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ABSTRACT
Suction irrigation in ornamental species provides only the amount of water required by the soil-
plant-atmosphere system, reducing water losses due to evaporation, runoff, and percolation. In 
this work, an experiment was conducted in subdivided plots arranged in randomized blocks 
to evaluate the daily and cumulative water consumption of Dimorphotheca ecklonis DC. and 
Graptopetalum paraguayense (N.E.Br.) E. Walther. Two substrate mixtures were used: tezontle 
(3–4 mm) with peat (2:1) and tezontle (4–6 mm) with peat (2:1), with suction heights of 8 and 15 
cm (H8 and H15). The results showed significant statistical differences (p < 0.05) in cumulative 
water consumption, suction height, and plant type. The ornamental species showed significant 
statistical differences in terms of water consumption (daily and cumulative), plant height, 
cover, and total fresh and dry matter production, where D. ecklonis recorded the highest values, 
while G. paraguayense maintained higher substrate moisture. These findings show that suction 
irrigation is an efficient water supply option in green infrastructure systems because water 
consumption is self-regulating.
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INTRODUCTION
Freshwater resources are increasingly scarce, and their availability is under growing 
pressure from population growth, urbanization, and climate change (van Iersel et al., 
2016). Agriculture, which includes ornamental horticulture, is the main consumer of 
water resources globally, accounting for nearly 80 % of total use (Velasco-Muñoz et al., 
2018). The ornamental horticulture industry is on the rise, requiring the implementation 
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of strategies to use water efficiently and minimize its environmental impact (van Iersel 
et al., 2016). Ornamental production in Mexico before 1994 relied mainly on rainfed 
agriculture. After that year, the number of ornamental species cultivated under 
irrigation increased to more than 58, while in rainfed systems, the number rose only 
from 28 to 32 (LaFevor, 2022). Therefore, research and adoption of irrigation systems 
that promote efficient water use are indispensable.
Suction irrigation using ceramic porous emitters, commonly applied in small-scale 
vegetable production in arid regions, also has potential for ornamental plant cultivation 
(Peña-Casadevalls and Vargas-Rodríguez, 2018). The shapes of ceramic porous 
emitters are diverse. Early models were shaped as pans, pots (Cai et al., 2018) and 
cylinders but changed to spheres. Olguín-Palacios (1975) used truncated cone-shaped 
emitters made of brick-colored clay with a capacity of 300 cm3. In contrast, Quevedo-
Nolasco et al. (2023) used spherical emitters of white kaolinite ceramic, connected to 
the water source by a 5 mm internal diameter flexible plastic tube, and operated under 
suction. Zhang et al. (2009) tested cylindrical ceramic emitters with dimensions of 15 
cm in length, 4 cm external radius, and 3 cm internal radius, a saturated hydraulic 
conductivity of 0.012 cm d-1, and operation under both positive and negative pressure. 
Similarly, Liu et al. (2023a) worked with cylindrical white clay emitters with a 1 cm 
internal radius, a 2 cm external radius, and a 7 cm length, operated at hydraulic loads 
ranging from 0 to 100 cm. Cai et al. (2021) also used cylindrical white clay emitters but 
with dimensions of 7 cm length, 4 cm external radius, and 2 cm internal radius.
Currently, porous emitters are typically buried, leading some researchers to classify 
them as a form of subirrigation (Cai et al., 2018). Subsurface irrigation with ceramic 
emitters provides a continuous supply of water and nutrients at a constant low rate 
that maintains soil moisture and reduces evaporative water losses (Liu et al., 2023b). 
Subsurface irrigation has economic and ecological advantages compared to surface 
irrigation, such as savings in labor, energy, water, and nutrients, as well as having 
more uniform plant growth, lower air humidity, fewer foliar diseases, and fewer 
environmental problems due to nutrient and chemical leaching (Qiaosheng et al., 
2007).
Irrigation with porous emitters is performed with both positive and negative charges 
(suction) (Olguín-Palacios, 1975; Zhang et al., 2009). The water output of porous 
emitters used in suction irrigation depends on the size and pore percentage of the 
emitter and its surface, in addition to the height from which the water is absorbed, the 
suction gradient generated (depending on the evapotranspirative demand and soil 
type), and the thermal and osmotic gradient (Olguín-Palacios, 1975).
Irrigation with porous emitters is used in the production of crops such as tomato, 
goji berry, apple, bean, strawberry, corn, ornamental plants (geranium, petunia, 
and gazania), and pitahaya, among others. However, its application in ornamental 
horticulture is poorly documented. Therefore, the objective of this work was to analyze 
the water consumption of two species of ornamental plants by suction irrigation in 
two substrates and two suction heights, in pots. The effects of suction height (H), 
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substrate type (S), and plant species (P) on response variables, including daily and 
cumulative water consumption as well as biophysical traits, were evaluated using a 
split-plot design in randomized blocks, under the hypothesis that at least one factor 
influences water consumption in the studied species.

MATERIALS AND METHODS
The experiment was carried out in a greenhouse at the Postgraduate College Campus 
Montecillo, in Texcoco, State of Mexico (19° 27’ 37.1’’ N and 98° 54’ 12.12’’ W), at an 
altitude of 2240 m, where the climate is semi-dry temperate with summer rains. The 
species assessment period was from May 9 to July 27, 2023.
An experimental design with plots subdivided into randomized blocks was established. 
Suction heights of 8 and 15 cm (H8 and H15, respectively) were measured in the large 
plot, substrate combination (S) in the medium plot, and plant type (P) in the small 
plot. The suction height represents the difference in level between the center of the 
capsule and the water level of the source. The substrate mixture consisted of tezontle 
and peat in a 2:1 (v/v) ratio. A coarse substrate (Sg) with tezontle particle diameters 
between 4 and 6 mm and a fine substrate (Sf) with tezontle particle diameters between 
3 and 4 mm were used. The plants (P) were used Dimorphotheca ecklonis DC. (Pd) and 
Graptopetalum paraguayense (N.E.Br.) E. Walther (Pg). A total of eight treatments (2H × 
2S × 2P) and four replicates were used, giving a total of 32 experimental units. Each pot 
was used as an experimental unit, which had a volume of 6 L (23.5 cm top diameter 
and 20 cm height) and a porous emitter (capsule) substrate-plant with storage as a 
water source.
The suction irrigation system consisted of a porous kaolinite capsule, 12 cm in 
diameter, equipped with two opposing tubes of 4 mm internal diameter. One tube 
was used to fill the capsule and subsequently sealed, while the other was connected 
to the water source (Figure 1). To evaluate the ability of the emitters to yield water, a 
sorptivity analysis was performed according to the methodology of Quevedo-Nolasco 
et al. (2023). This irrigation system does not require an external source of energy but 
takes advantage of the suction gradient, or differences in water matrix potential, that 
operates between a continuously dried soil due to the evapotranspiration of a crop 
and a porous body communicated with the water source, which allows a continuous, 
efficient, and localized supply only in the crop root zone (Olguín-Palacios, 1975). In 
order to differentiate each mixture, the water retention curve (de Boodt et al., 1974) 
and bulk density were determined at the Soil Physics Laboratory of the Postgraduate 
College.
Graptopetalum paraguayense, commonly known as mother-of-pearl or ghost plant, is a 
Mexican species of the Crassulaceae family. Its rosettes reach 15–20 cm in diameter, 
and it exhibits crassulacean acid metabolism (CAM). In addition to its ornamental use, 
it is used medicinallly for liver disorders, diuretic effects, diabetes, hypertension, and 
pain relief in China (Ai et al., 2017). Dimorphotheca ecklonis (Cape daisy or polar star) 
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is an ornamental African species of the Asteraceae family with abundant white, pink, 
purple, or salmon flowers measuring 5–8 cm (Khalil and Seleem, 2019). These plants 
were selected for their availability in nurseries, size, low maintenance requirements, 
and adaptability to the climate of the evaluation site. Prior to transplanting, both were 
acclimatized in the greenhouse for three weeks, reaching average heights of 7 cm and 
6 cm and diameters of 8.5 cm and 6 cm, respectively.
Well water (pH 6.9 and electrical conductivity of 276 mS cm-1) was used as the base 
for preparing the nutrient solution, following the formulation of Steiner (1984). 
The solution had an electrical conductivity of 0.5 dS m-1, with 3 NO3

-, 0.25 H2PO4
-, 

1.75 SO4
2-, 1.75 K+, 2.25 Ca2+, and 1 Mg2+ milliequivalents per liter (mEq L-1) and an 

osmotic pressure of 0.018 MPa. The following nutrient sources were used: calcium 
nitrate (Ca(NO3)2), potassium nitrate (KNO3), monopotassium phosphate (KH2PO4), 
potassium sulfate (K2SO4), magnesium sulfate (MgSO4), and sulfuric acid (H2SO4), in 
addition to micronutrients (Rovensa Next, Mexico), with iron (Fe2+), manganese (Mn2+), 
zinc (Zn2+), boron (H3BO3), copper (Cu2+), and molybdenum (MoO4

2-). The nutrient 
solution was placed in a 1.1 L black container with a lid to avoid algae proliferation.
During the experiment, daily water consumption (DWC) was measured, which started 
on May 9 by adding the volume consumed on the previous day by means of a test tube 
at 8:00 am. Daily consumption was transformed to daily irrigation lamina by dividing 
the daily water consumption (cm3) by the exposed area of the pot (430 cm2). The daily 
water consumptions were summed to obtain the cumulative water consumption 
(CWC). Moisture variations in the substrates were recorded and calculated using the 
gravimetric method at a distance of 2 cm from the emitter.

Figure 1. Suction irrigation system used for the evaluation of water consumption. A: porous capsule releasing 
water; B: suction irrigation scheme with porous emitter; C: suction irrigation on ornamental species.
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Daily evaporation was measured using a tub placed inside the greenhouse. In addition, 
plant height (cm), canopy cover (%), and substrate volumetric moisture content (v/v) 
were recorded weekly. Volumetric moisture represents the ratio of water volume to 
soil volume and is dimensionless. Moisture was calculated by the gravimetric method 
from the start of the experiment until July 5. To avoid damage to the roots of D. 
ecklonis, samples of 40 cm3 of substrate were obtained at a distance of 1.5 cm from 
the capsule. At the end of the experiment, on July 27, 2023, total fresh matter (TFM) 
was measured by destructive sampling (aerial and root biomass) and total dry matter 
(TDM). Additionally, water use efficiency (WUE) was calculated by dividing TDM by 
the cumulative water consumption in lamina.
Analysis of variance (ANOVA) was performed for response variables (p < 0.05). The 
assumptions of normality of residuals were examined with the Shapiro-Wilk test 
(p > 0.05). Data independence was analyzed graphically, and for homogeneity of 
variances, Bartlett’s test was used (p > 0.01). When significant differences between 
means were found, Tukey’s test was performed. Statistical analysis was performed 
with the RStudio program (R Core Team, 2024).

RESULTS AND DISCUSSION

Characteristics of the porous capsules and substrates
The sorptivity values of the porous capsules had a mean of 0.576 mm s-1/2, a standard 
deviation of 0.033, and 5.71 % coefficient of variation. As for the substrates, the bulk 
density was 0.59 g cm-3 for Sf and 0.56 g cm-3 for Sg. On water retention, the fine 
substrate (Sf) retained slightly more water compared to the coarse substrate (Sg) at 
water column suction heights of 0, 10, and 50 cm (Table 1). Also, Sf presented greater 
pore space, aeration capacity, readily available water, and reserve water.

Table 1. Volumetric water content of fine (Sf) and coarse (Sg) substrates at different 
suction (water column) values.

Suction (CCA) Fine substrate (v/v) Coarse substrate (v/v)

0 0.49 0.38
10 0.22 0.14
50 0.16 0.11
100 0.09 0.09

CCA: centimeters of water column; v/v: volumetric moisture content (dimensionless). 
Fine substrate (Sf) consisted of tezontle (3–4 mm) mixed with peat (2:1), and coarse 
substrate (Sg) consisted of tezontle (4–6 mm) mixed with peat (2:1).
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Water release capacity of the porous capsules
The volume of water released to suction varied between 21 and 442 mL d-1, with a mean 
of 110 mL d-1, which depended on several factors such as the hydraulic characteristics 
of the emitters, including suction height, crop, and environmental conditions 
(Quevedo-Nolasco et al., 2023). In tomato with suction irrigation, Vargas-Rodríguez et 
al. (2010) reported irrigation doses between 180 and 390 mL d-1 plant-1. Similarly, Peña-
Casadevalls and Vargas-Rodríguez (2018) reported water consumptions between 200 
and 330 mL d-1. Although the operating conditions, type of crop, environment, porous 
media, and suction height are not the same, it should be emphasized that the suction 
irrigation system meets the water demand.
Several irrigation systems operate using porous emitters. Abu-Zreig et al. (2006) found 
leakage rates of 125–1020 mL d-1 operating at positive pressure in an irrigation system 
with porous pots (pitchers). Liu et al. (2023b) observed irrigation laminae below 5 mm 
d-1 in a tomato crop irrigated with porous emitters operating at positive hydraulic 
loads between 0.1 and 0.5 m. Unlike these systems, suction irrigation allows precise 
control of water delivery, providing water exactly when needed and minimizing 
losses due to infiltration.

Daily water consumption by factors
In the experimental units, lamina water consumption varied between 1 and 8 mm 
d-1, with a behavior similar to water evaporation that depends on atmospheric 
weather elements. The suction heights of 15 and 8 cm (H15 and H8, respectively) 
and plant species (Pg and Pd) factors influenced water consumption (Figures 2A and 
2C). However, the substrate (Sg and Sf) had no effect (Figure 2B), so despite minor 
variations in terms of water retention, there were no significant differences.
Daily water consumption varied between 1.7 and 5.5 mm (mean 3 mm) at a suction 
height of 8 cm and between 1.1 and 3.7 mm (mean 2.1 mm) at 15 cm. By substrate, 
the coarse substrate (Sg) averaged 2.6 mm (1.5–5.5 mm), while the fine substrate (Sf) 
averaged 2.5 mm (1.1–4.2 mm). For plant species, Pg consumed 1.1–2.3 mm and Pd 
2.2–5.5 mm, with a mean of 1.7 and 3.4 mm, respectively.

Cumulative water consumption by factors
At the end of the experiment, the established species had a water consumption of 
236.7 mm at 8 cm suction height compared to 170.9 mm obtained at 15 cm due to less 
force to recover water from the source and lower negative pressure (Figure 2D). In 
irrigation with porous emitters, the applied hydraulic load determines the amount 
of water available to the soil, plant, and atmospheric system (Liu et al., 2023a). In this 
type of irrigation, ceramic porous emitters operate both at negative pressure or suction 
(Olguín Palacios, 1975; Quevedo-Nolasco et al., 2023) and positive pressure (Liu et al., 
2023b).
Cumulative water consumption per substrate was similar, with values of 198.7 mm for 
Sf and 208.9 mm for Sg (Figure 2E). This should be interpreted with caution, since water 
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movement in soil (or growth medium) is influenced by its physical characteristics (Ma 
et al., 2022), where differences between substrates in terms of water retention were 
minimal (Table 2).
In terms of plant type, the cumulative water consumption of D. ecklonis and G. 
paraguayense was 269.4 and 138.2 mm, respectively (Figure 2F). The difference in 
cumulative water consumption is consistent with FAO (2006), which indicates that 
different species can have different levels of evapotranspiration, even under the 
same environmental conditions, due to differences in transpiration resistance, height, 
foliage roughness, albedo, orientation, soil cover, and root characteristics.

Figure 2. Daily (A–C) and accumulated (D–F) water consumption of ornamental species under 
suction irrigation, showing effects of suction height (H15, H8), substrate type (Sg, Sf), and plant 
species (Pg, Pd). H15: suction height of 15 cm; H8: suction height of 8 cm; Sg: tezontle (4–6 mm)-peat 
2:1 (v/v); Sf: tezontle (3–4 mm)-peat 2:1 (v/v); Pg: Graptopetalum paraguayense (N.E.Br.) E. Walther; Pd: 
Dimorphotheca ecklonis DC.; DDT: days after transplanting.
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Daily and cumulative water consumption by treatment
In the first 10 d after transplanting, the daily water consumption of all treatments 
depended on the suction height. The lower the height (lower negative pressure), the 
higher the water consumption and vice versa (Figure 3A), which was statistically 
validated. Seedlings acclimatized during the early stages, but as transpiration 
increased, so did water consumption. This period of increased water consumption 
during the first days of the establishment of the porous capsule irrigation system was 
also observed by Liu et al. (2023b) in a tomato crop irrigated with positive pressure 
porous emitters.
Treatments with D. ecklonis (Pg), regardless of substrate particle size and suction 
height, consumed a greater amount of water compared to G. paraguayense (Pd). As 
noticed by Durhman et al. (2007) and Khalil and Seleem (2019), both species exhibit 
distinct morphological and physiological characteristics. In particular, D. ecklonis 
showed faster growth than G. paraguayense, which was reflected in a higher water 
demand.
The average cumulative water consumption (expressed in mm) per treatment, in 
descending order, was as follows: H8SgPd (348), H8SfPd (286.9), H15SfPd (234.3), 
H15SgPd (208.2), H8SgPg (156), H8SfPg (155.8), H15SgPg (123.1), and H15SfPg (117.8) 
(Figure 3B). These water consumption values are comparable with those reported by 
Yang et al. (2024), who documented water consumptions between 300 and 450 mm in 
tomato crops irrigated with porous emitters at a pressure of 20 cm. Similarly, Liu et al. 
(2023a), also employing porous emitters, observed water consumptions of 85 and 110 
mm in open-grown goji bushes under pressures of 40 and 80 cm, respectively, which 
also took advantage of a cumulative rainfall of 269.1 mm.

Substrate moisture
The volumetric moisture ratio (v/v) in the substrates remained between 0.09 and 0.19, 
with maximum moisture retention values of 0.38 and 0.49 for Sg and Sf, respectively. 

Table 2. Volumetric distribution of water, air, and solids in fine (Sf) and coarse 
(Sg) substrates composed of tezontle-peat mixtures (de Boodt et al., 1974).

Variable Sf Sg
(v/v) (v/v)

Solid material 0.51 0.62
Total pore space 0.49 0.38
Aeration capacity 0.28 0.25
Water readily available 0.06 0.03
Reserve water 0.06 0.02
Water hardly available 0.09 0.08

/v: volumetric content (dimensionless). Fine substrate (Sf): tezontle 3–4 mm + 
peat 2:1 (v/v); Coarse substrate (Sg): tezontle 4–6 mm + peat 2:1 (v/v).
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The distribution of moisture in the substrate depends, in part, on the location of 
the sampling point in relation to the emitter, since more distance, both vertically 
and horizontally, results in a decrease in moisture content (Siyal et al., 2009). This 
peripheral distribution of water around the emitter is influenced by the particle size of 
the substrate and the water demand of the crop.
In previous studies, Zhang et al. (2009) reported volumetric soil moisture values of up 
to 0.43 at depths of 30–40 cm when using suction irrigation (30–50 cm) with porous 
emitters buried at a 20 cm depth; however, this moisture decreased over the course of 
days. Similarly, Liu et al. (2023b) observed soil moisture values between 0.17 and 0.22 
when using porous emitters with pressures from 10 to 50 cm in tomato crops.

Suction height
Higher water uptake was observed at lower suction height (8 cm), registering a value 
of 236.7 ± 95 mm in H8 versus 170.9 ± 59.4 mm in H15. This uptake was inversely 
proportional to moisture content in the substrates, which was also higher at lower 
suction height (H8: 18.8 ± 2.5) compared to H15 (16.3 ± 2.6). The higher water 
availability in H8 allowed for superior plant development, evidenced by higher plant 
height, cover, total fresh matter, and total dry matter (Table 3). These results coincide 
with those reported by Ma et al. (2022), who emphasize that water availability directly 
influences the morphological and physiological characteristics of plants.

Figure 3. Daily (A) and cumulative (B) water consumption of treatments as influenced by suction 
height, substrate, and plant species. H15: suction height of 15 cm; H8: suction height of 8 cm; 
Sg: tezontle (4-6 mm)-peat mixture 2:1 (v/v); Sf: tezontle (3-4 mm)-peat mixture 2:1 (v/v); Pg: 
Graptopetalum paraguayense (N.E.Br.) E. Walther; Pd: Dimorphotheca ecklonis DC; DDT: days after 
transplanting.
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In this context, several authors have recommended the use of positive pressure with 
ceramic emitters for crop production in intensive farming systems. Pressure loads of 
30, 40, and 70 cm (Liu et al., 2023c), as well as ranges between 20 and 50 cm (Cai et al., 
2018), have been proposed. When applying pressurized water, the irrigation supply 
depends on both the hydraulic load and the operation mode of the system. Self-
regulation of water supply in these systems is based on the hydraulic characteristics 
of the emitter, substrate type, emitter size, shape, and suction height, as well as the 
water requirements of the crop and environmental conditions.

Substrates
No significant differences were detected between substrates (S) in total daily water 
consumption or in the other variables analyzed. The retention of readily available 
water was 0.06 and 0.03 (v/v) for the respective substrates, according to Tukey’s test. 
However, previous studies have reported contrasting findings. For example, Quevedo-
Nolasco et al. (2023) observed substrate-related differences in water consumption using 
Duncan’s test. Similarly, Wang et al. (2019) indicated that the physical characteristics 
of soils or growth media affect water movement, where the matrix suction influences 
water availability and, consequently, plant development. In line with this, Pacheco-
Hernández et al. (2016) reported significant differences in height, leaf area, and dry 
matter in poinsettia cultivated in different substrate mixtures under suction irrigation. 

Table 3. Effects of suction height, substrate, and plant species on water consumption, substrate moisture, and evaluated plant 
growth variables.

Factors DWC CWC Substrate 
moisture Plant height Soil cover TFM TDM WUE

(mm d-1) (mm) (v/v) (cm) (%) (g) (g) (g TDM 
cm-1 H2O)

H8 3.0 ± 0.7a 236.7 ± 95a 18.8 ± 2.5a 17.8 ± 8.8a 48.7 ± 43.3a 193.6 ± 111.2a 31.9 ± 27.7a 1.1 ± 0.7a

H15 2.1 ± 1.2b 170.9 ± 59.4b 16.3 ± 2.6b 14.1± 5.0b 34.0 ± 21.1b 139.4 ± 48b 17.7 ± 11.9b 0.9 ± 0.4a

p-value 0.0006 0.0006 0.028 0.0343 0.0305 0.028 0.0018 0.1846
Sg 2.6 ± 0.9a 208.8 ± 23.8a 18.4 ± 2.5a 16.1 ± 8.3a 47.8 ± 42.8a 175.3 ± 99.7a 27.1 ± 25.6a 1.1 ± 0.6a

Sf 2.5 ± 1.2a 198.7 ± 76a 16.8 ± 2.9a 15.8 ± 6.3a 34.9 ± 22.7a 157.8 ± 78.3a 22.5 ± 18.7a 1.0 ± 0.5a

p-value 0.4977 0.4977 0.1272 0.8123 0.052 0.4348 0.2249 0.4482
Pd 3.4 ± 0.3a 269.9 ± 71.3a 16.3 ± 2.5b 21.0 ± 7.2a 66.0 ± 33.8a 220.3 ± 96.6a 41.4 ± 20.5a 1.5 ± 0.5a

Pg 1.7 ± 0.9b 138.2 ± 24.6b 18.8 ± 2.6a 10.9 ± 1.7b 16.7 ± 2.4b 112.7 ± 27b 8.2 ± 2.3b 0.6 ± 0.2b

p-value <0.0001 <0.0001 0.0235 <0.0001 <0.0001 0.0003 <0.0001 <0.0001

Values indicate mean ± standard deviation. Different letters represent significant differences (Tukey, p < 0.05). DWC: daily 
water consumption; CWC: cumulative water consumption; TFM: total fresh matter; TDM: total dry matter; WUE: water use 
efficiency; H15: suction height of 15 cm; H8: suction height of 8 cm; Sg: tezontle (4–6 mm)-peat mixture 2:1 (v/v); Sf: tezontle 
(3–4 mm)-peat mixture 2:1 (v/v); Pg: Graptopetalum paraguayense (N.E.Br.) E. Walther; Pd: Dimorphotheca ecklonis DC.
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Likewise, A’saf et al. (2020) documented variations in morphology, physiology, 
growth, and flower quality in three ornamental species grown across six substrate 
combinations.

Ornamental species
Both plant species presented significant differences in daily water consumption 
(CAD), cumulative water consumption (CWC), substrate moisture, plant height, 
cover, total fresh matter (TFM), total dry matter (TDM), and water use efficiency 
(WUE). In general, the highest values were recorded in D. ecklonis, with the exception 
of substrate moisture. Similarly, Quevedo-Nolasco et al. (2023) reported differences 
in cumulative water consumption in three ornamental species (gazania, petunia, and 
geranium) under suction irrigation for 80 days, with values ranging from 11.2 to 18.6 
cm. These results highlight how different species can present differentiated patterns of 
water consumption depending on their specific characteristics.

Efficient use of water
No significant differences in water use efficiency (WUE) were found in relation to the 
suction height (H) of the emitters, registering values of 0.9 and 1.1 g TDM cm-¹ H₂O for 
suction heights of 8 and 15 cm, respectively. Similarly, substrate type (S) did not show 
significant differences in terms of WUE, with values of 1.1 and 1.0 g TDM cm-¹ H₂O 
for coarse (Sg) and fine (Sf) substrates, respectively. In contrast, significant differences 
were indeed observed as a function of species type (P), with WUE values of 1.5 and 
0.6 g TDM cm-¹ H₂O for G. paraguayense and D. ecklonis, respectively. This difference 
is congruent with the phenological and genomic differences existing between both 
species.
The study of water use efficiency in ornamental plants by suction irrigation with 
porous emitters is still limited. Zhang et al. (2009), in an experiment conducted with 
tomato crop, evaluated irrigation with porous emitters at different pressures (0, -30, 
and -50 cm H₂O column). The results showed that WUE was inversely proportional to 
yield. At a pressure of 0 cm H₂O, the highest yield was obtained, with 1.17 kg per pot 
and WUE of 24.9 kg m⁻³, while at -50 cm H₂O, the lowest yield was recorded, with 0.95 
kg per pot and WUE of 32.8 kg m⁻³. Similar results were observed in greenhouses in 
Israel and Spain, where AD values between 25 and 33 kg m⁻³ of tomato (30–40 L kg-¹) 
were reported (Salazar-Moreno et al., 2014). These findings indicate that the suction 
irrigation system can change both WUE and yield depending on the suction height, 
substrate type, and, possibly, plant species grown.
In contrast, under pressure subirrigation conditions with porous emitters, Liu et al. 
(2023a) evaluated Goji berry production, finding WUE values of 1, 1.01, and 0.85 
kg m⁻³ for pressure loads of 40, 60, and 80 cm, respectively. These results show how 
variations in irrigation pressure can influence water use efficiency, depending on the 
management of the system. Suction irrigation has the advantage of self-regulation of 
water from ceramic emitters, which represents a beneficial potential in terms of water 
efficiency.
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CONCLUSIONS
Statistically significant differences were found in relation to suction height, understood 
as the difference between the source and the centroid of the irrigation emitter. At lower 
heights, the highest values were achieved in daily and cumulative water consumption, 
substrate moisture, plant height, coverage, total fresh matter, and total dry matter. 
No statistically significant differences were identified between substrate mixtures, 
probably due to the minimal differences in their physical characteristics (particle size), 
which are related to water retention.
Among the ornamental species evaluated, statistically significant differences were 
found in the parameters of daily and cumulative water consumption, height, coverage, 
and total fresh and dry matter production. Dimorphotheca ecklonis showed the highest 
values for these parameters, while G. paraguayense showed a higher level of moisture in 
the substrate. Both the objective and the hypothesis were validated, demonstrating that 
the factors of suction height and type of ornamental species significantly influenced 
the response variables evaluated.
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