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Significance of this study
What is already known on this subject?
• A wide range of closed soilless systems have been 

developed for potted ornamental plants. Drip-irriga-
tion is the most common irrigation practice in potted 
ornamental and vegetable crops. Recently, there is a 
high interest in subirrigation as an efficient alterna-
tive to drip-irrigation systems for potted ornamental 
production.

What are the new findings?
• Subirrigation should be preferred due to similar  

biomass of drip-irrigation, higher WUE and less  
variation of EC in the nutrient solution leading to  
a simplification of nutrient management in closed  
soilless systems. The results also demonstrated that 
increasing container volume resulted in larger  
Murraya paniculata plants and higher WUE.

What is the expected impact on horticulture?
• These findings might play a crucial role in manage-

ment decisions by growers, thereby contributing to 
enhanced ornamental production.

  Summary
Irrigation system and pot size can affect the 

growth and development of containerized orna-
mental crops. A greenhouse experiment was carried 
out from November 2011 till July 2012, in order to 
determine the influence of two irrigation systems 
(closed drip-irrigation or subirrigation) and two pot 
sizes (∅ 14 or 18 cm) on growth, chlorophyll content, 
leaf gas exchanges and water use efficiency (WUE) 
of potted Murraya paniculata. Subirrigation offered 
promising potential for M. paniculata when com-
pared to drip-irrigation given the similar growth 
and the higher WUE. Lower variation of the electri-
cal conductivity in the subirrigation in comparison 
to drip-irrigation represents a crucial aspect for the 
simplification of the nutrient solution management. 
Increasing the pot size from 14 to 18-cm diameter 
yielded plants with 156%, 30%, 43%, and 138% 
more shoot biomass, height, leaf number and area, 
respectively. Best performance of plants grown in 18 
cm-pots was attributed to higher net photosynthe-
sis and SPAD index (by 35% and 16%, respectively), 
suggesting that suitable manipulation of container 
volume and switching from drip-irrigation to subir-
rigation will yield high quality potted M. paniculata 
and improve WUE.

Keywords
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Introduction
Over the last three decades closed-loop soilless system 

has become more and more popular among horticultural 
growers, since this high-tech practice represents an effec-
tive tool to face recent and upcoming changes in legislation 
concerning water and nutrient management in Europe 
(Rouphael et al., 2004; Savvas et al., 2007; Katsoulas et al., 
2015). A wide range of closed soilless systems have been 
developed for potted ornamental plants. Drip-irrigation is 
the most common irrigation practice in potted ornamen-
tal and vegetable crops (Rouphael et al., 2006, 2008). In 
closed systems based on drip irrigation, the water is gener-
ally distributed in excess, and consequently the nutrients 
not taken by the crop are removed from the substrate by 
drainage water and tend to accumulate in the recirculat-
ing nutrient solution, which has to be flushed out regularly, 
representing a negative environmental impact (Incrocci 

et al., 2006; Rouphael and Colla, 2009). Recently, there is 
a high interest in subirrigation as an efficient alternative to 
drip-irrigation systems for potted ornamental production 
(Cox, 2001; Rouphael et al., 2008; Cardarelli et al., 2010). In 
fact, subirrigation delivers nutrients in a uniform manner, 
offers greater flexibility in pot spacing and sizing, reduces 
the run-off of nutrients, simplifies the nutrient solution 
management, and increases the nutrient and water use ef-
ficiencies (Montesano et al., 2010). However, nutrient accu-
mulation in the upper part of the media is a major handicap 
of this cultural technique, especially when high fertilizer 
rates or low quality water is used (Zheng et al., 2004). 

In ornamental production, the size of the pots used or 
substrate volumes are crucial and play an important role 
on crop performance (Godoy and Cardoso, 2005; Davis et 
al., 2008). The use of smaller pots allows production of 
more plants on the same area unit. In this way, the cultiva-
tion area is used more effectively, the amount of substrate 
can be decreased and consequently the production costs 
are reduced. However, the use of small pots may also have 
disadvantages, arising from biological constraints. A small 
container implies a small quantity of available substrate 
per plant that may reduce plant growth, chlorophyll con-

German Society for 
Horticultural Science



82 E u r o p e a n  J o u r n a l  o f  H o r t i c u l t u r a l  S c i e n c e

Fascella and Rouphael  |  Growth and WUE of potted M. paniculata as affected by irrigation system and container size

tent, net photosynthesis, due to restrictions in water and 
nutrient availability (Hagen et al., 2013).

Murraya paniculata (L.) Jack, also known as Orange 
Jasmine, is an evergreen tropical shrub belonging to the 
family of Rutaceae, native in Southeast Asia. Potted orange 
jasmines are of major importance for the Italian ornamen-
tal plant industry due to the high demand of this product 
on national and European market (Olawore et al., 2005). 
Despite the importance of orange jasmine in ornamental 
production, to our knowledge no published data is avail-
able concerning the effects of irrigation system and pot 
sizes on morphological and physiological parameters of  
M. paniculata.

The aim of the current work was to assess the influence 
of irrigation system (drip-irrigation or subirrigation) and 
pot size (∅ 14 or 18 cm) on plant growth parameters, SPAD 
index, leaf gas exchanges and water use efficiency of potted 
M. paniculata. These findings might play a crucial role in 
management decisions by growers thereby contributing to 
enhanced ornamental production.

Materials and methods

Plant material, growth conditions and treatments
The experiment was carried out during 2011–2012, un-

der greenhouse conditions at the Research Unit for Medi-
terranean Flower Species, Palermo, Italy (38°5’N, 13°30’E, 
23 m above sea level). Six-month-old seedlings of Murraya 
paniculata (L.) Jack were planted in plastic pots of 14 cm 
and 18 cm diameter containing respectively 2 and 4 L of 
brown peat and perlite in a 2:1 volume ratio. Pots were 
placed on aluminum benches at a plant density of 9 and 7 
plants m-2 for the 14 and 18-cm pots, respectively. Planting 
was accomplished in November 4, 2011. The experiment 
was laid out in a randomized complete-block design with 
three replications. Each replication consisted of one bench 
containing 20 plants (Figure 1). The treatments were de-
fined by a factorial combination of two irrigation systems 
(drip-irrigation or subirrigation) and two pot dimensions 
(14 or 18 cm in diameter). 

Nutrient solution management
The concentrations of ions in the irrigation water ex-

pressed as mM were: 0.6 mM Ca, 0.6 mM Mg, 0.4 mM K, 
0.7 mM Na, and 0.4 mM Cl. Values of pH and electrical con-
ductivity of the irrigation water were 6.6 and 0.41 dS m-1, 
respectively. All plants were fed with the same nutrient 
solution having the following macro and micro composi-
tion: 12.8 mM NO3-N, 1.6 mM P, 5.1 mM K, 3.0 mM Ca, 2.4 
mM Mg, 20 µM Fe, 3.0 µM Cu, 3.0 µM Zn, 5.0 µM Mn, 18 µM 
B, 0.3 µM Mo. The electrical conductivity of the nutrient 
solution was 1.8±0.5 dS m-1. When EC value of the recycled 
nutrient solution exceeded the threshold of 2.5 dS m-1, wa-
ter was added to the fresh nutrient solution in order to re-
store the EC value to the original starting point (1.8 dS m-1). 
The pH of the nutrient solution was maintained between 
5.8 and 6.3 by adding nitric acid. In both irrigation sys-
tems, the nutrient solution was pumped from independent 
tanks (one tank per replication) having a volume capacity 
of 60 L. In the closed drip irrigation system, the nutrient 
solution was supplied through one emitter per plant (flow 
rate of 2 L h-1). The subirrigation system was equipped 
with a capillary mat and the nutrient solution was sup-
plied through micro perforated hoses integrated into the 
mat. The excess of nutrient solution in both irrigation sys-
tems was captured and returned back to individual tanks 
for recirculation. In both systems, irrigation scheduling 
was performed using electronic low-tension tensiometers 
(Tensioswitch, Tensio-Technik, Germany) connected to an 
electronic programmer, that controlled irrigation based 
on substrate matric potential (Rouphael and Colla, 2005a). 
Tensiometers have been placed at about the midpoint of the 
pots. In each replication, two tensiometers were installed, 
and were located in different pots to provide a represen-
tative reading of the moisture tension. Tensiometers were 
connected to an electronic programmer that controlled 
the beginning (-5 kPa) and the end of irrigation (-1 kPa), 
which correspond to high and low tension set-points for 
the major part of substrates (Kiehl et al., 1992). The timing 
varied from 2–6 fertigations per day lasting 15–25 min for 
the subirrigation and from 3–7 fertigations per day of 1–3 

Figure 1. Experimental layout (one replication) was defined by a factorial combination of two irrigation systems: drip-
irrigation (D) or subirrigation (S) and two pot dimensions (14 or 18 cm in diameter). Each replication consisted of one bench 
containing 20 plants. The nutrient solution (NS) was pumped from independent tanks having a volume capacity of 60 L. In each 
replication, two tensiometers (arrows) were installed to provide a representative reading of the substrate moisture tension.
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min for the drip-irrigation. Nutrient solution supply with 
the drip-irrigation system ended when leachate was equal 
to 30% of nutrient solution applied; the 30% excess of the 
solution applied was collected for recycling. Typically, 
leaching fractions of 20–30% are needed to maintain the 
EC in the substrate at recommended level. In subirrigated 
pots at the end of each irrigation event, the substrate sur-
face appeared to be wetted.

SPAD index and gas exchange measurements
At the end of the experiment (July 30, 270 days after 

transplanting), leaf chlorophyll was estimated by measur-
ing the SPAD index on ten fully expanded leaves per replica-
tion, using a chlorophyll meter (SPAD 502, Konica Minolta 
Sensing, Inc., Osaka, Japan). Net CO2 assimilation (ACO2) and 
stomatal conductance (gs) were also determined using 
a portable photosynthesis system (LI-6200; LI-COR Inc., 
Lincoln, NE, USA): measurements were made just before 
harvest on most recent fully expanded leaves between 10 
am and 12 am on sunny day, using six replicate leaves per 
treatment. The LI-6200 was equipped with a stirred leaf 
chamber with constant-area inserts and fitted with a vari-
able intensity red source (leaf temperature chamber was 
30±2°C, leaf-air vapor pressure difference was 2.6±0.3 kPa, 
and CO2 concentration was 365±10 µl L-1).

Plant growth measurements
On July 31 (271 days after transplanting), ten plants per 

experimental unit were sampled and separated into leaves, 
stems, and roots. Dry mass of each organ was measured af-
ter oven-drying at 80°C for 72 h. The shoot dry mass was 
calculated as sum of leaf and stem dry mass. The final leaf 
area (LA) was measured using a digital area meter (Win-
DIAS 2; Delta-T Devices Ltd., Cambridge, U.K.). Plant height, 
number of leaves, length of the longest root, and root-to-
shoot ratio were also recorded.

Water use and water use efficiency
Each day during the growing cycle, the nutrient solu-

tion in all independent tanks were brought to their initial 
volume to replace the water lost by evapotranspiration, 

and the volume of the refill fresh solution in the different 
tanks was determined by a flow-meter (Spagnol, Treviso, 
Italy). Water use efficiency (WUE) was calculated as total 
plant dry mass divided by the water losses due to evapo-
transpiration.

Statistical analysis
Data were subjected to analysis of variance (ANOVA) 

using SPSS statistical program and means were compared 
by Duncan’s Multiple Range Test (DMRT) at P=0.05 signif-
icance level.

Results and discussion

Agronomical and physiological responses
Shoot and root dry mass, plant height, number of leaves 

per plant, total leaf area, SPAD index and stomatal conduc-
tance were not significantly influenced by the irrigation 
systems compared in the present trial (Tables 1 and 2). 
These results indicate that Murraya paniculata can be suc-
cessfully grown in containers using subirrigation yielding 
plants of similar crop performance to drip-irrigation. The 
similarity in agronomical and physiological responses to 
subirrigation and drip-irrigation is in line with previous 
results recorded by Rouphael et al. (2008) and Cardarelli 
et al. (2010), who observed no differences in shoot and 
root dry mass of potted zonal geranium and petunia grown 
under closed subirrigation and drip-irrigation systems. It 
is well established that substrate electrical conductivity 
(ECs) may more increase with subirrigation than with drip 
irrigation (Pinto et al., 2008; Dumroese et al., 2011), due 
to the unidirectional flow of nutrient solution inside the  
subirrigated media leading to a progressive accumulation 
of salts in the upper portion of the substrate. The high ECs in 
the substrate may negatively affect crop performance. This 
was not the case in the current study since no significant 
differences between the irrigations systems in ECs were 
observed (data not shown). An explanation of this phenom-
enon could be the low NaCl concentration in the irrigation 
water, the moderate EC of the fertilizer solution adopted 
(1.8 dS m-1), and also the growing season (winter-spring) 

Table 1. Effects of pot size and irrigation system on shoot and root dry mass, root-to-shoot ratio (R/S), plant height,  
number of leaves, total leaf area, and root length of Murraya paniculata grown during the 2011–2012 season.

Pot size Irrigation system
Shoot 

dry mass
(g plant-1)

Root 
dry mass
(g plant-1)

R/S
Plant 
height 
(cm)

Number 
leaves

(no. plant-1)

Leaf 
area 

(cm2 plant-1)

Root 
length
(cm)

Ø 14 cm Drip-irrigation 4.6 2.1 0.46 30.8 39.5 263 23.3
Subirrigation 5.0 2.9 0.58 28.6 43.9 275 18.3
    Mean 4.8 b 2.5 b 0.52 29.7 b 41.7 b 269 b 20.8

Ø 18 cm Drip-irrigation 13.6 6.1 0.44 38.2 61.3 734 25.8
Subirrigation 11.0 7.4 0.67 39.3 58.1 551 23.9
    Mean 12.3 a 6.7 a 0.55 38.7 a 59.7 a 643 a 24.8

Significancea

    Irrigation system (I) NS NS * NS NS NS NS
    Pot size (P) *** *** NS * * ** NS
    I × P NS NS NS NS NS NS NS
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characterized by a reduced evaporative demand of the en-
vironment (lower global radiation and air temperature), 
which contributed to keep the ECs of subirrigated plants 
within the optimal range (1.25–2.25 dS m-1) (Rouphael et 
al., 2008; Cardarelli et al., 2010). 

Plants undergo many morphological and physiological 
modifications in response to reduced rooting volume which 
will affect consequently the crop performance (Poorter et 
al., 2012). In the current experiment, shoot and root dry 
mass, plant height, leaf number and area of M. paniculata 
plants increased by 156%, 168%, 30%, 43%, and 138%, 
respectively with increasing the pot size from 14 to 18-cm 
diameter (Table 1), in agreement with many greenhouse 
studies on vegetables and ornamentals such as potato, 
tomato, poinsettia, and white cedar (Derby and Hinesley, 
2005; Goreta et al., 2008; Vanaei et al., 2008). Moreover, in 
a recent meta-analysis study Poorter et al. (2012) observed 
that on average, plants increased by 43% in weight for  
every doubling in pot size, with no significant differences in 
response between herbaceous and woody species. Reduced 
crop performance under root restricting conditions could 
possibly be due to the reduced rate of photosynthesis and 
thereby growth. The decrease (by 26%, Table 2) in net as-
similation of CO2 in response to decreased rooting volume 
was coupled with reduced leaf chlorophyll (by 14%, Table 
2) in agreement with the findings of Kasai et al. (2012) on 
soybean. An explanation of the reduced photosynthesis is 
that pots of smaller dimensions can be placed at a higher 
density, with less available radiation (Poorter et al., 2012). 
Another possible cause of photosynthesis and growth dif-
ferences in root restrictions experiments is nutrient avail-
ability: a smaller pot size will decrease the nutrient content 
in the pot, low N and P availability are known to decrease 
photosynthesis and consequently growth (Poorter et al., 
2012).

Water use efficiency and electrical conductivity in the 
nutrient solution

Subirrigation has frequently been shown to reduce 
water consumption when compared to drip-irrigation 
(Rouphael and Colla, 2005b; Rouphael et al., 2008).  In the 

present study, the water requirement was only affected 
(P<0.01) by the irrigation system, where the daily water 
use of M. paniculata with subirrigation (avg. 1.4 L plant-1) 
was reduced by 26% compared with the drip-irrigation 
system (avg. 1.9 L plant-1). These results are consistent 
with the findings of Rouphael et al. (2008) who reported 
an 11% water saving for subirrigated zonal geranium com-
pared with drip-irrigated plants, whereas Rouphael and 
Colla (2005b) demonstrated a 20% reduction in water use 
for zucchini squash. WUE was higher in subirrigated plants 
than in drip-irrigated plants (Figure 2), whereas plants in 
18 cm pots exhibited higher WUE than plants in 14 cm pots. 
Moreover, increasing the pot size from 14 to 18 cm diame-
ter increased the WUE in drip-irrigation and subirrigation 
by 168% and 102%, respectively (Figure 2). These results 
indicate the importance of subirrigation for sustainability 
and efficient use of resources (e.g., water and nutrients), 
in agreement with a previous report of Rouphael and Colla 
(2005b), which is crucial in the Mediterranean areas, 
where water supplies are limited.

The EC of the recycled nutrient solution for subirrigated 
plants did not exceed the threshold (2.5 dS m-1) in both pot 
sizes (Figure 3), whereas with drip-irrigation, the EC ex-
ceeded the maximum limit two times during the growing 
cycle, and water was added in order to restore the EC to 
the target values (Figure 3). The shorter variation of the EC 
in the nutrient solution supplied to subirrigated contain-
ers could be attributed to the minimal drainage from the 
containers, and consequently the accumulation of salts in 
the substrate rather than in the nutrient solution (Monte-
sano et al., 2010). Reduced variation of EC represents an 
advantage which simplifies nutrient solution management 
in closed soilless systems.

Conclusions
As conclusive remarks, outcomes from the present 

study indicated that subirrigation should be preferred due 
to similar biomass production of drip-irrigation, higher 
WUE and less variation of EC in the nutrient solution lead-
ing to a simplification of nutrient management in closed 
soilless systems. The results also demonstrated that in-

creasing container volume resulted in 
larger M. paniculata plants and higher 
WUE. The greater crop performance of 
plants grown in 18-cm pots was attrib-
uted to higher net assimilation rates and 
SPAD index. Even though the use of small 
pots will generally increase the number 
of plants produced and will reduce the 
cost for production, there were no partic-
ular benefits on vegetative growth and 
ornamental quality that could justify the 
use of 14-cm pots for M. paniculata.

Table 2. Effects of pot size and irrigation system on SPAD index, net CO2 

assimilation (ACO2), and stomatal conductance (gs) of Murraya paniculata 
measured before final harvesting (270 days after transplanting).

Pot size Irrigation system SPAD 
index

ACO2

(µmol CO2 m-2 s-1) 
gs

(mmol m-2 s-1)
Ø 14 cm Drip-irrigation 51.8 7.0 55.1

Subirrigation 46.1 5.1 34.5
    Mean 48.9 b 6.0 b 44.8 b

Ø 18 cm Drip-irrigation 58.9 8.4 78.2
Subirrigation 54.3 7.8 82.2
    Mean 56.6 a 8.1 a 80.2 a

Significancea

    Irrigation system (I) NS * NS
    Pot size (P) * ** **
    I × P NS NS NS
a ns, *, ** Nonsignificant or significant at P<0.05, and 0.01 respectively. Within columns, 
means followed by lower case letter are significant according Duncan’s multiple range 
test. P=0.05.
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Figure 3. Changes in the electrical conductivity (EC) of the recirculating nutrient solution as affected by pot size and 
irrigation system of Murraya paniculata grown during the 2011–2012 season. The arrows indicate when the EC exceeded 
the threshold values of 2.5. The EC of the solutions was restored to the target value by adding water.
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