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Abstract: The most widely used clones were all breed by artificial hybrids steps in China, therefore it is important to research
on pollination rate. Three individual trees of E. grandis and E. tereticornis were selected as female while the pollen of hybrid
clone DH32-29, E. grandis, E. pellita, E. tereticornis and E. urophylla were collected as male. The results indicated that E.
grandis family 4 always had higher pollination rate with different male pollen than other E. grandis families. Family 116 had
higher pollination rate with DH32-29 and E. urophylla than family 41 while family 41 had higher pollination rate with E.
grandis and E. tereticornis than family 116. Though different families had different pollination rate, the studied E. grandis
families all had higher pollination rate (above 75%) with different male pollen. E. tereticornis family 243-1 always had higher
pollination rate (nearly 100%) with different male pollen than other E. tereticornis families while E. tereticornis family 238-2
always had lower pollination rate (nearly 60%) with different male pollen than other E. tereticornis families. All the male
pollen had similar pollination rate with family 238-1 and 243-1. E. grandis pollen had higher pollination rate with family 238-2
than other male pollens.
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1. Introduction
Most of eucalypt species are naturally distributed in the
continental Australia of Oceania, and a few native to the
Timor Island of Indonesia and Papua New Guinea [1]. Due to
the fast-growing, well adaptability, short-rotation, excellent
wood properties, vigorous hybrids and large natural genetic
populations occur, Eucalypt has become suitable plantation
species around the world [2-4]. For the last thirty years, the
eucalypt plantations have experienced an important
development and considerable successful improvements also
have been achieved by genetic breeding in China [5-6].
Eucalypt plantations now cover an estimated area of more
than 4.0 million hectares, principally in Guangdong, Guangxi,
Hainan Island, Yunnan, Sichuan and Fujian provinces while
more than 1.4 million hectares in Guangxi [7-8].
Beyond the traditional recurrent way for genetic
improvement of the pure species, eucalypts enter quickly to
produce commercially interesting interspecific hybrids by
natural or artificial reciprocal recurrent way because

Eucalyptus genus is very poly specific, and its species are
genetically close and are frequently crossable [9-13].
Therefore, the interspecific hybrids can give very rapid gains
and the most widely used clones in China were all breed by
artificial hybrids step with Eucalyptus urophylla, E. grandis
and E. tereticornis etc [14-18]. However, information on
pollination rate on Eucalyptus is limited in China.
The objectives of this study were to compare the pollination
rate on E. grandis and E. tereticornis with different pollen at
same time and this information will be used to develop
appropriate breeding strategies for breeding.

2. Methods
The trial was established in the town of Shaping, Qingyuan
City, Guangdong (24°33′26″N, 112°5′31″E). This locationis
affected by the north tropical monsoon, with an annual mean
temperature of 18.8°C and an annual mean rainfall of1800 mm.
The field design was randomised complete block with six
replications and 5-tree line plots planted with spacing of 3 m ×
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2 m. Planting pits (50 cm × 50 cm × 40 cm) were prepared and
compound fertilizer was applied in the first 2 years with
individual tree applications. The dominant plants in the
undergrowth of the original tree canopy included
Dicranopteris pedata (Honutt.) Nakaike, Mussaenda
pubescens Ait and Rhodomyrtus tomentosa Hassk.. Three
individual trees of E. grandis and three individual trees of E.
tereticornis were selected for female. The pollen of hybrid
clone DH32-29, E. grandis, E. pellita, E. tereticornis and E.
urophylla were collected from Guangdong province.
The experiment circuit diagram of pollination was present
in Figure 1. When the flower was same like in figure A, the
pistils were nearly open or open in a short time and the pistils
were removed. Cottons were put on the two side of the
inflorescence for adding wire. And then a paper bag were
covered the whole inflorescence for four days (figure B).
Different species pollens were pollinated on stigma and then
the bags were closed for seven days (figure C) meanwhile
write the date on the bags. After seven days, the bags were
removed and a label with parent information and date was
added near the flower. During remove the bags, the amount of
success and failure pollinated flowers were counted.
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tereticornis, E. urophylla and E. pellita. The flowers were
collected in a separate bag (Figure A) and the stamen was
removed on a clean paper with desiccant in a dry container
(Figure B). After two to three days, the stamen was selected by
sieve and put into small bottle (Figure C). All the bottles
should be vacuumized and signed with species, date and
location in refrigerator under three to five temperature (Figure
D).

3. Results and Discussion
3.1. Pollination Rate on E. grandis
The pollination rates of E. grandis were presented in
Figure 3. The results indicated that E. grandis family 4
always had higher pollination rate with different male pollen
than other E. grandis families. Family 116 had higher
pollination rate with DH32-29 and E. urophylla than family
41 while family 41 had higher pollination rate with E.
grandis and E. tereticornis than family 116. Though different
families had different pollination rate, the studied families all
had higher pollination rate (above 75%) with different male
pollen.

Figure 3. Pollination rate with different pollen of species on E. grandis.
Figure 1. Pollination steps.

3.2. Pollination Rate on E. tereticornis

Figure 4. Pollination rate with different pollen of species on E. tereticornis.

Figure 2. Pollination steps.

The collection steps of pollen were given in Figure 2. The
pollen was collected from DH32-29, E. grandis, E.

The pollination rates of E. tereticornis were presented in
Figure 4. The results indicated that E. tereticornis family
243-1 always had higher pollination rate (nearly 100%) with
different male pollen than other E. tereticornis families while
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E. tereticornis family 238-2 always had lower pollination rate
(nearly 60%) with different male pollen than other E.
tereticornis families. All the male pollen had similar
pollination rate with family 238-1 and 243-1. E. grandis
pollen had higher pollination rate with family 238-2 than
other male pollens. In general, the pollination variation of E.
tereticornis was higher than that of E. grandis.
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4. Conclusion
In the present study, the pollination rate of E. grandis and
E. tereticornis with different pollen were compared. In
addition, the pollination rates of different individual tree were
also discussed. Joint analysis of pollination rate in the present
study showed three implications for tree breeding in China.
Primarily, E. grandis and E. tereticornis had different
pollination rate, and E. grandis generally had stable
pollination rate. Secondly, different individuals trees had
different pollination rate. Thirdly, different pollen also had
different pollination rate. This information will be used to
develop appropriate breeding strategies for breeding.

Acknowledgements
The authors gratefully thank David B, Harding K and Pegg
R for their help in improving the manuscript and Yang H from
Xinhui Research Institute of Forestry Science for sample
preparation. This study was funded by the Genetic Basic of
Male Parent Selection on Heterosis of F1 Family in
Eucalyptus urophylla (31600545), the Overseas Study
Support Plan of International Cooperation project
(CAFYBB2019GC001-5) and the Hereditary Analysis of
Fiber Traits of Eucalyptus urophylla (CAFYBB2016QA005).
The comments from the anonymous reviewers are also
appreciated.

References
[1]

Qi SX (2007) Applied Eucalypt cultivation in China. Beijing:
China Forestry Publishing House. (in Chinese).

[2]

Kien ND, Jansson G, Harwood C, Thinh HH (2009) Genetic
control of growth and form in Eucalyptus urophylla in northern
Vietnam. Journal of Tropical Forestry Science 21 (1): 50–65.

[3]

Warren E, Smith RGB, Apiolaza LA, Walker JCF (2009) Effect
of stocking on juvenile wood stiffness for three Eucaluptus
species. New Forests 37: 241–250.

[4]

Wu SJ, Xu JM, Lu ZH, Li GY, Pan LQ, Han H. (2015) Effects
of inbreeding on growth and wood properties of selfed
Eucalyptus urophylla progenies. Journal of Tropical Forest
Science 27 (3): 369–375.

[5]

Martin B (2002) Eucalyptus: a strategic forest tree. pp. 3–18 in
Wei R, Xu D Eucalyptus Plantation Research, Management and
Development. Proceedings of the International Symposium
held in Guangzhou, People’s Republic of China. 1–6
September 2002 World Scientific Publishing Co. Pte. Ltd.

[6]

Wu SJ, Xu JM, Li GY, Lu ZH, Han C, Hu Y, Hu XX. (2013)

[10] Borralho NMG (2002) The challenges and lessons from
breeding Eucalyptus. pp. 79–89 in Wei R, Xu D Eucalyptus
Plantation Research, Management and Development.
Proceedings of the International Symposium held in
Guangzhou, People’s Republic of China. 1–6 September 2002
World Scientific Publishing Co. Pte. Ltd.
[11] Dell D, Xu D, Rogers C and Huang L. (2002) Micronutrient
disorders in eucalypt plantations: causes, symptoms,
identification, impact and management. pp. 241–252 in Wei R,
Xu D Eucalyptus Plantation Research, Management and
Development World Scientific Publishing Co. Pte. Ltd. 1–6
September Guangzhou, China.
[12] Hunter I (2001) Above ground biomass and nutrient uptake of
three tree species (Eucalyptus camaldulensis, Eucalyptus
grandis and Dalbergia sissoo) as affected by irrigation and
fertiliser, at 3 years of age, in southern India. Forest Ecology
and Management 144: 189–199.
[13] Varghese M, Harwood CE, Hegde R, Ravi N (2008) Evaluation
of provenances of Eucalyptus camaldulensis and clones of E.
camaldulensis and E. tereticorni at contrasting sites in southern
India. Silva Genetica 57 (3): 136–141.
[14] Assis T, Warburton P, Harwood C. (2005) Artificially induced
protogyny: an advance in controlled pollination of Eucalyptus.
Australian Forestry 68 (1): 27-33.
[15] Zhu Y, Wu S, Xu J, Zhao H, Li G, Hu Y, Yang X, Bush D.
(2017) Genetic parameters for growth traits and
stem-straightness in Eucalyptus urophylla × E. camaldulensis
hybrids from a reciprocal mating design. Euphytica 213: 142.
[16] Chen Z, Baison J, Pan J, Karlsson B, Andersson B, Westin J,
Rosario M, Wu H. (2018) Accuracy of genomic selection for
growth and wood quality traits in two control-pollinated
progeny trials using exome capture as the genotyping plat
form in Norway spruce. BMC Genomics. 19: 946.
[17] Suraj P. G, Nagabhushana K, Kamalakannan R, Varghese M.
(2019) Impact of fertility variation on genetic diversity and
phenotypic traits in second generation seed production areas
and clonal seed orchards of Eucalyptus camaldulensis. Silvae
Genetica. 68: 29-40.
[18] Borralho NMG (2002) The challenges and lessons from
breeding Eucalyptus. pp. 79–89 in Wei R, Xu D Eucalyptus
Plantation Research, Management and Development World
Scientific Publishing Co. Pte. Ltd. 1–6 September 2002
Guangzhou, China.

