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Abstract

Acacia hybrid (Acacia mangium % A.auriculiformis) shows better growth and wood properties, and tolerance to
pest and disease. Currently, acacia hybrid breeding strategy was developed through naturally hybrid selected from
trees grown in plantation. However, mass propagation of acacia hybrid using such kind of strategy was not satisfied
due to ageing effect. This study was aimed to develop a new acacia hybrid breeding strategy using controlled
pollination hybridization technique. The strategy was developed through a series of research: flowering, crossing,
hybrid identification, clone multiplication, and clonal test. The results of study showed that the series of research for
developing acacia hybrid breeding strategy was achieved. Flowering time synchronization provided a high
probability for the success of controlled pollination hybridization. Leaves taxonomy at seedling stage revealed to be
an efective way to identify acacia hybrid with acuracy of 92.2%. The acacia hybrid was succesfully propagated
using shoot cutting at rate of 78.1%. The best selected clones of acacia hybrid outperformed in height growth at
rates of 17.28% over to superior pure parents, which is equivalent to the estimated stand productivity at around 48
m’ ha'y'. The series of research provided a new effective and efficient breeding strategy for acacia hybrid.
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Introduction

Acacia hybrid is an out-crossed variety between Acacia
mangium and A. auriculiformis, either naturally or
artificially. Superior acacia hybrid has some merits as
compared to the pure parents, such as fast growth, straight
main stem, light branches, soft bark, and resistance to pest
and disease (Nikles et al. 1998; Kha 2001). In addition, they
had better wood properties with higher quality for pulp and
paper industry compared to 4. mangium (Kim et al. 2009;
Khalid et al. 2010; Rukeya et al. 2010; Yahya et al.
2010;Kato eral.2012; Khaetal. 2012).

Research and development on acacia hybrids in
Indonesia is limited. Although some researches has been
done using material selected from natural acacia hybrid tree
grown in plantation, the results were less optimal due to the
long of time and the low productivity in multiplication due to
the ageing effects (Hardiyanto 2004). Therefore,
development an effective and efficient breeding strategy to
provide optimal results of acacia hybrid is necessary. One of
the possibilities to achieve this strategy is through the use of
artificial controlled pollination technique.

The purpose of this study was to develop an effective and
efficient breeding strategy for acacia hybrid to support a high
productive forest plantation. The breeding strategy was

established through a series of research activities covering
flowering phenology, controlled pollination hybridization,
hybrid seed quality, identification and verification of the
hybrid, hybrid clone multiplication and hybrid clonal test.
The result of respective research was discussed in detail in
this paper.

Methods

Breeding strategy for acacia hybrid Proposed breeding
strategy to obtain superior acacia hybrid through artificial
control pollination is presented in Figure 1. The breeding
strategy was established as an effort to obtain higher
probability of hybrid vigor or heterosis and to minimize the
less vigor hybrid as well. Some researches involved in this
strategy covered flowering phenology, controlled
pollination hybridization, hybrid seed quality, identification
and verification of hybrid, hybrid clone multiplication and
hybrid clonal test.

Flowering phenology The flowering phenology was
observed in breeding garden of A. mangium and A.
auriculiformis in Centre for Forest Biotechnology and Tree
Improvement (CFBTI), Yogyakarta. The observation was
focused to obtain the synchronized of flowering time
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Figure 1 Flow chart of breeding strategy of acacia hybrid (4. mangium x A. auriculiformis).

between 4. mangium and A. auriculiformis trees. The
method of observation is by accessing periodically on every
week using scoring system (Ibrahim 1993): score 0 = no
flowering; 1 = small flowering (<1/3 crown flowered); 2 =
moderate flowering (1/3—-2/3 crown flowered); 3 = heavily
flowering (>2/3 crown flowered).

Controlled pollination hybridization Hybridization was
done in breeding garden of A. mangium and A. auriculiformis
in CFBTI, Yogyakarta. Based on the result of flowering
phenology, controlled pollination hybridization was then
practiced using another method, in which the crossing
between the both parent species was done without
emasculation (Sedgley ef al. 1991). This method was applied

when the both stigma and pollen are in the peak of receptive
time. In this study, the receptive time was observed
preliminary at around 06:00—-10:00 am. The hybridization
was done using 4. mangium as a female (pollen receptor)
and 4. auriculiformis as amale (pollen donor).

Hybrid seed quality The seed quality was observed by
calculating the germination rate of the hybrid seed. To
increase homogenous of the environment, the seed was
germinated aseptically in tissue culture laboratory. The
observation of germination was done from the 3" day up to
the 14" day after seed sowing. Seed germinated after the
14" was not included in the germination rate evaluation. The
germinant was classified into 2 categories: normal and
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abnormal. Germinant was categorized as normal if it
composed of complete organs, such as root (radicle), stem
(hypocotyl and epicotyl), and shoot leaves. While it was
categorized as abnormal if it composed of not complete
organs or not having one or more criteria as the normal
organs (Wang 1991). The normal germinant was then
pricked out into a poly-bag containing media of top soil for
further identification and verification.

Identification and verification of hybrid The hybrid
seedling identification was done using morphological
markers developed by Gan and Sim (1991) as presented at
Figure 2. The seedling that morphologically identified as a
hybrid was then verified using molecular markers of SCAR
to determine the status of true hybrid (Widyatmoko &
Shiraishi 2003). Identification of hybrid seedling was done
at the nursery, while the verification using SCAR markers
was done at the molecular laboratory of CFBTI.

Hybrid clone multiplication The seedling verified as true
hybrid, hereinafter referred as acacia hybrid, was then
selected for further testing based on their growth
performance in nursery level at age 4 months and their ability
for mass vegetative propagation, such as the sprouting after
topping and the rooting after shoots cutting. The selected
seedling were then used as stool plants and transferred in
clone multiplication area (CMA) for mass propagation. The
juvenile shoots collected from the stool plants were used for
shoots cutting which was maintained in green house
facilitated with a set of misting unit.

Hybrid clonal test Amount of 44 selected seedlings,

hereinafter referred as acacia hybrid clone, which was mass
propagated through shoot cutting were used as genetic

Seed
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material for field hybrid clonal test to find out the best acacia
hybrid clones. The experimental design of clonal test was
laid out as Incomplete Block Design with a single tree-plot,
20 replications and spacing of 3 x 3 m. Out of 44 clones, 4
controls were also involved in the clonal test for comparison.
The controls consisted of 2 pure species of A. mangium and
A. auriculformis, in which the each species was propagated
using both seedling and cutting. The 4 controls were derived
from pure improved seed collected from the best current
seed sources: first-generation seedling seed orchard (SSO)
of A. auriculiformis and second-generation SSO of 4.
mangium. Clonal test was established at Wonogiri, Central
Java, 200 km a part of CFBTT site.

Results and Discussion

Flowering phenology Results of flowering intensity for A.
mangium and A. auriculiformis during the year of 2007—
2008 observed in breeding garden are presented in Figure 3,
Figure 4, and Figure 5. In 2007, the peak of flowering
intensity for 4. mangium was observed on December with
the rates of around 41.7%, while that in 2008, it was
observed on January with the rates of around 68.7%. In case
for A. auriculiuformis, the peak of flowering intensity in
2007 was observed on September and December with the
rates of around 10.0%, while that in 2008, it was observed in
May with the rates of around 66.7% (Table 1).

The flowering time synchronization between 4.
mangium and A.auriculiformis in 2007 was observed in
September and December with the average of the rates of
19.8%. In 2008 the flowering time synchronization was
observed at January—May with the average of the rates of
28.66% (Figure 6). Based on these results, the controlled
hybridization pollination in 2007 and 2008 were then
practiced at such respective synchronized flowering time
periods using 4. mangium as a female parent and A.

9th week
leaves

Presence of 4-pinnate leaf
or number of bipinate

Yes or 2 5 A. mangium

{1

10th week

Number of pinate leaves

>3 A. mangium

<8

1l

Hybrid

A. mangium x A. auriculiformis

Figure 2 Diagrammatic representation of the simplified method developed by Rufelds (1988) to identify acacia hybrid

(A. mangium *x A. auriculiformis).
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Figure 3 Time and flowering intensity (%) of A. mangium at
breeding garden of CFBTI

o
(=}
J

40 -
30 -
20 -
10 -

Flowering Intensity (%)

Jan'07

Figure 4 Time and flowering intensity (%) of A
auriculiformis from Australia provenance at
breeding garden of CFBTI.

80 -

70 4
60 -
50 A

40

==e=a . mangium

A. auriculiformis

[}
]
]
]
]
]
Y
’

Mother tree 13
80 Mother tree 10
§ 70 s Mother tree 03
260 eesees Mother tree 11
§ 50 Mother tree 08
E
= = @ == Mother tree 04
,DED 40
o; 30 A 'l
)
™ 20 A ]
] ]
10 (74
0 : N
558828953083 38388ERRPEEPEE S
SE2S852228328523223°223328
= -
Month
Figure 5 Time and flowering intensity (%) of A.

auriculiformis from Papua New Guinea
provenance at breeding garden of CFBTI.

auriculformis as a male parent (pollen donor). About 6 and
22 pairs of crossing A. mangium x A. auriculiformis in 2007
and 2008 have already done respectively.

The lack of the number of flowered trees and the smaller
rates of flowering intensity in 2007, either for 4. mangium or
A. auriculiformis, might be due to internal factor of the
genetics of tree, such as hormonal system related to the
physiological character of the trees (Opick & Rofle 2005).
Regarding to this factor, one of possible reasons is that the
tree is not mature enough physiologically to produce flower
and reproductive organ. This is because in 2007 the trees
inbreeding garden were still young, at 1 year of age.
According to Ibrahim (1993), A. mangium starts to first
flowering and reproductive phase at 18—20 months of age.

Controlled pollination hybridization
synchronized flowering time, controlled pollination
hybridization between 4. mangium and A. auriculiformis in
2007 provided a total of 6 crossing combinations from 2
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Figure 6 Syncronization of flowering time between A.
mangium and A. auriculiformis at breeding
garden of CFBTI in 2007-2008.

This could be verified in the subsequently years where the
number of flowered trees increased with the increase of age,
either for A. mangium or A. auriculiformis. In 2008, almost
all of the trees in breeding garden beared flowers, although

with varied flowering intensity. Similar to the differences in
number of flowered trees, the varied of flowering intensity
might be due to internal factor of the genetics of tree which
related to the hormonal, particularly phytohormones that

control flowering system (Pallardy 2008).

Based on the
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Table 1 Mean of monthly flowering intensity of A.mangium and A. auriculiformis at the breeding garden of CFBTI in

2007-2008

Mean of flowering intensity (%)

Month A.mangium A. auriculiformis A.mangium A. auriculiformis
Year 2007 Year 2008
January 0 0 68.7 15.6
February 0 0 333 15.6
March 0 0 20 20
April 0 0 16.7 20
May 10 0 10 66.7
June 0 0 0 30.9
July 0 0 0 10
August 0 0 0 0
September 175 10 0 0
October 25 0 0 0
November 333 0 0 0
December 41.7 10 0 0

Flowering intensity (%): <33.33% = little flowering, 33.33-66.66% = moderate flowering, >66.66%

= heavy flowering

individual trees of 4. mangium and 4 of A. auriculformis.
While that in 2008, a total of 22 crossing combinations were
obtained from 6 individual trees of 4. mangium and 8 of A.
auriculformis (Table 2). Amount of 23 out of the total
crossing combinations successfully produced pods/fruits
containing putative hybrid seed.

The succeeded 23 crossing combinations produced 692
spikes which contained of 3,384 of sound seeds and 1,581 of
empty seeds (Table 3). The number of spikes and seeds
increased with the increasing number of crossing
combinations during 2007-2008. The average number of
pod per spike in 2007 was 1.9 pods containing the average
number of 2 sound seed per pod. The average number of
pods and sound seed increased in 2008 at around 4.4 pods
with 5.3 sound seed per pod.

During 2007-2008, not all trees in breeding garden,
either A. mangium or A. auriculiformis, was flowering yet.
As explained in preceding paragraph, the lack of number of
flowered trees might be due to the low maturity of the trees.
Maturity of woody trees varies among species because the
differences of the lenght of juvenile stage. Some conifers
remain in the juvenile stage for less than 1 year and other
species may more than 1 year (Pallardy 2008).

The increased for A. auriculiformis in 2008 which is at
the same time accompanied by the decreased of intensity for
A. mangium, might provide a change for storing of the pollen
of A. auriculiformis. The stored pollen then could be used for
controlled pollination hybridization in the next flowering
seasons of 4. mangium, at which the receptive pollen of 4.
auriculiformis was not available yet. However, numerous
reports give some information on handling and longevity of
pollen storage on breeding program.

The small average number of sound seed from controlled
pollination hybridization between A. mangium and A.
auriculformis in breeding garden in this study might be due to
the incompatibility between the stigma of female trees and
the pollen from male trees (Chaudary 1984). Another
possible reason was the differences in receptivity between
stigma of 4. mangium and pollen of A. auriculformis which
then caused an abnormal flowering process and inhibited
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producing sound seed. The differences in receptivity are
commonly occurred during inter-specific hybridization
(Chaudary 1984; Nghiem 2012).

In this study, the direct controlled pollination
hybridization (anther method) was basically practiced
according to the method proposed by Segley et al. (1991).
However a small modification was applied following to the
selection of crossing time. The crossing time selection
revealed that direct controlled pollination practiced in the
morning could increase the average number of sound seed
production from 2.8 seeds to be 5.3 seeds or increased 89.3%.
The crossing time selection was determined on the basis of
the starting flower receptivity, that as in the night when the
stigma was receptive, then followed by pollen receptivity
soon after when the stigma start to open (Ibrahim 1993).

Hybrid seed quality The sound seed of hybrid obtained from
the controlled pollination was germinated and then compared
to that of the pure 4. mangium. Result of study showed that
the average germination rate of hybrid seed was 48.1%, which
was lower than that of the pure A. mangium. The 14.43% of
the germinated hybrid seed showed an abnormal
performance. In case of pure A. mangium, all germinated seed
showed a normal performance (Table 4).

According to Wang (1991), the average viability of hybrid
seed in this study (48.1%) was categorized as low. This might
indicate that incompatibility between stigma of A. mangium
and pollen of A. auriculiformis was occurred, as a commonly
observed in the inter-specific hybridization. Incompatibility
between stigma and pollen would cause less vigor seed and
abnormal seedling. The abnormal performance is also caused
by morphological immature embryo of seed and imperfect
fertilization process. Seed with matured embryo will produce
sound seed which will germinate immediately in suitable
condition and grows vigorously.

Identification and verification of hybrid Germinated seed
were then transferred in pots for identification of putative
hybrid in seedling stage. The 135 of 165 seedlings were
identified as acacia hybrid based on morphological markers of
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the leaves development pattern. Subsequently, 92.2% of the
morphological identified hybrid seedling was verified as true
acacia hybrid using molecular markers (Figure 7). These
results indicated that morphological markers through leaves
development pattern could be used to effectively identify an
acacia hybrid at seedling stage. The verified true acacia
hybrid was then selected based on their growth performance,
sprouting and rooting ability for further clone multiplication.

The developed morphological marker which was
simplified by Gan and Sim (1991) through Ieaves
development pattern revealed that by using this markers the
precision for acacia hybrid identification was higher than that
using others markers, such as leaves color, type of
pubescence, and number of vein phylodia. Sunarti (2007) by
using the later markers reported that the precision of
identification of true acacia hybrid (4. mangium x A.
auriculiformis) in seedling stage was only 25%. The colour
of leaves probably strongly influenced by environment such
as temperature and light.

Hybrid clone multiplication There were 53 acacia hybrid
seedlings that were selected based on their growth
performance. They were then tested for sprouting and
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rooting ability through topping and shoot cutting.  The
result showed that after topping and cutting, the average of
sprouting and rooting ability were high, that is 16.5 shoots
per seedling with 78.4% ofrooting ability.

Analysis of variance showed that the hybrid crossing
combinations significantly affected the sprouting and
rooting ability of acacia hybrid seedling at confidence level
of 95% (P<0.05). 1t revealed that sprouting ability of a
seedling after topping was influenced by genetic factor, thus
indicating a potency of selection to obtain acacia hybrid
seedling as stool-plant with high productive of sprouting.
High sprouting and rooting ability on stool-plant promised
acacia hybrid to be developed on clonal forestry succesfully.

Sprouting ability of acacia hybrid observed from the best
5 hybrid crossing combinations in present study was 14.6
shoots per seedling, which was intermediate between pure
A. mangium (5.0 shoots per seedling) and A. auriculiformis
(16.6 shoots). This is in agreement with other studies
reported by Wong and Haines (1991), Paupard et al. (1994),
and Monteuuis (1995) that acacia hybrid showed
intermediate between 4. mangium and A. auriculiformis in
sprouting ability. This result was also higher as compared to
the previous study reported by Kha (2001) in Vietnam using

Table 2 Crossing combination of 4. mangium xA. auriculiformis practiced at breeding garden of CFBTI in 2007-2008

Year 2007
Jd'Aa 02 03 04 05 07 10 11 12 13 Number of
\ crossing
£ Am
28 - - - - - X X X X 4
43 - - - - - - - -
44 - - - - - - - -
45 - - - - - - - -
46 - - - - - X x 2
49 - - - - - - - -
51 - - - - - - - -
Total number of crossing combination 6
Year 2008
Jd'Aa 02 03 04 05 07 10 11 12 13 Number of
crossing
2 Am
28 N - - - - X X X X 5
43 - - X X X - - X 4
44 x - - - - X 2
45 - - - - - X 1
46 x - - - x - 2
49 x - - - X X X X 5
51 X - - - - x x 3
Total number of crossing combination 22

Table 3 Pod and seed production of Acacia hybrid at breeding garden of CFBTI in 2007-2008

Number of
Flowering season Crossing Crossing Spike Pod Seed
combination
Succeed Failed Sound Poor
Year 2007 6 0 23 46 86 176 71
Year 2008 17 5 89 137 606 3.198 1.510
Total 112 183 692 3.384 1.581
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Figure 7 Binding pattern resulted from electrophoresis using agarose 1.2% with ethidium bromide staining and primer RO1.

Table 4 Seed germination of acacia hybrid resulted from controlled pollination hybridization at breeding garden of CFBTI

Table 5 Height growth superiority of 12 acacia hybrid clones compared to 4 controls of pure species parents

134

Crossing combination

Mean of germination rate (%)

Am % Aa Normal Abnormal Not germinated
germinant germinant

28 x 02 59.1 242 16.7
46 x 02 66.3 15.0 18.8
46 x 10 53.8 33.8 12.5
45 x 12 64.3 7.1 28.6
49 x 12 333 11.8 54.9
49 x 02 241 3.5 72.4
49 x 10 429 2.0 55.1
49 x 13 55.5 7.8 36.7
49 x 11 393 28.6 32.1
44 x 02 57.1 0 429
44 x 12 333 25 41.7

Mean 48.1 14.4 375

Control 91.0 0.0 9.0

**A. mangium seed harvested from F-1 SSO at Wonogiri, Central Java

Mean  Superiority to  Superiority to  Superiority to  Superiority to
Rank Clone height (m)  control 1 control 2 control 3 control 4
(%) (%) (%) (%)

1 44 4.48 13.71 17.28 13.13 35.35
2 16 4.17 5.84 9.16 5.30 25.98
3 25 4.10 4.06 7.33 3.51 23.87
4 38 3.88 -1.50 1.57 -4.04 17.22
5 12 3.83 -2.80 -0.03 -0.03 15.71
6 29 3.79 -2.80 -1.00 -0.05 14.50
7 42 3.70 -6.10 -3.00 -0.07 11.78
8 20 3.67 -6.90 -4.00 -0.07 10.88
9 36 3.52 -10.70 -8.00 -0.11 6.34
10 40 3.45 -0.12 -10.00 -0.13 4.23
11 17 3.39 -14.00 -11.00 -0.14 242
12 4 3.37 -14.00 -12.00 -0.15 1.81

Control 17 3.94

Control 2 3.82

Control 39 3.96

Control 49 3.31

® Clonally propagated seed of 4. auriculiformis collected in first-generation (F-1) SSO
" Seedling of A. mangium derived from seed collected in second-generation (F-2) SSO

¢ Clonnaly propagated seed of A. mangium collected in second-generation SSO
91 year old of A. mangium stand population in F-1 SSO
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1 year old of acacia hybrid which produced 9.7 shoots per
seedling.

Hybrid clonal test The survival rate of acacia hybrid in this
clonal test was excellent, exceeding 93% based on the result
of 1 year height growth evaluation. While the averages of 4
controls of pure A. mangium and A. auriculiformis was 90%.
This result indicated that the tested acacia hybrid clones well
adapted in the poor soil condition which is composed of acid
(pH 0f4.9) and clay texture with lack of N andP.

Height growth of acacia hybrid in the clonal test varied
ranging betwen 1.5-4.48 m. Stastistically, height growth
between the tested clones were significantly different at
confidence level of 95% (p < 0.05). It showed that height
growth of the hybrid clones was strongly influenced by
genetic factor and thus provided a potency to obtain better
clones through selection (Harwood & Williams 1991).
Similar result was also reported in other study using natural
acacia hybrid clonal test at Song May and Ba Vi in Vietnam
(Kha2001).

In present study, 12 of 44 tested clones outperformed in
height growth compared to the growth of trees in original
population of pure A. mangium first-generation SSO (control
4), with superiority ranging between 1.8-35.4% (Table 5).
The best 3 acacia hybrid clones: clone 44, 16, and 25 showed
outstanding height growth compared to the control of
superior pure species parents (control 1, 2, and 3) with
superiority ranging between 3.51-17.28%. The superiority
of acacia hybrid to their pure species parents was also
reported in clonal test of natural acacia hybrid in Vietnam at
2.5 years old (Kha 2001). The superiority of hybrid clone
from other species has been also reported, such as hybrid of
E. tereticornis x E. camaldulensis clones in India (Quaile
1988), hybrid of E. pellita x E. urophylla at Zimbabwe
(Gwaze et al. 2000), and hybrid of E. urophylla % E. grandis
at Kalimantan (Hardiyanto & Tridasa 2000) and also
E.grandis x E. camalulensis in Coastal Kenya (Kirongo ef al.
2010).

Estimates of clone and individual repeatability in present
study of acacia hybrid clonal test were high at 0.96 and 0.59
respectively. It indicated that selected clones could be
potentially propagated with similar genetic quality. High
clone repeatability was also reported on other species study,
such as 2 years of E. grandis clone in Portugal with clone
repeatability ranging between 0.87-0.91 (Boralho et al.
1992), and 3 years of E. camadulensis clone in Vietnam with
clonal repeatibility ranging between 0.72—-0.88 (Kien 2009).

Based on the growth projection, the best acacia hybrid
clone obtained from present study could potentially increase
the stand productivity at around 17% over the best superior
pure A. mangium derived from second-generation SSO of
best provenance (Oriomo, Papua New Guinea). The stand
productivity of the best selected acacia hybrid clone could be
estimated at around 48 m’ ha” y"'. While the corresponding of
current best productivity of pure A. mangium wasat41 m’ha’
y' (Hastanto 2009). Study reported on other species revealed
that the uses of clone of Prunus avium had increased the stand
productivity Czechnya (Hajnala et al. 2007).
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Conclusion

The results of study showed that series of research for
developing breeding strategy of acacia hybrid has been
achieved. Flowering time synchronization between A.
mangium and A. auriculiformis provided probability for
practicing of controlled pollination hybridization which
could produce hybrid seeds with viability of48.1%. Leaves
development pattern at seedling stage revealed to be an
effective way to identify the acacia hybrid with accuracy of
92.2% after verifying using molecular marker. The selected
acacia hybrid seedling were succesfully propagated using
shoot cutting with rooting ability of 78.1%. The result of
field clonal test showed that the best 3 clones of acacia
hybrid outperformed in height growth as compared to
superior pure species of parents with the superiority ranging
between 3.51-17.28%. The stand productivity of the best
selected acacia hybrid clone could be estimated at around 48
m’ ha' y'. The results from a series of research showed that
an effective and efficient breeding strategy for acacia hybrid
(A. mangium x A. auriculiformis) has been well developed in
providing superior acacia hybrid to increace forest
plantation productivity.
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