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Abstract  This study aimed to characterize the morphological
variations in the vegetative and floral traits of 73 wild Li/ium
amabile plants from six habitats in Korea. It was observed
that L. amabile is distributed nationwide at any altitude from
300 m (Mt Mangdaeam) to 1550 m (Mt Halla). The majority
of the natural habitats of L. amabile were found on mountain
slopes, and some were found in rugged mountain regions.
The down-facing flowers of this species not only had many
blotches but also dense trichomes, and the flowering time
was found to be from mid-June to mid-July. ANOVA
revealed significant variations in vegetative and floral traits
among the six habitats, indicating that the environment has
substantial influences on the various growth parameters of L.
amabile, such as plant height; number of leaves, bracts,
papillae, and flowers; leaf angle; and lengths of the anther,
longest blotch, and nectary of the petiole. In addition, the
vegetative and floral traits were found closely correlated
with each other under the direct impact of the environment.
These findings will facilitate to find the appropriate environ-
mental conditions for the conservation and development of
L. amabile population as future lily-breeding materials.
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Introduction

Lilies are one of the important geophytes and these
floricultural crop plants are used for the production of cut
flowers, for pot plant purposes at home, park, garden,
landscape decoration, medicinal purposes, as food, cosmetic,
and also used for various ethnic rituals (Dhiman et al.
2018; Grassotti and Gimelli 2011). The genus Lilium
comprises nearly 110 species in 7 sections, and there are
more than 10,000 commercially important cultivars (Bakh-
shaie et al. 2016; De Jong 1974; Mathews 2007, Mc Rae
1998). With recent addition of former genus Nomocharis to
Lilium, now the genus Lilium includes about 125 species
(Gao and Gao 2016), and they are widely distributed
throughout the world, mainly in boreal and temperate
zones in the Northern Hemisphere, including the Himalayas,
Southeast Asia, Japan and China, the Caucasus, and North
America (Gao and Gao, 2016; McRae 1998). The east
coast of Asia, especially coastal regions of the southwest
and north china, is considered as the natural home of
almost 59 species of wild lily and is believed to be the
center of wild lily diversity (De Jong 1974).

Korea is another major center of wild lily diversity, due
to diverse climatic conditions that support Lilium prosperity
(Lucidos et al. 2013). Wilson (1925) first reported the
distribution of different lily species in Korea. However,
the distribution of wild lily species in Korea had not been
studied further until Lighty (1969) reported 11 lily species
in South Korea. Among 11 wild lily species, seven species
were classified into Sinomartagon section, one species into
Daurolirion section, and three species into Martagon
section (Kim 2008; Lee 2003). Seven species belonging to
the Sinomartagon section include L. amabile, L. callosum, L.
cernuum, L. concolor, L. lancifolium, and L. leichtlini var
maximowizii. However, there are only few studies conducted
for morphological characteristics, habitat ecology, and en-
vironmental impacts on wild lilies, including L. amabile,
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Table 1 Climate characteristics of the sites of L. amabile collection

1D Habitat locality

Mean annual rainfall

Mean temperature Mean relative

(mm) °O) humidity (%)
MP Mt. Moonphilbong, Danyang-gun, Gangwon-Do 1900 9.1 73.0
Gl Mt. Gongjak, Hongcheon-gun, Gangwon-Do 1405 10.3 69.5
HL Mt. Halla, JeJu-Do 4670 6.55 80.0
MB Mt Maebong, Hongcheon, Gangwon-Do 1000 10.5 71.0
MD* Mt Mangdaeam, Inje-gun, Gangwon-Do 1210 10.1 69.6
KB Mt Kkotbong, Yanggu-gun, Gangwon-Do 1000 10.5 71.0

MP, Moonphilbong; GJ, Gongjak; HL, Halla, MB, Maebong; MD, Mangdaem; KB, Kkotbong.
*The climate characteristics of MD were retrieved from Wikipedia (https://en.wikipedia.org/wiki/Inje County#Climate)

in Korea, and rather most previous studies were carried
out to identify wild lily species and habitats.

L. amabile is a flowering bulbous perennial wild lily
(Kim and Lee, 1990b) and distributed from the southernmost
island Jeju (33°N 126°E) to the easternmost island Uleung,
Korea (37°N 137°E) (Synge 1980; Wilson 1925). Also, it
is distributed in Liaoning province (Haw 1986) and the
Manchuria, China (Chung 1965). Although flower and leaf
morphology of L. amabile were reported previously (Jeong
1991; Kim and Lee 1990a; Lee 1980; Song et al. 1989),
these studies provided only general information (Wilson
1925) and lacked any information about phenotypic variations
among different habitats. L. amabile plants can be found
both sunny and shade areas with sufficient water supply
or drought-prone environment (Chung et al. 2015; Jeong
1991). On the other hand, genetic studies of L. amabile
were carried out recently, revealing karyotype and B
chromosome variation, cytological variations, and long
terminal repeat (LTR) retro transposon diversities among
diploid and B-chromosome aneuploidy has been already
analyzed in the previous studies (Lee et al. 2019; Nguyen
et al. 2019).

The present study was undertaken (1) to determine the
difference between the vegetative and flower traits under
a given environment that directly impacts the appearance
of L. amabile and to unravel (2) correlation between them
—thereby understanding the phenotypic plasticity and the
habitat’s geographical features of L. amabile—searching
for the appropriate environmental type for the conservation
and development of the L. amabile population.

Materials and Methods

Population survey and sample collection

The distribution sites of Lilium amabile Palibian in

Korea were surveyed to investigate geo-ecological features
and its diversities, and variation for different vegetative
and floral traits. Six populations representing six different
eco-geographical regions/mountains in South Korea were
used for the evaluation of the traits. To examine environ-
mental conditions, climatic components of natural habitats
were collected using data loggers (Table 1). The populations
were consisting of 73 individuals: 24 from mountain (Mt)
Moonphilbong, 14 from Mt Gongjak, 6 from Mt Halla, 7
from Mt Maebong, 17 from Mt Mangdaeam, and 6 from
Mt Kkotbong (Fig. 1, Table 2). Population habitats were
denoted as MP for Mt Moonphilbong, GJ for Mt Gongjak,
HL for Mt Halla, MB for Mt Maebong, MD for Mt
Mangdaeam, and KB for Kkotbong, respectively (Table 1).
The vegetative traits and the floral traits of the indicated
number of individuals from each population were examined
on the habitats and those individuals were collected for the
further study.

Location of natural habitats

The geographical data of the six natural habitats, including
latitude, longitude, and altitude, were recorded using the
portable GPS (Garmin Colorado 300, Garmin, Kansas, TX,
USA) navigator device. Their relative locations, directions,
and angles of the mountain slopes were recorded by using
Google maps.

Analysis of phenotypic characteristics

Twenty-five quantitative traits, 11 vegetative and 14
floral traits, were examined for 73 individuals from the six
populations for three years, 2018-2020. Eleven vegetative
growth characteristics include plant height (PHT), number
of leaves (NOL), leaf length at middle (LLM), leaf width
at middle (LWM), leaf length at top (LLT), leaf width at
top (LWT), leaf length at bottom (LLB), leaf width at
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Table 2 Geographical and environmental features of the L. amabile habitats in Korea

D Popu'lati Ezngt)j(rii:(f Longitude  Latitude  Altitude FloYvering Habitat environment
on size . (°E) (°N) (m) time
lines

Mountain roadside with herbs and woody plants
(trees with the main stem throughout the plant, ~2—

MP 300 24 37.05 128.49 400 20-Jun 3 m high). Loam soil, 10% humidity, sunny weather
with open sky.

Gl <100 13 37.45 128.01 400-750 22-Jun Mf)untain roac?si'de shaded by big trees. Dry sandy
soil, 5% humidity.
Very small population; shaded by azaleas, bamboos,
and grasses. The soil of Mt.Halla is mostly com-
posed of volcanic ash, volcanic sand, and lapilli

HL <20 6 332 126.32 145071350 H-Jul (well-drained humus-enriched soil) and is not the
best for farming; 35% humidity. Upper part receives
full sun.
Mountain roadside with herbs and woody plants
(trees with the main stem throughout the plant, ~2-

MB 100 7 3781 127.81 400-600 16-Jun 3 m high). Sandy soil, 10% humidity. Sunny weather
with open sky.
Flat hills co-inhabited with herbs and shrubs (any

MD 200 17 38.05 128.5 300400 22-Jun woody plant < 2.5 m high). Sandy loam. Sunny
weather with open sky; receives full sun.
Mountain roadside with herbs and woody plants

KB 100 6 38.12 127.51 339450 18-Jun (trees with the main stem throughout the plant, ~3—
4 m). Sandy soil; sunny with open sky.

16-June-
Total 73 11-July

MP, Moonphilbong; GJ, Gongjak; HL, Halla; MB, Maebong; MD, Mangdaeam; KB, Kkotbong Mountain.

bottom (LWB), angle the leaf (AOL) from stem, stem
diameter (STD), and number of bract (NOB) per plant.
Fourteen floral traits were examined for number of flower

China Main mountain range

‘Barkdudaigan'

Mit. Kkotbong
Mt. Mangdaeam
Mt. Gongjak

Q o
A Mt Moonphilbong

Mt. Halla

_;?. Japan ¢

¢

Fig. 1 Locations of the six L. amabile habitats surveyed in
Korea (Blue triangles). The solid blue line represents the main
mountain range ‘“Baekdudaegan” in the Korean peninsula, and
the dotted line represents the mountain range “Nakdongjeongmaek.”

(NOF) per stem, length of outer tepal (LOT), width of
outer tepal (WOT), length of inner tepal (LIT), width of
inner tepal (WIT), blotch number in inner tepal (BNIT),
length of longest blotch (LOLB), length of filament
(LOF), length of anther (LOA), length of style (LOS),
length of ovary (LOO), length of nectary of petiole
(NOP), number of papillae (NP), and diameter of flower
(DOF).

Data analysis

The data of twenty five morphological traits were subjected
to various statistical analyses; descriptive analysis, analysis
of variance (ANOVA), Pearson correlations among and
between the traits, and principal coordinate analysis
(PCoA). To test differences in each trait among six L.
amiable populations, we applied one-way ANOVA followed
by least significant difference (LSD) post hoc analyses
using SPSS v.20. To analyze genotypic composition and
environmental influence on the phenotype, the mean
values were used to calculate genetic parameters such as
the genotypic coefficient of variation (GCV), phenotypic
coefficient of variation (PCV), and coefficient of variation
(CV) based on Singh and Choudhary (1979). PCV and
GCV were estimated based on the estimation of genotypic
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and phenotypic variance and expressed in percentage according
to Burton and Devane (1953). Then, PCV and GCV were
classified to 0~10% (Low), 10 ~20% (Moderate), and >
20% (High) as suggested by Shivasubramanian and Menon
(1973).

Estimations of population subdivisions (QST) were
calculated according to QST=VAP/ (VAP+VBP) under the
report for a predominantly autogamous species (Badri et
al. 2015; Morgan et al. 2001; Spitze 1993), where VAP
is population variance component among them and VBP
within populations variance component. For each population,
broad-sense heritability (H?bs) of the traits was estimated
as the ratio of the genetic variance on the sum of genetic
variance and environmental variance estimated according
to Badri (2007) and categorized as 0~ 10% (Low), 10 ~20
(Moderate), and >20% (High). The genetic advance as percent
mean (GAM) was calculated as suggested by Johnson et
al. (1955) and categorized as 0~ 10% (Low), 10~20%
(Moderate), and >20% (High). The Pearson correlations
between measured traits were estimated using SPSS
software (SPSS Inc. Chicago, IL, USA) and used PCoA
imbedded in GENALEX 6.51b2 software (http://biology.
anu.edu.au/GenAlEx/). The clustering analysis of individual
plants was performed based on dissimilarity matrix using
Euclidean distances estimated on the mean lines' values
with the ward's method in XLSTAT version 2015.1
(Addinsoft Inc., New York, USA).

Results

Distribution, compositional features of the populations, and
the natural growth environment of L. amabile in South Korea

To investigate distribution, features of population, and
habitat environment of L. amabile in Korea, L. amabile
populations were surveyed in six mountains, Mt Moonphilbong,
Mt Gongjak, Mt Maebong, Mt Halla, and Mt Kkotbong
(Fig. 1). Among the surveyed mountains, Mt Mangdacam
is the lowest habitat with altitude of 300 m and Mt Halla
the highest with altitude of 1550 m. A large distribution
of L. amabile was observed at an altitude of 300 ~ 600 m,
in which population size was more than 100 individuals.
In case of Mt Halla habitat at an altitude of 1450 m~ 1550
m, population size was diminished to less than 20
individuals, and habitats are mixed with azalea, bamboo,
and grasses (Table 2). The soil of Mt Halla, mostly made
out of volcanic ash, volcanic sand, and lapilli (good drain
humus soil), is not suitable for farming due to low humidity
of 35%. From 400 to 750 m altitude of Mt Gongjak, less

than 100 individuals were scattered over the mountain
completely covered by big trees and grasses on the dried
sandy soil with 5% humidity. However, in an altitude of
300 to 450 m (Mt Moonphilbong, Mt Maebong, Mt
Mangdaeam, and Mt Kkotbong), populations were large
around 100 ~ 300 individuals. But the habitat of L. amablie
population in the mountainous areas was very different. At
rocky Mt Moonphilbong, habitats were full of herbaceous
plant and woody plant (a tree with a straight main stem,
about 2 ~3 m high) on loam soil with of 10% humidity.
Habitat in Mt Maebong was very sunny and consisting of
herbs and woody plants in sandy soil with 10% humidity.
Mt Mangdacam habitat is on flat sunny hills, and L.
amabile grows with herbs and shrubs (woody plants less
than 2.5 m high) on sandy loam soil (Table 2).

In this study, the peak of blooming of the L. Amabile
in South Korea was between 16 June and 11 July (Table 2).
The earliest blooming was observed at Mt Maebong and
the latest at Mt Halla. Flowering time tended to be delayed
with elevation of latitude. At the peak of blooming, the
average temperature and humidity was between 18 ~23°C
and 80 ~ 82%.

Diversities and variation in vegetative traits among the
studied populations

Surveyed region was not large except for Mt Halla (Fig.
1), but significant variations in growth traits were detected
from different geo-graphical regions (Table 3). The plant
height (PHT) were ranged from 31.51 to 89.08 cm, the
tallest one recorded from Kkotbong populations and the
shortest one from Maebong populations. The highest number
of leaves were found from Kkotbong populations (i.e 70),
whereas the least number of leaves from Mangdacam
populations. Likewise, Kkotbong populations showed the
thickest stem diameter with the average of 5.22 mm while
the thinnest stem diameter was recorded from Mangdaeam
populations with the average of 3.19 mm. Halla and
Maebong populations showed high leaf density with 1.28
and 1.76 leaf per centimeter compared to the rest with
0.8 ~0.9. The leaf shape of L. amabile was a long and
narrow, and leaves at the middle of plants were the largest
in size, followed by those at bottom and top except for
Halla population, in which leaves at the bottom was the
largest leaf. Intriguingly, middle leaf size of Mt Gongjak
population exhibited significantly bigger than those in
upper and lower leaves (Table 3). The leaf angle (AOL)
ranged from 38.46 to 85.83°, and the largest leaf angle
was observed in Mt Halla and Mt Gongjak population,
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Table 3 ANOVA for 11 vegetative traits among the six L. amabile populations

1D PHT NOL LLM LWM LLT LWT LLB LWB AOL STD NOB
be b cd a b be b be c b be
MP 49.33£8.37  40.25£10.49  5.14£1.15 0.83+0.16  2.64+£1.10  0.68+0.18  4.22+1.31 0.74£0.17 3846+£7.36 3.46£044  2.46+1.53
b b a a a b ab ab a b c
GJ 52.10+8.12  40.62+10.52  8.31+1.46 0.96+0.14 4.85£1.66 0.80+0.21 5.58+1.74 0.80+0.18 81.23+9.24  3.47+0.75 1.08+0.28
cd a cd a ab a ab ab a b c
HL 41.00£6.60  52.50£11.59  3.87+0.68  0.80+0.11 3.77£0.52 1.11£0.08 5.13+0.53 0.95+0.08 85.83£1.86  3.55£0.97 1.33+0.52
d ab d b b c b c b b b
MB 31.5144.67 5557179  4.74+0.62 0.53+0.11 2.44+0.0.75 0.54+0.13 4.00+1.35 0.56+0.10 49.71£7.67  3.64+0.75 3.57+1.13
bed b be a b be ab abc b b b
MD 4216737 37591351 6.12£1.02  0.760.17  2.65£0.75 0.69+0.14 5.01£1.04  0.77£020  49.06£7.95 3.19+0.48  4.18+1.29
a a ab a ab b a a b a a
KB 89.08+10.83  70.00+21.71  7.10£1.18 0.97+0.19 3.47+1.06 0.74+0.21 6.22+0.72 0.99+0.16 57.17+6.49  5.22+0.85 6.50+1.87
CV (%) 104.82 79.32 86.87 55.99 103.95 70.11 53.34 51.59 155.58 54.83 197.63
LSD5% 13.12 13.36 1.47 0.16 1.16 0.18 1.19 0.17 17.96 0.67 1.67
PCV 33.84 36.54 30.67 23.64 44.45 29.78 29.34 25.61 47.05 23.06 69.99
GCV 29.69 21.07 24.32 15.19 28.12 19.00 13.33 13.40 44.38 14.89 55.31
Hy (%) 76.98 33.24 62.88 41.26 40.02 40.68 20.65 27.38 85.79 41.67 62.46
Qs 0.98 0.88 0.96 0.91 0.90 0.90 0.81 0.85 0.99 0.91 0.96
GAM 53.66 25.02 39.73 20.10 36.65 24.96 12.48 14.45 67.70 19.79 90.04

PHT, plant height; NOL, number of leaves; LLM, leaf length at the middle; LWM, leaf width at the middle; LLT, leaf length at the top; LWT,
leaf width at the top; LLB, leaf length at the bottom; LWB, leaf width at the bottom; AOL, angle of leaf; STD, stem diameter; and NOB, number

of bracts

The values shown are means + SD. Uppercase letters in trait data denote significant the differences based on the least significant difference post-hoc analysis

(LSD; P < 0.05) after one-way ANOVA.

and the smallest in Mt Moonphillbong.

The phenotypic coefficient of variation (PCV) was
greater than a genetic coefficient of variation (GCV) in all
studied traits, indicating that habitat environment had an
impact on all surveyed characteristics. However, the
difference between PCV and GCV showed different levels
of the influence of environmental factors on the traits. The
biggest difference between PCV and GCV is observed in
the LLT (44.45 vs 28.12), LLB (29.34 vs 13.33), NOL
(36.54 vs 21.07), and NOB (69.99 vs 55.31), indicating
that these traits are highly affected by geographical environ-
ment and that they can be improved under an appropriate
environmental conditions. Heritability (H%s %) of 11
growth traits were high as 20.65 ~ 85.79%, which can be
improved by the selective method. Characteristics of PHT,
LLM, LWM, LLT, LWT, AOL, STD, and NOB exhibited
high heritability and genetic advance. Thus, these eight
traits can be improved by growing conditions. On the
other hand, NOL, LLB, and LWB may be regulated by an
additive gene action.

Diversities and variations for floral traits among the studied
populations

To investigate variation in floral traits, fourteen floral
characteristics were examined for all individuals from six
populations. The average number of flowers ranged 1~ 3,
3 in Mt Kkotbong population and 1 in Mt Gongjak
population. The average length of outer tepal (LOT) was

recorded as the longest with 5.11 mm in Mt Gongjak
population and the shortest with 4.01 mm in Mt Kkotbong
population. Average length of inner tepal (LIT) was recorded
as the longest with 5.03 mm in Mt Gongjak population
and the shortest with 4.05 mm in Mt Kkotbong. The
blotch number in inner tepal (BNIT) ranged from 48.7 to
82.7, and most abundant on flowers in Mt Maebong and
Mt Moonphilbong population. The length of the longest
blotch (LOLB) ranged from 2.28 (Mt Halla) to 6.86 mm
(Mt Maebong). The length of filament (LOF) ranged from
2.99 to 3.61 cm, and the variation of the length of anther
(LOA) ranged from 1.19 to 3.10 cm. The length of style
(LOS) varied from 2.41 to 2.97 cm. Mt Halla population
exhibited the longest length of ovary (LOO) as 1.63 cm,
whereas Mt Mangdaeam population showed the shortest
LOO as 1.02. The length of nectary of petiole (NOP)
ranged from 1.63 to 3.13 cm, with the longest recorded
from Mt Halla population and the shortest from measured
for Mt Mangdaeam. In case of the number of papillae
(NP), the measured variation ranged from 3.00 to 19.43.
The highest NP was recorded from Mt Maebong population
and the lowest from Mt Halla. The flower diameter (DOF)
varied from 4.82 to 6.08 cm.

As per estimation demonstrated, all floral characteristics
showed significant variations among the habitats._ These
results showed that the flower characteristics in each
region have their own specific characteristics. L. amabile
in Mt Moonphilbong and Mt Maebong produced thick
flowers with numerous black dots on the petals. Also,
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Table 4 ANOVA for 14 floral traits among the six L. amabile populations

1D NOF LOT WOT LIT WIT BNIT LOLB LOF LOA LOS LOO NOP NP DOF
MP 142058 486075 140019 4636066 189030 7650:227 390224  338:043  129:028 274059 140051 187037 1346439 607109
G 115038 5112046 1360200 503047 167028 62602024 25924 350042 119023 203034 145:030 2166080 549200 572001
HL 183075 462025 145008 453029 180017 580052000 228055 303025 300008 374039 163008 313043 300479 482029
MB 20008 461062 136016 44E05 181019 8286:740 686H35 361041 138023 267029 126021 187028 1943556 SSH0E
MD L4071 413061 LIN014 414051 160020 48TIHI6T 38156 299:039 121027 2412060 102010 L6034 718564 497:082°
KB 30006 401063 135:018 405077 1794026 800762 SO8H36 305055 128010 243045 1226008 169036 183343 60807
CV (%) 11670 3168 3095 2728 2459 6871  119.09 2669 13791 4838 5532 7658 18638  33.33
LSD5%  0.66 0.60 0.17 0.54 023 1837 183 0.39 0.48 0.66 0.32 0.53 5.45 0.84
PCV 5055 1578 1503 1445 1557 3363 5670 1439 4301 2852 2013 3276  63.67  17.93
GCV 3148 822 8.09 6.92 560 1793 3134 672 3921 1170 1407 2072 5242 84l
2, (%) 3878  27.16 2899 2294 1336 2843  30.55  21.82 8313 1682 2335 3999  67.77  21.99
Qsr 0.90 0.85 0.85 0.82 0.74 0.85 0.86 0.81 0.98 0.78 0.82 0.90 0.96 0.82
GAM 4083 883 8.98 6.83 429 1969 3569 647 7365 988 1401 2699 8889 8.2

NOF-Number of flowers, LOT-Length of outer tepal, WOT-Width of outer tepal, LIT-Length of inner tepal, WIT-Width of inner tepal, BNIT-Blotch
number in inner tepal, LOLB-Length of longest blotch, LOF-Length of filament, LOA-Length of anther, LOS-Length of style, LOO-Length of ovary,
NOP-Length of nectary of petiole, NP-Number of papillac, DOF-Diameter of flower.

Values shown are means = SD. Uppercase letters in trait data denote significant differences based on least significant difference post hoc analysis

(LSD; P < 0.05) after oneway ANOVA

flowers of Mt Maebong population showed numerous
papillae on the inner tepal. Mt Mangdaeam population
showed the smallest indices of L. amabile in most floral
traits. In contrast, most indices were bigger in Mt Kkotbong
population. L. amabile in Mt Gongjak exhibited single
cotton and little papillac on the tepal. One of the most
intriguing findings among the surveyed populations was
that L. amabile population at Mt Halla exhibited exceptionally
long anther and the nectary of petiole (Table 4).

The phenotypic coefficient of variation (PCV) is greater
than a genotypic coefficient of variation (GCV) in all
studied floral traits. This showed the impact of environ-
mental factors on the surveyed characteristics. However,
the distance between PCV and GCV showed different
levels of the influence of environmental factors on the
traits. The biggest differences between PCV and GCV
were observed in NOF (50.55; 31.48), BNIT (33.63;
17.93), LOLB (56.70; 31.34), LOS (28.52; 14.07), and
LOO (29.13; 14.07), respectively. The heritability (H, %)
estimation of all 14 floral traits ranged from 13.36 to
83.13%. These traits possessed high heritability except for
WIT and LOS, which can be improved by the selective
method. NOF, LOLB, LOA, NOP, and NP traits have
possessed high heritability and high genetic advances.
However, LOT, WOT, LIT, and DOF traits have dem-
onstrated high heritability but low genetic advances. Thus,
in the studied traits, NOF, LOLB, LOA, NOP, NP can be
improved by growing condition. LOT, WOT, LIT, and
DOF traits may be regulated by an additive gene action.

Correlation among the vegetative and floral traits

Analysis of the Pearson correlations was conducted for
300 possible correlations among the measured ftraits,
resulting in 122 pairs of significant correlations among the
traits. Among them, 90 pairs showed very significant
correlations, in which 75 exhibited positive correlation
while 15 pairs showed negative correlations (Table 5).
Most correlations between the parameters of vegetative
(aerial) growth were positive, and also not most but many
pairs exhibited positive correlations among floral traits
(Table 5). The flower numbers (NOF) were positively
correlated with PHT, NOL, STD, NOB and NP. The LOT,
WOT, LIT, and WIT were positively correlated with most
of floral traits. The NP was negatively correlated with
LLT, LWT, LLB, and AOL, but it was positively correlated
with NOB, NOF, BNIT, LOLB, and DOF (Table 5).

Principal coordinates analysis (PCoA) resulted in three
principal coordinates, relevant to the morphological
variations. These three principal coordinates accounted for
52.16% of the total variations. The first and second
coordinates accounted for 21.21% and 19.66% of the total
variations, respectively (Fig. 2). PCoA analysis revealed a
significant separation between vegetative and floral traits
except for NOF, number of flower, which exhibited close
relationship with vegetative traits rather than floral traits
(Fig. 2). There were positive correlations among NOF,
PHT, NOL, STD, and NOB and among AOL, LLT, LWT,
LWB, LLB, and LWM (Fig. 2). Similarly most floral
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Table 5 Phenotypic

correlation coefficient among 25 quantitative traits in L. amabile palibian

PHT NOL LLM LWM LLT LWT LLB LWB AOL STD NOB NOF

LOT WOT LIT WIT BNIT LOLB LOF LOA LOS LOO NOP DOF NP

PHT 1

NOL |0.47%*% 1

LLM (0.47%% 0.05"™ 1

LWM |0.52%% 0.17" 0.45%% 1

LLT *0.09™ 0.63** 0.46%* 1

LWT S5%% 0.31%% 0.18 ™ 0.55%% 0.58%* 1

LLB [0.44%* 0.16™ 0.62%* 0.36** 0.55%* 0.44** |

LWB [0.51%* 0.23* 0.26% 0.61** 0.43%* 0.71%* 0.52** 1

AOL | 0.10™ 0.14™ 0.37%% 0.26* 0.54%% 0.45%% 0.33** 0.27* 1

STD |0.61%* 0.74** 0.16™ 0.29* 0.13™ 0.27* 0.14® 0.25* 0.11" 1

NOB [0.31%* 0.46** 0.07™ -0.10™ -0.11™ 0.05™ 0.18® 0.11" -0.29* 0.41** 1

NOF |0.41%* 0.74%* -0.08"™ 0.12" -0.04™ 0.25* 0.10® 0.26* 0.00™ 0.59%* 0.52%* 1

LOT [0.07™ -0.12" 0.20™ 0.19" 0.32%* 0.18" 0.07" 0.06™ 0.17% -0.06™ -0.44%* -0.25+*

WOT [ 0.13™ 0.04™ -0.17" 0.09™ 0.06™ 0.20™ -0.12 0.08"™ -0.05™ 0.14™ -0.32%* 0.03™

LIT ]0.01™ -0.15™ 0.20™ 0.13™ 0.33** 0.09 0.03® 0.01™ 0.24*% -0.04™ -0.47** -0.22"

WIT | 0.14™ 0.00™ -0.14™ 0.04™ -0.06™ 0.04™ -0.19® 0.01™ -0.13™ 0.10™ -0.12" 0.07"

BNIT | 0.09" 0.11™ -0.02™ 0.04™ 0.09"™ 0.04™ -0.02" 0.07™ -0.20" 0.26* 0.02" 0.14™

LOLB [ 0.04™ 0.17% -0.13" -0.32%% -0.29%* -0.31** -0.18™ -0.23™ -0.24* 0.19™ 0.30%* 0.25%

LOF [-0.02" -0.04™ 0.10™ 0.04™ 0.06™ -0.10™ -0.05™ -0.04" 0.20™ 0.07" -0.33** -0.12™

LOA [-0.08"™ 0.22™ -0.31%* -0.03"™ 0.13™ 0.50%* 0.04™ 0.28% 0.41** 0.05" -0.23" 0.12"

LOS [0.10™ 0.09™ -0.06™ 0.12% 0.35%* 0.43** 0.17° 0.32** 0.33™ -0.03™ -0.29* -0.02™

LOO | 0.00® 0.00™ -0.10™ 0.12" 020" 0.14® 0.07° 0.03™ 0.24% -0.01" -0.33** -0.08"

NOP |-0.10® -0.02" -0.16™ -0.10" 0.09" 0.25% -0.17" 0.08" -0.38** -0.15" -0.42%* -0.06"

DOF | 0.26*

0.22™

0.17* 0.08" 0.16™ 0.18" 0.09" 0.07° 0.15 -0.17" 0.27* 0.19" 0.20™

NP 0.28* -0.19™ -0.20™ -0.34%* -0.33** -0.30** -0.17" -0.55** 0.30*% 0.32** 0.32%=

1

0.61%* 1

0.88%* 0.51%% 1

0.50%* 0.76%* 0.42*= 1

0.39%* 0.52%* 0.36%* 0.49*%* 1

0.01™ 0.07" 0.01™ 0.18™ 0.41%* 1

0.69%* 0.49%* 0.68%* 0.44** 0.38** 0.10™ 1

0.19™ 0.30** 0.16™ 021" 0.05™ -0.15™ -0.04™ 1

0.47%% 0.42%* 0.40%* 0.37** 0.22" -0.04™ 0.21™ 0.48** 1

0.32%*% 0.25% 0.30* -0.04™ 0.14™ -0.14™ 0.09 0.25% -0.10™ 1

0.33%*% 020" 0.30% 0.17" -0.12" -0.17% 0.14™ 0.55%% 0.45%* 0.15" 1

0.34%*% 0.25% 0.30*% 0.23% 0.53*¢ 0.18" 0.21™ -0.13™ 0.04™ 0.19" -0.12* 1
-0.10™ 0.14™ -0.19™ 0.24% 0.44** 0.47%* 0.06™ -0.23" -0.22"™ -0.13™ -0.24* 0.31%* 1

PHT, plant height; NOL, number of leaves; LLM , leaf length at the middle; LWM, leaf width at the middle; LLT, leaf length at the top; LWT,
leaf width at the top; LLB, leaf length at the bottom; LWB, leaf width at the bottom; AOL, angle of leaf; STD, stem diameter; NOB, number of
bracts; NOF, number of flowers; LOT, length of the outer tepal; WOT, width of the outer tepal; LIT, length of the inner tepal; WIT, width of the
inner tepal; BNIT, blotch number in the inner tepal; LOLB, length of the longest blotch; LOF, length of filament; LOA, length of anther; LOS, length
of style; LOO, length of ovary; NOP, length of the nectary of petiole; NP, number of papillae; DOF, diameter of flower.

*P = 0.05, significant; **P = 0.01, highly significant; ns: not significant.

traits except for NOF exhibited close relationships. Among
floral traits, there were close relationships among LIT,
LOT, LOS, LOA, LOO, NOP, LOF, WOT, and WIT, and
among BNIT, DOF, LOLB, and NP (Fig. 2).

Genetic diversity among the individuals within the sampled
populations

Based on the characteristics of 25 morphological traits,
a tree-shaped diagram was generated to show genetic
relationships among L. amabile individuals from the six
habitats (Fig. 1). The hierarchical cluster analysis was
performed to examine the aggregation patterns of 73 lines

Principal Coordinates (PCoA)

C ur WBy g
AOL \ LLB ~

*LWT

A
wm

*um

Coord. 2 {19.66%)

Coord. 1 (21.21%)

Fig. 2 PCoA analysis based on 25 morphological traits. Red and
black rhombi depict vegetative and floral traits, respectively
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Fig. 3 Dendrogram based on the morphological relationships among the L. amabile individuals from six different habitats in Korea

of L. amabile, resulting in three groups (Fig. 3). The
subclasses were classified based on morphology. The
group 1 was consisting of 23 lines including each 3 from
Moonphilbong and Gongjak, 16 from Mangdaeam, and 1
line from Kkotbong. This groups included those individuals
with the smallest average of the traits. The group 2 was
comprised of 41 lines, 21 from Moonphilbong, 4 from
Gongjak, 6 from Halla, 7 from Maebong, 1 from Mangdaeam
and 2 from Kkotbong. The second group is the group with
the average of small vegetative traits but the largest floral
traits. The group 3 consisted of 9 lines including 6 lines
from Gongjak and 3 from Kkotbong. This group was
characterized with a group with higher average in vegetative
and floral traits. Taken together, the cluster analysis
revealed that the individuals in the same group are closely
related to each other in morphological characteristics.

Discussion

Lilium, as one of the major genus of geophytes, is
grown worldwide for diverse ornamental purposes. This
genus possesses a great diversity in many horticultural
traits which is manifested in flower color, shape, size,
fragrance, disease resistance, and many physiological
characteristics (Dhiman et al. 2015). Lilium has comprised
seven sections, among which three sections, Archelirion,
Leucolirion, and Sinomartagon, are considered as the
major economic groups likely due to the availability of the
wide genetic diversities and various morphological charac-
teristics. Wild lily species differ in crossability more or
less, but the wild species (2n=2x=24) produces fertile
hybrids within each sections (McRae 1998; Van Tuyl et

al. 2011). L. amabile, one of the endemic wild lily species
in Korea, belongs to the section of Sinomartagon, and it
could provide not only a key for understanding evolu-
tionary pass of Korean wild lilies but also an important
material for the new novel breeding of the Lilium.
However, many endemic species are getting threatened by
global climate change as well as habitat destruction by
human. Therefore, the understanding of endemic species,
including the levels and forms of genetic variations, would
be crucial for the successful protection, and utilization of
rare and endangered species (Dhiman et al. 2018).

In this study, it was examined whether eco-geographical
difference in the Korean Peninsula could result in
correlated variations in morphological characteristics of L.
amabile. The difference in the habitat environment caused
significant morphological changes of L. amabile in both
vegetative and floral traits, and some degree of distinctive
regional characteristics was observed in some populations.
L. amabile in the Mt Moonphilbong grows on steep hills
with grasses and small trees, and it has small leaf angle
(38.46°) and small leaf size that likely help to reduce
direct exposure to sunlight and water loss in arid climates
(Fig. 4A). L. amabile plants from Mt Halla habitat with
grasses, azaleas (shrub) and bamboos showed a tendency
to grow tilting towards sunlight. Their leaf blade spreads
nearly perpendicular to the stem and the top leaf size is
long and wide to receive maximum sunlight (Fig. 4B). In
Mt Gongjak, L. amabile grows under the shade of big
trees, resulting in a large leaf angle with tall stems and
long and thin leaves likely to receive the maximum
amount of sunlight (Fig. 4C). In the Kkotbong region, L.
amabile populations showed a large variation in vegetative
growth traits compared to other populations. Among floral
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Fig. 4 Leaf morphological variations of L. amabile among
different geographical regions of Korea. A. Normal type (Mt
Moonphilbong, Mt Mangdaeam, Mt Maebong, and Mt Kkotbong),
B. Short-straight-leaf perpendicular to the stem (Mt Halla), C.
Long curved leaf with a wide leaf angle (Mt Gongjak).

Fig. 5 Variations in L. amabile flower color and blotch among
different habitats in Korea. The flowers showed distinctive regional
characteristics. Flowers with A) orange-red color and small blotches
from Mt Halla and Mt Mangdaeam; B) orange-red color and
large blotches from Mt Moonphilbong, Mt Maebong, and Mt
Kkotbong; and C) orange color with small blotches from Mt
Gongjak.

traits of Mt Halla population, the length of anther, style,
ovary, nectary of petiole is longer than those in other
populations (Fig. 5A, Table 4). Population from Mt
Gongjak exhibited a large leaf angle, long and thin leaves,
and few bracts (Fig. 4C, table 3). Plants in Mt Moonphilbong
was medium in height among six populations, but flower
has large diameter, many blotches on the tepal, and vivid
color (Fig. 5B, Table 3, 4). In Mt Maebong, L. amabile
showed characteristics of arid area plants by small thick
leaves and many big blotches in tepal (Fig. 4A Fig. 5B,
Table 3 ~4).

Taken together, our results showed that habitat has
strong effects on the morphological characteristics of L.
amabile (Table 3 ~4), indicating the geographical characteristics
of habitat contribute differently to ecological diversification
most likely due to different environment. This may explains
why PCV was higher than GCV in all surveyed traits
(Table 3 ~4), which implies that L. amabile may be
sensitive to environment changes and adapted to such
environment. Similar to morphological changes observed
in L. amabile, another Korean wild lily, L. tsingtauense,
showed morphological changes in response to habitat
environment. It developed verticillate leaves at the upper
parts of plants, which could be another form of ecological

adaptation to receive maximum sunlight because its habitats
were under the shade of trees and shrubs (Lim 2013) as
seen at some of L. amabile habitats. The geographical
variation in morphology reveals phenotypic modifications
to habitat environment and evolutionary pattern of plant
species, and such morphological changes specify the local
regional deviations (Du et al. 2014; Ellison et al. 2004).
Also, the patterns of species distribution in different zones
could be a consequence by various interacting factors, such
as geographical features, competition and dynamic of
regional species, regional soil conditions, and environmental
variables (Criddle et al. 2003; Eriksson. 1996). Most of
the lilies thriving in South Korea are colored, and those
presenting varied flower colors and shapes receive the
greatest ornamental and commercial value. The flowers of
L. amabile have a turk’s-cap shape. The distinctive charac-
teristic of L. amabile is the presence of white, stiff hairs
covering the entire plant.

Conclusion

This study showed that morphological traits are useful
tools for finding variation within and among populations
of L. amabile. Our results suggest that the evolutionary
trend of vegetative and floral traits could be related to the
selective pressure to better adaptation to the given environ-
mental conditions, especially extreme environment conditions.
Intriguingly, it was observed that significant morphological
variations in L. amabile occurred in relatively small
region, suggesting that L. amabile may be a fast adapting
species to local climates as seen many invasive plant
species. Further population and genetic studies would give
more insights of L. amabile morphological variations in a
broad area with significant environmental changes.
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