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SUMMARY. This experiment measured plant growth of a halophyte (species adapted
to saline conditions) confetti tree (Maytenus senegalensis) using runoff from
kneeholy plants (Ruscus aculeatus). Three irrigation treatments were used, a stan-
dard nutrient solution or control (T0), runoff water collected from kneeholy plants
irrigated with the standard nutrient solution blended 50:50 with tap water (T1),
and 100% runoff water collected from kneeholy plants irrigated with the standard
nutrient solution (T2), in which the nutrient concentrations were analyZed by high-
performance liquid chromatography. Growth, photosynthetic parameters, and
mineral composition were measured at the end of the experiment. Electrical
conductivity and pH increased with increasing runoff application (decreased
blending). Treatment 2 had significantly higher plant height, number of branches,
number of leaves, leaf area index, and dry weight. Treatments 1 and 2 had
significantly lower root lengths compared with the control. Chlorophyll concen-
tration and green index color in leaves were greater in T2 and T1 than T0. The
mineral composition of roots and leaves was affected by irrigation treatment,
resulting in an increase of sodium and chloride concentration and a decline of
nitrogen and phosphorous concentration compared with the control. The reuse
of runoff water was beneficial for growing this commercially important halophytic
species in Spain, a consideration that is particularly relevant in locations with water
quality, quantity issues, or both.

O
rnamental greenhouse-grown
plants are typically grown
with either controlled-release

fertilizer or fertigation, with typical
nitrogen (N) rates of 50–300 mg�L–1,
which may be applied multiple times
per day because of container volume
limitations and substrate water-holding
properties. This can lead to fertilizer
leaching and runoff, and contamina-
tion of ground and surface waters from
N and phosphorus (P) in runoff water
(Narv�aez et al., 2011).

Global concerns about water
quality and quantity, as well as envi-
ronmental regulations, which aim to
reduce nutrient leaching into surface
and groundwater, have prompted
a number of research efforts including
the evaluation of alternative irrigation
for agriculture (Jarecki et al., 2005;

Purvis et al., 2000). One option for
alternative water supply is the sequen-
tial reuse of runoff water to irrigate
increasingly salt-tolerant plants (Su
et al., 2005). In this system, the
runoff water collected from one crop
is used to irrigate a more salt-tolerant
crop. It is vitally important that each
subsequent crop is able to tolerate the
accumulated salts to avoid crop dam-
age and death (Grattan et al., 2011).

The Mediterranean region is
characterized by an annual average
rainfall of 50 cm, which can lead to
poor irrigation water quality because
of increased salt concentrations dur-
ing the dry season (Rana and Katerji,
2000). The use of nativeMediterranean

species in xeriscaping, landscaping, and
revegetation projects has increased in
recent years because of their adaptabil-
ity under varying environmental condi-
tions (�Alvarez et al., 2012). Among
these Mediterranean species, kneeholy
and confetti tree are widely grown for
their commercial value (Lopez, 2004;
Veronese, 2014). Although there are
a number of publications that have
investigated the reuse of runoff water
in nursery production (Owen et al.,
2008; Polomski et al., 2005, 2008),
little is known about reusing irrigation
water for the production of confetti
tree. A greenhouse experiment was
conducted to determine the effects of
different irrigation treatments on
biomass, mineral composition, and
photosynthetic parameters of this
species.

Materials and methods

PLANT MATERIAL AND CULTURAL

CONDITIONS. The experiment was car-
ried out at the University of Almeria,
Spain (lat. 36�49#N, long. 2�24#W).
Rooted 0.2-L plugs of kneeholy and
confetti tree were obtained from a lo-
cal nursery. Both species were trans-
planted into 1.5-L polyethylene
containers (one plant per container)
containing a substrate of peatmoss
and perlite 80:20 (by volume) (Projar
Professional CP1 + Perlite; Projar,
Sao Paulo, Brazil), without any addi-
tional amendments. The experimen-
tal period was 8 weeks to reflect
typical production time in the region
(11 Feb. to 5 Apr. 2013). The micro-
climatic conditions inside the green-
house for the study were monitored
continuously with data loggers
(HOBO SHUTTLE model H 08-
004-02; Onset Computer Corp.,
Bourne, MA). Daily average temper-
ature during the study was 17 �C,
relative humidity was 66%, and pho-
tosynthetically active radiation (PAR)
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was 6 mol�m–2�d–1. The PAR was
measured by a quantum sensor
(model QSO-SUN; Apogee Instru-
ments, Logan, UT) placed in the
plant canopy and connected to a data
logger. Data were collected at 5-min
intervals and the average PAR for
a 24-h period was recorded.

EXPERIMENTAL DESIGN AND

TREATMENTS. The experiment con-
sisted of three irrigation treatments
for the production of confetti tree. T0

which was standard nutrient solution
reported by Jimenez and Caballero
(1990) consisting of tap water
[64 mg�L–1 sulfur (S), 122 mg�L–1

chloride (Cl–), 80 mg�L–1 calcium
(Ca2+), 34 mg�L–1 magnesium (Mg2+),
and 60 mg�L–1 sodium (Na+); electical
conductivity (EC) of 0.9 dS�m–1] with
phosphoric acid (H3PO4), nitric acid
(HNO3), potassium nitrate (KNO3),
and calcium nitrate [Ca(NO3)2 H2O]
at 67.9, 117, 300, and 109 mg�L–1,
respectively [84, 22, and 117mg�L–1 of
N, P, and potassium (K), respectively];
T1 which was runoff water (collected
from kneeholy plants irrigated with the
standard nutrient solution) blended
50:50 with tap water; and T2 which
was 100% runoff water (collected from
kneeholy plants irrigated with the stan-
dard nutrient solution) (Table 1).

Runoff from each kneeholy con-
tainer was collected by placing a tight-
fitting plastic collection container
under each plant. Plant containers
were elevated to prevent leachate
from being reabsorbed into the con-
tainer. Samples were manually col-
lected each week and stored in black
plastic bottles. Confetti tree plants
were hand watered daily with 70 mL
of their irrigation treatment during the
experimental growing period. The ex-
perimental design consisted of three
irrigation treatments, four blocks, and
four plants (one plant per container)
per block giving a total of 48 plants
plus border plants.

GROWTH PARAMETERS. At the
end of the experiment, four plants
per treatment were randomly selected
to determine growth parameters.

Plant height from the top edge of
the container to the last open leaf of
the plant crown was measured.
Branch and leaf number of each plant
were counted directly on intact
plants. Leaf area index (LAI) was de-
termined from digitized images of
each plant using the Idrisi Selva com-
puter program (Clark Laboratories,
Worcester, MA) as reported by Vaesen
et al. (2001). Plants were then har-
vested, the substrate gently washed
from the roots with tap water and then
rinsed twice with deionized water and
the root surface dried with blotting
paper. The longest root length was
then measured from the crown to the
tip of the root. Plants were divided
into roots, stems, and leaves to de-
termine the fresh weight (FW) of each
organ. These organs were then oven-
dried at 60 �C until they reached
a constant weight. Plant dry weight
(DW) was calculated as the sum of the
root, stem, and leaf DW.

COLOR PAR AMET ER S AND

PHOTOSYNTHETIC PIGMENTS IN

LEAVES. Before the initiation of the
treatments and at the end of the
experiment, four plants per treatment
were randomly selected to determine
the color index in the leaves for red
(R), green (G), and blue (B) pigments
as per Ali et al. (2012). Briefly, the
RGB values were analyzed using an
optical scanner (ES-2000; Seiko
Epson Corp., Suwa, Japan) and the
images were processed with Adobe
Photoshop CS6 (Adobe System Soft-
ware, Dublin, Ireland) by averaging
the R, G, and B values of all the leaf
pixels. The same plants randomly
designated for the determination of
color index in leaves were also used to
determine the photosynthetic pig-
ments concentration. Extraction of
chlorophyll a and b (Chl a and Chl b)
and carotenoids were performed by
submerging 0.2 g of fresh leaves in
methanol in the dark at room temper-
ature (15 �C) for 24h.The supernatant
was removed and the photosynthetic
pigment concentrations were deter-
mined colorimetrically at their respective

wavelengths in a spectrophotometer
(ultraviolet-1201; Shimadzu Scientific
Instruments, Columbia, MD): Chl
a (l = 666 nm), Chl b (l = 653 nm),
and carotenoids (l = 470nm) following
the methodology of Wellburn (1994).

MINERAL COMPOSITION. Oven-
dried samples of roots, stems, and
leaves were milled (Grindomix GM
200; Retsch, Haan, Germany), clean-
ing the mill between samples. Each
sample was divided into two subsam-
ples. One subsample was used to
analyze chloride and nitrate (NO3)
concentration using water extraction
and high-performance liquid chroma-
tography as described by Cs�aky and
Mart�ınez-Grau (1998). The other
subsamples were mineralized with
96% sulphuric acid (H2SO4) in the
presence of P-free hydrogen peroxide
[H2O2, 30% (w/v)] at 300 �C and
used for the determination of organic
N (Krom, 1980), total P (Hogue
et al., 1970), K+, and Ca2+ (Lachica
et al., 1973) concentrations. Total N
concentration was calculated as the
sum of the organic N and NO3

–

concentration.
NUTRIENT SOLUTION ANALYSIS.

Four runoff samples per treatment
were collected weekly. At the time of
collection, EC and pH values were
measured (models C66 and pH52,
respectively; Milwaukee Instruments,
RockyMount, NC). For each sample,
25mLwas filtered through a 0.45-mm
membrane filter and frozen at 0 �C
until nutrient analyses were con-
ducted. Nutrient concentrations were
analyzed by liquid chromatography
[883 Basic IC Plus with Metrosep A
SUPP 4 (anion exchange column) or
Metrosep C4 100 (cation exchange
column), and IC conductivity de-
tector range of 0–15,000 mS�cm–1

(Metrohm, Herisau, Switzerland)]
as described by Cs�aky and Mart�ınez-
Grau (1998) for nitrate (NO3

–), phos-
phate (H2PO4

–), Cl–, sulphate (SO4
2–),

Ca2+, Mg2+, K+, and Na+ (milligrams
per liter).

STATISTICAL ANALYSIS. The ex-
periment was a completely random-
ized block design and the values
obtained for each plant and each vari-
able were considered as independent
replicates. The analysis of variance
(ANOVA) and the least significant
difference (LSD) tests (P < 0.05) were
used to assess the differences between
treatments. All statistical analyses
were performed using Statgraphics

Table 1. Description of the three irrigation treatments of confetti tree grown in
1.5-L (0.40 gal) containers containing peatmoss and perlite 80:20 (by volume).

Treatment Nutrient solution (mL)z Runoff water (mL) Tap water (mL)

T0 70 0 0
T1 0 35 35
T2 0 70 0
z1 mL = 0.0338 fl oz.
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Plus for Windows (version 5.1; Stat-
point Technologies, Warrenton, VA).

Results and discussion

GROWTH PARAMETERS. Treat-
ment 2 showed significantly higher
values for plant height, number of
branches, leaf number, LAI, and
DW, whereas root length was signif-
icantly higher for T0 (Table 2). Irri-
gation with T2 resulted in increased
growth parameters of confetti tree.
These results may seem counterintu-
itive because salt stress typically de-
creases plant growth (Cassaniti et al.,
2009), but the selected species is
halophytic (Lopez, 2004). The in-
crease of growth parameters with the
highest EC water could have been
due to the species salt tolerance.
Similar results were reported in other
ornamental plant species, where an
EC increase because of the recircula-
tion of nutrients in the irrigation
water led to increased growth.
Mayotte et al. (1996) reported higher
values of growth parameters such as
plant height, leaves number, LAI, and
dry weight of five containerized her-
baceous perennial species grown with

recirculated nutrients without addi-
tional nutrient supplies. Purvis et al.
(2000) also reported increased growth
anddryweight of ninebark (Physocarpus
opulifolius), whereas Chong et al.
2004) showed similar results for six
species of ornamental plants, using
nutrient recirculating systems. The in-
creased growthwith T2 obtained in our
experiment also could have been due to
the high P concentration in the nutri-
ent solution or from root exudates,
which may solubilize mineral and or-
ganic nutrients (Graham, 1998). In-
creased root length in plants irrigated
with T0 could have been due to the
increase in nutrients and increase in
growth as reported by Mengel and
Kirkby (2001).

COLOR P ARAMET ER S AND

P H O T O S Y N TH E T I C P I G M E N T S

CONCENTRATIONS IN LEAVES. An ini-
tial harvest at the beginning of the
experiment gave an average RGB of
86.16, 105.23, and 40.36, respec-
tively for R, G, and B and concentra-
tions of Chl a (0.84 mg�g–1 FW), Chl
b (0.52 mg�g–1 FW), carotenoids
(0.30 mg�g–1 FW), Chl a + b (1.35
mg�g–1 FW), and a Chl a/b ratio of

1.66. During the experiment, no
chlorosis or necrosis was observed in
any treatment. Both T1 and T2 had
significantly higher values for green
color and chlorophyll concentrations
(Table 3). Blue value and ratio Chl a/b
were significantly higher (P < 0.05)
in the T0 treatment. No significant
differences were found in the color
index for red and carotenoids con-
centrations between treatments.

Both T1 and T2 showed higher
green index values and higher chlo-
rophyll concentrations compared
with T0. These results could be due
to an increase in chlorophyll forma-
tion in T1 and T2 due to the increase
of magnesium concentrations in the
irrigation treatments as suggested by
Rengel (1999). The increase of chlo-
rophyll concentrations and green in-
dex color in leaves showed a positive
correlation with Chl a (R2 = 0.75),
Chl b (R2 = 0.84), and Chl a + b (R2 =
0.81) (data not shown). Similar co-
efficients were obtained by Hu et al.
(2013) where leaf chlorophyll con-
tent was well correlated with image
color analysis in rice (Oryza sativa).
Similarly, G�omez-Bellot et al. (2014)
reported an increase in leaf chloro-
phyll concentration (a, b, and total) in
dwarf japanese euonymus (Euonymus
japonicus) under reclaimed wastewa-
ter irrigation with an EC of 4 dS�m–1.
It should be noted that the irrigation
water used for this experiment and
G�omez-Bellot et al. (2014) varied
significantly. The values of EC and Na
and Ca concentrations in our experi-
ment were lower.

PLANT MINERAL COMPOSITION.
Nitrogen and P uptake were signifi-
cantly lower (P < 0.05) in roots and
leaves for T1 and T2, compared with
T0 (Table 4). Potassium and Ca con-
centrations were not significantly dif-
ferent in roots, stems, and leaves

Table 2. Mean plant height, root length, branch and leaf number, leaf area index
(LAI), and dryweight (DW) of confetti tree grown in 1.5-L (0.40 gal) containers
containing peatmoss and perlite 80:20 (by volume). Treatments consisted of
a standard nutrient solution (T0), runoff water collected from kneeholy plants
irrigated with the standard nutrient solution blended 50:50 with tap water (T1),
and 100% runoff water collected from kneeholy plants irrigated with the
standard nutrient solution (T2).

Irrigation
treatments

Growth parameters

Plant ht
(cm)z

Root length
(cm)

Branches
(no.)

Leaves
(no.)

LAI
(m2�mL2)z DW (g)z

T0 58.7 by 31.3 a 8.0 b 171.0 b 1.5 b 9.7 b
T1 55.0 b 24.2 b 8.2 b 173.3 b 1.5 b 10.1 b
T2 63.2 a 23.8 b 10.8 a 194.7 a 1.9 a 13.7 a
z1 cm = 0.3937 inch, 1 m2 = 10.7639 ft2, 1 g = 0.0353 oz.
yMeans within a column with the same lowercase letter are not significantly different at P < 0.05 (analysis of
variance and least significant difference test).

Table 3. Mean color index in leaves [(red (R), green (G), blue (B) values)] and photosynthetic pigments [chlorophyll (Chl)
and carotenoids] concentrations of confetti tree grown in 1.5-L (0.40 gal) containers containing peatmoss and perlite 80:20
(by volume). Treatments consisted of a standard nutrient solution (T0), runoff water collected from kneeholy plants irrigated
with the standard nutrient solution blended 50:50 with tap water (T1), and 100% runoff water collected from kneeholy
plants irrigated with the standard nutrient solution (T2).

Irrigation
treatments

Parameters

Color Chl a
(mg�gL1 FW)z

Chl b
(mg�gL1 FW)

Carotenoids
(mg�gL1 FW) Chl a/b (ratio)

Chl a D b
(mg�gL1 FW)R G B

T0 89.1 ay 110.6 b 43.8 a 0.70 b 0.38 b 0.28 a 1.91 a 1.08 b
T1 90.4 a 119.0 a 36.9 b 0.82 a 0.49 a 0.29 a 1.65 b 1.31 a
T2 90.1 a 120.7 a 36.8 b 0.83 a 0.48 a 0.30 a 1.67 b 1.29 a
z1 mg�g–1 = 1000 ppm.
yMeans within a column with the same letter are not significantly different at P < 0.05 (analysis of variance and least significant difference test).
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between treatments. Declines in N
and P concentrations in root and
leaves of T1 and T2 could have been
due to Cl– competing for binding
sites with N (Abdelgadir et al.,
2005) and P (Xu et al., 2003) and/or
lower N and P concentrations in the
irrigation applied. The ranges of leaf N
(9.6–13.5 mg�g–1 DW) reported here
are similar to other reported values for
confetti tree and the common spike-
thorn (Maytenus heterophylla) byCramer
and Bond (2013) (10–20 mg�g–1 DW).
The ranges for P (4.4–6.5 mg�g–1 DW)

reported here were higher than those
reported by Cramer and Bond (2013)
(1.1–4.2 mg�g–1 DW) and Aganga and
Mesho (2008) (1.3 mg�g–1 DW) for
confetti tree. The increase in Cl and Na
concentration in roots and leavesmay be
because of a low-affinity transport sys-
tem for both Na and Cl as suggested by
Kronzucker and Britto (2011) and
Teakle and Tyerman (2010). Our re-
sults showed a higher range of leaf Cl–

(53.2–64.8 mg�g–1 DW) compared
with those reported by G�omez-Bellot
et al. (2015) in another member of

the bittersweet family (Celastraceae),
dwarf japanese euonymus (10.3–13.7
mg�g–1 DW), suggesting confetti tree
may be a hyperaccumulator of chlo-
rine. On the other hand, the values of
K (13.7 mg�g–1 DW) and Ca (5.3
mg�g–1 DW) leaf concentration were
lower than the values reported by
Aganga and Mesho (2008) in confetti
tree for K (15.4 mg�g–1 DW) and Ca
(13.9 mg�g–1 DW), respectively. It is
also important to highlight that the
production of ornamental plants in
a series irrigation system may allow
for a reduction of water and nutrient
inputs, but it is necessary to consider
that the selection of the plants in this
system is based on the different de-
grees of salt tolerance that exist be-
tween various species.

N U T R I E N T S O L U T I O N

COMPOSITION. The addition of runoff
(T1 and T2) increased both the pH
and EC of the nutrient solution com-
pared with T0 (Table 5). The use of
irrigation runoff water decreased the
concentration of NO3 and H2PO4,
but increased the concentration of
SO4, Ca, and Mg, and had no signif-
icant effect on the concentration of K
compared with T0.

The increase in pH in T1 and T2

compared with T0 could be due to the
nitrate uptake by the plants and the
consequent release of H+ (Mengel
and Kirkby, 2001). The increase in
EC in T1 and T2 compared with T0

may have been due to the accumula-
tion of ions (Mg2+, Na+, and Cl– etc.)
in the runoff water (Massa et al.,
2010) because of the high concentra-
tion of Na+ and Cl– in the tap water
and the reuse of the runoff water.
Irrigation with T1 and T2 showed
reduced NO3

– and H2PO4
– concen-

trations compared with T0, which is

Table 4. Mean mineral composition [nitrogen (N), phosphorous (P), chloride
(Cl), potassium (K), sodium (Na), and calcium (Ca)] in roots, stems, and leaves
of confetti tree grown in 1.5-L (0.40 gal) containers containing peatmoss and
perlite 80:20 (by volume). Treatments consisted of a standard nutrient solution
(T0), runoff water collected from kneeholy plants irrigated with the standard
nutrient solution blended 50:50 with tap water (T1), and 100% runoff water
collected from kneeholy plants irrigated with the standard nutrient solution (T2).

Irrigation treatments

Roots Stems Leaves

(mg�gL1 DW)

Nz T0 13.5 ay 5.9 a 13.4 a
T1 5.8 b 5.8 a 9.6 b
T2 5.8 b 5.7 a 9.8 b

P T0 6.1 a 4.3 a 6.5 a
T1 4.4 b 4.4 a 4.4 b
T2 4.2 b 4.6 a 4.6 b

Cl T0 51.5 b 60.5 a 53.2 b
T1 61.6 a 58.2 a 62.5 a
T2 61.9 a 59.6 a 64.8 a

K T0 8.6 a 12.0 a 13.6 a
T1 8.4 a 12.4 a 13.8 a
T2 8.0 a 12.3 a 13.8 a

Na T0 2.8 b 3.5 a 2.5 b
T1 4.0 a 3.7 a 4.5 a
T2 4.1 a 3.6 a 4.7 a

Ca T0 4.4 a 6.3 a 5.3 a
T1 4.3 a 6.3 a 5.2 a
T2 4.2 a 6.4 a 5.2 a

z1 mg�g–1 = 1000 ppm.
yMeans within a column with the same letter are not significantly different at P < 0.05 (analysis of variance and least
significant difference test).

Table 5. Average weekly values of pH, electrical conductivity (EC), and concentrations of nutrient elements [nitrate (NO3
L),

phosphate (H2PO4
L), chloride (ClL), sulphate (SO4

2L), calcium (Ca2D), magnesium (Mg2D), potassium (KD), and sodium
(NaD)] in runoff from confetti tree grown in 1.5-L (0.40 gal) containers containing peatmoss and perlite 80:20 (by volume).
Treatments consisted of a standard nutrient solution (T0), runoff water collected from kneeholy plants irrigated with the
standard nutrient solution blended 50:50 with tap water (T1), and 100% runoff water collected from kneeholy plants
irrigated with the standard nutrient solution (T2).

Irrigation
treatments

Chemical parameters

pH
EC

(dS�mL1)z
NO3

L

(mg�LL1)z
H2PO4

L

(mg�LL1)
ClL

(mg�LL1)
SO4

2L

(mg�LL1)
Ca2D

(mg�LL1)
Mg2D

(mg�LL1)
KD

(mg�LL1)
NaD

(mg�LL1)

T0 6.50 by 1.50 c 372.00 a 67.90 a 122.50 b 192.00 b 80.00 b 33.60 b 117.00 a 59.80 b
T1 7.40 a 1.89 b 181.82 b 2.91 b 576.80 a 322.56 a 464.80 a 115.44 a 105.30 a 332.81 a
T2 7.20 a 2.47 a 220.10 b 3.88 b 613.90 a 339.84 a 518.80 a 133.25 a 119.34 a 369.28 a
z1 dS�m–1 = 1 mmho�cm–1, 1 mg�L–1 = 1 ppm.
yMeans within a column with the same letter are not significantly different at P < 0.05 (analysis of variance and least significant difference test).
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likely due to plant uptake by
kneeholly.

Conclusions
Our results indicate that the pro-

duction of confetti tree in containers
in T2 resulted in higher growth rates
compared with T1 and T0. In addi-
tion, irrigation with T1 and T2 led to
an increase of chlorophyll concentra-
tions and consequently an increase in
the green index color in leaves com-
pared with the control. The increase
in the green index color in leaves is
highly valued by ornamental growers
aesthetically. However, the mineral
composition of roots and leaves were
affected by irrigation treatments
resulting in an increase of Na and Cl
concentration and a decline of N and
P concentration compared with the
control. Results showed that the in-
crease of growth parameters and chlo-
rophyll concentration in relation to
the highest EC in T2 could be due to
the species salt tolerance. Based on the
results presented here, and under sim-
ilar water chemistry, it is feasible to
reuse irrigation runoff in series and
without dilution for confetti tree pro-
duction in a nursery setting, without
reducing plant growth. This would be
particularly beneficial in locations that
have water quality or water quantity
issues. Additional knowledge and un-
derstanding regarding irrigation and
nutrient management practices, par-
ticularly regarding the reuse of runoff
water in the production of ornamental
plants would be beneficial for re-
searchers and growers in managing
water resources.
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