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Abstract: Salinity is one of the most common and critical environmental factors that limit plant
growth and reduce crop yield. The aquifers, the primary sources of irrigation water, of south Florida
are shallow and highly permeable, which makes agriculture vulnerable to projected sea level rise
and saltwater intrusion. This study evaluated the growth responses of two ornamental nursery
crops to the different salinity levels of irrigation water to help develop saltwater intrusion mitigation
plans for the improved sustainability of the horticultural industry in south Florida. Two nursery
crops, Hibiscus rosa-sinensis and Mandevilla splendens, were treated with irrigation water that had
seven different salinity levels from 0.5 (control) to 10.0 dS/m in the experiment. Crop height was
measured weekly, and growth was monitored daily using the normalized difference vegetation index
(NDVI) values derived from multispectral images collected using affordable sensors. The results
show that the growth of H. rosa-sinensis and M. splendens was significantly inhibited when the salinity
concentrations of irrigation water increased to 7.0 and 4.0 dS/m, for each crop, respectively. No
significant differences were found between the NDVI values and plant growth variables of both
H. rosa-sinensis and M. splendens treated with the different irrigation water salinity levels less than
2.0 dS/m. This study identified the salinity levels that could reduce the growth of the two nursery
crops and demonstrated that the current level of irrigation water salinity (0.5 dS/m) would not have
significant adverse effects on the growth of these crops in south Florida.

Keywords: salinity; irrigation; ornamental crop; remotely sensed images; south Florida; saltwater intrusion

1. Introduction

South Florida’s subtropical marine climate is conducive to growing a wide variety
of subtropical and tropical ornamental crops year-round. Miami-Dade County ranks as
the number one ornamental crop production area in Florida, with 76% of the total amount
of ornamental crops produced commercially in the U.S. [1]. However, these favorable
environmental conditions are also ideal for a high constant groundwater extraction that
poses a challenge of saltwater intrusion into freshwater wells. In addition, reclaimed
water from wastewater treatment facilities has become the source of landscape irrigation in
Florida and California [2,3]. Therefore, irrigation water quality is an important aspect of
horticultural production in more than 1300 nurseries in south Florida [4].
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The aquifer systems in Florida have been experiencing saltwater intrusion caused by
sea level rise, leading to the contamination of wells for agricultural and domestic water
supplies and changes in water management practices in south Florida [5-7]. The aquifers
are shallow and highly permeable, making agriculture in south Florida very vulnerable
to sea level rise and saltwater intrusion. In Miami-Dade County, 1640.5 million liters
(c.f., 92.6 million liters from surface water sources) of freshwater are withdrawn from the
aquifers each day, and irrigation water is taken from groundwater sources at a rate of
226.8 million liters (c.f., 24.9 million gallons from surface water sources) per day [8].

Salinity has a critical negative impact on crop growth and yield. The high salinity
levels of irrigation water can cause plant stress; the level of salt stress depends on the crop
species, the frequency and length of exposure, and the salinity level. Best management
practices (BMPs) for ornamental crop production in south Florida involve the utilization of
good quality water and mitigation of environmental factors that can decrease the growth
and quality of crops, especially during hurricanes and tropical storms that are common
in south Florida. Studies have shown that large storm events could bring the storm surge
along the low-lying open coastal areas such as south Florida’s shorelines and result in
seawater intruding onto the inland ground surface [9,10]. The intruded saltwater could
infiltrate into the porous soil layers and then further percolate into the freshwater aquifer.
During Hurricane Maria in 2017, many plant nurseries were concerned about saltwater
intrusion in surface and subsurface water bodies and potential salt stress to their crops,
particularly because there is little information on plant responses to salinity levels in
irrigation water used for ornamental crop production. Evaluating the effects of salinity
levels in irrigation water on the growth and production of nursery crops in south Florida
would provide valuable information for irrigation management in the face of changing
salinity levels in south Florida’s water supply.

Remote sensing data and techniques have been widely used to monitor the changes
in the physical and physiological traits and characteristics of crops over time [11-13].
Remote sensing technologies are also getting more affordable and feasible, with various
sensors that can provide finer spatiotemporal resolutions and broader spectral coverage
of images for crop monitoring [14-16]. Studies have found that the visible spectrum of
remotely sensed images could be closely associated with above-ground biomass [17,18],
and visible-near infrared spectroscopy can be used to identify physiological changes in
plants induced by water, nutrient stresses, and field management [19-21]. For improved
accuracy of monitoring crop vigor represented by canopy greenness [22,23] and above-
ground biomass [24,25], studies have employed remote sensors that have fine spatial and
spectral resolutions [26,27]. However, crop growth monitoring has been conducted on a
monthly, seasonally, and even yearly basis. The opportunity to collect remotely sensed
data from a space- or airborne platform is limited for crop monitoring. Plot-scale remote
sensing techniques, including tower-mounted or unmanned aircraft systems (UASs), have
been widely adopted to remotely collect data about crop growth and provide the data at
fine temporal and spatial resolutions [28-32].

Hibiscus rosa-sinensis and Mandevilla splendens are economically important nursery
crops widely planted in south Florida. H. rosa-sinensis is a tropical hibiscus species in the
Hibisceae tribe of the Malvaceae family (Figure 1b,c). It is a bushy, evergreen shrub or small
tree with glossy leaves and brilliant red five-petaled flowers. M. splendens is a flowering
vine plant in the dogbane family, Apocynaceae (Figure 1c). It has wide green glossy leaves
of elliptical or rectangular shape growing to 20 cm long. Theses two tropical plants are
known not to tolerate temperatures below 10 °C (50 °F) [33,34].

The objectives of this study were to assess the impacts of irrigation salinity on two
economically critical ornamental crops commonly produced in south Florida, H. rosa-
sinensis and M. splendens, and to identify the level of salinity that can significantly reduce
their vigor and growth. To accomplish the objectives, we monitored how the crop growth
reacts to the different salinity concentrations of irrigation water using remotely sensed
images and crop growth variables such as biomass, crop height, and width.
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Figure 1. Location of the experiment site and crops investigated in this study. (a) The location of the
Tropical Research and Education Center (TREC), University of Florida, Homestead, Florida; (b) H.
rosa-sinensis; (¢) M. splendens.

2. Materials and Methods
2.1. Experimental Setup

This study was conducted at the UF/IFAS Tropical Research and Education Center
(TREC; latitude: 25°30'24” N, longitude: 80°29'58” W) in Homestead, FL (Figure 1a).
During the experiments, weather data (air temperature, relative humidity, precipitation,
and wind speed) were collected automatically by the Florida Automatic Weather Network
(FAWN) station located at TREC (https:/ /fawn.ifas.ufl.edu/station.php?id=440 (accessed
on 9 December 2019)). The H. rosa-sinensis and M. splendens plants investigated in this study
were provided by a local nursery, Costa Farms® (http:/ /www.costafarms.com/ (accessed
on 15 December 2020)). The potting medium was the standard mix that the nursery used
(Atlas Peat & Soil, Inc., Boynton Beach, FL 33472, USA).

H. rosa-sinensis and M. splendens were each treated with seven different levels of
irrigation water salinity, including 0.5 (control, which is the current level generally found in
south Florida’s irrigation water), 1.0 (denoted as T1), 1.5 (T2), 2.0 (T3), 4.0 (T4), 7.0 (T5), and
10.0 dS/m (T6). The treatments were grouped into two experiments; the first experiment
was conducted with the salinity levels of 1.0, 1.5, and 2.0 dS/m that are less than 200% of
the control. In the second experiment, the salinity levels were increased to 4.0, 7.0, and
10.0 dS/m based on the results of the first experiment. Each experiment was arranged
in a completely randomized design with four single-plant replicates per treatment for
each species.

Irrigation and management practices, including water application timing and rates,
during the experiment were the same as those used by local nurseries, so that results can be
directly applicable to the local nursery industry. For example, 1.89 L of water were applied
to H. rosa-sinensis twice a day at 8 a.m. and 5 p.m. (or a total of 3.96 L of water were applied
to H. rosa-sinensis a day). In the case of M. splendens, 0.95 L of water were applied every two
days (at 5 p.m.). The sizes (volumes) of pots used to grow H. rosa-sinensis and M. splendens
were 8.0 L and 3.6 L, respectively. The fertilizers, 18-6-8 (N-P-K, granular, slow release,
Nutricote® Controlled Release Fertilizer, Chisso-Asahi Fertilier Co., LTD: 7-12 Kouraku
1-chome, Bunkyo-ku, Japan) and 24-8-16 (N-P-K, granular, fast release, Miracle-Gro® Water
Soluble All Purpose Plant Food, the Scotts company: 14111 Scottslawn Road, Marysville,
OH 43041, USA), were applied to H. rosa-sinensis (15 g per pot) and M. splendens (10 g per
pot) every week.

The salinity levels of irrigation water were determined based on those of groundwater
(or the source of irrigation water in south Florida) reported in the literature and a prelimi-
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nary salinity analysis of local irrigation water [35,36]. For instance, a USGS groundwater
salinity monitoring station close to the study area (Station ID: 254335080170501) showed
that the salinity of groundwater could increase up to 9.12 dS/m depending on the depths
(from the ground surface to 30 m) and seasons [37]. Ten bottles (100 mL) of water were
collected at the outlets of sprinklers located in a local nursery farm (Costa Farms in Home-
stead, FL, USA), and a lab test showed that the irrigation water had a salinity level of
0.50 dS/m on average with a standard deviation of 0.03 dS/m.

Irrigation water used in the experiments was pumped out of a groundwater well lo-
cated next to the study site at TREC, and the salinity level of the well water was 0.55 dS/m.
The pumped water was then stored in four 20-gallon applicator sump tanks constructed
from medium-density polyethylene with ultraviolet inhibitors in each experiment. The dif-
ferent salinity levels were obtained by adding sodium chloride (NaCl, CAS No.: 7647-14-5,
Minimum Assay of 99.0%) to irrigation water stored in the sump tanks. The salinity con-
centrations were measured using a salinity meter (edge® Multiparameter EC/TDS/Salinity
Meter, H12030-01, HANNA Instruments: 270 George Washington Hwy., Smithfield, RI
02917, USA) calibrated with the conductivity standards of 700 uS/cm and 2000 uMho/cm
(ID No. 97J-00D-K1, SF1318B and SF1319B).

2.2. Plant Growth Variables Monitoring

Each crop’s height and width were measured once every week to monitor their growth
rates. At the end of the experiment, all the plants were harvested, and the leaves and stems
were separated from the roots. The separated plant tissues were dried for 24 h to constant
weights, and the above-ground biomass was measured. Two statistics were employed to
measure the growth rates: the relative and intrinsic growth rates. The relative growth rate
(RGR) was calculated as described by Hilbert et al. [38] and Radford [39]:

In Hy, — In Hy
f) — 1t

RGR = ’ @
where H; is the height of crops in the ith week, and ¢; represents the ith week. The crop
height measurements were fitted to the standard form (i.e., sigmoidal curve) of logistic
growth curves to calculate the intrinsic growth rates [40—44]:

K
H; =

where H) is the crop size (height) at the beginning of the growth curve, K is the final crop
height in a particular environment, and r is the intrinsic growth rate (IGR) of the crop
that would occur if there were no restrictions imposed on crop growth. The nonlinear
least-squares Levenberg—Marquardt algorithm was used to identify the intrinsic growth
rate value that makes the model fit into the height observations [45]. The area under the
logistic curve, AUC_L, was calculated to quantify each crop’s overall cumulative growth.

2.3. Multispectral Image Collection and Processing

Multispectral images were collected using a Survey 3W Camera RGN (MAPIR Inc.,
San Diego, CA, USA), which can capture green (550 nm), red (660 nm), and near-infrared
(850 nm) spectral wavelengths. The camera was mounted at the top of a tower to cover
all 32 plants (2 plant species x 4 treatments X 4 replicates) in a single image. The images
were collected between noon and 1:00 p.m. every day during the experimental period to
minimize the effect of shadow, sun angle, and atmospheric conditions. For radiometric
calibration, an image of a ground target, including four different reflectance panels (2%,
21%, 27%, and 83%), was collected each time the multispectral images were taken.
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The raw images were pre-processed to convert the pixel values (digital number) to the
spectral reflectance. A normalized difference vegetation index (NDVI) value was calculated
from the processed images: Equation (3) [46,47].

NDVI = PNIR ~ PR

p + 0, 3
ONIR T OR PNIR + PR 7 3)

where pnR is the near-infrared reflectance that has the center wavelength of 850 nm, and
pr represents the red band’s reflectance with the center wavelength of 660 nm. Images that
included anomalies or systematic errors were excluded from the analysis. A polygon (or
an area of interest, AOI) was manually drawn to select pixels covering each plant’s leaf
canopy (Figure 2a). The angular sizes of the AOIs varied according to the distance between
the sensor and plants. Any pixels with NDVI values smaller than 0.3 were screened out
to make sure that only leaf pixels within an AOI were selected (Figure 2b), and the NDVI
values of selected pixels (>15,000) within the AOI were averaged as the representative daily
NDVI value. The statistical significance of differences in the vegetation growth statistics
and index values, including relative and intrinsic growth rates, above-ground biomass,
and NDVI values were determined with a one-way analysis of variance (ANOVA), and
a post hoc Tukey’s honestly significant difference (HSD) test was performed to identify a
significant differences among treatments.

Bos-o5

0.3-0.4
0.2-0.3
0.1-0.2
Moo-01

Figure 2. Examples of (a) false color and (b) NDVI images obtained from an image collected on 17
August 2019. The boxes in yellow indicate AOIs for the individual plants.

3. Results
3.1. Height and Above-Ground Biomass

Preliminary visual observations did not find apparent differences in the shapes and
colors among plants treated with the salinity concentrations equal to or less than 4.0 dS/m
(Figure 3a,c). The differences in visible symptoms were apparent between plants in the 7.0
and 10.0 dS/m treatments and plants in the other treatments. H. rosa-sinensis in the high
salinity treatments had fewer leaves than those in the lower salinity treatments, whereas
the leaves and flowers of M. splendens were wilted and/or necrotic in the high salinity
treatments. Both crops were visibly wilted in the 10.0 dS/m treatment.

For H. rosa-sinensis, the control treatment had the highest RGR, and the RGR gen-
erally decreased as salinity concentration increased, especially in the second experiment
(Figure 4). When irrigation water with the salinity concentrations of 1.5 (T2) and 2.0 dS/m
(T3) was applied, the average RGRs of M. splendens were higher than that of the controls.
The average RGR of H. rosa-sinensis and M. splendens substantially decreased when the
salinity concentrations reached 7.0 and 4.0 dS/m, respectively, which could not be found
in the visual assessment results (Figure 3).



Agronomy 2021, 11, 375 6 of 14

Figure 3. Visual comparison between plants treated with the different irrigation water salinity
concentrations. (a,b) H. rosa-sinensis; (c,d) M. splendens; (a,c) first experiment, Control: 0.5 dS/m,
T11.0dS/m, T2: 1.5 dS/m, T3: 2.0 dS/m; and (b,d) second experiment., Control: 0.5 dS/m, T4:
4.0dS/m T5: 7.0 dS/m, T6: 10.0 dS/m.

a) b)
0.08 Salinity concentration (dS/m) 0.08 Salinity concentration (dS/m)
FJ05FE91.0 E91.5 EE20 F305E34.0 E37.0 EB100
T 0.04 T 0.04 )
i |0 % . f
H : I H D%' ] ' I é'm'
o m = | P O« i- B .=
3 0.00 . g 0.00 ‘ . i
-0.04 -0.04
15 week 2" week 3" week 4" week 5™ week 15t week 2"week 3" week 4™ week 5" week
c) d)
0.16 . Salinity concentration (dS/m) 0.16 Salinity concentration (dS/m)
EJo05E91.0 EZ1.5 EE2.0 FJ05E94.0 ES7.0 EE100
0.121 ) . 0.12
% 0.08] E % 008
ST . H .
§ 0.04 ! L § 0.04 % ;J
- gl s u ‘1 n
0.00 . = . - 0.00 ﬂ - ‘- T— “
-0.04 -0.04
1t week 2week 3 week 4" week 5" week 1tweek 2"9week 3 week 4" week 5" week

Figure 4. Responses of the relative growth rates (RGRs) to the irrigation water salinity levels. (a,b) H.
rosa-sinensis; (c,d) M. splendens; (a,c) first experiment; (b,d) second experiment.

In the first experiment, the RGR of the control treatment for H. rosa-sinensis quickly
decreased until the 4th week of the treatment and then started increasing from the 5th
week (Figure 4a,b). The RGRmax (RGR obtained under the optimal growth conditions
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or the highest RGR among the replicates) [48] of plants of each species in the control
treatment was positively but weakly correlated (r = 0.29 for H. rosa sinensis and r = 0.13 for
M. splendens) with changes in the air temperature. In the second experiment, there was also
a positive correlation between the RGRmax and the air temperature changes for both plant
species. Still, the correlation coefficients were stronger in the second experiment (r = 0.73
for H. rosa sinensis and r = 0.47 for M. splendens) than in the first experiment.

The RGR of plants treated with water that had salinity concentrations of 7.0 dS/m (T5)
and 10.0 dS/m (T6) was significantly lower than that of the other treatments (Figure 4b,d).
When the salinity concentrations were equal to or greater than 7.0 dS/m, the average
RGR of the M. splendens was close to zero or even negative in the third week in the
second experiment.

The largest above-ground biomass of both plant species was in the control treatment,
except for the case of T4 for H. rosa-sinensis (in the second experiment) (Figure 5). In
general, the above-ground biomass decreased with increased irrigation water salinity
concentrations in both experiments, which was similar to the trends found for plant height.
Plant height was correlated with above-ground biomass (r = 0.91 for the H. rosa-sinensis
and r = 0.73 for the M. splendens). When the salinity concentration was equal to or greater
than 7.0 dS/m for H. rosa-sinensis and 4.0 dS/m for M. splendens, the average above-ground
biomass of the two crops declined rapidly.
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Figure 5. Variation of the above-ground biomass: (a,b) H. rosa-sinensis; (c,d) M. splendens; (a,c)
first experiment; (b,d) second experiment. The boxplot’s height represents the interquartile range
(between the 75th and 25th percentiles), and the ends of the error bars signify the maximum and
minimum values. Circles beyond the error bars are outliers. The same letters in a figure indicate that
treatments were not significantly different at the p < 0.05 level by Tukey’s HSD test.

The heights of the crops measured over time were fitted to logistic regression models
to calculate their IGR and compare them (Figure 6). For H. rosa sinensis, there was no
significant difference between the IGR of the control and the 7.0 and 10.0 dS/m salinity
treatments. For M. splendens, the IGR was significantly lower when the salinity concentra-
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tions reached 7.0 and 10.0 dS/m compared to the IGR of the control treatment (p < 0.05).
The highest IGR was observed in the control treatments, except for the control treatment
of M. splendens in the first experiment (Figure 6). Generally, the highest IGR observed in
each treatment decreased as the salinity concentration increased. The highest IGR were
also found in the control treatments, except for the M. splendens in the first experiment
(Figure 6). A significant decreasing trend of IGR as salinity increased was only found when
the salinity levels were increased from 0.5 to 4.0, 7.0, and 10.0 dS/m (p < 0.05).
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Figure 6. Variation of the intrinsic growth rate (IGR) provided by the fitted logistic growth models:
(a,b) H. rosa-sinensis; (c,d) M. splendens; (a,c) first experiment; (b,d) second experiment. The same
upper-case letters in a figure indicate they are not significantly different at the p < 0.05 level by
Tukey’s HSD test.

3.2. Remotely Sensed Vegetation Index

The NDVI values of H. rosa-sinensis treated with irrigation water that had varying
salinity levels were statistically different from each other in most treatments of the second
experiment (Figure 7a,b). In addition, the NDVI of T5 (7.0 dS/m) was not significantly
different from that of T6 (10.0 dS/m).0 For M. splendens, the daily NDVI values over all
treatments were not statistically different from each other (Figure 7c,d). Such a finding
does not agree with the crop height and above-ground biomass measurements, indicating
that the RGN sensor used to sense the crop vigorousness remotely might not be sensitive
enough to detect the physiological changes of M. splendens in response to the salinity levels.
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Figure 7. Variation of the NDVI: (a,b) H. rosa-sinensis; (c,d) M. splendens; (a,c) first experiment;
(b,d) second experiment. The same upper-case letters in a figure indicate they are not significantly
different at the p < 0.05 level by Tukey’s HSD test.

4. Discussion

The remotely sensed data agreed with the height and above-ground biomass measure-
ments in terms of the impacts of irrigation water salinity on only one (H. rosa-sinensis) of
the plant species studied, demonstrating the limitations and potential of remote sensing
techniques used in this study. The analysis of remotely sensed data showed that NDVI
was able to detect the changes in the vigor of H. rosa-sinensis in response to the different
salinity treatments. Such a finding suggests that the combination of remoting sensing and
traditional monitoring methods would be more efficient and effective in crop health and
salinity stress monitoring.

The daily NDVI values of the crops ranged from 0.33 to 0.39, which can be regarded
as low, compared to those of other crop species [49-52]. The RGN images were taken at the
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same time (noon) and location (in the northern right-hand corner of the field) every day
during the experiments to minimize the impacts of daily weather variations. Wavelengths
longer than visible light, such as near-infrared, are sensitive to the moisture content in
the atmosphere and vegetation. An NDVI value is calculated as the ratio of the near-
infrared and red band wavelengths. Vegetation index values tend to increase with increases
in vegetation water contents because water more readily reflects the longer wavelength
radiation [53]. The weather variables, including temperature, precipitation, and relative
humidity of the air, might also have affected the signal captured on the sensor, even though
the distance between the sensor and crops was short (3.5 m to 6.5 m) [54]. In this study,
the association between NDVI and the weather variables was not strong (r < 0.35) on a
daily basis (Figures 7 and 8). Such findings suggest the need for further evaluation of
the accuracy and applicability of vegetation indices and remote sensing techniques in the
vigorousness assessment of nursery crops.

60

First experiment Second experiment
40

20

0
40

- [ 5<Max. —e—Ave. ——Min. |

30 WMWW ¢
MWMW‘M .
T A A R e AT

Temperature (C) Precipitation (mm)
n
(4]

20
8
e 3
E§ 4W‘N\J‘WW
29 )
& 2 ]
0
100
o E |
%%90
EE 80 £
I

70
8/1/2019 8/11/2019  8/21/2019  8/31/2019  9/10/2018  9/20/2019  9/30/2019  10/10/2018 10/20/2019 10/30/2019

Figure 8. Daily time-series of precipitation, temperature, wind speed, and relative humidity.

A multi-spectral sensor (Survey 3W Camera RGN: MAPIR Inc., San Diego, CA, USA)
was deployed at a 3.2-m height above the ground to capture the spectral characteristics
of the plants’ leaves directly exposed to the sensor. Thus, changes in the numbers and
densities of leaves under the surface leaf layers might not be detected by the spectral sensor.
Infrared temperature sensing can complement the spectral monitoring by differentiating
leaves with relatively high stress due to increased irrigation water salinity. The limitation
of the sensor itself might also be another cause of the insensitive responses of M. splendens
to the salinity level changes (Figure 7c,d). Studies demonstrated the capacity of a low-cost
sensor, such as one used in this study (Survey 3W), as an efficient tool to monitor plant
growth and vegetation health [55-57]. However, low-cost sensors are known to be less
sensitive to reflected radiation (low radiometric resolution) compared to high-end ones [58].
In addition, low-cost sensors tend to include more noisy spectral signals (low signal-to-
noise ratio) due to the limited radiometric and spectral calibration of the sensors [58-60].
The radiometric calibration and manual AOI definition must be the sources of uncertainty
in NDVI values, even though they were implemented in a consistent manner throughout
the experiments. Studies showed that radiometric calibration results, including background
noises and errors, are a function of atmospheric conditions and materials used to build
a reflectance panel, and the image classification accuracy is affected by the selection of
AOQOI [61-65]. Standard radiometric calibration procedures and automatic AOI definition
procedures independent of images would help to reduce errors in the analysis.
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Plant responses to salinity involve complicated (physiological, biochemical, and mor-
phological) processes, and they can be observed in different plant organs and tissues [66,67].
Previous studies investigated the responses of various ornamental plants to saline irrigation
water [68,69]. Visual quality ratings have been used to evaluate changes in ornamental
crops’ appearance, primarily focusing on foliage areas, colors, and shapes, in response to
saline stress [68,70,71]. In the present study, the treated plants” appearance was visually
investigated and compared with that of the control (0.5 dS/m). The visual examination
provided salinity stress assessment results similar to those of the growth analysis with plant
heights, widths, biomasses, and spectral characteristics. Still, it was not precise enough to
detect small differences in the treated plants” responses (7.0 and 4.0 dS/m). Such a result
suggests that plant responses to saline water can be more accurately monitored by growth
analysis indices such as NDVI, RGR, IGR, and above-ground biomass. However, the visual
quality of ornamental plants is critical to their market value. Changes in the aesthetic qual-
ity of plants may not be directly associated with those of biomass and growth variables [71].
Thus, the impacts of increased irrigation water salinity on the ornamental industry will
be more accurately evaluated with quantitative and objective quality assessment methods
customized for each type of ornamental plant [72,73].

Ornamental plants have different salinity tolerance levels. Niu and Rodriguez [70]
showed that G. rigen and D. Cooperi were tolerant to the irrigation salinity levels of up to
12 dS/m. However, Penstemon species and L. angustifolia were not salt-tolerant, and died
at 3.2 dS/m. Sun et al. [74] found that pomegranate plants were tolerant to salinity levels
of up to 15 dS/m, and Sun et al. [75] observed that the visual quality of marigold was
not substantially degraded at different irrigation water salinity levels of 3.0 and 6.0 dS/m
depending on the cultivar. The salinity tolerance levels of H. rosa-sinensis and M. splendens
found in the present study are within the ranges of those observed in previous studies.
Zollinger et al. [71] tested the salt tolerance of the ornamental plants investigated by
Niu and Rodriguez [70] in different seasons. They found that solar radiation and air
temperatures affected the response of some of the plants to the salinity levels, and the
elevated salinity levels more severely degraded their visual quality during warmer seasons
than cooler months. The study by Zollinger et al. [71] implied that the plants’ responses to
the relatively high salinity levels in the second experiment (late September to late October)
of this study could be more significant in summer.

5. Conclusions

This study investigated how the growth of two major nursery crops in south Florida,
H. rosa-sinensis and M. splendens, responded to the different levels of irrigation water
salinity. The results show that the current average level (the control of 0.5 dS/m) of
groundwater salinity is safe for both plant species. H. rosa-sinensis was more tolerant to
high irrigation water salinity levels than M. splendens. The plant growth and vigorousness
were significantly limited when the salinity concentrations increased to 7.0 dS/m or greater.
This implies that the reported maximum groundwater (irrigation water sources) salinity
concentration of 9.12 dS/m along the coastal areas of south Florida can result in salinity
stress and damage to nursery crops. Such a finding highlights the need to monitor the
salinity levels and prepare groundwater salinity mitigation plans under the projected
increases in sea level and the resulting increases in the frequency and severity of saltwater
intrusion in south Florida.
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