
 76  Silvae Genetica 63, 1–2 (2014)

Abstract

Casuarina equisetifolia is an important tree species in
the tropical and subtropical zones of Asia, Africa and the
Pacific. There is an increasing interest in producing
intra- and inter-specific hybrids of casuarina species.
Conventional bagging controlled pollination method
yielded very low fruit set and poor seed germination.
High temperature and humidity in the pollination bags
appeared to have instigated unfavorable conditions for
pollination and fertilization mechanism. In this study, a
novel approach was developed by conducting pollination
in closed chambers which functioned like pollination
bags. Fruit set and seed germination rate increased
from 7.0% to 89.9%, and 8.1% to 51.8% respectively
compared with the conventional bagging controlled pol-
lination method. Based on the results, a controlled polli-
nation glasshouse with 10 separated chambers has been
designed to produce multiple hybrid combinations in a
single pollination procedure.

Key words: Casuarina equisetifolia, cross breeding, controlled
pollination, fruit set, seed germination rate, pollination cham-
bers.

Introduction

Casuarina equisetifolia L. (Casuarinaceae) is a nitro-
gen-fixing tree native to Southeast Asia, Australia and
Pacific islands (PINYOPUSARERK and HOUSE, 1993). The
species is of considerable social, economic and environ-
mental importance in the tropical and subtropical
regions of the world. In southern China, nearly all of the
estimated 300,000 hectares of casuarina plantations is
comprised of C. equisetifolia (ZHONG et al., 2011). In
India, over two-thirds of the total 500,000 hectares of
casuarina plantations are established with this species
(RAWAT et al., 2011). Genetic improvement programs for
C. equisetifolia are actively underway in China and
India.

Hybridization in plants can provide a rapid means for
increasing genetic variation and producing novel gene
combinations which can, in turn, potentially produce the
hybrid vigor in growth or resistance. The importance of
intra- and inter-specific hybridization for genetic
improvement of forest trees has been evident for at least
50 years (ZOBEL and TALBERT, 2003), and controlled
crossing has been an increasingly important method to
concentrate the best alleles from a range of selected

trees and obtain genetic gain for tree breeding (HARBARD

et al., 1999).

Conventionally, controlled pollination of forest tree is
conducted manually in the field. Bagging of the flowers
is used to exclude undesired pollens. Scaffoldings are
required when pollinating flowers in the tall trees. The
scaffoldings which are erected using steel pipes are
expensive.

Bamboo scaffoldings are often used in China but they
are easily damaged by frequent typhoons in the coastal
area. In casuarinas, very poor fruit set (<1%) and low
seed germination rate obtained from conventional con-
trolled pollination has been reported in India (NICODE-
MUS et al., 2011). Thus, the use of conventional method
for controlled pollination of casuarinas is inefficient and
costly.

Grafting is used in agriculture and forestry to induce
dwarfing of tree to facilitate pollination practice, and to
accelerate the onset of flowering, which in turn shortens
the breeding cycle (PEREZ et al., 2007; DARIKOVA et al.,
2011). Our experiences with casuarina species, such as
C. equisetifolia, C. cunninghamianaand, C. glauca indi-
cate that grafted plants with physiologically mature
scions flower in the following season, which offers a pre-
condition for developing a new approach for controlled
pollination in casuarinas (ZHANG, 2013).

The objective of this study was to develop a more effi-
cient method for controlled pollination in casuarinas
using grafted plants of C. equisetifolia. 

Materials and Methods

The experiment was conducted at Chihu Forest Farm
nursery in Huian county, Fujian province of China. The
nursery site was surrounded by mature C. equisetifolia
plantations from which scions and male pollen were col-
lected for this experiment.

Propagation of grafted plants

In March 2009, scions of male and female trees from a
20-year-old C. equisetifolia seedling plantation were
grafted on stock plants grown in containers (35 cm
diameter and 25 cm deep). The grafted plants were
about 100 cm tall when the controlled pollination exper-
iment commenced in April 2010.

Pollination methods

Three pollination methods were carried out in three
replicates of four grafted female plants each as follows.

Method 1 – conventional bagging: Twelve grafted
female plants with visible flower buds were laid out on
an open ground. They were arranged into three groups
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of four (2x2) spaced at 1 m apart. On each plant, a
branch was selected and tagged. All female flower buds
except five to be pollinated were removed. The flower
bud branches were bagged in glassine paper bags
(25x15 cm) before anthesis. When male and female
flowers were in full bloom, the bags were opened, and
mixed fresh pollen collected from a nearby plantation
was manually pollinated on the female flowers using
brushes at 8:00–10:00 am. Immediately thereafter, the
pollinated flowers were rebagged to exclude undesired
pollen. The manual pollination was repeated two days
after. The bags were removed 15 days later after confir-
mation of drying and withering of the female flowers.

Method 2 – pollination chambers: Three clear plastic
sheet chambers 1.5 m, 1.5 m and 2 m in length, width
and height respectively were placed inside a glasshouse.
These chambers functioned as pollination bags. Each
chamber had a separate entrance through overlapping
of two plastic sheets. Twelve grafted female plants with
visible flower buds were chosen. On each plant a branch
with visible flower buds was tagged. All flower buds
except five to be pollinated were removed. Four grafted
female plants were then placed inside each of the three
chambers (as 3 replicates). When female flowers were in
receptive stage, one male plant with the inflorescences
shedding pollen was placed in the centre of the four
female plants inside each chamber, and three male
plants used for the three chambers are grafted ramets of
the same individual. Male inflorescences were shaken

by hand to disperse the pollen at 8:00–10:00 am. This
shaking was repeated for five days. When all female
flowers had withered about 15 days later, the grafted
plants were moved to open area outside the glasshouse.

Method 3 – open pollination (control): The same
twelve female plants in Method 1 were used. A branch
with visible flowers on each plant was tagged. All flow-
ers apart from five to be pollinated were removed. Male
trees in the adjacent plantation provided a pollen source
for the open pollination. In addition, ten grafted male
plants obtained from different individuals were placed
around the female plants to provide supplementary
pollen.

Monitoring of temperature and humidity 

On 25–27 April 2010, temperature and relative
humidity (RH) inside the pollination bags in Method 1
and inside the chambers in Method 2 were recorded
using a mercury thermometer and a psychrometer.
Simultaneously, the ambient air temperature and RH in
the nursery area were recorded for Method 3. These
measurements were taken between 8:00 am and 3:30
pm at 1.5 hours interval over the three days. 

Assessment and data analysis 

In November 2010 approximately five months after
pollination treatments, the number of the fruits (cones)
on the tagged branches was counted. The cones were

Table 1. – Mean fruit set, number of seeds per cone and seed germination rate of three polli-
nation methods in C. equisetifolia.

Note: Data were mean ± SD. Data followed by the same superscript letter were not signifi-
cantly different by Duncan’s multiple range test (P<0.05).

Figure 1. – Temperature inside pollination bags and chambers in Methods 1
and 2, and ambient air temperature in Method 3.
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air-dried individually in the sun to extract the seed,
after which the number of seeds in each cone was count-
ed. All the seeds were then sown to determine the ger-
mination rate

One-way ANOVA was performed using SAS statistical
package (SAS INSTITUTE INC., 1999) on the number of
cones (fruit set), number of seeds per cone, and seed ger-
mination rate. Prior to ANOVA, arcsin transformations
were performed for percentage data. Duncan’s Multiple
Range Test at 5% level was used to compare the differ-
ences between treatment means.

Results

Differences between pollination methods in fruit set,
number of seeds per cone and seed germination rate

There were significant differences (P<0.05) between
pollination methods in fruit set, number of seeds per
cone and seed germination rate (Table 1). 

The highest fruit set (89.9%) was obtained by pollina-
tion in chambers (Method 2), followed by open pollina-
tion (69.5%). The conventional bagging (Method 1)
yielded very low success rate at 7% only.

Pollination in chambers also yielded the highest num-
ber of seeds per cone, average 81.8 seeds. There was no

difference in the number of seeds per cone between con-
ventional bagging (Method 1) and open pollination
(Method 3). The mean values recorded for these two
methods were 68.3 and 74.5 seeds respectively.

Germination was very poor (8.1%) in the seeds
obtained by the conventional bagging method. The best
result (51.8%) was again displayed by pollination in the
chambers. The seeds obtained from open pollination had
28.3% germination rate.

Observation of temperature and RH in three pollination
methods

As shown in Fig. 1, the temperature inside pollination
bags in Method 1 was higher than that in Methods 2
and 3. The temperature increased steadily from 8.30 am
and reached the maximum at 2 pm. The maximum tem-
perature was 39°C in Method 1 compared to 36.2°C and
33.5°C in Methods 2 and 3 respectively. 

In all three pollination methods, the relative humidity
(RH) was higher in the morning and decreased steadily
with time as the temperature increased (Fig. 2). As with
the temperature, RH was higher in Method 1 (88–95%)
than that in Method 2 (75.3–81.3%) and Method 3
(76.7–89%). The differences in RH between Methods 2
and 3 were small.

Figure 3. – Controlled pollination chambers for casuarina hybridization.

Figure 2. – Relative humidity of the three pollination methods.
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Discussion

Generally, April and May are the main flowering peri-
od of casuarina in southern China. During this time,
outdoor-temperature generally reaches 30°C or higher
in the sun. In this experiment, the temperature inside
the pollination bags was found to reach 39°C. Such
higher temperature was likely due to the “greenhouse
effect”. Additionally, plant transpiration in the bags in
the strong sunlight would result in higher humidity
than outside because of a build-up of moisture inside the
bags (MONCUR, 1995). High temperature and humidity
in pollination bags increase respiration and enzymatic
activities of casuarina pollen, and consequently lead to
rapid loss of pollen viability (GUDIN et al., 1991; WANG

and LU, 2002). In our previous study, it was proved that
casuarina pollen in vitro germination rate dropped from
13.2% to 0.8% after storage at room temperature (25°C)
for 3 days (ZHANG et al., 2011). It took at least 6 hours
for pollen germination on stigma through observation of
pollen tube growth using fluorescence technique (unpub-
lished data). The high temperature and humidity in pol-
lination bags, coupled with the long time for pollen ger-
mination, probably resulted in viability loss of most
pollen grains, and subsequently led to low fruit set in
the conventional bagging method. In addition, female
flowers at different locations of a flower-bearing branch
may not bloom simultaneously and thus they are not
receptive at the same time which might also lead to low
fruit set in Method 1. Therefore, hand pollinations
which were done two times in this experiment might not
be sufficient.

Differences in temperature and humidity between
inside and outside the glasshouse were relatively slight
for most of time during 8 am– 3.30 pm. The similar
environment ensured that male and female flowers can
pollinate and fertilize under favorable conditions.
Female flowers of Allocasuarina verticillata (Casuari-
naeae family) remain receptive for up to 12 weeks (MON-
CUR et al., 1997). During this period, fresh pollen from
male inflorescences could reach most receptive stigmas.
This explains the higher fruit set in Methods 2 and 3
than that of Method 1.

Normally, pollination and fertilization of casuarina
can be accomplished without difficulty under outdoor
conditions, however, many environmental factors such
as winds and rain can affect the outcome. Furthermore,
low pollen density in the air reduces the chance of viable
pollen landing on receptive stigma, consequently caus-
ing pollination limitation (insufficient pollen transfer by
vectors) in female flowers (JENNIFER et al., 2001). In con-
trast, in a small and closed space of pollination cham-
bers in Method 2, higher density of pollen shed from
male inflorescences enhances more viable pollen grains
to stick to receptive stigmas. This indicates the higher
fruit set in Method 2 than that of open pollination in
Method 3.

The majority of casuarina species are dioecious, wind-
pollinated and primarily obligate outbreeders (BARLOW,
1981), that is an essential prerequisite for developing
this pollination approach. Based on these reproductive
characteristics of casuarinas, factorial mating design

can be employed in casuarinas controlled pollination
using the chamber approach. Many separated chambers
can be used to produce inter- and intra-specific hybrids
of different casuarina species (Fig. 3). Compared with
conventional controlled hand pollination method, this
approach can eliminate adverse effects of outdoor envi-
ronments, and reduce cost of materials and labor used
in conventional controlled pollination. 

Explanation: The drawing (Figure 3) shows 10 sepa-
rated chambers which are placed inside a glasshouse.
Shade cloth can be installed on top of the glasshouse to
prevent high-temperature from strong sunlight when
necessary. The length, width and height of each cham-
ber are 3.0 m, 3.0 m and 2 m respectively, and there is
an independent door for every chamber. Additionally, a
small electric fan is set inside the chamber to simulate
anemophily during pollination. Each chamber consists
of one male and eight female plants with the male being
placed in the centre and surrounded by the female
plants. A factorial mating design is employed for this
design. Ten pollination chambers mean that up to 10 dif-
ferent candidate paternal parents can be used in a sin-
gle pollination, and 8 different maternal parents around
paternal parents in 10 chambers imply that up to 80
hybrid combinations can be obtained in a single con-
trolled pollination procedure.
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