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Abstract: Owing to the wide variation in their morphological characteristics across diverse geogra-
phies, the identification and classification of plants in the Nymphaea genus are challenging. Therefore,
the present study investigated the pollen morphological characteristics of hardy water lilies (N. ‘Rose
Arey’, N. ‘Perry’s Fire Opal’, and N. ‘Peter Slocum’), their relationship with species classification
and system evolution, and their cross-compatibility with three strains of Nymphaea hybrid (NH-1,
NH-2, and NH-3), a tropical waterlily. Pollen of the hardy water lilies was single-grained, oblate, and
18.31-20.47 x 32.51-37.64 um. The pollen apertures were of the ring-groove type, and the pollen
exine ornamentation was rod- and tumour-shaped. Pollen grains of different species differed in size,
the obviousness of tumour ornamentation, and the size and density of rod-like ornamentation; their
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germination rates also differed significantly. Viabilities of N. ‘Rose Arey” and N. ‘Peter Slocum’ pollen
were the highest and lowest, respectively. According to the artificial pollination results, all hybrid
combinations except three (NH-1 x N. ‘Peter Slocum’, NH-2 x N. ‘Peter Slocum’, and NH-3 x N.
‘Peter Slocum’) bore seeds; combinations with NH-2 as the female parent and N. ‘Rose Arey’ as the
male parent had the highest seed-setting rates.

Keywords: pollen morphology; pollen vitality; cross breeding; seed-setting rate; hybridization compatibility

1. Introduction

The water lily is a perennial aquatic plant of the genus Nymphaea in the family
Nymphaeaceae; it has an early evolutionary origin and represents a rich plant resource.

There are more than 50 species of water lilies in the world, mainly distributed in tropical,
subtropical, and temperate regions [1]. The water lily is an indispensable and impor-
tant material in designing garden waterscapes. Furthermore, it contains important active
ingredients that can be used in food and beverages [2] and possesses antibacterial [3], anti-
anxiety [4], and anti-hepatotoxicity [5] activities. Thus, this plant is widely used in the fields
of horticulture, ornamental botany, food science, and medicine. Although plants from the
genus Nymphaea have been cultivated and researched both domestically and abroad, there
are still some disagreements pertaining to their classification, phylogenetic relationship,
and the systematic evolution of some species. At present, plants from the genus Nymphaea
are mainly identified according to the morphology of external parts, such as stems, leaves,
flowers, and seeds, given that these are easy to observe. These plants can be divided into
five subgenera: Nymphaea (northern temperatures), Brachyceras (pantropical), Anecphya
(Australia), Hydrocallis (neotropics), and Lotos (palaeotropics) [6]. According to its demand
Attribution (CC BY) license (https://  for survival temperature, the water lily can also be divided into two ecological types: the
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However, some studies have found that, with changes in climate and environment, the size
of the leaves and flowers and some qualitative characteristics of the flowers of water lilies
will gradually change [7,8], and the morphological characteristics of water lilies in different
distribution areas will also vary greatly. Therefore, the identification and classification of
plants from this genus are difficult.

Pollen is a unique plant organ. After long-term evolution, it often forms a specific
morphology, including with regards to features such as size, shape, aperture type, and exine
ornamentation. The morphological characteristics of pollen are relatively stable and easy to
observe; thus, pollen can provide evidence regarding the systematic classification, origin,
and evolution of species [9,10], which is also an important basis for exploring the evolution
of various species and varieties [11,12]. In the discussion regarding the pollen of primitive
angiosperms, many researchers believe that the pollen characteristics of water lily play an
important role in the evolutionary history of several plants [13-15]; this is an important part
of the phylogenetic analysis of angiosperms and seed plants [16-19]. However, the current
research on plants from the genus Nymphaea has mainly focused on their reproductive
biology [20,21], physiology, biochemistry [22], and functional activity [23]. Although many
researchers have studied the pollen morphology of water lilies [21,24-26], most of them
have focused on tropical water lily species, and there are only a few studies on the pollen
morphology of hardy water lilies.

N. ‘Rose Arey’, N. ‘Perry’s Fire Opal’, and N. ‘Peter Slocum’ are three hardy water
lily varieties from the genus Nymphaea; they are important for the breeding of hardy
water lilies. Nymphaea hybrid is a precious tropical water lily with large and colourful
flowers and a rich aroma, especially the rare blue strain of the genus Nymphaea. It has a
very high ornamental value and is an important breeding material for water lilies [27].
Additionally, it has important practical value in the fields of medicine, industry, food, and
cosmetics [28]. However, N. hybrid plants cannot survive winter naturally in northern China,
which has become the main limiting factor affecting their introduction and cultivation in
temperate regions.

Therefore, to the best of our knowledge, this study, for the first time, examined the
pollen morphology, including the exine ultrastructure, of these three hardy water lilies,
using scanning electron microscopy (SEM), and the viability of their pollen was measured
using an in vitro germination experiment. Using these three hardy water lilies as the male
parents and three widely used N. hybrid strains with different colours as the female parents,
a crossbreeding experiment was performed, and the hybrid compatibility between N. hybrid
and hardy water lilies was preliminarily explored. This study provides palynological
evidence for the taxonomy of Nymphaea plants and serves as a basis for the crossbreeding of
water lilies, innovation of germplasm resources, and the identification of different varieties
of Nymphaea plants.

2. Materials and Methods
2.1. Plant Materials

From July to September 2019, pollen viability measurements and pollen microstructure
observations of hardy water lilies were performed in the laboratory of the Nanjing Forestry
University (118°82’ E, 32°08' N), Nanjing, Jiangsu Province, China. The crossbreeding
experiment was performed in the Hangzhou Longmen ancient town scenic area (29°54' N,
119°56’ E), Hangzhou, Zhejiang Province, China.

The aim of the crossbreeding experiment was to cultivate new varieties of water lily
with a long flowering period; large, fragrant, and colourful flowers; and cold-resistant
seeds. Based on the previous literature review and investigation, three widely known
different coloured strains of N. hybrid, a precious tropical water lily: NH-1 (yellow type),
NH-2 (pink type), and NH-3 (blue—purple type), were used as female parents, and three
widely used hardy water lily varieties: N. ‘Rose Arey’, N. ‘Perry’s Fire Opal’, and N. ‘Peter
Slocum’ were used as male parents (Figure 1, Table 1).
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Figure 1. Morphology of the inflorescence of three hardy water lily varieties. (a) N. ‘Rose Arey’; (b) N.
‘Perry’s Fire Opal’; (c) N. ‘Peter Slocum’.

Table 1. Materials used for the crossbreeding experiment.

Parent Type Variety/Strain Flower Colour Petal Type Plant Type
NH-1 Yellow Double petals
Female parent NH-2 Pink Double petals Medium and large plant type
NH-3 Blue—purple Double petals
N. ‘Peter Slocum’ Pale pink Double petals Large plant type
Male parent N. ‘Rose Arey’ Dark pink Double petals Medium and large plant type
N. ‘Perry’s Fire Opal’ Dark pink Double petals Medium and large plant type

2.2. Observation of the Microstructures of Hardy Water Lily Pollen Grains

At the full bloom stage, the flowers predicted to open the following day (i.e., when
the buds were slightly loose) were selected for marking. Pollen grains from three hardy
water lilies were sampled at approximately 10:00 a.m. on the 2nd day of floral anthesis.
The pollen grains were double fixed with 2.5% glutaraldehyde and 1% osmic acid; washed
with 0.1 mol/L phosphoric acid buffer (pH 7.2); dehydrated with ethanol gradients of
30%, 50%, 70%, 90%, and 100%; replaced with isoamyl acetate; and dried at the critical
point. The dried sections were mounted on stubs, coated with gold using an ion-sputtering
apparatus, and then observed under a Quanta 200 scanning electron microscope (FEI
Company, Netherlands) [29]. A representative field of vision was selected to observe and
photograph the morphology of the pollen population, and the far-polar view, near-polar
view, equatorial view, and exine ornamentation of the pollen specimens. The pictures were
imported into AutoCAD v17.0 (Autodesk, Inc., San Rafael, CA, USA); 20 pollen grains of
each variety were randomly selected for the measurement of the length of the polar axis (P)
and equatorial axis (E), and the length and width of the pollen grooves. The shape of the
pollen grains was expressed by the ratio of P/E [30], and pollen size was expressed by the
formula P x E [31].

2.3. Cross Breeding Experiment
2.3.1. Collection, Storage, and Viability of Hardy Water Lily Pollen Grains

At the full bloom stage in July 2019, the pollen of three hardy water lilies was collected,
dried with silica gel, and then sealed and stored in a refrigerator at —20 °C for later use.
Pollen viability was measured by an in vitro germination method, referring to previous
studies [32], and the corresponding changes were made through preliminary experiments.
The medium used was 5% sucrose, 15 mg/L boric acid, 20 mg/L calcium chloride, and 1%
agar, and the pollen grains were cultured in an incubator at 30 °C for 12 h; the germination
conditions of the pollen grains were observed under an Olympus BX51 optical microscope
(Tokyo, Japan). Each treatment was repeated three times, and each observation was
repeated in five fields; the number of pollen grains in each field was not less than 100.
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2.3.2. Artificial Pollination Experiment

Referring to the study on the artificial pollination technology of tropical water lilies
by Huang et al. [33], 1 day before the flowering of N. hybrid flower (i.e., when the buds
were slightly loose), the emasculation was carried out, and the flower bud was separated
using a sulfuric acid paper bag. On the 1st day of floral anthesis, the pollen of hardy water
lilies was collected for pollination, bagged, and listed. The seed-setting rate of each hybrid
combination was counted 4-5 weeks after pollination; the following formula was used:
Seed-setting rate/% = (total number of seed-setting flowers/total number of pollinated
flowers) x 100%.

2.4. Data Analysis

The values of various morphological parameters of the pollen grains and the percent-
age viability data were analysed by calculating the means and standard deviations and
one-way analysis of variance. The means were separated using Duncan’s multiple range
test at the 5% probability level using the SPSS statistical package (version 22.0; IBM Corp.,
Armonk, NY, USA).

3. Results
3.1. Pollen Characteristics of the Three Hardy Water Lily Varieties

The pollen of three hardy water lilies was oblate, single-grained, triangular in the polar
view, and oblong in the equatorial view (Figure 2). The pollen morphology, including the
exine ultrastructure of the three different hardy water lilies, showed no evident difference,
with a certain degree of conservation.

Figure 2. Microcosmic morphology of the pollen of three hardy water lilies. (a—e) N. ‘Rose Arey’.
(a) Pollen population. Scanning electron microscope (SEM), bar = 50 pm. (b) Equatorial view. SEM,
bar = 10 um. (c) Distal polar view. SEM, bar = 10 um. (d) Proximal polar view. SEM, bar = 10 pm.
(e) Surface ornamentation. SEM, bar = 5 um. (fj) N. ‘Perry’s Fire Opal’. (f) Pollen population. SEM,
bar = 50 um. (g) Equatorial view. SEM, bar = 20 um. (h) Distal polar view. SEM, bar = 10 pm.
(i) Proximal polar view. SEM, bar = 10 pm. (j) Surface ornamentation. SEM, bar = 5 um. (k-o0) N.
‘Peter Slocum’. (k) Pollen population. SEM, bar = 50 pm. (1) Equatorial view. SEM, bar = 10 pm.
(m) Distal polar view. SEM, bar = 10 um. (n) Proximal polar view. SEM, bar = 10 pm. (o) Surface
ornamentation. SEM, bar =5 pum.
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The comparison of the pollen characteristic values (Table 2) showed that the length
of the pollen equatorial axis was 32.51-37.64 um. The length of the equatorial axis of
N. 'Perry’s Fire Opal’ pollen was the largest (37.64 £+ 2.80 um), followed by that of N.
‘Peter Slocum’ pollen (34.84 + 3.0 um); the lowest value was observed for N. ‘Rose Arey’
pollen (32.51 £ 2.28 um), which was significantly smaller than that of N. ‘Perry’s Fire Opal’
pollen (p < 0.05). The length of the pollen polar axis was 18.31-20.47 um, and there was
no significant difference among the pollen from the three water lilies. N. ‘Peter Slocum’
pollen had the largest P/E value (0.59 £ 0.06 pm), and N. ‘Perry’s Fire Opal’ pollen had
the smallest (0.50 & 0.06 um; significantly smaller than the P/E value of N. ‘Peter Slocum’).
Additionally, N. ‘Peter Slocum’ pollen had the largest P x E value of 20.47 x 34.84 um?,
and N. ‘Rose Arey’ pollen had the smallest P x E value of 18.31 x 32.51 um?. According to
Wang's classification standard for pollen shape [34], it can be determined that the pollen
from all the three hardy water lilies examined herein were oblate-shaped. According to
Erdtman’s pollen classification standard for pollen size [31], the pollen grains from the
three hardy water lilies were determined to be medium-sized.

Table 2. Pollen morphological characteristic values of the three hardy water lily varieties.

Length of Polar

Variety Leng;lilscl)f 11:101‘“ Equatorial Axis/Equatorial >I: Oéleé‘ats;f; {Iz’if;);&);sz Pollen Shape
H Axis/um Axis q H
N. ‘Rose Arey’ 1831 +£240a 3251 +228b 0.56 + 0.05 ab 183;315(%(52'83;92_13(5’99))X Oblate
N. ‘Perry’s Fire 18.80(16.67-23.18) x
Oomal 18.80 + 257 a 37.64 + 280 a 0.50 + 0.06 b s PN Oblate
N. ‘Peter Slocum’ 2047 £ 2.02 a 34.84 + 3.01 ab 0.59 + 0.06 a 20.47(17.58-23.05) x Oblate

34.84(31.25-38.28)

Means with different lowercase letters (a, b) in the same column indicate that the same eigenvalue has significant
differences among different varieties (p < 0.05).

3.2. Characteristics of Pollen Grooves and Exine Ornamentations of the Three Hardy Water
Lily Varieties

Through the observation of the microstructure of pollen from the three different hardy
water lilies, it was found that the length—-width ratios of the three hardy water lilies” pollen
grooves were all >2; thus, the pollen from all three hardy water lilies was deemed to possess
long apertures. Among them, N. ‘Perry’s Fire Opal” had the longest pollen aperture, which
was significantly longer than that of the other two water lily varieties, and N. ‘Peter Slocum’
had the largest width of pollen aperture, which did not differ significantly from the pollen
aperture width of the other two water lilies (Table 3). The apertures of pollen from all of
the three hardy water lilies were of the ring-groove type (Figure 2). At the top corners of
the triangular pollen, the pollen grooves had no distinct depression; the pollen grooves of
the remaining parts were wide, and the edges were deeply depressed inward.

Table 3. Pollen groove characteristic values of the three hardy water lily varieties.

Variety Length/pm Width/pm Length/Width Shape of Pollen Grooves
N. ‘Rose Arey’ 25.03 £3.43b 294+0.70a 879 +1.88a Oblong
N. ‘Perry’s Fire Opal’ 31.70 £ 1.88 a 312+ 1.16a 1142 +432a Oblong
N. ‘Peter Slocum’ 26.33 +£2.43b 346 +0.74a 788 £170a Oblong

Means with different lowercase letters (a, b) in the same column indicate that the same eigenvalue has significant
differences among different varieties (p < 0.05).

The pollen exine ornamentation patterns of the three hardy water lilies were relatively
similar (Figure 2). The pollen cover ornamentation on the far polar surface showed rod-
shaped carvings of different lengths, and the paraxial surface of pollen was distributed
with tumour patterns of different sizes. Among them, the rod-shaped carvings on the
surface of the N. ‘Peter Slocum’ pollen cover were relatively long and densely distributed,
and the tumour-shaped ornamentations on the paraxial surface of the pollen were also
more distinct. The rod-shaped carvings on the surface of the N. ‘Rose Arey’ pollen cover
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were shorter than those on the surface of N. ‘Peter Slocum’, and the distribution was also
sparser. Although the rod-shaped carvings on the surface of the N. ‘Perry’s Fire Opal’
pollen cover were shorter and their distribution was the sparsest, there was almost no
rod-shaped carving ornamentation on it; furthermore, the tumour-shaped ornamentation
on the paraxial surface of the N. ‘Perry’s Fire Opal’ pollen was not evident.

3.3. Viability of Pollen from the Three Hardy Water Lilies

According to the pollen viability results of the three hardy water lilies (Figure 3,
Table 4), the pollen germination rates of the three hardy water lilies were significantly
different. The pollen germination rate of N. ‘Rose Arey’ was the highest, at 74.20 £ 1.79%.
The pollen germination rate of N. ‘Perry’s Fire Opal’ was 56.48 4= 12.18%, and that of N.
‘Peter Slocum” was the lowest, at 14 &+ 4.45%. There was no significant difference in the
pollen germination rate between N. ‘Perry’s Fire Opal” and N. ‘Rose Arey’, but they were
significantly different from that of N. ‘Peter Slocum’.

b C

Figure 3. Pollen germination of three hardy water lily varieties on solidified medium. (a) N. ‘Rose
Arey’; (b) N. ‘Perry’s Fire Opal’; (c) N. ‘Peter Slocum’. Optical microscope, bar = 50 um.

Table 4. Pollen germination rate of three hardy water lilies.

Variety Germination Rate/%
N. ‘Rose Arey’ 7420+ 1.79b
N. ‘Perry’s Fire Opal’ 56.48 £12.18b
N. ‘Peter Slocum’ 14+445a

Means with different lowercase letters (a, b) indicate that the pollen germination rate has significant differences
among different varieties (p < 0.05).

3.4. Seed-Setting Rates of Different Hybrid Combinations

The results of the cross-pollination experiment (Table 5) showed that all hybrid com-
binations, except NH-1 x N. ‘Peter Slocum’, NH-2 x N. ‘Peter Slocum’, and NH-3 x N.
‘Peter Slocum’ can bear seeds; there were significant differences between the seed-setting
rates of different hybrid combinations. Among them, the hybrid combination of NH-2 x N.
‘Rose Arey” had the highest seed-setting rate (33.33%), followed by NH-3 x N. ‘Rose Arey’
(25.53%) and NH-2 x N. ‘Perry’s Fire Opal’ (22.03%); the seed-setting rates of the other
hybrid combinations were lower.
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Table 5. Comparison of the seed-setting rates of different hybrid combinations.
Number of Pollinated Number of . o
Female Parent Male Parent Flowers Seed-Setting Flowers Seed-Setting Rate/%

N. ‘Peter Slocum’ 52 0 0

NH-1 N. ‘Rose Arey’ 54 8 14.81

N. ‘Perry’s Fire Opal’ 50 6 12.00
N. ‘Peter Slocum’ 51 0 0

NH-2 N. ‘Rose Arey’ 48 16 33.33

N. ‘Perry’s Fire Opal’ 59 13 22.03
N. ‘Peter Slocum’ 45 0 0

NH-3 N. ‘Rose Arey’ 47 12 25.53

N. ‘Perry’s Fire Opal’ 76 8 10.53

Upon comparing the seed-setting rate of each strain for which N. hybrid was used as
the female parent and hybridised with the three hardy water lilies, the hybrid combinations
with NH-2 as the female parent had the highest seed-setting rate (average seed-setting rate,
18.45%). The average seed-setting rate of hybrid combinations with NH-3 as the female
parent was 12.02%, and that of hybrid combinations with NH-1 as the female parent was
the lowest (8.94%).

Upon comparing the seed-setting rate of each strain for which the three hardy water
lilies were used as the male parents and hybridised with three strains of N. hybrid, the
hybrid combinations with N. ‘Rose Arey’ as the male parent had the highest seed-setting
rate (average seed-setting rate, 24.56%). Hybrid combinations with N. ‘Perry’s Fire Opal’ as
the male parent showed an average seed-setting rate of 14.85%, and those with N. ‘Peter
Slocum’ as the male parent showed a seed-setting rate of 0%.

4. Discussion

Pollen is a unique reproductive structure of plants and is mainly affected by genetic
factors. The pollen of different plant species can form unique morphological character-
istics that are both stable and conserved. Therefore, pollen can provide strong evidence
for studies on plant phylogeny, classification among different species and varieties, and
genetic relationships [35,36]. The observation and analysis of the morphology, surface
characteristics, and exine ornamentation of pollen from three hardy water lilies revealed
that pollen from these species showed a similar micromorphology. All pollen was oblate
and single-grained, and the apertures of pollen from all three hardy water lilies were of the
ring-groove type, which was consistent with the common characteristics of water lilies [21].
The results of this study showed that the pollen grains of the three hardy water lilies were
oblate, triangular in the polar view, and oblong in the equatorial view; the pollen exine
ornamentation was found to be rod-shaped and tumour-shaped, which was similar to the
results of the study by Volkova et al. on pollen from hardy water lilies [24] but was different
from the results of the studies by Bodhipadma et al. on N. nouchali var. versicolor [25],
Coiro et al. on N. caerulea and N. gigantea [26], Taylor et al. on N. ondinea [21], and Zhang
etal. on N. hybrid [28] and pollen from other tropical water lilies. These studies showed
that the pollen grains of these tropical water lilies were oval to nearly spherical, nearly
circular in the polar view, and oval or navicular in the equatorial view, and the pollen
exine ornamentation was psilate or verrucate. In the current study, we also found that the
pollen grains of three hardy water lilies showed certain differences in size, the obviousness
of tumour ornamentation, and the size and density of rod-like ornamentation. These
differences among the varieties were evident. This showed that the morphology of pollen
grains from different subgenera, populations, and varieties of plants in the genus Nymphaea
exhibits a certain degree of difference. Differences between these characteristics may have
important taxonomic values; the application of such characteristics in the classification and
identification of water lilies requires further studies.
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Pollen viability plays an important role in the success and fruiting rates of plant
pollination and fertilisation. Therefore, it is particularly important to measure the pollen
viability of male parents before plant breeding is performed [37]. This study found that
the viability of pollen from the three hardy water lilies was different. Among them, the
viability of N. ‘Peter Slocum’ pollen was the lowest, at only 14 & 4.45%. The reasons for
the low pollen viability of N. ‘Peter Slocum’ may be attributed to inherent factors such as
genetic characteristics and plant nutrition level, as well as external environmental factors
such as temperature, light, and weather conditions [38,39]. The specific factors influencing
pollen viability need to be studied further. The pollen germination rate of ‘Rose Arey’ and
N. ‘Perry’s Fire Opal’ reached more than 50%, which meets the pollen vitality requirements
for cross pollination; thus, pollen from these two varieties can be used as materials for
cross breeding.

Interspecific hybridisation is an important means of cultivating new plant varieties.
Through this method, the excellent traits of two or more species can be combined to
create new and superior plant varieties [40]. However, interspecific hybridisation often
limits the success rate of hybridisation owing to reproductive isolation, resulting in a
phenomenon termed hybridisation incompatibility [41]. The results of this study showed
that the seed-setting rates of different strains of N. hybrid, which was used as the female
parent, hybridised with the three hardy water lilies were significantly different. This may be
owing to varying hybridisation incompatibility between the female parent and the pollen
from different male parents. To a certain extent, this shows that the seed-setting rates of the
hybrid combinations of N. hybrid and hardy water lilies are closely related to the selection
of N. hybrid strains as the female parents, which is similar to the conclusions drawn from
research on Rhododendron [42]. Upon comparing the seed-setting rates of the strains derived
from the hybridisation between the three different hardy water lilies used as male parents
and the three strains of N. hybrid, it was found that the seed-setting rate of strains with
N. ‘Rose Arey’ as the male parent was the highest (24.56%), followed by the strains with
N. ‘Perry’s Fire Opal’ (14.85%) as the male parent; the seed-setting rate for strains with N.
‘Peter Slocum’ as the male parent was always 0%. These findings are consistent with the
results of the pollen viability determinations of the three hardy water lilies. This shows
that the pollen viability of male parents is an important factor affecting the success of
cross-pollination experiments [43,44]. Additionally, we found that the seed-setting rates
of all hybrid combinations were low, and the seed-setting rate of the combination NH-2
x N. ‘Rose Arey’” was the highest, at 33.13%. Considering that the temperature during
the hybridisation experiment was high in this study and that the bagging treatment was
performed during the hybridisation, the temperature inside the N. hybrid flower may have
been higher, which was not conducive to the germination of pollen from hardy water lilies.
Therefore, the reason for the low seed-setting rates of N. hybrid strains hybridised with
hardy water lilies may be attributed to the weather conditions during hybridisation. In
addition, this may also be owing to the hybridisation incompatibility between N. hybrid
and the hardy water lilies [45,46].

5. Conclusions

In this study, the pollen microstructure and pollen viability of three hardy water lilies:
N. ‘Rose Arey’, N. ‘Perry’s Fire Opal’, and N. ‘Peter Slocum’” were studied for the first
time. The cross-compatibility of N. hybrid as female parents and three hardy water lilies
as male parents was preliminarily investigated. The results showed that the pollen of the
three hardy water lilies was single-grained and oblate, and the pollen exine ornamentation
was rod-shaped and tumour-shaped. The pollen grains from different species differed
with regard to size, the obviousness of tumour ornamentation, and the size and density of
rod-like ornamentation. The viability of N. ‘Rose Arey’ pollen was the highest, and that
of N. ‘Peter Slocum’ pollen was the lowest. The results of the crossbreeding experiment
showed that all hybrid combinations except for NH-1 x N. ‘Peter Slocum’, NH-2 x N. ‘Peter
Slocum’, and NH-3 x N. ‘Peter Slocum’ could bear seeds. The hybrid combinations with
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NH-2 as the female parent had the highest seed-setting rate, and the hybrid combinations
with N. ‘Rose Arey’ as the male parent had the highest seed-setting rate. Therefore, for
future hybridisations between N. hybrid and hardy water lilies, the NH-2 and NH-3 varieties
with high seed-setting rate and N. ‘Rose Arey” and N. ‘Perry’s Fire Opal’ varieties with high
pollen viability can be used to improve the seed-setting rate. Our findings provide valuable
palynological evidence for understanding the systematic taxonomy of water lilies and
useful information for breeding high-quality hardy water lilies by enabling the selection of
varieties with high pollen viability.
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