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Abstract. The characteristics of litchi pollen have drawn increasing attention in recent
years. Previous studies indicated that there are significant differences in the quantity and
viability of litchi pollen grains among different varieties and flowering stages. Moreover,
the same variety may show a different quantity of pollen grains and viability in different
years. There is still a lack of systematic studies on the change of pollen germination rate
and pollen amount in different varieties and at different flowering stages. In this study,
the changes in the germination rate of pollen at different development stages were
studied. It was primarily revealed that the pollen germination rate already approached
its peak upon the filament extends fully, but the anther does not dehisce the de-
velopmental stage. In 2009 and 2010, the viability and number of pollen grains per anther
were investigated in 65 litchi cultivars, and a difference was observed among cultivars.
The pollen germination rate ranged between 20.14% (‘Wuchali’) and 54.69% (‘Don-
longmili’). The number of pollen grains per anther ranged between 1555 (‘Zhongshanz-
huangyuanhong’) and 7455 (‘Houye’). Sixty-five litchi cultivars were classified into six
clusters based on the pollen quantity and germination rate. Most litchi cultivars can
produce large amounts of viable and compatible pollen grains during the flowering
period. Thus, our results indicate that the pollen amount and germination rate might not
be the only factors restricting the successful pollination of litchi.

Litchi (Litchi chinensis Sonn.) originated
in southern China and northern Vietnam but
has now spread to countries with subtropical
climates (Menzel and Waite, 2005). Litchi is
not only an important fruit in China, India,
Vietnam, and Thailand but is also cultivated
in Australia, South Africa, the United States,
and South America. A major factor affecting
the production of this subtropical fruit in
many countries is its low yield (Yu et al.,
2015). The trees may fail to flower some
seasons or fail to set and carry a reasonable
crop (Menzel, 2001). Aizen and Harder
(2007) considered pollen limitation as the
combined effect of quantity and quality
limitation, indicating that quantity limita-
tion is less frequent than was inferred from
pollen supplementation experiments. More-
over, their results suggested that an ex-

panded broad perspective that recognized

the fecundity consequences of pollination
with poor-quality pollen would improve
the ecological understanding of pollen
limitation.

The litchi flower is a type of unisexual
flower forwhich self-pollination is not common
(Xiang et al., 2001). Litchi is a gynaecandrous
and monoecious plant, yet gynaecandrous pol-
lination or geitonogamy does not commonly
occur because male and female flowers do
not appear simultaneously. Moreover, litchi
is a typical cross-pollinated plant; the pro-
ductive cultivars (except very few varieties or
individual plants with natural parthenocarpic
ability) do not bear fruit unless they are
pollinated and fertilized. However, the via-
bility of pollen usually affects pollination,
fertilization, and fruit set rate, so it is necessary
to study the characteristics of litchi pollen for
cultivation and breeding.

For entomophilous flowers, the amount
of pollen grains deposited on the stigma
depends on the number of pollinator visits
received by a floret during a certain period
(visit rate) and the proportion of viable
pollen in the pollen loads carried by the
pollinators (Dafni et al., 2005). Litchi is
a typical out-pollinated plant, and fruit set
can occur only if pollen frommale flowers is
transferred to the stigma of the female flowers
(Stern and Gazit, 1996). Insufficient pollination
is an important factor responsible for low
yields in litchi. Litchi pollination requires large

amounts of pollen grains during the flowering
period. However, not much information is
available about the relative levels of the quality
and number of pollen grains among different
litchi cultivars. Moreover, a better understand-
ing of the relationship between the number and
quality of pollen grains among cultivars may
help in choosing cultivars for litchi orchards to
improve the fruit set.

The study concerning the characteristics
of litchi pollen has drawn increasing attention
in recent years. Previous studies have in-
dicated that there is a great difference in
pollen viability among varieties (Ou et al.,
2010). Moreover, the same variety may show
distinctly different pollen viabilities in dif-
ferent years; flowering may be advanced or
delayed significantly by weather at the de-
velopment stage of anthers in the same year
(Xiang et al., 1994), and flowering may also
be affected by air temperature at the stage of
germination (Xu et al., 1982). Litchi pollen
germination rate and pollen amount have
been reported in many studies (Jiang et al.,
2012; Ou et al., 2010; Stern and Gazit 1998;
Xiang et al., 2000); however, systematic
studies on the change of pollen germination
rate and pollen amount from variety to
variety at different flowering stages are still
lacking. In this study, the changes in the
germination rate of pollen at different devel-
opment stages were studied. In 2009 and
2010, the viability and number of pollen
grains per anther were investigated in 65
litchi cultivars. More precise information is
needed in several major areas, including the
selection of a parent, the collection of pollen,
and the determination of hybridization time
in the crossbreeding of litchi. The objective
of this study was to evaluate the number of
pollen grains per anther and the pollen
germination capacity of different cultivars
of litchi trees.

Materials and Methods

Plant material.The field experiments were
conducted in the years 2009 and 2010 at the
Litchi Germplasm Repository, Guangzhou,
China. Guangzhou belongs to the subtropical
monsoon climate region. The wet season was
mainly concentrated from April to June. In
2009 and 2010, litchi flowers bloom mainly
during March to April in Guangzhou. The
average temperature was 17.45 �C during
March to April in 2009. The average temper-
ature was 19.75 �C during March to April in
2010. The rainy season started on 28 Mar.
2009. The rainy season started on 22 Apr.
2010. Guangzhou belongs to a hilly area and
the altitude is from 200 to 500 m. Sixty-nine
litchi cultivarswere used as test plants (Tables 1
and 2). The 25- to 30-year-old trees of these
pollen parents were healthy and free from
diseases and pests.

Pollen collection and counting. Fifty an-
thers were collected from the filament ex-
tends of fully male flowers during the second
wave of blooming. The anthers were placed
in 2-mL centrifuge tubes and then dried at
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35 �C with an air-blowing electric dryer for
24 h until the anthers were completely dry.
The tubes were vibrated to release the pollen
from the anthers. About 2 mL of distilled
water was added to each tube. The centrifuge
tube was then placed in an ultrasonic oscil-
lator for 15 min and vortexed for 5 min to
evenly suspend the pollen in water. Pollen
quantity was calculated by the blood count
method. Briefly, a drop of the suspension was
placed in a hemocyte counting plate (XB-K-
25) to count the number of pollen under a
microscope. The number of pollen in a large
square (1.0 · 1.0 · 0.1 mm in size with 400
small squares) was counted. Each treatment
was performed in triplicates. The quantity of
pollen in one anther was computed as the
quantity of pollen/one anther = (2· n/10–4)/50;
where n represents the mean number of pol-
len in the large square, 2 represents 2 mL of
suspension, and 10–4 represents the volume of
the large square, and 50 represents the num-
ber of anthers.

Pollen germination. The litchi has three
types of flowers: Male 1 (M1), Male 2 (M2),
and Female (F). The three types coming into
anthesis in three distinct waves: the first is the
male (M1) bloom, the second is the female
bloom, and the third is the male bloom (M2).
Male flower development of litchi was
defined in four stages (Fig. 1). In the first
stage, the anther extended just beyond the
receptacle, and the filaments were not
observed. In the second stage, the filament
is extended to half of its overall length. In
the third stage, the filament extends fully,
but the anther does not dehisce, and in the
last stage, the filament extends fully, and
the anther dehisces. Anthers were collected
from each of the four stages during the
first and second wave of blooming for
‘Sanyuehong’, ‘Shuidong’, ‘Zhuangyuanhong’,
and ‘Songxiang’. Anthers were collected
from the third stage during the second wave
of blooming for the 65 identification vari-
eties. Pollen grains were collected, dehy-
drated, and scattered on 1% (w/v) solid
agar, which was supplemented with 3%
sucrose (w/v) in petri dishes. The growth
of the pollen tubes was observed under a
light microscope after incubation at 30 �C
for 3 h (Jiang et al., 2012). Pollen germi-
nation was observed under a microscope
(40·). Twenty different fields of vision,
each with at least 30 grains, were examined
per treatment. Pollen grains were consid-
ered to have germinated when the pollen
tube was at least as long as the diameter of
the pollen grain.

Statistical analysis. Data obtained were
analyzed by analysis of variance (ANOVA).
The percentages of viable pollen that were
below 30% or over 70% were transformed to
the Arcsin P 0.5 for ANOVA analysis. The
statistical significance of the treatments was
tested using Tukey’s test at 5% probability.
Statistical analyses were performed using the
SPSS 19.0 statistical software. The hierarchi-
cal cluster was constructed by the Ward
Method clustering using the squared Euclidean
distance as the distance metric. The pollen
quantity and germination rate of different litchi
cultivars were analyzed as variables in hierar-
chical cluster.

Results

The difference in pollen germination in
different types of litchi male flowers and
stages. The development of the male flower
can be divided into four stages (Fig. 1). The
germination rates of the M1 and M2 in five
accessions of germplasm at different devel-
opmental stages were tested in this experi-
ment. There was a significant difference in
pollen germination rate among the different
development stages (Table 1). The germina-
tion rate of pollen in the M1 was far below
that in the M2, and at the third development
stage of male flowers in both types, the male
flowers, called filaments, extended fully, and
the germination rate of pollen reached its
maximum before anther dehiscence. Thus,
the anthers in the M2 at the third stage were
selected as the research subject in this study.

Pollen quantity and germination rate of
different litchi cultivars. Sixty-five litchi
cultivars were used as test plants to determine
the pollen quantity in 2009 and 2010. A
difference was observed among cultivars.
The number of pollen grains per anther
ranged between 1555 (‘Zhongshanzhuan-
gyuanhong’) and 7455 (‘Houye’) (Table 2).
The number of pollen grains varied greater
than 2000 among the 2 years in 15 culti-
vars. The cultivars included ‘Shuijingqiu’,
‘Zengchenggualv’, ‘Changhong’, ‘Cuixiangli’,
‘Yuanduanli’, ‘Liuli 1’, ‘Liuli 2’, ‘Huangpili’,
‘Yanzhihong’, ‘Dongguanshangshuhuai’,
‘Cuiye’, ‘Yiqiaomili’, ‘Baisheng’, ‘Wuchali’,
and ‘Haiken 14’, and the quantity values were
higher in the 2010 year with respect to the
2009 year in 13 varieties.

The pollen germination rate varied among
the cultivars. The pollen germination rate of
the 65 litchi cultivars ranged between 20.14%
(‘Wuchali’) and 54.69% (‘Donlongmili’)
(Table 2). The average number of pollen

grains per anther for the 65 litchi cultivars
was 4216.22. The average pollen germina-
tion rate of the 65 litchi cultivars was 33.94%.
The number of pollen grains varied (greater
than 20%) among the 2 years in nine
cultivars, including ‘Changwen’, ‘Jicuirou’,
‘Zhuanyuan 2’, ‘Nandaowuheli’, ‘Qingyuan’,
‘Xiangwan’, ‘Yuanduanli’, ‘Haiken 13’, and
‘Panguzi’. Moreover, the viability values were
higher in 2010 compared with 2009 in five
varieties.

Classification of litchi cultivars based on
pollen quantity and pollen germination rate.
These cultivars could be classified into six
clusters at a distance of three (Table 3). A
significant difference was observed between
clusters. The first cluster contained six culti-
vars with the highest pollen quality. The
number of pollen grains per anther ranged
between 4935 and 7455, and the pollen
germination rate ranged between 45.40%
and 54.69% in the first cluster. The second
cluster contained six cultivars, and the num-
ber of pollen grains per anther ranged be-
tween 5570 and 6495, and the pollen
germination rate ranged between 24.36%
and 32.43%. The third group cluster con-
tained 17 cultivars, the number of pollen
grains per anther ranged between 3895 and
5155, and the pollen germination rate ranged
between 29.60% and 38.15%. The fourth
cluster contained 12 cultivars, and the pollen
quality was the lowest. The number of pollen
grains per anther ranged between 3522 and
4690, and the pollen germination rate ranged
between 20.14% and 28.51% in the fourth
cluster. The fifth cluster contained 13 culti-
vars; the number of pollen grains per anther
ranged between 2815 and 4472.5, and the
pollen germination rate ranged between
35.65% and 50.30%. The sixth cluster con-
tained 11 cultivars with the lowest pollen
quantity. The number of pollen grains per
anther ranged between 1555 and 3420, and
the pollen germination rate ranged between
21.69% and 33.10% in the sixth cluster.

Discussions

The novel aspects of this research were as
follows: first, the changes in the germination
rate of pollen at different development stages
were studied, revealing that the pollen ger-
mination rate already approached its peak on
the start of the second development stage;
second, the largest number of litchi cultivars
were investigated in this study.

Pollen does not develop synchronously in
the same anther in litchi. When the male

Table 1. The difference of the pollen germination in litchi male flower types and stages.

Stages

Pollen germination (%)

Sanyuehong
(M1)z

Sanyuehong
(M2)

Shuidong
(M1)

Shuidong
(M2)

Zhuangyuanhong
(M1)

Zhuangyuanhong
(M2)

Songxiang
(M1)

Songxiang
(M2)

First stage 2.3 ± 0.95 cd 7.8 ± 0.13 d 0.65 ± 0.04 c 3.62 ± 0.085 d 0.71 ± 0.02 c 3.72 ± 0.04 cd 2.42 ± 0.05 d 12.65 ± 0.17 d
Second stage 16.9 ± 1.01 b 28.3 ± 1.65 b 1.74 ± 0.056 b 7.27 ± 0.2 c 1.71 ± 0.036 b 6.26 ± 0.11 c 7.54 ± 0.18 c 24.76 ± 0.22 b
Third stage 22.5 ± 1.32 a 43.35 ± 1.26 a 1.96 ± 0.02 a 10.0 ± 0.5 a 1.99 ± 0.05 a 9.28 ± 0.1 a 10.0 ± 0.4 a 28.92 ± 0.66 a
Fourth stage 4.40 ± 0.2 c 21.5 ± 0.5 c 0.30 ± 0.01 d 9.27 ± 0.06 b 0.20 ± 0.01 d 9.13 ± 0.03 b 8.56 ± 0.05 b 17.96 ± 0.1 c
zDifferent letters indicate significant difference among stages at P = 0.05 (Tukey’s test).
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filament extends to half of its overall length,
the anther has not yet achieved maturity. As
the male flowers develop, the amount of
mature pollen increases constantly in the
anther. The amount of mature pollen reaches
its maximum when the anther becomes fully

mature. More pollen is needed in the cross-
breeding of litchi. Theoretically, the fully
mature anthers that are not dehiscent should
be collected. In practice, because anthers
develop nonsynchronously in the same tassel,
it would be inefficient to collect fully mature

anthers from every tassel. Thus, to ensure the
maturity of the pollen and improve the
collection efficiency of the pollen, anthers
should be collected at the second and third
development stages of male flowers every
time.

Table 2. Number of pollen grains per anther in 65 litchi cultivars.

Code Cultivar name

Pollen grains/anther (n.) Pollen germination rate

2009 2010 2009 2010

C1 Shuijingqiu 8,080 ± 102.85 4,910 ± 82.34 22.65 ± 0.95 39.66 ± 1.24
C2 Baipili 6,400 ± 133.33 6,660 ± 68.41 40 ± 1.31 58.87 ± 1.64
C3 Zengchenggualv 6,200 ± 84.33 1,570 ± 13.42 24.1 ± 0.89 39.21 ± 1.07
C4 Changwen 5,560 ± 82.19 6,440 ± 46.04 17.85 ± 1.13 37.96 ± 0.74
C5 Jingxing 5,480 ± 134.66 4,340 ± 93.17 34.67 ± 1.5 24.53 ± 1.24
C6 Hongli 5,200 ± 133.33 5,110 ± 95.50 34.67 ± 1.43 37.04 ± 1.2
C7 Guiwei 5,240 ± 131.99 5,045 ± 53.71 35 ± 0.99 37.21 ± 1.3
C8 Nuomici 5,200 ± 84.33 6,080 ± 72.94 50.70 ± 1.69 51.35 ± 1.41
C9 Jicuirou 4,840 ± 99.33 4,105 ± 39.31 29.73 ± 1.31 56.25 ± 1.81
C10 Yeshenglizhi 10 4,800 ± 103.3 3,900 ± 73.42 46.79 ± 1.33 46 ± 1.25
C11 Linqingxiaodingxiang 5,160 ± 54 3,770 ± 65.27 21.15 ± 0.54 28.8 ± 0.77
C12 Zhuanyuan 1 3,240 ± 60.37 3,040 ± 66.03 20.34 ± 1.3 34.57 ± 1.89
C13 Zhuanyuan 2 3,680 ± 83.8 4,940 ± 38.47 17.20 ± 1.17 44.23 ± 1.58
C14 Ziniangxi 4,320 ± 62.54 3,755 ± 59.87 26.32 ± 1.13 20.39 ± 1.13
C15 Nandaowuheli 3,600 ± 73.03 4,195 ± 37.22 16.92 ± 0.72 39.55 ± 1.27
C16 Xinqiumili 4,200 ± 88.84 4,485 ± 47.17 21.62 ± 1.28 20.83 ± 1.34
C17 Bianli 3,960 ± 54 4,085 ± 41.05 33.96 ± 0.87 32.39 ± 1.19
C18 Heiye 3,960 ± 70.55 2,490 ± 45.61 23.26 ± 0.94 38.95 ± 2.72
C19 Xuehuaizi 4,440 ± 89.94 3,250 ± 84.26 25.71 ± 1.59 24.62 ± 2.74
C20 Xiaoye 3,560 ± 82.19 3,000 ± 53.29 29.38 ± 1.17 31.15 ± 1.93
C21 Changhong 3,360 ± 56.57 5,800 ± 70.71 25.49 ± 1.57 43.04 ± 1.27
C22 Feizixiao 3,320 ± 46.19 3,725 ± 43.99 14.43 ± 0.94 28.07 ± 0.77
C23 Dadingxiang 4,160 ± 56.57 5,670 ± 79.25 23.19 ± 1.82 38.09 ± 0.78
C24 Shangshuhuai 3,080 ± 50.77 4,280 ± 66.93 51.4 ± 1.69 48.62 ± 1.31
C25 Heimiandeng 2,960 ± 52.49 2,640 ± 47.33 34 ± 1.49 18.29 ± 1.02
C26 Qingyuan 2,880 ± 46.19 4,390 ± 74.7 8.72 ± 0.71 36.44 ± 1.28
C27 Tongshachihuaizhi 2,800 ± 55.78 1,830 ± 57.10 23.33 ± 1 22.81 ± 0.83
C28 Shuidong 2,120 ± 35.28 2,420 ± 30.33 29.41 ± 1.31 28.77 ± 1.83
C29 Zhongshanzhuangyuanhong 1,240 ± 27.65 1,870 ± 34.35 30.53 ± 1.26 24 ± 0.89
C30 Xiangwan 5,600 ± 94.66 5,280 ± 75.17 57.3 ± 0.64 34.5 ± 0.7
C31 Cuixiangli 5,280 ± 86.72 7,340 ± 64.5 35.8 ± 0.4 28.98 ± 0.83
C32 Donglongmili 5,160 ± 78.77 5,000 ± 76.75 58.4 ± 1.01 50.97 ± 1.33
C33 Chunteng 4,960 ± 52.15 4,500 ± 32.25 35.6 ± 0.67 33.21 ± 0.88
C34 Houye 6,910 ± 85.09 8,000 ± 68.12 47.2 ± 0.89 43.6 ± 0.56
C35 Guangxigoubei 4,880 ± 66.27 4,440 ± 50.99 35.3 ± 0.78 27.95 ± 0.88
C36 Yutanmili 4,700 ± 70.68 5,170 ± 23.24 52 ± 0.7 46.46 ± 0.79
C37 Tianyan 4,680 ± 87.02 3,160 ± 33.47 45.5 ± 1.17 41 ± 1.61
C38 Yuanduanli 4,680 ± 70.68 6,780 ± 58.65 35 ± 1.2 13.72 ± 0.56
C39 Huaizhi 4,420 ± 50.95 2,930 ± 56.04 23.23 ± 0.47 22.38 ± 0.61
C40 Hongjun 1 4,360 ± 54.32 4,570 ± 36.33 26.5 ± 0.6 28.5 ± 0.84
C41 Liuli 1 4,160 ± 45.22 6,980 ± 68.12 17.2 ± 0.66 32.6 ± 0.77
C42 Liuli 2 3,408 ± 42.21 6,790 ± 70.99 32.5 ± 0.72 35 ± 0.79
C43 Haiken 13 4,040 ± 38.87 3,620 ± 58.31 53 ± 1.28 32.1 ± 0.91
C44 Wumian 4,032 ± 47.96 2,080 ± 40.5 29.3 ± 0.72 33.5 ± 0.7
C45 Jiayuanmili 3,880 ± 33.73 4,030 ± 53.85 38.7 ± 0.78 29.1 ± 0.86
C46 Anduojidan 3,840 ± 38.64 5,000 ± 68.12 38.3 ± 0.88 30.1 ± 0.82
C47 Tianshuili 3,720 ± 57.19 1,910 ± 47.12 42.8 ± 0.89 41.14 ± 0.74
C48 Huangpili 3,600 ± 46.95 8,460 ± 41.95 32.6 ± 0.84 32.25 ± 0.66
C49 Yanzhihong 3,560 ± 57.19 5,820 ± 48.99 20.6 ± 0.62 31.5 ± 0.69
C50 Aili 3,520 ± 50.6 5,350 ± 50 25 ± 0.95 39.1 ± 0.41
C51 Leilingxiaodingxiang 3,440 ± 65.86 4,960 ± 50.99 44.2 ± 0.7 40.49 ± 0.61
C52 Chengtuo 3,200 ± 40.88 2,840 ± 50.99 43.7 ± 0.73 27.6 ± 0.65
C53 Heizhi 3,200 ± 57.97 5,020 ± 58.31 35.7 ± 0.91 40.6 ± 0.67
C54 Houxian 3,200 ± 15.78 3,640 ± 24.49 37.2 ± 0.64 29 ± 0.94
C55 Panguzi 3,160 ± 36.27 3,660 ± 54.41 55 ± 0.85 21 ± 0.66
C56 Dongguanshangshuhuai 3,000 ± 52.99 5,390 ± 76.55 38.5 ± 0.62 34.5 ± 0.72
C57 Mupai 1 3,000 ± 57.81 4,920 ± 86.02 43.1 ± 0.69 42.25 ± 0.74
C58 Cuiye 2,880 ± 50.42 4,910 ± 40 37.1 ± 0.74 28 ± 0.79
C59 Yulinli 2,680 ± 35.02 3,800 ± 31.62 42.6 ± 0.77 40.5 ± 0.91
C60 Yiqiaomili 2,600 ± 35.78 5,590 ± 50.4 38 ± 0.53 35.3 ± 0.74
C61 Jiaopanli 2,544 ± 43.57 3,440 ± 67.82 46 ± 0.8 54.6 ± 0.71
C62 Baisheng 2,400 ± 44.42 6,460 ± 50.99 42.7 ± 0.64 42.63 ± 0.67
C63 Haiken 4 2,360 ± 51.81 2,750 ± 47.33 24.49 ± 0.76 36 ± 0.87
C64 Wuchali 2,064 ± 28.22 4,980 ± 20.98 29.5 ± 0.84 10.77 ± 0.41
C65 Haiken 14 960 ± 28.6 3,620 ± 44.27 22.18 ± 0.82 21.2 ± 0.62

HORTSCIENCE VOL. 52(10) OCTOBER 2017 1339



Presently, more than 500 accessions are
preserved in the National Litchi Germplasm
Repository located at the Institute of Fruit
Tree Research, Guangdong Academy of
Agricultural Sciences, Guangzhou, China,
which was established in 1988 and is the
largest litchi germplasm gene bank in the

world (Liu et al., 2015; Sun et al., 2010). A
rich diversity exists among litchi cultivars.
This is the first study of pollen diversity
among 65 litchi cultivars. The average
number of pollen grains per anther of the
65 tested cultivars ranged between 1555 and
7455. Significant differences were observed

among some cultivars. The hierarchical
cluster based on pollen quantity and germi-
nation rate showed that 65 litchi cultivars
could be classified into six clusters, and
41.54% of litchi cultivars ranged between
3830 and 4730 pollen grains per anther. The
number of pollen grains per anther ranged
between 1170 and 3800 in 18 apple cultivars
grown under subtropical conditions in S~ao
Paulo, Brazil, and the pollen grains per
flower ranged between 23,000 and 74,000
(Campo Dall’Orto et al., 1985). On an
average, Brazilian apple cultivars, such as
Baronesa, Suprema, Imperatriz, Lisgala,
Joaquina, Princesa, Fred Hough, Daiane,
Catarina, Primícia, Duquesa and Condessa
produce 16–20 anthers, and a variable num-
ber of pollen grains per flower ranging
between 53,000 and 103,700 were found.
The variation in pollen grains per flower is
mainly due to cultivar differences (Albuquer-
que et al., 2010). Each male litchi flower has
6–10 anthers (Wu, 1998). Thus, pollen grains
per male flower ranged between 9330 and
59,640 for 65 litchi cultivars. Litchi panicles
have a larger quantity of flowers, and the male
flowers can produce large amounts of pollen
grains during the flowering period.

Pollen collection is difficult but it is
important. Adjusting the amount of pollen
in artificial cross breeding in litchi based on
the viability of the litchi variety conserves the
amount of pollen. The differences among
cultivars and between years in pollen viabil-
ity, intended as flower quality, might be
attributed to both physiological and environ-
mental factors, but a genetic influence might
play a significant role (Mazzeo et al., 2014).
The litchi cultivar Feizixiao had lower pollen
viability than ‘Baitangying’ (Jiang et al.,
2012). The differences among cultivars ob-
served in the present study are certainly
indicative of the intervarietal variability,
which is also detected in other fruit species,
such as apples, peaches, plums, grapes, al-
monds, and sour and sweet cherries (Godini,
1981; Oberle and Goertzen, 1952; Szab�o
et al., 1996). Some authors have also reported
significant differences in both the viability of
clones of ‘Arbequina’ (Rovira and Tous,
2002) and the germination of clones of
‘Leccino’ (Bartolini and Guerriero, 1995).
The differences among cultivars in litchi
pollen viability attributed to genetic influence
might play a significant role too. The weather

Fig. 1. (A) Litchi male flowers in the first stage, the anther extended just beyond the receptacle, and the
filaments were not observed. (B) Litchi male flowers in the second stage, the filament is extended to
half of its overall length. (C) Litchi male flowers in the third stage, the filament extends fully, but the
anther does not dehisce. (D) Litchi male flowers in the last stage, the filament extends fully, and the
anther dehisces.

Table 3. Classification of the pollen quantity and germination rate of different litchi cultivars.

Cluster Code of cultivar
Number of
cultivars

Range of pollen
quantity

Avg of pollen
quantityz

Range of pollen
germination rate (%)

Avg of pollen
germination rate (%)z

I C30 C36 C8 C32 C2 C34 6 4,935–7,455 5,847.08 ± 395.14 ab 45.40–54.69 49.28 ± 1.40 a
II C1 C31 C48 C38 C41 C4 6 5,570–6,495 6,022.5 ± 141.04 a 24.36–32.43 28.86 ± 1.50 d
III C6 C7 C42 C5 C23 C21 C33 C46 C13 C50

C35 C17 C45 C58 C56 C60 C53
17 3,895–5,155 4,507.59 ± 104.53 b 29.60–38.15 33.77 ± 0.58 c

IV C26 C39 C22 C64 C14 C19 C16 C3 C15
C11 C49 C40

12 3,522–4,690 3,998.5 ± 115.81 c 20.14–28.51 24.32 ± 0.83 e

V C47 C59 C52 C55 C24 C61 C37 C57 C43
C9 C62 C51 C10

13 2,815–4,472.5 3,716 ± 159.61 c 35.65–50.30 43.10 ± 1.12 b

VI C27 C65 C29 C18 C20 C44 C54 C28 C63
C12 C25

11 1,555–3,420 2,718.73 ± 172.95 d 21.69–33.10 28.26 ± 1.07 d

zDifferent letters indicate significant difference among stages at P = 0.05 (Tukey’s test).
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affected the pollen germination rates in
flowers bloom. The pollen germination rates
of four olive cultivars had a significant dif-
ference between the ‘on’ and ‘off’ years
(Gabriela et al., 2013). The litchi pollen
quantity and viability had difference between
2009 and 2010. The differences among cul-
tivars and between years in pollen quantity
and viability mainly attributed to physiolog-
ical and environmental factors. The rainy
season in 2010 was started nearly a month
later than 2009 in Guangzhou. The average
temperature in 2010 was 19.75 �C, higher than
17.45 �C in 2009. The pollen quantity and
viability of most early-maturing varieties in
2010 were higher than 2009. The pollen quan-
tity and viability ofmost late-maturing varieties
in 2010 were lower than 2009. The results
indicated that the pollen quantity and viability
can be improved on warm and sunny days.

The hierarchical cluster based on pollen
quantity and pollen germination rate showed
that the 65 litchi cultivars could be classified
into six clusters (Table 3). Six cultivars in the
first cluster had high pollen quantity (4935–
7455) and a high germination rate (45.40% to
54.69%). The cultivars in the second cluster
had high pollen quantity (5570–6495) but
a low germination rate (24.36% to 32.43%).
The cultivars in the fifth cluster had a high
pollen germination rate (35.65% to 50.30%),
but low pollen quantity (2815–4472.5). A
clear relationship between pollen quantity
and pollen germination rate in litchi was not
found. Moreover, none of the cultivars had
a pollen quantity and germination rate of 0.
Litchi cultivars producing the greatest
amount of viable and compatible pollen
grains per anther may be preferred when
choosing potential pollinizers. This study
highlighted some remarkable differences
among cultivars in terms of both viability
and number of pollen grains. Floral overlap is
common among litchi cultivars and is the
main mechanism that facilitates cross polli-
nation. To optimize pollination, it is neces-
sary to plant both early- and late-blooming
pollinizers so that the main variety can bloom
in between these time periods (Delaplane and
Mayer, 2000). However, high pollination
also depends on the occurrence of honeybees
(three hives per hectare) (Guerrero Prieto
et al., 2006). This study provides a theoretical
basis for the collection of pollen, the quantity
of pollen, and the amount of pollen used in
pollination.

Conclusions

Differences among litchi cultivars were
detected in this study, either for pollen pro-
duction or viability. Concerning the pollina-
tion efficiency of litchi cultivars in general,
the pollen quantity and germination rate
could be important characteristics considered
as indicative parameters of pollen develop-
ment and functionality. Most litchi cultivars
can produce large amounts of viable and
compatible pollen grains during the flower-
ing period. Pollen production may not be the
main restriction for unsuccessful pollination
of litchi. Flowering asynchrony, raining in
bloom, and a lack of pollinators may be the
main restrictions for unsuccessful pollination
of litchi.
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