of the
pressed plug cell on each of the five
replicate propagation trays per crop
(Scoggins et al., 2002). The pH and
EC were recorded individually for
these samples.

The plug squeeze samples were
then combined into a single replicate
per crop for complete nutrient analy-
sis. Five groups of three plants were
removed from random locations
within trays in each crop. The plants
were washed in four separate baths of
deionized water to remove any sub-
strate from the root mass and to clean
the foliage. Fresh weight of each
replicate sample of three combined
plants was taken, placed in a forced-air
drying oven at 55 °C, and weighed
again after all liquids evaporated (3d)
to measure dry weight. The dry tissue
samples were combined by crop for a
complete nutrient analysis. The con-
tainer capacity (CC) was calculated
for substrates at cach location by
measuring the total amount of water
present in the container after the

substrate has been saturated using

subirrigation and allowed to drain
for ~1 h.

Compare nutrient use efficiency
at each location

The resource use for each loca-
tion was calculated using the follow-
ing formulae:

Tissue nutrient uptake = [(final
DWin g-m™) x (final tissuc % N,
P, or K)] - [(initial DW in gm2)
X (initial tissue % N, P, or K)],
where DW = dry weight. [1]
Final nutrient concentration in
substrate = (CC in L-m™?) x (final
concentration N, P, or K in
gL7?). [2]

Total nutrient leached = total
leachate volume in liters x total
concentration N, P, or K in
gL, [3]

% N distribution = [(A)/ (leachate
Nin grams + tissue uptake N in
grams + final substrate N in
grams)] x 100, where A = leach-
ate N, tissue nutrient N, or final
substrate N (Ku and Hershey,
1997). [4]

Results and discussion
Quantify leached irrigation
water volume

The volume leached varied
between locations, ranging from 0.6
to 6.0 L per propagation tray, which
corresponded to 44,900 to 460,769
L-ha™' over a 4-week crop period
(Table 2). Six of the eight locations
leached at least one CC over the 4-
week crop cycle, and three locations
leached 2.0 t0 4.7 CC (Table 2). The
greatest leaching also occurred dur-
ing weeks 1 or 2 in six of the eight
locations, and on average, signifi-
cantly more water was leached durin g
week 1 than in the subsequent 3 crop
weeks (Table 3). The nature of vege-
tative propagation requires higher
volumes of water to be applied to
maintain humidity and plant turgidity
until root formation. No previous
research exists to provide a baseline
to compare against; however, among
these cight operations, we discovered
less leaching at some indicating an
excess at others. Given the rapid
leaching of nutrients from soilless
substrates after leaching of one CC
(Biernbaum et al., 1995; Kerr and
Hanan, 1985), a significant amount
of preplant nutrients would have been
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Table 2, Water leached by location over a 4-week crop cycle®.

Vol Vol CC
leached” leached* (0w leached”

Location (L'm™2) (L-ha™!) (L-m™2) (L-m™2 per 4 wk)
A 7.7 cd¥ 77,215 938 0.8
B 46.1a 460,769 9.8 4.7
C 142 b 141,686 10.5 1.3
D 45d 44900 11.8 0.4
E 8.7 bed 87,333 8.6 1.0
F 13.7b 136,667 10.6 1.3
G 14.7 be 147,184 6.8 2.2
H 195b 194,615 9.7 2.0
Avg 16.1 161,296 9.7 1.7
SD 12.1 121,487 1.4 1.3

*Leachate is quantified in terms of volume leached per tray, per hectare, or container capacities (CC) leached

per tray.
Y1 L'm™2 = 0.0245 gal/fi%.
“1 L-ha™! = 0.1069 gal/acre.

*One CC was defined as the total amount of water present in the container after the substrate was saturated

and then allowed to drain for 1 h.

“Mean separation used Tukey’s honestly significant difference test at P< 0.05.

leached early in the crop cycle before
roots emerged and nutrients were
taken up by the cuttings. These
results indicate that irrigation volume
was excessive at the beginning of the
crop cycle when plant uptake would
be reduced because of small leaf area
and lack of plant roots.

Quantify nutrient levels in nutrient
solution, tissue, substrate,
and leachate

APPLIED NUTRIENTS. Fertilizer
strategy varied widely among loca-
tions. Applied nutrient concentra-
tions increased with crop age as
measured with both EC and N level
of the applied solution (Table 3). On
average, 24, 85, 93, and 101 mg-L?
N were applied during weeks 1 to 4,
respectively, with a nutrient solution
EC of 0.44, 0.88, 0.87, and 1.01
dS-m™ (Table 3). Averaged across
the 4 weeks, the nutrient concentra-
tions in mg-L™! were 76 N, 4 P, 65 K,
61 Ca, 17 Mg, 21 S, 2 Fe, 0.4 Mn,
0.2 B, 0.3 Cu, 0.4 Zn, and 0.05 Mo.
Locations varied greatly in the applied
N levels, particularly during the first 2
weeks (week 0 to 1 = 0 to 80 mg-L*
N, week 1t02 =0to 195 mg- L' N,
week 2 t0 3 = 19 to 148 mg L' N,
and week 3 to 4 = 64 to 158 mg-L!
N) (Table 3).

The total applied N, P, and K
(sum of ussue uptake, nutrients
leached, and final substrate nutrient
content) during the 4-week crop
cycle ranged by a factor of approxi-
mately four among locations, from
14t083gm?N,03t01.2 gm™

600

P,and 2.7 to 10.1 g-m™2 K (Table 4),
which represented 14 to 83 kg-ha™
N, 3 to 12 kg-ha™ P, and 27 to 101
kg-ha? K (Table 5). On an annual
basis, the applied N level (averaging
637 kg-ha™! N) was lower than the
rate reported for potted chrysanthe-
mum and poinsettia (Nelson, 1998;
Yelanich and Biernbaum, 1994).
Tissue upTake. Tissue uptake
ranged from 0.9 10 4.5 gm= N, 0.2
t00.6gm?P,and 1.5t04.6 gm=K
(Table 4), varying by a factor of 3 to
4 among locations. This range was
partly the result of differences in dry
weight (0.072 to 0.177 g per cut-
ting), but principally caused by differ-
ences in tissue N concentration
among locations. The change in cut-
ting dry weight (DW) was calculated
by subtracting the final tissue DW
from the tissue DW at day 0 (the date
of transplanting cuttings) (Table 4).
Tissue percent N decreased from
week 0 to week 4 (Table 4), but there
was no significant change in P or K
level. In an unpublished survey of
tissue nutrient levels in visually
healthy unrooted cuttings, we sur-
veyed tissue from 291 petunia and
179 calibrachoa crops from 14 com-
mercial locations. The mean + 2 sps
were 3.8% to 7.5% N, 0.3% to 0.9% P,
and 3.4% to 6.6% Kin petunia or 3.4%
to 6.3% N, 0.2% to 0.7% P, and 2.0%
to 4.6% K in calibrachoa (P £ 0.05).
Initial percent N level in cuttings
transplanted at location F and final
percent N in locations C, E, G,and H
were below the mean — 2 sD survey
levels. Locations E, G, and H also had

the three lowest total applied N. P Tal
levels were within the survey range, =
and final K level in location C was Lo
slightly below the mean -2 sp. There —
was no correlation between change in s
DW and tissue percent of N, P, or K.

SUBSTRATE NUTRIENTS. The
optimal EC range for greenhouse
substrate using a saturated media B
extraction (SME) is 0.75 to 2.(
mmho/cm for plugs (Styer and
Koranski, 1997). According to Scog-
gins, the media squeeze (or press C
extraction method) averages 0.1
dS-m™ higher than the SME method
for petunia; therefore, a substrate-EC
lower than 0.85 or higher than 2.6 b
is beyond the acceptable limit whe -
performing a media squeeze in a
petunia crop (Scoggins et al., 2002; ,
Styer and Koranski, 1997). Substrate- E
EC at each location ranged from 0.2
to 3.2 dS:m™" during week 1; 0.4 to
3.2 dS-m™ during week 2; 0.3 to 1.4
dS-m™ during weck 3;and 0.4 to 2.3 F
dS-m™ during week 4 (Table 3). On
average, there was a significant « -
crease in substrate-EC in weeks 1, 2, )
and 3 (2.0, 1.32, and 0.80 dS:m, G
respectively) with a rise in week 4
(Table 3). Substrate-EC during week
3 was below the acceptable limit
(Styer and Koranski, 1997). Seven of H
the eight locations showed a signifi-
cant drop in substrate-EC from v ¢k
1 to week 2 of propagation (Tablc 3).

Most of the substrate-pH values were

in an acceptable range (5.6 to 6.4; Avg
Argo and Fisher (2002)) and aver- Avg
aged 5.3 t0 6.5 (data not shown). The Avg
N, P, and K content at the end of the Avg
4-week crop cycle varied widely Avg
(between 0.14 and 2.92 gm™ N, ' Daca
0.02 and 0.41 gm™? P, and ' .51 rriga
and 4,51 g:m= K; Table 4). The 'E}l]:c:
lowest substrate-N occurred in loca: ML=
tion E, which also had the lowest “Mean
growth, N tissue uptake, and leachate

N (Table 4). .'

LEACHATE NUTRIENTS. 1h€ How
leachate-EC during weeks 1, 2, 3_'. £ 2 locat
and 4 averaged 2.77, 1.50, Q 393 3 N, o
and 1.40 dS-m™!, respectively (fab as lo:
3). In contrast, applied nutrient S8 and (
ution-EC increased over weeks
4, suggesting that the high leach Conmr
EC in week 1 resulted primarily OQS at ez
leaching of the prcplar}t nutri i
charge. Based on the nutrient andizes duriy

+ A

results for the leachate samples,
average, locations leached 1.09 0%
N, 0.27 gm™ P, and 1.52 g
over the 4-week crop cycle (T4
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T :ble 3. Nutrient solution applied over time at eight greenhouse locations®.
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Crop age Irrigation Applied N Applied solution Substrate Leachate Leach
Location (weeks) method” (mg L)~ EC (dS-m!)* EC (dS'm™) EC (dS'm™) vol (L)"
A 1 Boom 80.2 0.7 a* 25b 2.7b 04a
2 Boom and hand 145.7 12¢ 32¢ 32b 0.1a
3 Boom and hand 139.3 1.1c 0.6a 08a 0.1a
4 Boom and hand 109.8 09b 04a 0.3a 04a
B 1 Boom 6.2 02a 02a 0.2a 34c¢
2 Boom 82.2 08b 0.6 be 0.5ab 1.2b
3 Hand 129.5 1.20 ¢ 0.3 ab 0.5ab 03a
4 Hand 112.8 1.0c 1.0c¢ 12b 10b
C 1 Boom 67.8 09a 1.8b 20b 09b
2 Boom 99.7 1.1b 1.3a 1.5 be 0.1a
3 Boom 82.2 09a 09a 1.1 ac 0.8b
4 Boom 64.0 l4c¢ 2.3c¢ 30d 04a
D 1 Boom 0.5 03a 1.8b 34c¢ 04b
2 Boom and hand 1948 1.7 ¢ 09a 1.5ab 00a
3 Boom and hand 148.0 14b 0.8a 06a 0.0a
4 Boom and hand 157.6 14b 20b 19b 0.2 ab
E 1 Boom 0.4 0.3a 32b 1.2a 0.1a
2 Boom 2.1 06b 0.7a 10a 0.7b
3 Boom and hand 935 0.8 ¢ 1.0a 09a 0.1a
4 Boom and hand 105.5 09c 0.7 a 0.7 a 04a
F 1 Boom 50 0.3a 31c¢ 4.8c 0.3b
2 Boom and hand 0.0 0.2a 25b 29b 00a
3 Hand 52.4 05c¢ 14a 1. 7%a) 1.2¢
4 Hand 72.7 0.7b 21b 20a 05b
G 1 Mist 6.8 04a 0.9 bc 15b l4c
2 Mist 11.7 05a 04a 04a 045b
3 Hand 192 04a 0.7 ab 05a 00a
4 Hand 107 4 1.1b i Alke 1.1ab 0.1 ab
H 1 Boom 23.3 05a 26b 64b 02a
2 Boom and hand 142.3 1.1c¢ 1.0a 09a 1.3¢
3 Hand 79.3 0.7b 0.7a 1.1a 0.4 ab
4 Hand 78.3 0.7b 09a 1.1a 0.7b
SE 21.3 0.06 0.16 0.30 0.11
Avg 1 a 23.8 044 a 2.00a 277 ¢ 0.88¢
Avg 2 ab 84.8 088b 1.32b 1.50b 0.48b
Avg 3 b 929 087b 0.80 ¢ 0.89a 0.36a
Avg 4 b 101.0 1.01c 1.32b 140b 0.46 ab
Avg All 75.6 0.8 1.4 1.6 0.5

"Mata were analyzed by location (denoted A to H) and crop age (1, 2, 3, and 4 wecks after sticking of cuttings).
!, rigation method included boom, stationary mist, or hand-watering or a combination of more than one method during the same week.

*I'he applied nitrogen concentration was measured on one sample for each crop and location combined from five replicate irrigation collection funnels; 1 mg L™ = 1 ppm
“Electrical conductivity (EC) data were based on five replicate samples per crop age and location; 1 dS-m™ = 1 mmho/cm.

‘1L =0.2642 gal

“Mean separation used Tukey’s honestly significant difference test ar P< 0.05

However, leaching levels at individual
locations were as high as 1.81 g-m™
M, 0.45gm™P,and 2.86 gm™ Kor
aslowas 0.29 gm™N,0.11 gm™ P,
and 0.76 g:m™ K (Table 4).

Compare nutrient use efficiency
at each location

The fate of nutrients applied
during vegetative cutting propaga-
tion can be divided into tissue, sub-
siate, and leachate. Tissue uprake
was calculated by change in percent
nutrient X DW from week 0 to week

4, and uptake efficiency was calcu-
lated from Eq. 4, in which A = tissue
uptake. More efficient growers would
be defined as having a high tissue
uptake and low level of nutrients
leached on both a percentage and
absolute basis. On average, locations
had 50% N, 49% P, and 46% K
nutrient uptake efficiencies (Table 5)
with individual locations up to
77% N, 72% P, and 73% K uptake
efficiency. In terms of leachate, the
average percent nutrients leached
among locations ranged from 23%

N, 34% P, and 28% K with maximum
leaching levels of 45% N, 45% P, and
55% K.

Several factors should be consid-
ered when evaluating the efficiency of
nutrient management within an indi-
vidual location. For example, location
E had one of the higher nutrient
uptake efficiencies (Table 5) and low
nutrient leaching on a percentage
(Table 5) and absolute (Table 4 ) basis
along with moderate leached water
volume (Table 2). However, location
E also had excessively low tissue
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Table 4. Initial and final percent nitrogen (N), phosphorus (P), and potassium (K) in the tissue®. Table
Concn in Change Tissue Final Leached Total
tissue (%) in DW* uptake™ substrate nutrient® applied* Locat
Location” Species Initial Final (g/cutting) (grm?) nutrient’ (g-m2) (gm?) (gm2) Nitro
Nitrogen A
A Petunia 6.1 44 0.15ab 40b 0.38 0.78 be 5.1 B
B Calibrachoa 3.9 38 0.07 ¢ 1.7 ef 1.52 1.59 ab 4.8 C
C Petunia 4.8 3.6 0.10 cde 2.3cdd 2.26 0.90 abc 5.4 D
D Calibrachoa 4.0 3.8 0.09 de 29c¢ 2592, 0.95 abce 6.8 E
E Petunia 4.2 29 0.07 ¢ 09f 0.14 0.29 ¢ 1.4 F
F Calibrachoa 3.0 3.6 0.18 a 45a 2.08 1.69 a 8.3 G
G Calibrachoa 5.4 2.3 0.11 cd 1.3f 1.57 0.73 bc 3.6 H
H Calibrachoa 4.6 3.2 0.12 be 1.8 de 0.47 1.81 ab 4.0 Avg
Avg 4.5a 34Db 0.11 2.4 1.42 1.09 49 Phosp
SE 0.12 0.12 0.01 0.1 0.16 i
A
Phosphorus B
A Petunia 0.7 0.5 0.5 be 0.02 0.35ab 0.8 C
B Calibrachoa 0.6 0.4 02f 0.05 0.11b 0.3 D
C Petunia 0.6 0.5 0.3cd 041 045a 1.2 E
D Calibrachoa 0.5 0.6 0.5 bc 0.05 0.15b 0.7 F
E Petunia 0.5 0.6 0.2 ef 0.10 0.15b 0.5 G
F Calibrachoa 0.4 0.5 0.6 a 0.17 0.23 ab 1.0 H
G Calibrachoa 0.5 0.4 0.3 de 0.17 0.36 ab 0.9 Avg
H Calibrachoa 0.7 0.5 0.3 cde 0.18 0.38 ab 0.9
= Potass;
Avg 05a 05a 04 0.14 0.27 0.8 A
SE 0.01 0.01 0.2 0.04 B
Potassium C
A Petunia 5.7 4.5 41b 0.51 1.05b 5.7 D
B Calibrachoa 3.6 35 1.6d 121 1.44 ab 4.3 E
C Petunia 4.3 3.3 21c 243 1.49 ab 6.0 F
D Calibrachoa 4.0 4.7 38b 4.51 1.86 ab 10.1 G
E Petunia 5.0 4.1 1.5cd 0.42 0.76 b 2.7 H
F Calibrachoa 34 3.7 4.62a 1.22 1.41 ab 7.2 Avg
G Calibrachoa 4.6 2.5 1.7 cd 1.90 1.32b 49 *Each len
H Calibrachoa 3.6 2.6 1.5¢cd 0.85 2.86a 52 "The perc
*The final
Avg 43a 3.6a 2.6 1.63 1.52 5.8 “The per
e 012 012 0.2 0.27 ot
*Change in dry weight (DW) for each species at each location. N, P, and K applied and distribution in the tissue, substrate, and leachate at each location
YEach letter (A to H) represents an individual location.
*Change in dry weight (DW) per cutting was calculated by subtracting the DW at week 4 from the DW at week 0 growet
*1 g:m2 = 0.0033 oz/fi?; calculated by multiplying the dry weight of the vegetative cuttings at week 4 and week 0 by the percent N, P, or K at week 4 (“final” peowr. 1 source
tissue) and at week 0 (“initial percent in tissue) and calculating the difference.
“Calculated by multiplying the mg.L™ N, P, and Kin the soil solution by the container capacity for cach tray and then converting to g:m™.
“Calculated by muldplying the mg-L™! N, P, and K by the total volume of leachate over 4 weeks.
“The sum of the tissue uptake, nutrients leached, and final substrate nutrient content. Mean separation used Tukey’s honestly significane difference test (P< 0.05). Litera
percent N and low growth rate (Table  leaching and optimizing uptake and  to review practices that could mini- ﬁ‘r,iok’lb‘]
4) suggesting that inadequate N fer-  a challenge to convince growers of a  mize leaching and more closely matf:h R
tilizer was applied. need for change when current practi-  water and nutrient supply with . charge
, ces are already producing acceptable  plant need. Examples of manaze . media.
Conclusion crops. We attribute management dif-  ment practices operations with hugh 45346
The variability in water and fer-  ferences to grower decisions and  leaching rates implemented were O Argo,
tilizer use, and our observation that technology rather than to differing  reduce the irrigation frequency d“{'%_ . Unders;
liners produced at all locations were  geographic locations, because loca- ing early propagation stages or tainer-y
saleable plant material, indicates that  tions with similar greenhouse temper-  to replace old mist nozzles Wltr! ngf Willoug
there is a broad range in practicesand  ature and structures located only 10 zles that supply smaller vomnwg B
resource efficiencies that can be used ~ km apart leached very different water ~ of water. Further research sho ; A \\r;c:‘
to produce a horticulturally accept-  levels. In follow-up discussions with ~ focus on optimizing stratcg16§ e
able product. That situation presents  the grower businesses in this study,  supply necessary nutrients and :. Nutrien
an  educational opportunity (to these leaching and fertilizer datawere  during the root initiation and gro o ached
improve efficiency) by minimizing  helpful as a training tool and baseline  stages and to measure the impact@ ience
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Table 5. Nitrogen, phosphorus, and potassium use efficiency for each location.

Nutrient Total Total
' ) uptake Final substrate Nutrient applied” leached®
Location® Species efficiency” (%) nutrient* (%) leached™ (%) (kg-ha™!) (kg-ha'l)
Nitrogen
A Petunia 77 7 15 51 8
B Calibrachoa 36 31 33 48 16
C Petunia 42 41 17 54 9
D Calibrachoa 43 43 14 68 10
E Petunia 69 10 21 14 3
F Calibrachoa 55 25 20 83 17
G Calibrachoa 36 44 20 36 7
H Calibrachoa 44 12 45 40 18
Avg 50 27 23 49 11
Phosphorus
A Petunia 55 3 42 8 3
B Calibrachoa 53 13 34 3 1
C Petunia 29 34 37 12 4
D Calibrachoa 72 7 21 7 1
E Petunia 49 20 32 5 2
F Calibrachoa 61 16 22 10 2
G Calibrachoa 38 20 42 9 4
H Calibrachoa 35 21 45 9 4
Avg 49 17 34 8 3
T'otassium ‘
A Petunia 73 9 18 57 10
B Calibrachoa 38 28 34 43 14
C Petunia 35 40 25 60 15
D Calibrachoa 37 44 18 101 19
E Petunia 56 16 29 27 8
F Calibrachoa 64 17 20 72 14
G Calibrachoa 35 39 27 49 13
Calibrachoa 29 16 55 52 29
Avg 46 26 28 58 16

*Each letter (A to H) represents an individual location.

"The percent nutrient uptake (also termed uptake efficiency) was calculated by di
“The final percent nutrient in substrate was calculated by dividing the total mg,
“The percent nutrient leached was calculated by dividing the total mg applied

‘1 kg-ha™' = 0.8922 Ib/acre; calculated by converting the total mg/tray to kg-hal.

“Calculated by converting the total mg/tray to kg-ha.

grower training on improved re-
source efficiency.
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