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Abstract

Longan (Dimocarpus longan Lour.) is an important tropical and subtropical fruit tree in Southeast Asia and China. We
investigated flower type, morphology, and development, pollen morphology, and pollen vigor of a popular Chinese cultivar
‘Honghezi’. Results showed that the cultivar developed three types of flower, i.e. two types of male flowers (M1 and M2)
and female flower (F). The stamens of M2 were longer than that of M1 and F. The rudimentary pistil of M2 was longer
than that of M1. Flowers in the terminal inflorescences opened in three waves in time, and the M1 and M2 flowers did
not let to seed-setting. The pollen grains of the three types of longan flowers were trizonocolporate, and the size of a viable
hydrated pollen grain ranged from 20.18 (+ 1.94) to 27.40 (+ 1.44) um. An in vitro evaluation of pollen vigor was used for
pollen grains of M1 flower. Medium sucrose concentrations and temperatures significantly affected pollen germination
and pollen tube growth in vitro, and the optimized conditions were the medium containing 15% sucrose and incubated at
25 °C for 12 hrs. The flower developmental timing and the underdeveloped and rudimentary structures in relation to pollen
vigor and seed-setting, point to an evolutionary significance, which together with the pollen vigor techniques are useful for
molecular analysis and breeding of this specialty crop.
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Introduction Longan is an underutilized specialty crop, and little
effort has been made to improve this species worldwide
[7]. It is a cross-pollinated species; its chromosome num-
ber is 2n = 2x = 30 [1]. Longan is reported to have three
types of flower (staminate, female flower with under-
developed stamens, and male flower with rudimentary
pistil) borne on terminal inflorescences or panicles [6].
Staminate flowers open first, followed by female flower,

Dimocarpus longan Lour., commonly known as lon-
gan, belongs to the family Sapindaceae and is one of the
most important tropical and subtropical fruit trees in-
digenous to the mountains of Myanmar (Burma) and
southern China [1]. The primary center of longan ori-
gin in China was Yunnan, and the secondary centers
were Guangdong, Guangxi, and Hainan provinces [2].
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and finally male with rudimentary pistil flowers [6,8].
There is an overlapping between male and female flower
opening time depending on cultivars and environmental
conditions [6,8]. Pollination is mainly carried out by in-
sects, particularly stingless bees and honeybees and also
by wind, and fruit set is heavily dependent on the viabili-
ty of pollen grains and weather conditions [9]. Thus far,
information regarding pollen morphology, viability, ger-
mination, and tube growth in this species is limited [10].

The differential development of structures such as
stamens and pistil could be used as a model for molecu-
lar analysis and breeding. Moreover, the cascade of gene
expression will be detected since the organs cease their
development in different stages.

In vitro methods have been widely used for studying
pollen vigor [11]. Pollen grains were cultured on a se-
lected medium and tested for viability based on the ger-
mination percentage and tube growth [12]. The medium
compositions include sucrose as carbon source, boron
and calcium, and Polyethylene Glycol (PEG) [13]. Pollen
from different species often requires different medium
components and different concentrations of the compo-
nents [11,14]. Among them, sucrose is one of the essen-
tial components, serving to control the osmotic potential
of the germination medium and also providing a base for
polysaccharide synthesis and metabolic energy [15]. Dit-
ferent species may need different sucrose concentration
for example 5% is optimal for pecan [16], 10% for Salix
species [17], 15% for Prunus laurocerasus [18], 20% for
okra [19], 30% for Pithecellobium dulce [20], and 40% for
Areca catechu [21]. Therefore, in addition to selecting an
appropriate culture medium, sucrose concentrations in
the medium should be optimized for evaluating pollen
vigor of a particular species.

Temperature is an important environmental factor
influencing pollen germination and pollen tube growth
during the programic phase [22,23]. Different plant spe-
cies need different optimal temperatures for pollen ger-
mination and tube growth. Temperature ranging from
18 to 20 °C is appropriate for wheat pollen germination
[24], 22 °C for Arabidopsis [25], 25 to 30 °C for cocoa
[26], 25 to 29 °C for avocado [27], and 30 °C for pistachio
[28]. In longan, Pham, et al. [10] reported that 30 °C was
the appropriate temperature for in vitro germination of
Thai cultivars ‘Choompoo’, ‘Fuk How’, ‘Biew Kiew’, and
‘Duan Yu'. In Chinese cultivar ‘Shixia’, the optimal tem-
perature for in vitro germination is between 23 to 37 °C
[29]. For the Chinese longan, however, information re-
garding sucrose concentration and culture temperature
in vitro evaluation of pollen viability is limited.

The objectives of this study were to document flower
types and developmental structure, and pollen morphol-
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ogy of a representative Chinese cultivar ‘Honghezi’, and
determine the effects of sucrose concentration and cul-
ture temperature on in vitro culture pollen germination
and pollen tube growth. Information gained from this
study could help us improve longan breeding programs
in China.

Materials and Methods

Plant materials

Flowers of longan cultivar ‘Honghezi’ grown in the
longan collection garden at Fujian Agriculture and For-
estry University, China were closely examined during
April and May 2015. The newly opened flowers i.e. male
1 (M1), male 2 (M2), female (F) were collected between
08:00 and 10:00 hrs and brought to the laboratory for re-
cording, photographing and other studies. After record-
ing floral types, structure and development, flowers were
left in the laboratory at room temperature and relative
humidity of 70% for 30 to 60 minutes for anther dehis-
cence.

Morphology and development of flowers and pollen

The flowers (M1, M2 and F) were collected, observed
under stereo-microscope and took photographs. To
observe pollen grains under a microscope, they were
collected from dehiscent anthers of newly opened M1
and M2 flowers. Indehiscent anthers of F flowers were
squashed on the microscope slide and observed under
a microscope. Micrographs were taken using a digital
camera attached Leica DMIL inverted microscope (Ger-
many). To document the size of the pollen, longest and
shortest diameters were measured using Image ] soft-
ware IJ1.48r (NIH, Maryland, USA).

Sucrose concentrations, pollen germination and
pollen tube growth

Pollen grains, from M1 anthers which were carefully
chosen to ensure healthy and dehisced, were being used. A
basal medium, which was used by Vivian-Smith, et al. [30]
for in vitro germination of litchi (Litchi chinensis Sonn.)
pollen, was modified in this study. This basal liquid pollen
germination medium originally contained 150 g-L™' PEG
4000, 4.88 gL' MES-KOH (pH 6.4), 409.52 mg-L"' Mg-
SO,.7H,0, 100 mg-L™! KNO,, 100 mg-L! H,BO,, 1.007 gL?!
Ca(NO,),.4H,O, and 200 g-L™!' sucrose with a final pH of
5.5. We modified the medium sucrose concentrations to
5%, 10%, 15%, 20%, 25%, or 30% (w/v), thus media with
six sucrose concentrations were prepared. The sitting drop
culture technique described by Shivanna and Rangaswamy
[31] was used for pollen culture. Twenty dehisced anthers
were dipped and slightly shaken one after another in 100
L of each sucrose concentration. A 30 pL aliquot of each
pollen mixture was placed on a clean dry glass slide. There
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pistil with bifid stigma and much shorter stamens.
Bars =2 mm.

Figure 1: Flower types of longan cultivar ‘Honghezi’ (A) A staminate flower producing viable pollen with undeveloped pistil
(M1); (B) A male flower (M2) with larger rudimentary pistil; (C) A pistillate or female flower (F) where there is a well-developed

were three replicates per sucrose concentration. Slides for
each treatment were kept across the two supporting glass
rods in large Petri plates (ca. 15 cm diameter) with a moist
filter paper per plate. The slides were incubated at 25 °C in
darkness for 12 hrs in an incubator (Bluepard, Shanghai,
China). A minimum of 100 pollen grains per slide was ran-
domly counted under the microscope at X200 magnifica-
tion. According to Stanley and Linskens [15], pollen grains
were considered germinated when the length of the pollen
tube was equal to or exceeded its diameter. Subsequently,
the length of the pollen tubes was measured using Image J
software IJ1.48r (NIH, Maryland, USA).

Temperature, pollen germination and tube growth

After optimizing sucrose concentrations in the basic
germination medium, pollen grains of ‘Honghezi’ were
mixed with the medium containing 15% sucrose and
cultured at 20, 25, 30, or 35 °C, respectively for 12 hrs
in the darkness using the aforementioned method. There
were three replicates for each temperature regime. Pol-
len germination percentage and pollen tube length were
determined.

Data analysis

Pollen germination percentage data were arc-
sine-square root transformed and pollen tube lengths
were analyzed using SPSS 19.00 statistical software (SPSS
Inc., Chicago, USA). Means were separated by Tukey
HSD test at P < 0.05.

Results and Discussion

Floral types, morphology and development

The flowering season of ‘Honghezi’ went from late
April to late May. The stamens of M2 were longer than
that of M1 and F. The rudimentary pistil of M2 was lon-
ger than that of M1. Viable pollen grains were developed
from M1 and M2 but not from F which produced im-

mature ones. The dehiscence of anthers started before
noon but it largely depends on the temperature, and
then the pollen grains were lost quickly since pollinators
taken them away. The flower types and flowering open
sequence in ‘Honghezi’ resemble those reported in other
longan cultivars [6,8,32]. The development of the pistil
in each kind of flowers might be useful in the work of
molecular breeding. In order to study the genes and pro-
teins involved in the early stage of the pistil, the rudi-
mentary pistil of M1 should be used since it ceased the
development in very early stage (Figure 1A). And for the
middle stage, the undeveloped pistil of M2 might be used
(Figure 1B).

Pollen morphology and development

Pollen grains collected from all types of flowers (M1,
M2 and F) were tricolporate. In M1 and M2, the pollen
grains were elongate at dehiscence (Figure 2A) but be-
come rounded triangular or nearly circular after being
hydrated in water or in the liquid medium (Figure 2B,
Figure 2C and Figure 2D). However, the anthers of F
never dehisce and never release pollen since they were
underdeveloped. The average size of M1 pollen at dehis-
cence was 15.66 + 1.36 pm x 25.66 + 1.32 um (n = 120),
while hydrated pollen grains were 24.21 + 1.46 um x 27.40
+ 1.44 pm (n = 106). The size of hydrated pollen grains
of M2 and F were 20.18 + 1.94 um x 21.46 + 1.43 pm (n
=136) and 17.89 £ 2.34 x 20.03 £+ 1.48 (n = 153), respec-
tively. Among pollen grains of three kinds of flower, the
size of M1 pollen was the largest while F pollen was the
smallest. Mature anthers of M1 and M2 produced viable
and mature pollen grains. We found that, however, in
addition to the non-dehiscence of F anther, most of the
F pollen grains were still together with generative tissues,
clumped together and had thick pollen wall suggesting
that F pollen grains were still at the young stage. So we
can conclude that F anther produced immature pollen
grains since anther was not mature enough while the pis-
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p = germ pore, ¢ = colpus, Bars =5 pym.

Figure 2: Pollen morphology of three types of flowers (A) Pollen grains in oblong shape at dehiscence stage; (B) Hydrated
trizonocolporate pollen grains: mature pollen of M1; (C) Mature pollen of M2 and (D) Immature pollen of F.
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Figure 3: Sucrose concentrations influencing pollen germination (A) and pollen tube growth (B) of longan ‘Honghezi’. Pollen
grains were cultured in a basal medium in the dark for 12 h at 25 °C. Different letters above each bar represent significant
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til was ready to function. These immature pollen grains
from F might be used in vitro pollen maturation. The size
and morphology of longan pollen grains measured in the
present study were similar to those of the litchi which
also belongs to the family Sapindaceae [33].

Sucrose concentration effects on pollen vigor

Sucrose concentrations significantly affected both pol-
len germination and pollen tube growth. At 5% sucrose
concentration, the average germination percentage was
only 4.83%, and the average pollen tube length was 98.68
um (Figure 3A and Figure 3B). At 15% of sucrose concen-
tration, however, pollen germination increased to 95.13%
and pollen tube length was 273.63 pm (Figure 3A and
Figure 3B). Sucrose concentrations ranging from 10% to
20% did not result in significant difference in pollen tube
growth (Figure 3B). Thus, 15% of sucrose concentration
was considered to be optimal for testing ‘Honghezi’ lon-
gan pollen vigor. This sucrose concentration, however,
differed from the report of Pham, et al. [10] for Thai lon-
gan cultivars where 10% of sucrose was optimal. The dif-
ference may be attributed to cultivar differences and may
also be due to the difference in PEG concentrations. The
present study had 15% PEG 4000, while the medium in
the report of Pham, et al. [10] had 23% PEG 8000. High
concentrations of PEG reportedly require relatively low
concentrations of sucrose [16]. Pollen vigor refers to the
speed of pollen grain germination and the rate of pollen

Figure 4: In vitro germinated pollen grains of longan ‘Honghezi’
with elongated tubes. Pollen grains were cultured on a basal
medium containing 15% sucrose in the dark for 12 h at 25 °C.
Bar =50 ym.

tube growth [34]. In vitro pollen germination tests have
been widely used for evaluating pollen vigor [11,12]. In
the present study, we used a basal medium that was ini-
tially developed for testing the pollen vigor of litchi [30].
Since longan is a close relative of litchi, and the present
study found that this basal medium that was also appro-
priate for evaluating longan pollen vigor. Sucrose plays a
vital role as osmoregulator and nutritive compound [11].
Our result showed that sucrose is important for pollen
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Figure 5: (A) Temperature effects on pollen germination; (B) Pollen tube growth of longan ‘Honghezi’. Pollen grains were
cultured on a basal medium containing 15% sucrose in the dark for 12 hrs at four temperature regimes. Different letters above
each bar represent significant differences at p < 0.05 by Tukey HSD test.
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germination and pollen growth of ‘Honghezi’, and the
optimal sucrose concentrations for evaluating pollen
vigor of this cultivar range from 10 to 20%.

Effects of temperature on pollen germination and
pollen tube growth

Longan pollen vigor was evaluated at 20, 25, 30, and 35
°C, respectively using the basal medium containing 15%
sucrose. Pollen germination occurred after incubation
in the darkness for 12 hrs (Figure 4). The average per-
centages of the pollen germination and average length of
pollen tubes at 25 °C scored highest while those are less
at lower and higher temperature (Figure 5A and Figure
5B). Results from the present study showed that the op-
timal temperature for both pollen germination and tube
growth of longan ‘Honghezi’ is 25 °C. Our results concur
with those of Zhao, et al. [29] in which optimal tempera-
tures for in vitro pollen germination of a Chinese longan
cultivar ‘Shixia’ were between 23 and 27 °C but differ
from the report of Pham, et al. [10] where 30 °C was con-
sidered to be optimal for longan cultivars ‘Choompoo’,
‘Fuk How’, ‘Biew Kiew’, and ‘Duan Yu’. The tempera-
tures used by Pham, et al. [10] were 10, 20, 30, 35, and 40
°C; it is unknown if 25 °C is also appropriate for the four
cultivars. On the other hand, the optimal temperatures
for in vitro pollen germination and tube growth of litchi
were around 30 °C [35] and between 25 and 30 °C [33].
The differences in temperature requirement may be at-
tributed the cultivar adaptation to different climatic con-
ditions. ‘Honghezi’ and ‘Shixia’ were produced in Fujian
Province, China where it is subtropical climate. Howev-
er, ‘Choompoo’, ‘Fuk How’, ‘Biew Kiew’, and ‘Duan Yu’
were originated in Thailand where it is tropical climate.
The adaptation to the subtropical climate may result in
these cultivars requiring a relatively mild temperature
for pollen germination.

With the awareness of its fruit nutritional and phar-
maceutical values, there is an increased interest in longan
research [7,10]. To genetically improve longan, however,
pollen morphology and pollen vigor should be investi-
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gated. Using a basal medium, the present study estab-
lished a protocol for in vitro evaluation of pollen vigor
of ‘Honghezi’. This protocol consists of 150 g-L! PEG
4000, 4.88 gL' MES-KOH (pH 6.4), 409.52 mg-L"' Mg-
$SO,.7H,0, 100 mgL"* KNO,, 100 mg-L" H,BO,, 1.007
gL' Ca(NO,),.4H,0, and 15% of sucrose (150 g-L™") with
a pH of 5.5. Pollen should be cultured on the medium
and incubated at 25 °C for 12 hrs to evaluate pollen ger-
mination rates and pollen tube growth. This method is
simple and could be used for pollen selection [36] such
as heat tolerance and for improving breeding efficiency
of this underutilized specialty crop.

Only Sucrose concentration and temperature were
optimized in this study. Better germination rate and lon-
ger pollen tube may be achieved by using an all-round
optimized medium.

Implications in longan evolution and breeding

The present observations reveal that longan M1, M2
and F flowers ceased the development in different de-
velopmental stages: The M1 pistils at early stage (Figure
1A), the M2 pistils at middle stage (Figure 1B), and the
F pistils at mature stage (Figure 1C), whereas the F sta-
mens at early stage and the M1 and M2 stamens at ma-
ture stage. Besides the differences of the three types of
flower structure and morphology, it is observed that the
longan flowering showed three waves, M1 flower at the
beginning and the M2 flower the last, F flowers occur in
between. Hither to it is unknown why longan has three
types of flowers with unique developmental process and
structure, and three flowering waves. A possible expla-
nation of having three kinds of flowers and three flow-
ering waves is to promote cross pollination and increase
seed setting leading to higher fruit production. And the
timing of blooming was to save the energy while mak-
ing successful seed-setting with least energy utilization.
There was further evidence to explain that the energy was
not equally distributed, for example, out of two carpels
of ovary in F flowers (Figure 1C), only one carpel devel-
oped into fruit. In addition to the one out of two carpels
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developed into mature fruit, F flowers also produced im-
mature pollen grains to save developmental energy while
enlarging genetic basis by accepting pollen from other
flowers. Based on these characteristics, the longan flow-
ers might be served as a model for molecular analysis and
breeding. Genes involved in different stages of the pistil
and stamen can be cascaded by comparison of normal
and the rudimentary structures, thus, more evolution in-
formation and breeding clues can be obtained.
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