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Abstract

Saline water irrigation presents a significant challenge in agriculture, especially in regions with water
scarcity and soil salinity. Lilies are economically significant ornamental plants renowned for their aesthetic
value and commercial importance. This study aims to evaluate the effects of saline water irrigation on lily
anatomy, physiology, and postharvest flower quality. Three NaCl salinity levels with varying electrical
conductivities (EC) (control 0.65, 3, and 6 dS m™) were applied to three hybrid lilies (Lilium x elegans):
fragrant Orienpet (‘Maytime’, white), non-fragrant Longiflorum-Asiatic (‘Pavia’, yellow), and ‘Fangio’ (pink).
Overall, moderate salinity (3 dS m™) significantly altered lily anatomy and physiology, resulting in reduced
postharvest quality, particularly evident in leaf greenness, flower size, quantity, and vase life. Exposure of plants
to higher salinity levels (6 dS m™) resulted in significant reductions in leaf area (40%), plant height (21%), stem
diameter (15%), chlorophyll content (29%), and photosynthesis (Pn) (20%) compared to the control. Analysis
revealed thinner epidermal cell and parenchyma tissues, along with decreased ground tissue thickness,
contributing to reduced stem diameter. Reduced photosynthesis in salt-stressed lilies was attributed to
significant declines in stomatal conductance (gs) (72-80%) and abaxial stomatal index (69%). High salinity
levels also led to decreased flower diameter, size, number of flowers per stem, and vase life. However, irrigation
with saline water at 6 dS m™ enhanced certain color attributes, including petal redness (a*) in ‘Fangio” and
yellow hue (b*) in both ‘Fangio’ and ‘Pavia’ hybrids, along with increased colorfulness/saturation levels (C*)
across all cultivars. In conclusion, this study offers valuable insights into identifying anatomical stress indicators
that elucidate physiological responses. These findings could contribute significantly to the development of
effective stress mitigation strategies for lily cultivation, particularly in water-scarce and saline environments.
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Introduction

Salinity poses a significant threat to the growth and productivity of horticultural crops including cut
flower industry (Feizi ez al., 2021; Othman ez 4/., 2022). Salt stress affect nearly every aspect of the growth and

development of cut flower plants. Salt stress condition induces osmotic stress, oxidative stress, ion toxicity,
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nutritional imbalance, disturbance in Na*/K* homeostasis and reduces gas exchange components including
[photosynthesis (Pn), stomatal conductance (gs) and transpiration (E)] (Ayad ez 4/., 2019; Feizi ez al., 2021).
Canonical discriminant analysis of 26 lily hybrids irrigated with saline water (8 dS m™) showed that the middle
leaf width, leaf chlorophyll a fluorescence, and flower components (number of flowers, first flower diameter,
petal width) were correlated with salt stress (Kang ez al., 2021). Elevated salinity (5 and 10 dS m™) in irrigation
water reduced hydrangea (Hydrangea macrophylla) height, leaf area, leaf greenness [Soil Plant Analysis
Development (SPAD) readings], chlorophyll fluorescence (Fv/Fm); maximal photochemical efficiency of
photosynthetic apparatus (performance index), and leaf N, P, K*, Fe** (Sun et 4l., 2022). Zinnia elegans
cultivars (‘Short Stuff’ and ‘Profusion’) irrigated with saline water for 120-day growing period using a drip
irrigation system showed that all flowering characteristics (number, diameter) decreased as the level of salinity
increased (1.6, 3.1, 6.3, 9.4 dS m™) (El-Nashar and Hassan, 2020). In addition, both cultivars did not flower at
salinity levels of 6.3 and 9.4 dS m™ (El-Nashar and Hassan, 2020). Irrigation with saline water (4.5 dS m™)
significantly reduced gerbera (Gerbera jamesonii) chlorophyll content index, Pn, gs, E, flower yield and quality,
specifically vase life (Othman ez 4/., 2022). The number of flowers in saffron (Crocus sativus) decreased by 20%,
34% and 31% when subjected to increased salinity ranging from 5 to 15 dS m™ compared to the control (Feizi
et al., 2021). Carnation (Dianthus caryophyllus) plants flower weight and quality decreased significantly at
NaCl concentrations of 3 and 6 dS m™ while flowering was retarded in plants treated with NaCl ranging from
12 t0 24 dS m™* (Kwon ez 4/.,2019).

The response to salinity varies not only among various floriculture crops but also among different organs
within a plant (Kiigitkahmetler, 2022). Depending on osmotic adjustment, certain physiological modifications
take place in gas exchange parameters (Pn, gs, E), chlorophyll content, and the growth of roots and leaves
(Kiigiikahmetler, 2022; Othman ez 4l., 2022). Consequently, yield and flower quality reduction especially
color, vase life, flower diameter may become apparent (Kiigitkkahmetler, 2022; Othman ez al., 2022). Although
salinity (12 to 24 dS m™) reduced the duration and extent of sap flow, gas exchange (Pn, gs, E) in carnation at
flowering stage, ABA content increased with increasing NaCl salinity, 3.0 to 24 dS m™ (Kwon ez al., 2019).
Flowers of Carthamus tinctorius grown in soil containing 5 or 10 g L' NaCl had higher total phenols,
flavonoids, antioxidant activity, condensed tannins and carotenoid contents than 0.0 L' NaCl treatment
(Salem ez al.,2014). A consistent rise in antioxidant compounds at salt stress highlighting the swift response of
defense mechanisms, both enzymatic and non-enzymatic, to combat stress (Guzman and Marques, 2023). Salt-
stressed leaves of carnations specifically at 24 dS m™ NaCl had lower leaf cell size, stomatal density, stomata size
and larger intercellular spaces, and thicker epicuticular wax layer compared to 0 and 3 dS m" (Kwon ez al,
2019). The stem anatomical analysis of Salicornia freitagii revealed several key adaptations to salt stress.
Notably, a reduction in both xylem thickness and vessel diameter was observed, suggesting a potential
mechanism to minimize water loss. The leaf stomatal index, defined as the ratio of stomata to the total of
stomata and epidermal cells, also significantly decreased under high salinity, likely as an adaptation to reduce
transpiration. Interestingly, despite these reductions, the diameter of the pith in the stem increased with higher
salt levels, possibly indicating an anatomical adjustment to maintain structural integrity or storage capacity
under stress (Akcin e# 4/, 2017). Further investigation into the molecular mechanisms underlying plant
adaptations to salt stress has included studies on Tiger Lily (Lilium lancifolium), where the expression of the
LiMAPK gene was analyzed under saline conditions. After 12 and 24 hours of salt stress exposure, LiMAPK
expression levels in Tiger Lily remained relatively stable, yet consistently doubled compared to the control (Su
et al., 2018). This persistent upregulation of LiMAPK suggests its involvement in the plant's salt tolerance
mechanisms, potentially playing a crucial role in the adaptive responses of Tiger Lily to salt stress (Su ez 4/.,
2018).

The global cut flower industry is expanding, and in 2022, Royal Flora Holland, the largest marketplace
for the floriculture industry, disclosed a revenue of 5.17 billion euros (RFH, 2023). In addition to rose and
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tulip, Lilium has risen to become one of the top five cut flowers sold by Royal Flora Holland, contributing to a
total value of around $150 million (RFH, 2023). The economic value of cut flower production relies
significantly on pre-harvest factors such as the consistent shape, size, and colour of flowers, as well as the length
and diameter of stems, along with post-harvest longevity (Al-Ajlouni ez 4/., 2023). Achieving a balance between
cut flower yield and quality, particularly for lilies, poses a challenge in the floriculture industry, especially in
dryland regions. Production in such areas lacks a fully controlled environment and is further complicated by
the use of low-quality water, often saline in nature. While irrigation with saline water is inevitable in these dry
regions (where freshwater resources are limited), it presents unique challenges for cut flower industry. High salt
content in irrigation water can negatively impact soil structure and fertility, hinder nutrient absorption by cult
flowers root, and ultimately compromise the overall health and productivity of these flowering crops (Othman
et al., 2022). While the impact of saline water on plant growth and productivity is widely recognized (Ayad ez
al., 2019; Kang et al., 2021), specific effects of salt stress (NaCl) on leaf and stem anatomy, gas exchange, and
flower quality—including vase life and color coordinates—are not yet fully understood. Previous studies have
primarily focused on general growth responses, leaving significant gaps in our knowledge regarding how salt
stress affects the physiological and anatomical traits of fragrant-Orienpet and non-fragrant Longiflorum-
Asiatic lily hybrids. Exploring lily's anatomical responses to salinity could reveal adaptation mechanisms and
the effectiveness of mitigation strategies such as enhanced irrigation and nutrient management, significantly
benefiting lily cultivation in saline environments. Therefore, the objective of this study was to assess the effects
of elevated salt stress in irrigation water on the morphology, physiology, anatomy, and flower quality of lily

hybrids.

Materials and Methods

Site setup and plant material

The study was conducted in a glasshouse at the School of Agriculture, University of Jordan, Jordan,
between July 2021 and May 2022. Three hybrid lilies [(Lilium x elegans); fragrant Orienpet (‘Maytime’,
white), non-fragrant Longiflorum-Asiatic, L.A. (‘Pavia’, yellow), and ‘Fangio’, pink] were assessed. The non-
fragrant Longiflorum-Asiatic (L.A.) referring to a hybridization between the Longiflorum and Asiatic groups
of lilies while the Orienpet fragrant lily are the result of crossing between Oriental lilies with Trumpet type
(Bany Hani ez 4/.,2022). Two lily bulbs (1-year-old, diameter 5-6 cm) were transplanted into a 10 L plastic pot
filled with growing medium (1:1:1 peatmoss: sand: clay by volume). Growing media pH was about 6.5 and
electrical conductivity was 0.3 dS m™. The pots were placed on a bench (6 m x 3 m) within the greenhouse
facility. Fertigation was applied once a month starting 6 weeks after the planting date using commercial
fertilizer (20N-20P,05-20K,0) at rate of 220 mg L' N, 65 mg L' P and 200 mg L K during vegetative stage
and (20N-20P,0s-30K,O plus potassium chloride) at rate of 100 mg L' N, 44 mg L' P and 300 K mg L' K
from carly flowering to harvesting. During the experimental period, mean minimum and maximum
temperatures were 16 and 23 °C, respectively, with relative humidity ranging from 50 to 70%. Day-time light
intensity ranged from 250 to 650 umol s* m™.

Experimental treatments

One week after transplanting, lily bulbs were fertigated with three distinct NaCl salinity levels, with
electrical conductivity (EC) set at 0.65, 3, and 6 dS m™, respectively. For the control treatment, irrigation water
with an EC value of 0.65 dS m™ was used, while NaCl was added to achieve the desired salinity levels for the
other two treatments. The volumetric water content at field capacity was determined by saturating the soil
mixture and allowing it to drain until no further drainage occurred, typically at a soil water potential of around
-33 kPa. Based on these measurements, the irrigation schedule and volume for pots were established to maintain
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moisture content above 70% of field capacity, achieved by manually applying 300 ml of irrigation water along
with the desired NaCl level once or twice a week to each pot.

Plant growth parameters at flowering

Plant height, stem diameter, and leaf area were determined at flowering stage. Leaf area was determined
using leaf area meter (LI-3100; ADC BioScientific, Hoddesdon, UK). Three representative leaves were chosen
from the upper, middle, lower sections of each flowering stem for leaf area measurements across the salinity
levels and cultivars, then measurements were subsequently averaged to obtain a single value for each replicate.

Leaf gas exchange and chlorophyll content

Leaf gas exchange components (Pz, E, and gs) were measured at flowering stage using a portable
photosynthesis system (LI-6400XT; LI-COR, Lincoln, NE) and following the system calibration inputs of
Leskovar and Othman (2021). The portable photosynthesis system CO, reference was set at rate of 400 pmol,
the total area of the chamber head was 6 cm” (2x3 cm), the flow rate was set at rate of 500 pmol s~ and light
intensity was set to track ambient photosynthetically active radiation. Leaf gas exchange was conducted
between 11:00 am and 1:00 pm from two fully-mature and sun-exposed lily leaves located at the top and the
middle part of the flowering stem. Similarly, chlorophyll content was determined on the same leaves using a
chlorophyll concentration meter (MC-100; Apogee Instruments, UT, USA).

Flower quality and vase life

Lily stems across cultivars and over the salinity treatments were harvested when one of the flowering
buds began to open but was not fully opened. Flower quality components including the number of days to
flowering (from transplanting to harvest), flower diameter, petal color coordinates, the number of flowers per
stem and vase life were determined. Petal color coordinates (L*, C*, a* and b*) were determined on two flowers
per stem using a colorimeter (CR-400, Konica Minolta, Ramsey, NJ, USA) and following the procedure of
Alsmairat ez al. (2018). Vase life was determined by recutting the stems (2-3 cm from the base) under water to
remove the emboli (small bubbles of air in the xylem) and placing them directly in a commercial preservative
solution (Spring Pro-Florist, Spring from Holland B.V., Sassenheim, Nederland) con-taining 2 % sugar +
bactericide and fungicide, pH 3.5-4.2. The vase life of a lily flower was specified as the duration in days from
the harvesting of stems and their placement in the holding solution until the first lily flower per stem either fell
off or wilted (Al-Ajlouni ez al., 2023).

Leafand stem anatomy of Fangio’ cultivar via light microscopy

Cross sections of leaves and stems were observed under a light microscope. Leaf and stem samples were
selected randomly (three replicates per treatment) from ‘Fangio’ cultivar for anatomy. Leaf and stem samples
(about 10 mm?) were fixed with formalin—acetic acid and prepared for anatomy analysis according to (Yao ez
al., 2023). Leaf and stem anatomy component were viewed with a light microscope (B-Scope Trino E-plan,
Euromax Microscopes Holland, Arnhem, The Netherlands) and photographed using 12-pixel camera (CMEX
12, Euromax Microscopes Holland, Arnhem, The Netherlands). Leaf and stem anatomy variables were
analyzed using image analysis software (Image Focus Plus, Euromax Microscopes Holland, Arnhem, The
Netherlands). The stomatal index of a leaf is defined as the ratio of the number of stomatal cells to the total
number of stomata and epidermal cells in the leaf expressed as a percentage (Stomatal index = (number of
stomata) / (number of stomata + number of epidermal cells) x 100%) (Zhu et 4/., 2021).

Statistical analysis
The experiment was carried out utilizing a randomized complete block design, which incorporated two
factors: three salinity levels and three different cultivars of lilies. Each treatment combination was replicated
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four times to ensure robust data collection and analysis. Statistical analysis was conducted using SAS software
(Version 9.4 for Windows; SAS Institute, Cary, NC). To evaluate the effects of salinity and cultivar on various
parameters, we employed analysis of variance (ANOVA) followed by the least significant difference test (P <
0.05) to identify significant differences between treatments and their interactions.

Results

Morpholagy, physiology and flower quality

Table 1 presents the ANOVA and mean separation (LSD) for morpho-physiological variables of lily
cultivars as affected by different salt levels (0.65, 3 and 6 dS m™). Irrigation with saline water of EC 3 and 6 dS
m™ reduced all morphological parameters (leaf area) and physiological variables (chlorophyll content, Pz, gs,
and E) variables. Compared to non-stressed lily, the 6 dS m™ treatment reduced the leaf arca by 45%,
chlorophyll content by 15% and Pr by 10%, gs by 75% and E by 66%. In term of cultivars, Orienpet hybrid
(‘Maytime’) had higher leaf area, plant height, stem diameter and chlorophyll content than both L.A. cultivars
(‘Pavia’ and ‘Fangio’). However, gas exchange (P7, gs and E) within the same salinity level was similar across

the three cultivars

Table 1. Leaf area, plant height, stem diameter, chlorophyll content (Chlo.), photosynthesis (Pr),
stomatal conductance (gs), and transpiration (E) of three hybrid lilies [fragrant Orienpet (‘Maytime’,
white) and non-fragrant Longiflorum-Asiatic (‘Pavia’, yellow), ‘Fangio’, pink] grown under different
salinity levels

Salinity level Cultivar | Leaf area lf l‘ant .Stcm Chlo._l Pr £ E
(dS m™) ©) (cm?) cight | diameter | (mgkg' | (umolm | (molm? | (mmol
(cm) (mm) dwt.) 2g1) s1) m?2s7)
0.65 22.7d 114d 7.37 ¢ 371bc 20.8a 0.11b 2.28b
‘Fangjo’ 3.0 185¢ 102 e 7.01c¢ 330 cde 17.9cd 0.07 ¢ 147 ¢
6.0 15.5 ef 84.4f 6.37d 287ef 16.3d 0.03d 0.74d
0.65 483a 165a 8.88a 499a 19.9 ab 0.13 ab 2.13b
‘Maytime’ 3.0 36.1b 148 b 8.51ab 407 b 17.7 cd 0.06 cd 1.17 cd
6.0 27.8¢ 132 ¢ 8.20b 338cd 16.5cd 0.04d 0.92d
0.65 25.5cd 78.8 fg 7.18 ¢ 367 be 20.3 ab 0.15a 3.17a
‘Pavia’ 3.0 22.6d 74.1¢g 6.34d 293 def 18.4 bc 0.05cd 1.12cd
6.0 14.1f 62.5h 5.59¢ 246 f 16.0d 0.03d 0.77d
S <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
ANOVA C <0.0001 <0.0001 <0.0001 <0.0001 0.86 0.791 0.152
SxC <0.0001 0.003 0.15 0.292 0.871 0.041 0.002

Means in columns followed by different letters are significantly different at p < 0.05

Irrigation with saline water significantly affect flower yield and quality components (Table 2). Both
saline water levels 30 and 60 mM NaCl reduced flower number per stem, flower diameter, vase life while
increasing the petal color coordinates C* and b* across cultivars. Both L.A. cultivars (‘Fangio’, and ‘Pavia’) had
higher flower number per stem and vase life than ‘Maytime’. Conversely, Orienpet lily ‘Maytime’ had larger
flower diameter (16.3 cm) and required a longer period to flower (115 day) compared to L.A. hybrids ‘Fangio’
(75 day) and ‘Pavia’ (96 day). However, salt stress did not affect the earliness of flowering across cultivars (Table
2). In term of color coordinate, the white-petals Orienpet lily ‘Maytime’ had higher L*, than the yellow ‘Pavia’
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and pink ‘Fangio’ cultivars. Meanwhile, ‘Pavia’ had the highest C* and b* color coordinates while ‘Fangio’ had

the highest a* color coordinate.

Table 2. Flower number per stem, flower diameter, number of days to flowering, vase life and petal color
coordinates (L*, C*, a*and b*) of three hybrid lilies [fragrant Orienpet (‘Maytime’, white) and non-fragrant

Longiflorum-Asiatic (‘Pavia’, yellow), ‘Fangio’, pink] grown under different salinity levels

. Salinity | Flowers | Flower Vase Petal color coordinates
Cultivars level (S) No. diameter Days to life
(©) (dS m") stem’! (com) flowering P L* (o a* b*

0.65 5.14ab 163 b 73.4c 15.2a 37.6d 36.3d 33.5b 9.17 ¢

‘Fangjo’ 3 525a 14.4 de 76.9 c 12.5b 38.8d 38.5cd 35.2b 13.7d

6 5.00 ab 13.6 ef 76.0 c 12.4b 413 ¢ 40.1c 38.6a 13.8d

0.65 3.40 c 17.8a 115.7 a 115b 84.9a 3.83f -0.80 ¢ 335f

‘Maytime’ 3 2.33d 16.1 bc 116a 9.43 c 85.2a 440 e -0.89 ¢ 4.02f

6 140e 143 e 112 a 7.67d 85.2a 4.80 ¢ -0.94 ¢ 4.80f

0.65 4.38b 153 cd 93.1b 12.4b 76.4b 75.3b -5.56d 72.7 c

‘Pavia’ 3 2.75cd 12.7 fg 98.0b 10.3 ¢ 77.3b 80.9a -6.88d 79.9b

6 2.38d 12.6g 98.2b 9.75¢ 77.1b 79.9a -7.07 d 87.8a

S <0.001 <0.001 0.133 <0.001 <0.05 <0.001 <0.01 <0.001

ANOVA C <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

SxC 0.01 0.13 0.543 0.296 0.163 <0.05 <0.001 <0.001

Means in columns followed by different letters are significantly different at p < 0.05.

Leafand stem anatomy

Figure 1 and Table 3 show the impact of varying salinity levels on the leaf anatomy of Lifium cv. ‘Fangio’.

Compared to control plants, the application of saline water at both EC values (3 and 6 dS m™) resulted in
reduced leaf thickness, upper and lower epidermal cells thickness, xylem vessels and phloem tubes area as well
as stomatal index percentage. Additionally, the stomatal index of lily leaves irrigated with saline water at 3 dS
m™” was significantly higher, nearly doubling that of those irrigated with 6 dS m™. However, no significant
difference was noticed between the 3 and 6 dS m™ treatments in leaf and epidermis thickness as well as xylem

vessels and phloem tubes area (Table 3).

Table 3. Leaf anatomy components, leaf thickness, upper and lower epidermis cell thickness, xylem

conduits and phloem area, stomatal index of leaf minor veins of Longiflorum-Asiatic hybrid lily cultivar

‘Fangio’ grown under different salinity levels

Salinity . I.Jp pet. Ijowcr‘ Xylem vessel Phloem Stomatal
Leaf thickness epidermis epidermis .
level (4m) thickness chickness area tubes area index
dS m! m? 2 %

( ) (um) (um) (um?) (um?) (%)
0.65 760 a* 444 343a 13410 a 4820 a 16.0a
3.0 601b 36.0b 29.2b 10860 b 3950 b 10.0b
6.0 502 b 33.8b 25.5b 9920 b 3420 b 5.00 ¢
P-value 0.004 0.01 0.007 0.002 0.003 0.001

Means in columns followed by different letters are significantly different at p < 0.05
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Figure 1. Leaf cross section of Longiflorum-Asiatic hybrid lily cultival
water salinity levels (EC of 0.65, 3.0 and 6.0 dS m™)

UE, upper epidermis; LE, lower epidermis; XY, xylem vessels; PH, phloem tubes; PC, palisade cells; SC, spongy cells;
ST, stomata. Magnification 100 X (all images have a scale of 300 um).

Ee—.

r ‘Fangio’ grown under different

Similarly, there were consistent trends in the effects of irrigation water salinity on stem anatomy, with
high salinity level (6 dS m™) significantly reducing epidermal cell thickness, parenchyma and ground tissues
thickness as well as the longitudinal cell length of ground tissues when compared to control (Table 4, Figures 2
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and 3). Compared to highly stressed lilies (6 dS m™), none-stressed control lily plants (0.65 dS m™) exhibited
increased epidermal cell thickness by 24%, parenchyma tissues thickness by 49%, ground tissues thickness by
26% (Table 4, Figure 2) and ground tissues longitudinal cell length by 36% (Table 4, Figure 3). However, the

total vascular bundle number per mm?* was similar across the three salinity levels.

Table 4. Stem anatomy components, epidermal cells, parenchyma tissues, ground tissues thickness and the
vascular bundles number of Longiflorum-Asiatic hybrid lily cultivar ‘Fangio’ grown under different salinity

levels
Salinity level Epidermal cell Parenchyma Ground tissues lfrlx'o': 231:::2:1 Number of
o " thickness tissues thickness thickness & vascular bundles
(5 (uwm) (mm) (mm) lengch (per mm?)
(mm)
0.65 51.3a* 121a 201a 916a 8.14a
3.0 45.1b 110a 181a 875a 792a
6.0 41.4b 81.4b 160 b 675b 8.26a
P-value 0.003 <0.0001 0.004 0.001 0.63

Means in columns followed by different letters are significantly different at p < 0.05.

EC = 3.0dS m"

EC =6.0 dS m"

Figure 2. Stem cross section of Longiflorum-Asiatic hybrid lily cultivar ‘Fangio’ grown under three
different water salinity levels (EC of 0.65, 3.0 and 6.0 dS m™)
EP, epidermal cells, XY, xylem; PH, phloem; GT, ground tissues, P, parenchyma; CH, collenchyma. Magnification,

upper row 40X, lower row 100 x.
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EC=6.0dS m”

Figure 3. Longitudinal stem section (ground tissues cells) of Longiflorum-Asiatic hybrid lily cultivar

‘Fangio’ grown under three different water salinity levels (EC of 0.65, 3.0 and 6.0 dS m™)
Magnification 40x.

Discussion

Effects of salt stress on chlorophyll, gas exchange, and growth in lilies

This study confirms that salt stress (EC of 3 to 6 dS m™) significantly reduces chlorophyll content, gas
exchange, and growth in lily cultivars, as shown in Table 1. The observed reductions leaf area and greenness,
both critical postharvest visual traits, are likely due to physiological changes caused by salt stress (Ayad ez 4l.,
2019; Kangez al., 2021; Othman ez al., 2022). Photosynthesis is a vital process for the growth and development
of lily plants and is significantly influenced by biotic stress such as salinity (Ayad ez a/., 2019). Furthermore, the
importance of leaf chlorophyll cannot be over-stated, as these pigments play a critical role in providing the
necessary energy for the photosynthesis process by absorbing light (Wen ez a4/, 2018). Salt stress reduces
photochemical efficiency (Fv/Fm), photochemical (qP) and non-photochemical (QN) quenching coefficients
in photosynthesis system (Jamil ez a/., 2007).

In this study, a 6 dS m™ salinity level reduced the stomatal index by 69%, leading to a 75% reduction in
stomatal conductance (gs) and a 10% decrease in photosynthesis rate (P). Similar patterns of salinity-induced
reductions in growth parameters, such as stem diameter, plant height, leaf area, and chlorophyll content, have
been observed in other species. For instance, Kiremit and Arslan (2016) reported that increasing salinity (up
to 7 dS m™) reduced leek (Allium porrum L.) growth, leaf area, and water-use efficiency. In lilies, Bai et al.
(2021) found that salinity levels above 3.5 dS m™ significantly reduced shoot fresh weight, chlorophyll content,
and photosynthesis rate, with further reductions in gas exchange (gs, £) and peroxidase enzyme activity at 7 dS
m~". At even higher salinity (14 dS m™), chlorophyll fluorescence and other physiological parameters showed
dramatic declines. Similar reductions in gas exchange parameters (P, gs, E) and relative water content were
seen in daffodils under saline irrigation (10 dS m™), with 50-75% reductions compared to non-saline
conditions (Veatch-Blohm ez 4/., 2019). Overall, irrigation with saline water resulted in significant reduction
in chlorophyll content and gas exchange performance and consequently reduced the size of lily plants.

Salinity also caused notable anatomical changes in lily plants. Irrigation with saline water (6 dS m™)
resulted in a significant reduction in stem diameter for ‘Fangio’ (14%), Pavia’ (22%), and ‘Maytime’ (8%) when
compared to control. This reduction in stem diameter can be attributed to a significant decrease in epidermal

cell thickness (19.3%), parenchyma tissues thickness (32.7%), and ground tissues thickness (20.3%). Regarding
9
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plant height, the higher salinity stress (6 dS m™) led to a reduction in stem length by 22% for ‘Fangio’, 21% for
‘Pavia’, and 20% for ‘Maytime’. This reduction could be attributed to the shorter cell length in salt-stressed
lilies. In fact, the stem anatomy of ‘Fangio’ lily revealed that the longitudinal cell length of ground tissues in the
6 dS m™ treatment was 26.3% shorter than that of the non-stressed (0.65 dS m™) lily (Figure 3, Table 4).

The morphology and physiological function of stomata provide key insights into plant responses to
salinity. Stomata regulate gas exchange, balancing carbon dioxide uptake for photosynthesis with water vapor
loss (Royer, 2001; Zhu et al,, 2021). Stomatal density and size are indicators of a plant’s ability to adapt to
environmental stress, and these traits help assess the anatomical limitations on gas exchange (Sack and Buckley,
2016). The stomatal index, which reflects stomatal cell density per mm” of leaf surface, is a crucial parameter in
assessing plant responses to abiotic stress (Zhu ez al., 2021). In this study, saline irrigation (6 dS m™) reduced
leaf thickness by 34% and abaxial stomatal index by 69% compared to control plants (Figure 1, Table 3). Similar
reductions in stomatal density have been observed in Chenopodium quinoa under salt stress, where adaxial
stomatal area decreased by 14% and abaxial by 8% (Prado ez 4/.,2017). Overall, irrigating lilies with saline water
(3-6 dS m™) resulted in significant anatomical modifications, including the reduction of leaf thickness as well
as the abaxial stomatal density (stomatal index). These findings provide valuable insights into how lilies
respond to salinity, with implications for improving their cultivation in saline environments.

Plants respond to salinity by triggering morphological, anatomical, osmotic, and hormonal adaptations
to cope with clevated salt levels in their environment (Prado ez 4/., 2017). These mechanisms are essential for
maintaining water balance, ion homeostasis, and growth under stress. For instance, exposing calla lilies
(Zantedeschia K. Koch) to salt stress (5 dS m™) showed no apparent decline in visual quality despite a significant
reduction in carbon assimilation rate by 50-80% compared to control plants (Veatch-Blohm et 4/, 2012). This
reduction in photosynthetic capacity was associated with notable decreases in stomatal conductance (gs), which
ranged from 53% to 97% lower than the control, and was accompanied by an osmotic adjustment of 0.16-0.20
MPa. These findings underscore the critical role of osmotic adjustment and reduced gs in maintaining leaf
turgor and water relations during stress periods. Increased ion accumulation is another key adaptive response.
In calla lilies, leaves irrigated with saline water of 2.5 and 5 dS m™ exhibited two to three times higher cation
content (Na*, Ca**, and Mg**) than those of the control plants, a reflection of the role of ion sequestration in
osmotic adjustment (Veatch-Blohm ez al., 2012). This accumulation helps plants retain water by lowering leaf
water potential, allowing for continued physiological processes under saline conditions.

In our study, we observed a substantial modification in stomatal density (stomatal index) under salt
stress, with a reduction of 72%-80% in gs, further emphasizing the link between stomatal regulation and salt
tolerance. The reduction in abaxial stomatal density likely serves as an anatomical adaptation to limit water loss
through transpiration while maintaining gas exchange under lower gs conditions. This adaptation is consistent
with the previous findings of Veatch-Blohm ez 4/. (2012), where calla lilies also exhibited reduced gs under salt
stress. Such a reduction in stomatal conductance minimizes water loss, helping plants to conserve water while
coping with osmotic stress.

Effects of salt stress on lilies flower quality

Flower quality variables encompass a range of characteristics that determine the overall aesthetic appeal,
commercial value, and vase life of cut flowers. Lily flower quality components such as color, diameter, size,
number of flowers per stem, and vase life can potentially influence its commercial appearance and marketing
(Burchi e al., 2010; Othman ez al., 2022). Therefore, under-standing and optimizing these flower quality
indices are essential for ensuring the success of the floral industry and enhancing the overall satisfaction of
consumers (Othman ez al., 2022). In this study, irrigation with saline water (6 dS m™) reduced the number of
flowers per stem by 36%, flower diameter by 18% and vase life by 24% on average across cultivars (Table 2).
This reduction can be attributed partially to a signification decreased in the food supply, specifically Px.
Photosynthesis plays a crucial role in providing the energy necessary for flower development (Wen ez 4l., 2018).
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Under salt stress, the microclimate becomes suboptimal for several processes including gas exchange (Pz, gs, E)
and cell division and expansion (Zhang ez al., 2020). During this stress period, plants activate stress-response
mechanisms that divert re-sources away from flower development. This active growth inhibition and the
redirection of resources towards stress adaptation can limit flower size and yield (Zhang ez 4., 2020).

In this study, exposure to high levels of salinity (6 dS m™) resulted in a significant reduction in the area
of xylem vessels and phloem tubes in the leaves of cut-flower lilies. This reduction might reduce the food supply
necessary for maintaining flower freshness. Consequently, the vase life of the tested lilies was reduced
significantly (Table 2). Salinity stress has been observed to restrict the movement of water and nutrient through
the plant by reducing both the number and size of vascular bundles, including xylem and phloem (Belda and
Ho, 1992). Furthermore, salt stress has been shown to inhibit the development of xylem tissues, thereby
compromising the efficient transport of food to the flowers, and ultimately reducing their longevity (Belda and
Ho, 1992; Clark ez al., 2021). Additionally, an excess of salt ions, particularly Na* and Cl, can accumulate in
plant tissues, disrupting cellular functions (El-Nashar and Hassan, 2020). This ion toxicity can lead to cellular
damage and disrupt the normal physiological processes required for maintaining flower visual appearance. For
instance, the visual quality, assessed on a scale from 0 to 5 (with 0 = dead and 5 = excellent), declined from 3
to 1 for Anemone coronaria and from 3 to 2 for Ranunculus asiaticus as irrigation water EC increased from 0.5
t0 5.5 dS m™" (Rauter ez a/., 2021). Both A. coronaria and R. asiaticus exhibited a decrease in leaf greenness by
45-48%, gs by 70-79%, E by 23-75%, Pn by 15-92% as the irrigation solution’s EC increased from 0.5 to 5.5 dS
m~' (Rauter et al., 2021). Salt stress (3.1, 6.3, 9.4 dS m™) resulted in reduced leaf Ca** and increased CI and
Na* contents in Zinnia elegans plants leading to significant reduction in flower yield (El-Nashar and Hassan,
2020).

The colour coordinates are a fundamental aspect of the CIELAB color space, which has been widely
used for the assessment of fruit and flower colour attributes (Khasawneh et 4/., 2021; Manivannan et 4/.,2021).
This system defines colour using the coordinates L* (lightness), C* (saturation), a* (green/ red component), b*
(yellow/blue component) (Khasawneh ez 4/., 2021; Lu ez al., 2021). In this system, L* values range from 0.0
(black, darker) to 100 (white, lighter), a* spans from -128 (green) to 127 (red), b* extends from -128 (blue) to
127 (yellow), with higher C* values (always > 0.0) indicating more saturated colours (Khasawneh ez al., 2021;
Manivannan e al., 2021). In this study, Orienpet white lily ‘Maytime’ had the highest L* value (85.1 for white
vs. 38.6 for pink; 76.9 for yellow). Among the genotypes, the L.A. yellow cultivar ‘Pavia” had the highest b*
value (80.1 for yellow contrasting with 12.2 for pink and 4.05 for white) while the pink cultivar ‘Fangio’ had
the highest a* value (35.8 for pink opposed to -6.5 for yellow and -0.88 for white). Partial least squares
discriminant analysis showed that the attributes of white and red gerbera flowers were primarily affected by the
L* value, a* value, C* values, and overall anthocyanin contents. In the yellow group, a positive correlation was
observed with L* and b* values, alongside total anthocyanin contents (Zhou ez 4/., 2021). Concurrently, the
pink group demonstrated a positive correlation with L* and H* values (Zhou ez al., 2021). Interestingly, higher
salt level (60 mM NaCl) increased colourfulness/saturation levels C* compared to control across all cultivars,
intensified redness a* in pink-lily (‘Fangio’) and enhanced yellowness b* in pink and yellow lilies (‘Fangio’ and
‘Pavia’) (Table 2). Furthermore, colour coordinates a* and C are positively correlated with carotenoid content,
while flavonoids are positively correlated with antioxidant potential measured in terms of radical scavenging
activity (Manivannan ez a/., 2021). Flavonoids present a diverse spectrum of colours in plants, thereby affecting
the quality and market value of cut flowers (Wang ¢z al., 2021). In Chrysanthemum spp., a* was positively (r =
0.90, P < 0.01) correlated with total anthocyanins, while b* was positively correlated with lutein (r = 0.80, P <
0.01) and total carotenoids (r=0.88, P<0.01) (Lu ez a/., 2021). Irrigating marigold (7agetes patula) with saline
water (10-30 dS m™ NaCl) has been found to enhance the synthesis of antioxidant enzymes, such as catalase
and ascorbate peroxidase (Guzman and Marques, 2023). The consistent rise in antioxidant compounds in
response to salinity stress highlights the immediate response of plant to com-bat stress (Guzman and Marques,
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2023). In another study on marigold, plants exposed to short-term salinity (10 days) at a rate of 10 dS” NaCl,
subsequent to 40 days of unstressed growth in a soilless system, exhibited elevated levels of flower polyphenols,
antioxidant activities, total carotenoids, and nutrient concentrations, particularly in N, P, Na, and Zn
(Chrysargyris et al., 2018). Overall, salt stress significantly affects flower colour by increasing the petal colour

coordinates, specifically C*, a* and b*.

Conclusions

This study highlights the detrimental effects of salt stress, particularly evident at EC levels of 3 and 6 dS
m-', on the morphology, physiology, anatomy, and postharvest quality of Orienpet ‘Maytime’, Longiflorum-
Asiatic ‘Pavia’, and ‘Fangio’ lilies. The findings demonstrate significant reductions in leaf size and greenness,
which are crucial for visual quality, largely due to a decline in chlorophyll content and decreased photosynthetic
assimilation rates. These physiological disruptions were further linked to a marked reduction in stomatal
density, with the abaxial stomatal index decreasing by 69% at 6.0 dS m™ NaCl and a corresponding 75%
decrease in stomatal conductance. These anatomical and physiological impairments were accompanied by
reductions in gas exchange parameters, ultimately contributing to reduced growth and vigour.

This study also highlights the adverse impact of salt stress on key postharvest quality traits vital to the
commercial value of lilies, such as flower diameter, number of flowers per stem, and vase life. These reductions
pose significant challenges to maintaining market standards and customer satisfaction. However, an
unexpected yet valuable finding was the enhancement of certain petal colour attributes under salt stress. For
instance, the increased red coloration (a*) in ‘Fangio’ and heightened yellow tones (b*) in both ‘Fangio’ and
‘Pavia’, alongside increased colour saturation (C*), suggest that salt stress may influence pigment biosynthesis,
resulting in desirable aesthetic attributes in some cultivars. This discovery offers potential avenues for breeders
secking to enhance ornamental traits in lilies exposed to saline conditions.

In addition to physiological and postharvest impacts, this study highlights anatomical changes as a
potential adaptive response to salinity. The reductions in leaf thickness, stomatal density, and cell dimensions
observed in salt-stressed lilies indicate that anatomical modifications are an integral part of the plant's strategy
to mitigate the effects of salinity. These findings suggest that further research into the anatomical responses of
lilies to salt stress could offer new insights into the mechanisms behind their adaptation to saline environments.

Exploring strategies such as optimized irrigation techniques, soil amendments, and nutrient
management could be crucial in mitigating the negative effects of salt stress. Future research should focus on
integrating these approaches aimed at enhancing lily tolerance to salinity, ultimately improving cultivation
practices in saline environments. This study provides a foundation for continued investigation into how lilies
and other ornamental crops can thrive under challenging conditions, thus ensuring their commercial viability
and aesthetic appeal in regions affected by soil salinity.

Authors’ Contributions

Conceptualization, Y.O. and J.A.; methodology, Y.O. and T.A.; software, M. A.; validation, M. A. and
T. A; formal analysis, Y.O.; investigation, Y.O. and T.A.; resources, M.A. and J.A.; data curation, T.A;
writing—original draft preparation, Y.O.; writing—review and editing, J.A.; visualization, Y.O.; supervision,
Y.O.; project administration, Y.O.; funding acquisition, Y.O. All authors read and approved the final

manuscript.

12



Othman YA et al. (2024). Not Bot Horti Agrobo 52(4):14102
Ethical approval (for researches involving animals or humans)

Not applicable.

Acknowledgements

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Akcin TA, Akcin A, Yalan E (2017). Anatomical changes induced by salinity stress in Salicornia freitagii
(Amaranthaceae). Brazilian Journal of Botany 40:1013-1018. hztps://doi.org/10.1007/540415-017-0393-0.

Al-Ajlouni MG, Othman YA, Tala S, Ayad JY (2023). Lilium morphology, physiology, anatomy and postharvest flower
quality in response to plant growth regulators. South African Journal of Botany 156:43-53.
https://doi.org/10.1016/j.5ajb.2023.03.004.

Alsmairat NG, Al-Ajlouni MG, Ayad JY, Othman YA, Hilaire RS (2018) Composition of soilless substrates affect the
physiology and fruit quality of two strawberry (Fragaria X ananassa Duch.) cultivars. Journal of Plant Nutrition
41(18):2356-2364. bttps://doi.org/10.1080/01904167.2018.1510508.

Ayad JY, Othman Y, Al Antary T (2019). Irrigation water salinity and potassium enrichment influenced growth and
flower quality of Asiatic lily. Fresenius Environmental Bulletin 28:8900-8905.

Bai R, Lin Y, Jiang Y (2021). Diverse genotypic variations of photosynthetic capacity, transpiration and antioxidant
enzymes of lily hybrids to increasing salinity stress. Scientia Horticulturae 280:109939.
bttps://doi.org/10.1016/j.scienta.2021.109939.

Belda RM, Ho LC (1993). Salinity effects on the network of vascular bundles during tomato fruit development. Journal
of Horticultural Science 68(4):557-564. https://doi.org/10.1080/00221589.1993.11516385.

Burchi G, Prisa D, Ballarin A, Menesatti P (2010). Improvement of flower color by means of leaf treatments in lily. Scientia
Horticulturae 125(3):456-460. https://doi.org/10.1016/j.scienta.2010.04.028.

Chrysargyris A, Tzionis A, Xylia P, Tzortzakis N (2018). Effects of salinity on tagetes growth, physiology, and shelf life of
edible flowers stored in passive modified atmosphere packaging or treated with ethanol. Frontiers in Plant Science
9:1765. https://doi.org/10.3389/fpls.2018.01765.

Clark EM, Dole JM, Kalinowski J (2021). Determining optimal electrical conductivity levels and elements for extended
vase life of cut roses. Hort Technology 31(5):577-588. https://doi.org/10.21273/HORTTECH04833-21.

El-Nashar Y, Hassan BA (2020). Effect of saline irrigation water levels on the growth of two Zinnia elegans L. cultivars.
Scientific Journal of Flowers and Ornamental Plants 7(4):425-445. https://doi.org/10.21608/sjfop.2020.134607

Feizi H, Moradi R, Pourghasemian N, Sahabi H (2021). Assessing saffron response to salinity stress and alleviating
potential of gamma amino butyric acid, salicylic acid and vermicompost extract on salt damage. South African
Journal of Botany 141:330-343. https://doi.org/10.1016/j.5ajb.2021.04.036

Guzman MR, Marques I (2023). Effect of varied salinity on marigold flowers: reduced size and quantity despite enhanced
antioxidant activity. Agronomy 13(12):3076. hztps://doi.org/10.3390/agronomy13123076.

Hani MB, Othman YA, Al-Ajlouni MG, A’saf TS (2022). Deep planting improved stem root growth, flower yield and
quality of Lilium cultivars. Horticultura Brasileira 40:143-150. h#tps://doi.org/10.1590/50102-0536-20220203.

13



Othman YA et al. (2024). Not Bot Horti Agrobo 52(4):14102

Jamil M, Lee KJ, Kim JM, Kim HS (2007). Salinity reduced growth PS2 photochemistry and chlorophyll content in
radish. Scientia Agricola 64:111-118. https://doi.org/10.1590/50103-90162007000200002.

Kang YT, Choi YJ, Lee YR, Seo KH, Suh JN, Lee HR (2021). Cut flower characteristics and growth traits under salt stress
in lily cultivars. Plants 10(7):1435. https://doi.org/10.3390/plants10071435.

Khasawneh AE, Alsmairat N, Othman YA, Ayad JY, Al-Qudah T, Leskovar DI (2021). Influence of nitrogen source on
physiology, yield and fruit quality of young apricot trees. Journal of Plant Nutrition 44(17):2597-2608.
bttps://doi.org/10.1080/01904167.2021.1918718.

Kiremit MS, Arslan H (2016). Effects of irrigation water salinity on drainage water salinity, evapotranspiration and other
leek (dllium — porrum L) plant  parameters. Scientia ~ Horticulturae 201:211-217.
hitps://doi.org/10.1016/j.scienta.2016.02.001.

Kiiitkahmetler O (2002). The effects of salinity on yield and quality of ornamental plants and cut flowers. Acta
Horticulturae 573:407-414. https://doi.org/10.17660/ActaHortic.2002.573.49

Kwon OK, Mekapogu M, Kim KS (2019). Effect of salinity stress on photosynthesis and related physiological responses
in carnation (Dianthus caryophyllus). Horticulture, Environment, and Biotechnology 60:831-839.
https://doi.org/10.1007/s13580-019-00189-7.

Leskovar DI, Othman YA (2021). Direct Seeding and transplanting influence root dynamics, morpho-physiology, yield,
and head quality of globe artichoke. Plants 10:899. hztps://doi.org/10.3390/plants10050899.

LuC,LiY, WangJ, Qu]J, Chen Y, Chen X, Huang H, Dai S (2021). Flower color classification and correlation between
color space values with pigments in potted multiflora chrysanthemum. Scientia Horticulturae 283:110082.
https://doi.org/10.1016/j.scienta.2021.110082.

Manivannan A, Narasegowda S, Prakash T (2021). Comparative study on color coordinates, phenolics, flavonoids,
carotenoids, and antioxidant potential of marigold (Zagetes sp.) with diverse colored petals. Journal of Food
Measurement and Characterization 15:4343-4353. https://doi.org/10.1007/511694-021-01015-4.

Othman YA, Tahat M, Alananbeh KM, Al-Ajlouni M (2022). Arbuscular mycorrhizal fungi inoculation improves flower
yield and postharvest quality component of Gerbera grown under different salinity levels. Agriculeure 12(7):978.
bttps://doi.org/10.3390/agriculture1 2070978.

Prado FE, Hilal MB, Albornoz PL, Gallardo M, Ruiz V (2017). Anatomical and physiological responses of four quinoa
cultivars to salinity at seedling stage. Indian Journal of Science and Technology 10(8)1-12.
bttp://dx.doi.org/10.17485/ijst/2017/v10i8/93709.

Rauter S, Sun Y, Stock M (2021). Visual Quality, Gas Exchange, and Yield of Anemone and Ranunculus Irrigated with
Saline Water. HortTechnology 31(6):763-770. https://doi.org/10.21273/HORTTECH04930-21.

RFH (Royal FloraHolland) (2022). Royal FloraHolland annual-report-2022. Retrieved 2024 August 15 from:
bttps://view.publitas.com/cfreport/vfh-annualreport-2022

Royer D L (2001). Stomatal density and stomatal index as indicators of paleoatmospheric CO, concentration. Review of
Palacobotany and Palynology 114(1-2):1-28. https://doi.org/10.1016/50034-6667(00)00074-9.

Sack L, Buckley TN (2016). The developmental basis of stomatal density and flux. Plant Physiology 171(4):2358-2363.
https://doi.org/10.1104/pp.16.00476.

Salem N, Msaada K, Dhifi W, Limam F, Marzouk B (2014). Effect of salinity on plant growth and biological activities of
Carthamus tinctorius L. extracts at two flowering stages. Acta Physiologiac Plantarum 36(2):433-445.
https://doi.org/10.1007/511738-013-1424-5.

SuY, Yi MM, Sun S, Zhang L, Irfan M, Chen L (2018). Characterization of LIMAPK gene in response to salinity stress
in Tiger lily (Lilium lancifolium Thunb.). Biotechnology & Biotechnological Equipment 32(5):1154-1166.
bttps://doi.org/10.1080/13102818.2018.1512377.

Sun Y, Niu G, Dou H, Perez C, Alexander L (2022). Growth, gas exchange, and mineral nutrients of hydrangea hybrids
irrigated with saline water. HortScience 57(2):319-325. https://doi.org/10.21273/HORTSCI16196-21.

Veatch-Blohm ME, Malinowski M, Keefer D (2012). Leaf water status, osmotic adjustment and carbon assimilation in
colored calla lilies in response to saline irrigation. Scientia Horticulturae  144:65-73.
hitps://doi.org/10.1016/j.scienta.2012.06.036.

Veatch-Blohm, M. E., Roche, B. M., Sweeney, T. 2019. The effect of bulb weight on salinity tolerance of three common
Narcissus cultivars. Scientia Horticulturae 248:62-69. https://doi.org/10.1016/j.scienta.2019.01.001

14



Othman YA et al. (2024). Not Bot Horti Agrobo 52(4):14102

WangY, Zhou L], Wang Y, Liu S, Geng Z, Song A, ... Chen F (2021). Functional identification of a flavone synthase and
a flavonol synthase genes affecting flower color formation in Chrysanthemum morifolium. Plant Physiology and
Biochemistry 166:1109-1120. hztps://doi.org/10.1016/;.plaphy.2021.07.019.

WenY, SuS, Ma L, Wang X (2018). Effects of gibberellic acid on photosynthesis and endogenous hormones of Camellia
oleifera Abel.  in 1st  and  6th  leaves. Journal of  Forest  Research  23:309-317.
hitps://doi.org/10.1080/13416979.2018.1512394.

Yao XC, Meng LF, Zhao WL, Mao GL (2023). Changes in the morphology traits, anatomical structure of the leaves and
transcriptome in  Lycium barbarum L. under salt stress. Frontiers in Plant Science 14:1090366.
https://doi.org/10.3389/fpls.2023.1090366.

Zhang H, Zhao Y, Zhu JK (2020). Thriving under stress: how plants balance growth and the stress response.
Developmental Cell 55(5):529-543. hitps://doi.org/10.1016/j.devcel.2020.10.012.

ZhouY,Yin M, AbbasF,SunY,Gao T, Yan F, ... Fan Y (2022). Classification and association analysis of Gerbera (Gerbera
hybrida) flower color traits. Frontiers in Plant Science 12:779288. https://doi.org/10.3389/fpls.2021.779288

Zhu C,HuY, Mao H, Li S, Li F, Zhao C, ... Yuan X (2021). A deep learning-based method for automatic assessment of
stomatal index in wheat microscopic images of leaf epidermis. Frontiers in Plant Science 12:716784.

bttps://doi.org/10.3389/fpls.2021.716784.

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN 7% ACCESS| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.

BY © Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to

hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

15



