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ABSTRACT

Background and objective: Veronica pusanensis, an endemic species of South Korea belonging to the Plantaginaceae family,
is found in Busan, South Korea. Due to its high ornamental value, it is expected to be utilized as a flower crop. However,
currently it is an endangered species with its habitats being destroyed and reduced.

Methods: Therefore, in this study, we analyzed the growth and photosynthetic responses of potted plants of V. pusanensis
under different shading levels to enable mass production. Polyethylene (PE) shading films were selected as the shading
material, and shading levels were designed at 0, 35, 45, 60, 75, and 99%, respectively.

Results: Results showed that shoot height, shoot width, ground cover, leaf length, leaf width, shoot fresh and dry weight,
chlorophyll content (SPAD units), and chlorophyll fluorescence parameters F,/F., and Plags were highest under the 35%
shading level. This indicates that it is relatively more desirable to grow V. pusanensis in shade culture compared to under
direct sunlight. Meanwhile, root fresh weight and dry weight were highest under the 0% shading level.

Conclusion: Therefore, it is recommended to grow V. pusanensis under direct sunlight to significantly increase root biomass
when the purpose is to facilitate rootage when transplanting plants for habitat restoration. On the other hand, for the
cultivation of V. pusanensis as an ornamental flower crop, it is recommended to grow the plants under the 35% shading
level to significantly increase plant sizes and maintain ensure the proper functioning of photosynthetic responses in
photosystem Il (PSII).

Keywords: chlorophyll fluorescence, CIELAB, phenotypic plasticity, Pseudolysimachion pusanensis, SPAD units

Introduction

Veronica was previously known to belong to the Scro-
phulariaceae family, but now belongs to the Plantaginaceae
family (Olmstead, 2002). Veronica is distributed through-
out the Northern Hemisphere and the Australasian region,
and various species are discovered also in Western Asia
and New Zealand (Albach et al., 2004). Approximately 450

species of Veronica are distributed worldwide (Albach et
al., 2008), and they grow naturally in broad and diverse
regions from coastal to alpine areas due to their excellent
ecological adaptability (Albach et al., 2005). Veronica
plants live in diverse environments such as terrestrial,
semi-aquatic, and aquatic depending on the species, show-
ing excellent adaptability (Salehi et al., 2019). In terms

of medicinal use, extracts of Veronica plants are known
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to be effective in eliminating free radicals (Harput et al.,
2011), have anti-inflammatory effects, and show cytotoxic
activity in cancer cells such as KB epidermoid carcinoma
and B16 melanoma (Harput et al., 2002). Moreover,
Veronica plants also showed an effect in treating rheuma-
tism (Beara et al., 2015), lung and respiratory diseases
(Grundemann et al., 2013), and antithrombosis and wounds
(Kiipeli et al., 2005), thereby expected to be used effec-
tively as a medicinal crop.

V. pusanensis is a rare plant found in Busan, South
Korea and is an endangered species that needs protection
because its habitats are decreasing and it is damaged by
poaching (Shin et al., 2012). Since V. pusanensis grows
as a creeping habit and tends to cover the ground, it is
expected to be used as a ground cover plant in coastal
areas or gardens (Song et al., 2020a), and it can also be
supplied as flower crops if they can be mass-produced since
it has excellent ornamental value. Various physiological
studies have been conducted in the past, such as a cuttage
study using auxin in V. pusanensis (Kim et al., 2021), an
investigation on salinity tolerance (Kwon et al., 2022), a
study on light intensity treatment (Song et al., 2020a), a
physiological exploration on the growth and flowering re-
sponse according to photoperiod and temperature treatment
(Song et al., 2020b), and a study on sprouting response
according to temperature treatment (Song et al., 2019).
However, there is insufficient technology for mass pro-
duction and protection of the plant of V. pusanensis from
abiotic stress during the cultivation period. As previously
mentioned, V. pusanensis is an endangered species with
a small wild population and rapid habitat destruction. Thus,
by establishing the cultivation technology for mass pro-
duction, it would be possible to help restore the habitats
and also supply this species as a flower crop.

Potted cultivation has a relatively small soil volume and
soil moisture content due to the limited pot capacity and
thus has high requirements for management compared to
open-field cultivation (Lee and Nam, 2022b). However, un-
like open-field cultivation, potted cultivation allows plant
movement and facilitates the control of plant growth.
Commercial plastic pots are typically brown or black, and
these colors can significantly increase soil temperature dur-

ing intense summer sunlight, leading to moisture loss and

causing complex abiotic stress for plants (Lee and Nam,
2022b). Therefore, it is necessary to come up with methods
to protect plans such as shading.

To induce the stable growth of plants, newly planted
or cutting plants must not be exposed to direct sunlight,
and the plant should be protected from rapid environmental
changes by using shading materials such as shading nets
or shading films (Fowler and Chaffee, 2010; Semchenko
et al., 2012). Plants grown under adequate shading levels
are protected from rapid temperature rise, photodamage,
and lack of soil moisture, and can be managed in a rela-
tively stable environment (Nam et al., 2022). Moreover,
since they are relatively low-maintenance and have a long
irrigation cycle, they also help reduce labor during culti-
vation (Nam et al., 2022). Depending on the plant species,
the plant cells might be damaged when exposed to strong
direct sunlight, which causes the chloroplasts on the cell
surface to move to the side walls, and this is referred to
as chloroplast avoidance movement (Kasahara et al., 2002).
Chlorophyll fluorescence analysis is one of the methods
to identify plant stress levels and the inactivity of the re-
action center of photosystem II (PSII), which can be done
in the non-destructive investigation (Lechaudel et al., 2010;
Lee et al., 2022b; Shim and Jeon, 2022). Chlorophyll fluo-
rescence analysis that had been applied in various studies
in the past had its usefulness proved by being used in as-
sessing the photosynthetic efficiency and stress of plants
through various fluorescence parameters such as F,/F,
@ po, ABS/RC, DI/RC, and Plags (An et al., 2022; Choi
et al., 2022; Kwon et al., 2021; Lee et al., 2022b; Oh and
Lee, 2022; Yang et al., 2022).

Accordingly, this study established the fundamental data
on the growth and photosynthetic responses of V. pusa-
nensis affected by shading levels to contribute to the mass

production of V. pusanensis.

Research Methods

Plant material

As the plant material, we selected Veronica pusanensis

which is an endemic species of South Korea and has high
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ornamental value. We selected plants around the shoot
height of 3 cm and shoot width of 5 cm and applied them
to the study.

Experimental environment and shading levels

The study was conducted for a total of 5 weeks from
May 9 to June 14, 2022, at the experimental greenhouse
(37°38°40” N 127°06°25” E) in the Department of Environ-
mental Horticulture, Sahmyook University. Plants were
planted in round plastic pots with a diameter and height
of 11 x 10.5 cm, at the center of the pot. Here, we used
horticultural substrates containing fertilizers (Hanareumsangto,
Shinsung Mineral, South Korea). We designed six shading
levels: no shade (i.e., direct sunlight) (0%), greenhouse glass
(35%), greenhouse glass and 1 layer of clear polyethylene
(PE) shading film (45%), greenhouse glass and 1 layer of
white PE shading film (60%), greenhouse glass and 2 lay-
ers of white PE shading film (75%), and greenhouse glass
and 1 layer of black PE shading film (99%). For the photo-

Table 1. Shading levels of photosynthetic photon flux density
(PPFD) in this study

synthetic photon flux density (PPFD) of each shading level,
we calculated the mean and standard deviation of the meas-
urements taken at 1 p.m. once a week on sunny days using
a portable spectral radiometer (SpectraPen mini, Photon
Systems Instruments, Czech Republic) (Table 1).

The plants of all treatments including the control (0%
shading level) were arranged on beds that are 1 m high,
and the average temperature in the greenhouse during the
study was 20.9 + 2.1°C, and the average temperature of
the outdoor area where the control was placed was 20.1
+ 2.0°C (Fig. 1A). Here, the relative humidity in the green-
house was 58.5 + 9.5%, and the relative humidity of the
outdoor area was 60.0 £ 9.6% (Fig. 1B). The average cloud
cover was 4.6 + 2.2 okta, and this was evaluated by visual
observation, which is the same as the measurement method
of Korea Meteorological Administration, at 1 p.m. every
day (Fig. 1C). The plants were watered 3 times a week.
In this study, watering continued until gravitational water

drainage occurred.

Measurement methods for growth and leaf color
parameters

We measured shoot height, shoot width, root length,

Standard shading Relative shading PPFD
levels (%) levels (%) (umol m? s™) shoot fresh and dry weight, root fresh and dry weight,
0 0 1783.2 + 193.2% ground cover, leaf length, leaf width, and leaf color of
35 36.1 1140.9 + 143.4 CIELAB L*, a’, and b* values. Here, we measured shoot
45 44.2 996.1 +121.6 height from the soil surface in the pot up to the point where
60 60.8 699.8 +94.8 the plant is the tallest and shoot width by measuring the
75 74.1 460.6 + 58.0 broadest area of the plant seen from above. For root length,
99 99.1 16.3+£4.9 we measured the longest of the plant roots. Secondary anal-
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Fig. 1. Temperature, relative humidity, and cloud cover in this study. Cloud cover index, O okta: sky clear: 1-2 okta: few
clouds; 3-4 okta: scattered; 5-7 okta: broken; 8 okta: overcast; 9 okta: sky obscured.
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ysis was conducted for ground cover by squaring the shoot
width of the plant width. Fresh weight was measured after
washing the plant and naturally drying it for 12 hours in
an enclosed space, and dry weight was measured after hot
air drying of the plant for 24 hours using a hot air dryer
(HK-DO135F, HANKUK S&I, South Korea). CIELAB
values (L', a’, and b") were measured by setting the spec-
trophotometer (CM-2600d, Konica Minolta, Japan) to
CIELAB D65/10° with reference to the leaf color measure-
ment method Lee et al. (2022a), after which we collected
data including specular components. For RHS values, we
compared the results of each of L', d, and b* with the
Royal Horticultural Society (RHS) colour charts edition
V and evaluated the leaf colors by selecting 2 approximate
RHS values for each treatment. In addition, for leaf colors,
we converted the means of CIELAB L', ¢, and b to con-
verted colors using Converting Colors designed by Zettl
(2023).

Measurement methods for chlorophyll fluorescence

We analyzed the chlorophyll content and photosynthetic
state of V. pusanensis affected by shading levels. Here,
we measured the chlorophyll content using a portable chlor-
ophyll meter (SPAD-502, Konica Minolta, Japan) and esti-
mated the chlorophyll content relative to the same area for
each treatment using SPAD units. We measured chlorophyll
fluorescence responses using a portable chlorophyll fluor-
ometer (FluorPen FP 110/D, Photon Systems Instruments,
Czech Republic) by measuring the part where the leaf veins
do not pass among the central part of the fully developed
leaf. Here, before measuring the chlorophyll fluorescence,
the plant was dark-adapted for approximately 15 minutes
using dark-adaptation leaf clips according to the manu-
facturer’s guidelines (PSI, 2023), and we measured 5 times
each in 3 replications on June 14, 2022, which is the end
date of the study. We selected and applied five chlorophyll
fluorescence parameters that can be used as plant stress
indicators. We used the following equations to calculate
Fu/Fm (1) representing the maximum quantum yield of pho-
tosystem II (PSII), @p, (2) representing the probability that
absorbed photons will be dissipated, ABS/RC (3) represent-

ing absorption flux per reaction center, DI,/RC (4) repre-

senting dissipated energy flux per reaction center, and Plags
(5) that represents the performance index of absorption ba-
sis (PSI, 2023; Stirbet and Govindjee, 2011).

F,/F,=(F,—F,)/F, (1)
b, =1-0,=F,/F, (2)
ABS/ RC=M,- (1/V,) - (1/®,) (©)
DI,/ RC=(ABS/ RC)—(TR,/ RC) “)

PlLiys=(RC/ ABS)-18, / (1-0,)1lw,/ (1-,)] (5)

Statistical analysis

Analysis of variance (ANOVA) was conducted using
SAS 9.4 (SAS Institute, USA) to analyze the results of
the study. To compare the means, statistical analysis was
conducted using Duncan’s multiple range test at p < .05.
The study was in a completely randomized design, with

5 plants assigned to each treatment in 3 replications.

Results and Discussion

Analysis of plant sizes, biomass, and leaf color

Shading levels had diverse effects on the plant sizes of
Veronica pusanensis (Fig. 2). The results showed that
shoot height of V. pusanensis was highest at 14.78 cm un-
der the 35% shading level (Fig. 3A). Sedum zokuriense
showed the highest shoot height under the 65% shading
level (Lee et al., 2021b), whereas Sarcandra glabra
showed the highest shoot height under the 50% shading
level and Ardisia crenata under the 35% shading level
(Bae et al., 2016), indicating that the preferred shading lev-
els vary among species. Meanwhile, shoot width was wid-
est at 29.21 and 28.84 cm under the 35 and 45% shading
levels, indicating that shade culture is better than culti-
vation under direct sunlight in order to significantly in-
crease the plant shoot sizes (Fig. 3B). Root length was
longest at 21.87 cm under the 60% shading level (Fig. 3C).
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Fig. 2. The plant shape of Veronica pusanensis grown under shading levels for 5 weeks.
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Fig. 3. Plant sizes of V. pusanensis as affected by shading levels for 5 weeks. Vertical bars indicate the standard error,
and asterisks (***) indicate significant at p { .001. Different lowercase letters indicate significant differences at p .05

based on Duncan's multiple range test (DMRT).

A previous study reported that root length of V. nakaiana
and V. pyrethrina was in inverse proportion to the increase
of shading levels (Kwon et al., 2020). On the contrary,
in this study, root length increased along with shading lev-
els from 0% to 60%, showing conflicting results from a
previous study, but the results from 75% to 99% shading
levels were similar to a previous study. Like the results
of shoot width, ground cover was high at 868.1 and 861.8
cm? under the 35 and 45% shading levels (Fig. 3D). Leaf

length was highest at 3.57 cm under the 35% shading level
(Fig. 3E). Meanwhile, leaf width was highest at 3.46 cm
under the 35% shading level, which was similar to the re-
sults of shoot height, shoot width, and leaf length (Fig.
3F). A previous study showed similar results as this study
with Litsea japonica showing the highest leaf length and
leaf width under the 35% shading level, but Osmanthus
fragrans var. aurantiacus and Pittosporum tobira showed
the highest leaf length and leaf width under the 50% shad-
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ing level (Choi et al., 2012a), indicating that the responses
to leaf growth according to shading levels vary among
species. Phenotypic plasticity is the ability of a plant to
change its morphological characteristics so that it can adapt
to the changing growth environment (Bradshaw, 1965;
DeWitt et al., 1998; Sultan, 1987). Among phenotypic plas-
ticity, shade-induced phenotype induces the plant to show
the morphological characteristics suitable to shade
(Weijschede et al., 2006). In a shade-induced phenotype,
we can expect to see an increase in the plant’s shoot height,
shoot width or ground cover, and leaf sizes (Lee and Nam,
2022b), and this change is expected to help buffer the neg-
ative impact on growth due to the reduced amount of light
received in shade.

Shoot fresh weight was highest at 18.51 g under the
35% shading level (Fig. 4A). Meanwhile, V. rotunda var.
subintegra showed the highest shoot fresh weight when
grown under the 55% shading level in the seedling process
(Lee et al., 2020b). Root fresh weight was highest at 3.53
g under the 0% shading level (Fig. 4B). Shoot dry weight
was highest at 2.58 g under the 35% shading level (Fig.

4C). Similarly, stem dry weight of lllicium anisatum was
highest under the 35% shading level (Choi et al., 2012b).
Root dry weight was highest at 0.87 g under the 0% shad-
ing level (Fig. 4D). Both root fresh weight and dry weight
were highest under the 0% shading level, which was con-
trary to the result that root length was highest under the
60% shading level. This may be because factors such as
carbohydrate content and thickness in the main root in-
creased while the length of the side roots relatively de-
creased as there was a greater amount of light received.
In addition, stimulation by water stress may have also
caused an increase in the root fresh weight and dry weight.
In previous studies, root fresh weight and dry weight of
V. nakaiana and V. pyrethrina (Kwon et al., 2020) and
V. rotunda var. subintegra were highest under the 0%
shading level (Lee et al., 2020a), and root dry weight of
Distylium racemosum, Neolitsea aciculata, and Stauntonia
hexaphylla was also highest under the 0% shading level,
showing consistent results with this study (Choi et al.,
2012b). In summary of the results of this study and pre-

vious studies, shading was better than direct sunlight to
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Fig. 4. Shoot and root weight of V. pusanensis as affected by shading levels for 5 weeks. Vertical bars indicate the
standard error, and asterisks (***) indicate significant at p ( .001. Different lowercase letters indicate significant

differences at p < .05 based on DMRT.
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significantly increase shoot biomass. On the other hand,
to significantly increase root biomass, it was relatively
more beneficial to grow under direct sunlight. In addition,
in the plant sizes and biomass analysis, the control (0%
shading level) was placed outside the greenhouse and shad-
ing film due to limitations in the study, and thus it could
have been affected by additional abiotic stress due to air
temperature and soil temperature rise, humidity change,
and damage caused by rainfall. In particular, as shown in
the results, there may have been a negative effect on shoot
growth, which is something to refer to.

CIELAB is the color space made in 1976 by the Interna-
tional Commission on Illumination (Commission Interna-
tionale de I'Eclairage; CIE) in France (Lee et al., 2022c).
CIELAB was developed in 1976 to make up for the defi-
ciencies of Hunter Lab developed in 1958, and unlike
Hunter Lab indicated in L, a, and b, it is indicated in L,
a’, and b" that include asterisk (Lee and Nam, 2022a). In
this study, the leaf color analysis of V. pusanensis using
CIELAB showed different results by shading level (Table
2). CIELAB L°, which is the color space coordinate repre-
senting lightness, was highest at 46.90 under the 0% shad-
ing level. Meanwhile, CIELAB " that represents green-red
opponent colors showed the same significance level under
the 35-60% shading levels. CIELAB b that represents
blue-yellow opponent colors was highest at 24.64 under
the 0% shading level. »* tended to be relatively high in
the treatment where growth parameters such as shoot height,

shoot width, fresh weight, and dry weight were low. The
results of previous studies showed some similarities with
this study, proving that the growth rates of Orostachys
Jjaponica and O. boehmeri (Lee et al., 2022c), and Delo-
sperma cooperi (Lee et al., 2022d) had a negative correla-
tion with »". Meanwhile, L* and 5" showed a positive corre-
lation with each other (Kim et al., 2022; Lee et al., 2022c;
2022d). Similarly, this study also showed that L" and 5"
increased together under the 0% shading level, implying
that it would be possible to use L' and 4" as stress indicators
for the leaf color of some plants including V. pusanensis.
Royal Horticultural Society (RHS) values were 146B and
147B under the 0% shading level, showing that the color
was relatively closer to yellow. On the other hand, the val-
ues were 137A and N137D under the 35-60% shading lev-
els, showing that the leaf color was relatively green.
As a result, assuming that increased plant sizes and dark
green leaf color contribute positively to the purchasing
power of consumers when supplying V. pusanensis as an
ornamental flower crop, it is recommended to grow V. pu-
sanensis under the 35% shading level in order to sig-
nificantly increase plant sizes and maintain dark green leaf

color.

Analysis of chlorophyll content and fluorescence

Chlorophyll content (SPAD units) was highest in the or-
der of 35 to 45% shading levels at 50.94 and 50.55, re-

Table 2. Leaf color reading values of CIELAB values (", &, &), RHS values, and converted color of Veronica pusanensis

as affected by shading levels for 5 weeks

Shading CIELAB values ; Converted color’
levels (%) % a b RHS values (color chip)
0 46.90 a* -1049c¢ 24.64 a 146B, 147B I
35 3891 ¢ -851a 16.98 ¢ 137A, N137D I
45 39.73 ¢ -839a 1721 ¢ 137A, N137D I
60 38.89 ¢ -835a 1743 ¢ 137A, N137D I
75 41.74b 9.11b 21.89b 146A, 148A I
99 42.85b -9.52b 21.02b 146A, 148A I

“Royal Horticultural Society (RHS) colour charts edition V values.
YColors converted using CIELAB L', a", and b* values.

*Means separation within columns by Duncan’s multiple range test at p <.05.

Wik gignificant at p <.001.
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spectively, showing the same results as shoot width and
ground cover (Fig. 5A). This is consistent with the results
of previous studies that, when growing Hylotelephium tele-
phium (Nam et al., 2022), Hoya carnosa and Spathiphyllum
wallisii (Lee et al., 2021a), and S. zokuriense (Lee et al.,
2021b) grown under conditions of optimal shading levels
and light intensity, an increase in chlorophyll content was
observed concomitant with high shoot width. Meanwhile,
V. rotunda var. subintegra showed relatively higher chlor-
ophyll content under the 55-75% shading levels compared
to the 0% shading level (Kwon et al., 2020). In summary
of the results above, some plants including V. pusanensis
seem to have homeostasis to maintain a constant total
amount of carbon dioxide assimilation by maximizing plant
sizes and chlorophyll density under low light intensity.
F./Fn, which represents maximum quantum yield of photo-
system II (PSII), was highest at 0.85 under the 35% shading
level, and lowest at 0.81 under the 99% shading level (Fig.
5B). F\/Fi, which is a parameter that represents a maximum

quantum yield of PSII, is known to range from 0.78 to

0.84 in higher plants species that are not stressed (Bjérkman
and Demmig, 1987; Butler and Kitajima, 1975; Genty et
al., 1989; Govindjee, 1995; Govindjee, 2004; Paillotin,
1976; Yoo et al.,, 2012). F,/F, was slightly higher than
the normal range under the 35% shading level, whereas
it was within the normal range in other treatments. In par-
ticular, the maximum quantum yield was significantly low
under the 99% shading level where the light intensity was
extremely low, but it did not have a negative effect so
much as to significantly deteriorate the function of the re-
action center of PSII. As a result, plant sizes or biomass
of V. pusanensis was relatively low under the 99% shading
level, but shade tolerance was excellent, and growth rates
are expected to be quickly recovered by moving the plant
to an environment with high light intensity. @p, that repre-
sents the probability that the absorbed photon will be dis-
sipated was highest at 0.18 under the 99% shading level
(Fig. 5C). ABS/RC that represents absorption flux per re-
action center was highest at 1.99 under the 99% shading
level (Fig. 5D). ABS/RC, one of chlorophyll fluorescence
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parameters, represents the state of the reaction center that
is inactivated as the number of reaction centers in reduction
state increases in PSII (Spoustova et al., 2013). Meanwhile,
DI/RC that represents dissipated energy flux per reaction
center was highest at 0.38 under the 99% shading level,
indicating that the energy use efficiency has decreased (Fig.
SE). Plags is a performance index with an absorption basis
(Srivastava et al., 1999). This index represents the degree
of photosynthetic activity and is a set of light energy ab-
sorbing capacity, electron transfer efficiency, and electron
fixation efficiency of PSII (Thach et al., 2007). Plsps rep-
resents the overall vitality of the photosynthetic appara-
tus (Strasser et al., 2000; Ziveak et al., 2008), and it is
used as an index that represents the soundness of plants
(Oukarroum et al., 2007). Plags was highest at 8.13 under
the 35% shading level (Fig. 5F). This result was consistent
with the results of chlorophyll content, shoot fresh weight,
and dry weight, indicating that higher Pl,gs leads to higher
chlorophyll density and more carbon dioxide assimilation.

In conclusion, as a result of comprehensively evaluating
the plant sizes, biomass, leaf color, and photosynthetic re-
sponses analysis of V. pusanensis affected by shading lev-
els, we discovered that shading levels significantly increase
the size of V. pusanensis and maintain dark green leaf
color. It is recommended to cultivate the plant under the
35% shading level to maintain the activity of PSII in the

optimal state.

Conclusion

Veronica pusanensis is an endemic species belonging
to the Plantaginaceae family and found in Busan, South
Korea. V. pusanensis has high ornamental value and can
be used as a flower crop, but it is currently an endangered
species with its habitats being destroyed and reduced.
Accordingly, this study analyzed the growth and photo-
synthetic responses of potted V. pusanensis according to
shading levels for mass production of V. pusanensis. We
selected polyethylene (PE) shading films as shading materi-
als and designed 6 shading levels such as 0, 35, 45, 60,
75, and 99%, respectively. The results showed that shoot
height, shoot width, ground cover, leaf length, leaf width,

shoot fresh weight and dry weight, chlorophyll content
(SPAD units), and chlorophyll fluorescence parameters
F\/Fn, Plags were highest under the 35% shading level,
indicating that it is relatively more desirable to grow V.
pusanensis in shade culture compared to under direct
sunlight. Meanwhile, root fresh weight and dry weight was
highest under the 0% shading level, indicating that it is
recommended to grow under direct sunlight to significantly
increase root biomass when the purpose is to facilitate root-
age when transplanting plants for habitat restoration. To
cultivate V. pusanensis as an ornamental flower crop, it
is recommended to grow under the 35% shading level to
significantly increase plant sizes and maintain ensure the
proper functioning of photosynthetic responses of photo-
system II (PSID).
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