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RESPONSE OF LISIANTHUS TO IRRIGATION WITH SALINE WATER:

PLANT GROWTH

Luis A. Valdez-Aguilar,1 Catherine M. Grieve,2 and James A. Poss2

1Departamento de Horticultura, Universidad Autónoma Agraria Antonio Narro,
Saltillo, Mexico
2U.S. Department of Agriculture, Agricultural Research Service, United States Salinity
Laboratory, Riverside, California, United States

� Production of cut flowers in California is located mostly in the coastal areas, where sea water
intrusion is a problem, or in the southern inland valleys, where water quality and quantity are
prevalent issues. In recent years there has been an increasing interest as to the feasibility of com-
mercial production of ornamental plants using degraded waters. The present study was conducted
in greenhouse sand cultures to compare the growth and development of lisianthus in response to
irrigation with solutions differing in ionic composition and concentration to mimic either well wa-
ters contaminated with sea water (sea water dilutions, SWD) or tailwaters typical of concentrated
Colorado River water (CCRW). Seedlings of lisianthus ‘Pure White’ were irrigated with varying
electrical conductivity (EC) treatments, ranging between 2 to 12 dS · m−1. The results showed that
lisianthus ‘Pure White’ grew better when irrigated with EC = 2 dS · m−1 SWD, although commer-
cially acceptable flowering stems were produced in treatments as high as 7 dS · m−1. Lisianthus can
also be irrigated with CCRW tailwater with EC ≤ 6 dS · m−1 for ‘Echo Blue’ or with EC ≤ 8 dS ·
m−1 for ‘Pure White.’

Keywords: cut flowers, Colorado River Water, salinity, sea water dilutions, water reuse

INTRODUCTION

Lisianthus [Eustoma grandiflorum (Raf.) Shinn.] is a species native to the
southern United States (US) that has become increasingly popular since its
release as an ornamental plant in the early 1980s (Halevy and Kofranek,
1984). In the US, 8.7 million lisianthus stems were produced in 48 floricul-
ture operations in 2009, with a wholesale value of $3.3 million. California
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has a relevant role in lisianthus production as 50% of the operations were
concentrated in this state; production totaled 8 million stems with a whole-
sale value of $3 million (Agricultural Statistics Board, 2010).

Cut flower growers of California produce 60% of all domestically grown
flowers in the US (California Cut Flower Commission, 2003), mostly in the
coastal areas or in the southern inland valleys (Carter et al., 2005). These
areas have problems of high salinity in irrigation water originated by sea
water intrusion in the coastal areas or by drainage of agricultural fields with
high nutrient and salt concentration in the inland areas. Other states in the
US face similar problems (Parsons et al., 2010).

In recent years, there has been increasing interest regarding the feasibil-
ity of producing commercially important ornamental plants using degraded
waters (Grieve et al., 2005; Shillo et al., 2002) because water of good quality
is becoming less available (Raviv and Blom, 2001) due to the competition
between the agricultural use of water and an increasing urban population
that demands large quantities of high quality water (Niu and Cabrera, 2010).
The objectives of the present study were to compare the growth and develop-
ment of lisianthus in response to irrigation with solutions differing in ionic
composition and concentration to imitate saline conditions of 1) well waters
contaminated with sea water (sea water dilutions, SWD), and 2) tailwaters
typical of concentrated Colorado River waters (CCRW).

MATERIALS AND METHODS

Experiment 1: Assessment of Lisianthus Response to Saline

Irrigation with Sea Water Dilutions of Colorado River Water

The experiment was conducted in a greenhouse at the US Salinity Lab-
oratory in Riverside, CA. Daily air temperature ranged from 19.9 to 41.6◦C
(average 23.1◦C) while night temperature ranged from 10.7 to 20.2◦C (aver-
age 17.8◦C). Relative humidity ranged from 43.6 to 47.5% (average 44.6%).
Average daily photosynthetically active radiation (PAR) was 355.5 µmol ·
m−2 · s−1, while noontime average PAR was 761.8 µmol · m−2 · s−1.

Lisianthus ‘Pure White’ plugs were transplanted in tanks with a vol-
ume of 360 L (1.2 m × 0.6 m × 0.5 m) containing washed sand with a
bulk density of 1.7 Mg · m−1. The sand substrate had a volumetric water
content of 0.34 m3 · m−3 at saturation and 0.1 m3 m−3 after drainage had
nearly ceased. Plants were established for one week and flood irrigated twice
daily with a complete nutrient solution with an electrical conductivity (EC)
of 2.0 dS · m−1. The nutrient solution contained 3 mM potassium nitrate
(KNO3), 0.34 mM monopotassium phosphate (KH2PO4), 50 µM iron (Fe)-
diethylenetriaminepentaacetic acid (DTPA), 23 µM boric acid (H3BO3),
5 µM manganese sulfate (MnSO4), 0.4 µM zinc sulfate (ZnSO4), 0.2 µM
copper sulfate (CuSO4), and 0.1 µM molybdic acid (H2MoO4), in addition
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TABLE 1 Ion concentration of saline wastewaters simulating the composition of sea water dilutions
(SWD) and concentrations of Colorado River water (CCRW), typical in California

Concentration
(meq · L−1)

Salinity EC
Type (dS · m−1) Ca2+ Mg2+ Na+ SO4

2− Cl−

SWD 2 5.0 1.6 12.9 0.5 14.5
5 8.1 5.7 34.0 2.2 43.1
7 10.1 8.0 47.8 3.2 60.6

10 12.0 11.6 70.8 3.6 88.4
12 15.0 14.1 84.3 5.6 107.0

CCRW 2 5.1 6.0 10.5 6.6 13.3
5 9.6 15.4 26.6 16.6 34.8
7 13.4 22.2 38.0 23.6 49.6

10 18.9 32.1 55.2 34.5 72.5
12 22.7 38.8 66.9 41.8 87.8

to the ions shown in Table 1 for the 2.0 dS m−1 SWD treatment. Riverside
municipal water (EC = 0.6 dS·m−1) was used for nutrient solution prepara-
tion. Each irrigation had a duration of 15 min to saturate the sand and then
drainage solution was retrieved in 765 L subsurface reservoirs for reuse every
irrigation.

Treatments consisted of five salinity levels and two different water compo-
sitions. Composition 1 mimicked coastal well waters contaminated with sea-
water (SWD), while composition 2 was typical of the saline tailwaters present
in the inland valleys of California and represents CCRW. Table 1 shows the
target EC evaluated and the ion composition of both water types. In both
cases, the wastewater compositions were prepared from predictions based
on simulations of long-term compositions upon further concentration due
to plant water extraction and evaporation (Suarez and Simunek, 1997). Sea
water dilutions were dominated by chloride (Cl−)and sodium (Na+), while
CCRW waters were dominated by Cl−, Na+, sulfate (SO4

2−), and magnesium
(Mg2+), in that order. Salinization of the solutions commenced two weeks
after transplant and was incrementally increased over 8 days to avoid osmotic
shock to the young plants. The pH of the solutions was not controlled, rang-
ing from 7.8 and 8.4. Constant EC was maintained by replenishing water
lost by evapotranspiration on a daily basis. Irrigation waters were analyzed by
inductively coupled plasma optical emission spectrometry (ICPOES) three
times during the experiment to confirm that target ion concentrations were
maintained. Chloride was determined by coulometric-amperometric titra-
tion.

The plants were harvested when one flower bud was completely mature.
Plant measurements recorded were: stem and inflorescence length, shoot
fresh weight, stem diameter, and the number of flower buds. Stem length was
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measured from the base of the plant to the first flower, while inflorescence
length was measured from the base of the first flower to the flower bud on
the top of the plant. Stem diameter was measured on the base of the main
stem, and the number of flower buds included both, flowers and flower buds.

The salinity treatments with three replications were distributed randomly
in 30 sand tanks set in the greenhouse. Each replication consisted of one
tank containing 20 plants. The study was designed as a factorial experiment
and set as a completely randomized design. Collected data were analyzed by
the ANOVA procedure and Tukey’s multiple mean comparison at P < 0.05
using SAS v. 8.2 (SAS Institute, Inc., Cary, NC, USA).

Experiment 2: Response of Lisianthus ‘Echo Blue’ and ‘Pure

White’ to Irrigation with Concentrations of Colorado River Water

The experiment was conducted as previously described in experiment
1. Daily air temperature ranged from 14.1 to 35.5◦C (average 28.2◦C) while
night temperature ranged from 8.9 to 30.0◦C (average 22.6◦C). Relative
humidity ranged from 43.6 to 47.5% (average 44.6%). Average PAR was
339.2 µmol · m−2 · s−1 and average PAR at noontime was 689.3 µmol· m−2

· s−1. Lisianthus ‘Pure White’ and ‘Echo Blue’ plugs were transplanted in
tanks as described and established in experiment 1, with 10 plants of each
cultivar per tank.

The treatments consisted of six CCRW salinity levels (Table 2). Salin-
ization commencement was also two weeks after transplant, and constant
ECs were achieved as previously indicated in experiment 1. The experimen-
tal design, plant measurements, and statistical analysis were performed as
described in experiment 1.

TABLE 2 Ion concentration of saline wastewaters simulating the composition and concentrations
of Colorado River water, typical in California

Concentration
(meq · L−1)

EC (dS • m−1) Ca2+ Mg2+ Na+ SO4
2− Cl−

2 5.1 6.0 10.5 6.6 13.3
4 7.8 12.1 20.9 13.1 27.5
6 11.4 18.7 32.3 20.0 42.0
8 15.1 25.3 43.6 27.2 57.2

10 18.9 32.1 55.2 34.5 72.5
12 22.7 38.8 66.9 41.8 87.8
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FIGURE 1 Effect of increasing electrical conductivity in irrigation water on shoot fresh weight of
lisianthus ‘Pure White’ plants in response to ionic composition of A) Colorado River water or sea
water dilutions and B) ‘Echo Blue and ‘Pure White’ in response to irrigation with water of increasing
concentrations of Colorado River water composition. Means followed by the same letter indicate non-
significant difference according to Tukey’s multiple comparison test (P < 0.05) (open circles = capital
letters; closed circles = small letters). For A, P values for EC, water composition, and the interaction were
0.0007, 0.3390, and 0.0008, respectively. For B, P values for EC, water composition, and the interaction
were <0.0001, 0.0107, and 0.0003, respectively. Bars represent standard error of the mean (n = 3).

RESULTS AND DISCUSSION

Response of ‘Pure White’ to Saline Irrigation with Sea Water

Dilutions or Concentrations of Colorado River Water

(Experiment 1)

Salinity had a significant effect on the growth of lisianthus ‘Pure White’
independently of the salt composition of irrigation water. Shoot fresh weight
was highest when plants were irrigated with CCRW tailwaters with EC = 5 dS ·
m−1 (Figure 1A), however, when plants were irrigated with SWD, the highest
shoot weight was observed when EC = 2 dS · m−1 (Figure 1A). Similar trends
were detected for stem length (Figure 2A), stem diameter (Figure 3A),
inflorescence length (Figure 4A), and the number of flower buds per plant
(Figure 5A). Averaged across EC treatments, the ionic composition of irriga-
tion water had no significant effect on the response of lisianthus to salinity
in most parameters evaluated (Figures 1A, 2A, 3A, and 5A), except for inflo-
rescence length (Figure 4A). However, the significant interaction detected
in all parameters indicates that the response to EC varied according to the
ionic composition of water. This significant interaction was mainly due to
the differential response observed with 2 dS · m−1 and 5 dS · m−1 in SWD
and CCRW, respectively.
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FIGURE 2 Effect of increasing electrical conductivity in irrigation water on stem length of lisianthus
‘Pure White’ plants in response to ionic composition of A) Colorado River water or sea water dilutions
and B) ‘Echo Blue and ‘Pure White’ in response to irrigation with water of increasing concentrations of
Colorado River water composition. Means followed by the same letter indicate non-significant difference
according to Tukey’s multiple comparison test (P < 0.05) (open circles = capital letters; closed circles =
small letters). For A, P values for EC, water composition, and the interaction were <0.0001, 0.1438,
and 0.0013, respectively. For B, P values for EC, water composition, and the interaction were <0.0001,
<0.0001, and <0.0001, respectively. Bars represent standard error of the mean (n = 3).

FIGURE 3 Effect of increasing electrical conductivity in irrigation water on the stem diameter of
lisianthus ‘Pure White’ plants in response to ionic composition of A) Colorado River water or sea
water dilutions and B) ‘Echo Blue and ‘Pure White’ in response to irrigation with water of increasing
concentrations of Colorado River water composition. Means followed by the same letter indicate non-
significant difference according to Tukey’s multiple comparison test (P < 0.05) (open circles = capital
letters; closed circles = small letters). For A, P values for EC, water composition, and the interaction were
<0.0001, 0.1145, and 0.0006, respectively. For B, P values for EC, water composition, and the interaction
were <0.0001, 0.6506, and 0.0409, respectively. Bars represent standard error of the mean (n = 3).
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FIGURE 4 Effect of increasing electrical conductivity in irrigation water on inflorescence length of
lisianthus ‘Pure White’ plants in response to ionic composition of A) Colorado River water or sea
water dilutions and B) ‘Echo Blue and ‘Pure White’ in response to irrigation with water of increasing
concentrations of Colorado River water composition. Means followed by the same letter indicate non-
significant difference according to Tukey’s multiple comparison test (P < 0.05) (open circles = capital
letters; closed circles = small letters). For A, P values for EC, water composition, and the interaction
were <0.0001, 0.0537, and <0.0001, respectively. For B, P values for EC, water composition, and the
interaction were 0.0002, 0.1239, and 0.2222, respectively. Bars represent standard error of the mean
(n = 3).

FIGURE 5 Effect of increasing electrical conductivity in irrigation water on A) the total number of
flowers and buds of lisianthus ‘Pure White’ plants in response to ionic composition of Colorado River
water or sea water dilutions and B) ‘Echo Blue’ and ‘Pure White’ in response to irrigation with water of
increasing concentrations of Colorado River water composition (B). Means followed by the same letter
indicate non-significant difference according to Tukey’s multiple comparison test (P < 0.05) (open
circles = capital letters; closed circles = small letters). For A, P values for EC, water composition, and
the interaction were 0.0020, 0.6633, and 0.0048, respectively. For B, P values for EC, water composition,
and the interaction were <0.0001, 0.0001, and 0.0010, respectively. Bars represent standard error of the
mean (n = 3).
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The enhanced growth exhibited by lisianthus when irrigated with CCRW
of EC = 5 dS · m−1 suggests that the growth of ‘Pure White’ is improved by
moderate salinity; however, when plants were irrigated with SWD the highest
biomass was produced when irrigated with the lowest salinity, suggesting that
the composition of saline water plays an important role in the tolerance to
high EC. The significant growth reduction of plants irrigated with SWD water
with an EC ≥ 5 dS · m−1 may be due to the fact that this type of water is
largely dominated by Na+ and Cl−, whose concentrations were above 34.0
and 43.1 mmol · L−1, respectively (Table 1). In plants irrigated with CCRW,
plant growth was affected with EC ≥ 7 dS · m−1, treatment at which the
concentrations of Na+ and Cl− were comparable to that of SWD at 5 dS
· m−1 (38.0 and 49.6 mmol · L−1, respectively). Thus, the effect on plant
growth in both water compositions may be primarily due to ion toxicity
when a threshold of Na+ (34.0 and 38.0 mmol · L−1) and Cl− (43.1 and
49.6 mmol · L−1) are exceeded.

Plants irrigated with CCRW of EC = 2 dS · m−1 exhibited reduced growth;
in contrast, the lowest EC of SWD was associated with the highest plant
biomass production. In solutions with an EC of 2 dS · m−1, waters of both
compositions were similar in Ca2+, Na+, Cl−, N, P, K+, and micronutrient
concentration, however, the concentration of Mg2+ and SO4

2− was higher
in CCRW (6.0 and 6.6 meq L−1, respectively) compared to that of SWD (1.6
and 0.5 meq L−1, respectively). Therefore, it is possible that the decreased
growth experimented by plants irrigated with CCRW of EC of 2 dS · m−1 was
due to an excess of Mg2+ and SO4

2− in irrigation water.

Response of ‘Echo Blue’ and ‘Pure White’ to Irrigation with

Concentrations of Colorado River Water (Experiment 2)

As reported in experiment 1, salinity had a significant effect on the
growth of lisianthus (Figures 1B to 5B), while the response due to the cultivar
effect was significant for shoot fresh weight (Figure 1B) and the number of
flower buds (Figure 5B). Excluding inflorescence length (Figure 4B), all the
growth attributes measured exhibited a significant interaction between EC
and cultivar effects (Figures 1B to 5B). Increasing salinity from 2 to 6 dS ·
m−1 and from 2 to 8 dS · m−1 was associated with a significant increment in
shoot fresh weight in ‘Echo Blue’ and ‘Pure White’, respectively (Figure 1B),
corroborating that lisianthus can tolerate salinity when plants were irrigated
with CCRW, as described in experiment 1. Similar tendency was also observed
for stem length (Figure 2B), stem diameter (Figure 3B), inflorescence length
(Figure 4B), and number of flower buds (Figure 5B).

Similar results were reported by Shillo et al. (2002) in lisianthus grown in
a peat-based medium and irrigated with water of EC = 6 dS · m−1. The salinity
treatments were imposed by Shillo et al. (2002) at bud appearance and their
results indicated that, compared to the control (2 dS · m−1), plants under
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saline irrigation exhibited a 25% increase in stem weight and 26% increase
in the number of flowers per stem, whereas stem and inflorescence length
were unaffected. Saline treatments applied by Shillo et al. (2002) resulted
from a mixture of NaCl (2.0 kg m−3) plus CaCl2 (0.60 kg m−3), rendering
approximately 34 meq · L−1 Na+, 44.8 meq L−1 Cl−, and 10.8 meq L−1 Ca2+.
Such salinity composition is very similar to the CCRW used in the present
experiment when EC = 6 dS · m−1 (Table 2), indicating that the response of
lisianthus to saline irrigation was comparable between the present research
and that reported by Shillo et al. (2002).

Lisianthus ‘Echo Blue’ and ‘Pure White’ irrigated with CCRW of EC ≤ 4
dS · m−1 had shorter stems (Figure 2B), shorter inflorescences (Figure 4B),
lower fresh weight (Figure 1B), decreased stem diameter (Figure 3B), and
fewer flower buds (Figure 5B), compared to plants irrigated with CCRW of
higher EC. A similar trend was observed in experiment 1 when ‘Pure White’
was irrigated with CCRW of EC = 2 dS · m−1, suggesting that lisianthus growth
is stimulated by saline conditions. The reduced growth in plants irrigated
with CCRW of EC = 2 dS · m−1 in experiments 1 and 2 may be also due to
the pH of irrigation water. Harbaugh and Woltz (1991) reported a 24% and
45% decrease in shoot fresh weight in lisianthus plants grown in a medium
with pH 7.1 and 7.5, respectively. In our studies, the pH of irrigation water
was uncontrolled and corresponded to that of Riverside municipal water.
At experiment termination, water pH oscillated between 7.8 and 8.4, which
may have affected the growth of plants when EC = 2 dS · m−1. Nonetheless,
lisianthus ‘Pure White’ plants irrigated with SWD water of EC = 2 dS ·m−1

were vigorous (experiment 1) and the detrimental effects associated with
salinity appeared at higher EC, suggesting that water saline composition
may prevent the reduction of growth imposed by high pH, and that CCRW
was more favorable than SWD water.

Marketability

According to Barr (1992), the commercial standard for stem length is
41 cm for cut flowers in general. Our results from experiment 1 showed that
lisianthus can meet this standard when EC ≤ 5 dS · m−1 when irrigated with
CCRW or EC ≤ 7 dS · m−1 with SWD water. In experiment 2 the optimum
growth for ‘Echo Blue’ was when EC ≤ 8 dS · m−1 and for ‘Pure White’ when
EC ≤ 10 dS · m−1. Reduction of inflorescence length at these salinity levels
may be considered a benefit since lisianthus flowers tend to droop (Shillo
et al., 2002). Nonetheless, other important quality parameters, such as the
number of flowers, were significantly reduced as salinity increased.

The best quality flowering shoots were obtained when the plants were
irrigated with CCRW of EC 6–8 dS · m−1. Irrigation of lisianthus with SWD of
high EC detrimentally affected shoot fresh mass accumulation and the num-
ber of flower buds per plant. However, shoot length, inflorescence length,



1614 L. A. Valdez-Aguilar et al.

and shoot diameter were only marginally affected by this water composition
when EC ≤ 7 dS · m−1, and the flowering stems met most of the acceptable
quality parameters.

CONCLUSIONS

Degraded waters can be used for the irrigation of lisianthus. Good quality
stems were produced provided the plants were irrigated with CCRW of EC
5 = 8 dS · m−1, although an EC ≤ 5 dS · m−1 was detrimental for plant growth
probably due to high pH effects. Sea water dilutions higher than 5 dS · m−1

severely reduced the quality of lisianthus due to decreases in the number of
flower buds and shoot fresh mass.
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