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Abstract

Timor Mountain Gum (Eucalyptus urophylla S.T. Blake) is an important eucalypts species for pulp and chip wood
production in Thailand because of its rapid growth and suitability for hybridization. The 16 year-old provenance trials
compared 19 natural seed sources in four blocks replication from the islands of Timor, Flores, Alor, Lomblen, Wetar,
and Pantar. Seeds were collected from selected plus trees of the provenance trials to establish F; progeny test which
comprise of 80 half-sib families in 12 blocks replication. In both experiments there were significant differences of
growth performances and morphological characteristics among seed sources. A lowland provenance from Mt.
Lewotobi, Flores indicated best growth in both the provenance trials and progeny test. The experiments implied that
individuals from the island of Timor and Flores were the best performing. Therefore, these should be considered in
the next selection process for breeding strategy to optimize plantation productivity.
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1. Introduction

Eucalypts contribute substantially to Thailand’s 3.09 million ha (FAO, 2007) of forest plantations for the production of
wood fuel, sawn wood, poles, and pulp for paper and paperboard. The eucalypts are not only important industrial
species, but also made significant economic contribution to the income of small-holders. The most common species
planted is Eucalyptus camaldulensis, E. urophylla and E. deglupta. The current status of eucalypts as commercial
forest plantation species is the result of a series of field trials and testing that was conducted intensely throughout the
country since the 1940s. Significant achievements in eucalypts tree improvement research in Thailand were attributed
to a series of cooperation between the Thai Royal Forest Department and international agencies. The most notable
effort was the preliminary planting of 15 Eucalyptus species with pulpwood potential in four experimental stations.
Then, the Thai-Danish Pine and Fast-growing Tree Improvement Project (1972) and an ACIAR-CSIRO Forestry and
Forest Products (1985-1986) supported project led to the establishment of ex-sifu gene conservation stands of selected
species prominently E. brassinana, E. camaldulensis, and E. urophylla in Surin. The later trial confirmed the
suitability of E. camaldulensis and E. wurophylla for planting in most parts of Thailand (Pousajja, 1993;
Luangviriyasaeng, 2003).

Recent observations indicated that some eucalypts species and provenances may be susceptible to pest and diseases
such as shoot blight and progressive canker, which causes chronic defoliation, reduction in growth rate and the loss of
merchantable volume. Subsequently, tree improvement programs of eucalypts in Thailand will have to seriously
consider the selection and screening programs for resistance towards pest and diseases (Pongpanich, 1998). Eucalypts
hybrid breeding is actively being pursued for this purpose. This paper will describe the improvement and breeding
activities for E. urophylla as one of the most promising species. In addition for the establishment of short rotation
forest, the species is potentially suitable for windbreaks and soil salinity control whereby these problems are prevalent
in some parts of Thailand.
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2. Materials and Methods
2.1 Experimental site

The experiments were established at Lad Krating Plantation of Sanam Chaikhet District in Chachoengsao province. It
is located on a relatively flat area (altitude 80m) about 90 km east of Bangkok, Thailand at latitude 13°42°’N and
longitude 101°06’E. Mean annual temperature is 28°C and mean annual rainfall is 1,220mm with a dry period
occurring between Novembers to February. Soil is sandy clay loam of the Clayey-skeleton, Kalinite, Aeric
Kanhapustult Series.

2.2 Experimental design

The provenance trials which were established in 1988 compared 23 natural seed sources from the islands of Timor,
Flores, Alor, Lomblen, Wetar, and Pantar (Table 1). The provenance trials were laid out in Randomised Complete
Block Design (RCBD) of four replicates which consists of five rows of four columns each. Each plot was planted with
five rows of five trees at 4 x 4 m spacing.

The seeds from 188 selected plus trees from the E. urophylla provenance trials were planted and tested for initial
survival and growth rates. Subsequently, the best performing 80 half-sib families were selected from the 188 plus
trees to establish the progeny tests (Table 1) in May 2002. The progeny test was laid out in RCBD with 12 replicates
each consisting of 10 rows by eight columns. Each plot was planted with four rows of four trees with a spacing of 1 x
2 m. Both experiments were protected by rows of shelterbelts and weeding was carried out at least once a year. The
progeny stand was thinned by phenotypic selection in October 2004 and June 2005 by 50% selection at each time.
The final thinning will convert the progeny tests to a seedling seed orchard.

2.3 Assessment

The provenance trials were assessed periodically at the ages of 6, 8, 10 and 16 years old. The first assessment of the
progeny test was carried out at 3 years old. For both experiments the height (Ht), diameter at 1.3 m above ground
(dbh), diameter at ground level (dgl), crown diameter (Cr) and stem straightness were measured. Bark characteristics
were also assessed for the provenance trials. Narrow sense family heritability (h’) was estimated from the half-sib
progeny test using the formula by Zobel and Talbert (1984):

o’
S
o’ + (o%./n)
h%=1-1/F 1))
Where:
o’ = Variance among families
o’ = Error variance
n = Number of individuals per family
F = F-ratio of families from ANOVA

The phenotype and genotype values of progenies were calculated with the following formula by Falconer (1960):
G=h’xP ()

Mean value of families — Total mean average

P= x 100
Total mean average 3)
Where:
G = Genotypic value (%)
h? = Heritability
P = Phenotypic value (%)
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2.4 Data analysis

Variation of tree growth performances were analysed using the Analysis of Variance (ANOVA) using SPSS statistical
software (SPSS Inc., 2002). The Duncan’s New Multiple Range Test (DNMRT) was used to compare means of the
various characteristics among the provenances. Narrow sense family heritability was calculated for the progeny stand.

3. Results And Discussion
3.1 Survival and growth

The mean survival percentages of E. urophylla in the provenance trials (Table 2) was high (>75%) during the first 10
years, but decreased sharply after that (54.3% at 16 years). Survival in the progeny trials (Table 3) at age three years old
was very high at 97.3%. This indicates that at this site, the species is very suitable for the establishment of short rotation
plantation. However, two provenances (Mt. Mandiri, Flores; Lelogama, Timor) had more than 70% survival at 16 years
and may be considered for sawn timber production. The provenances that had the lowest survival (Mt. Wulogai, Flores;
Mt. Mutis, Timor; Mt. Lakaan, Timor) originate from areas above 1500m altitude which performs poorly in the lowland
tropics (Faridah Hanum and Maesen, 1997). Furthermore, the altitudinal level was positively correlated with
provenance (0.324, p<0.01) and negatively correlated with survival (-0.457, p<0.01). Significant differences (p<0.01)
between the provenances (Table 2) and families (Table 3) occurred at all ages.

The species attain its greatest height increment during the first six years (18m) and the subsequent 10 years height
increment was only 7m in the provenance trials. Its progenies attain even greater mean height increment at 12.1m at
three years old. Provenance (Mt. Lewerok, Flores; Mt. Lewotobi, Flores; Kalabahi, Alor) which are of lowland origin
(<1200msl) had the best height implying a genetically inherent characteristics. There were significant differences
(p<0.01) between the provenances and families at all ages.

Diameter at breast height (Dbh) and diameter at ground level (Dgl) have similar increment trend as height for both
experiments. The greatest mean Dbh increment for the provenance trials was during its initial six years of 16.3cm, and
subsequent 10 years was followed with Dbh increment of 7.2cm. In the first three years of progeny testing
establishment mean Dbh was 10.4cm. There were significant differences (p<0.01) between provenances and families at
all ages for both characteristics. Provenance from Mt. Lewotobi, Flores was the best in terms of Dbh and Dgl.
Pearson’s correlation analysis revealed positive correlations (0.05<R<0.92) amongst all growth characteristics of E.
urophylla progenies and was statistically significant (p<0.01).

Analyses of variance for crown diameter and stem form were also performed for the progeny tests (Table 3). Mean
crown diameter was 1.9m. There were significant differences (p<0.01) between families for crown diameter and stem
form. Fig. 2 shows that the distribution of stem forms in the provenance trials have less than 20% of straight stem trees,
but ANOVA showed insignificant differences between the provenances. In the progeny tests more than 80% were
straight stem, which could be attributed to the selection process that favoured straight stem and high clear bole.
However, it could be argued that during the initial fast growth phase the trees tend to develop straighter stem and due to
the closer planting arrangement in the progeny tests compared to wider-spaced provenance trials which have led to
growth competition.

In general, the results of the provenance trials indicated that some lowland provenances of narrow altitudinal range from
the islands of Flores, Alor, Lomblen had good growth at the experimental site. Conversely, provenance from high
altitudinal sources (Wetar Island) did not perform well here. Brazil (Scanavaca and Garcia, 2003) and China (Wei and
Borralho, 1998) had been actively working on the improvement and breeding of E. urophylla from the island of Flores
which provides most of their planting material for the plantation industry. The achievements in tree improvement
program have been fruitful in Brazil since some lowland landraces were found to be superior to their more recently
introduced wild relatives.

3.2 Heritability estimates

Heritability (Table 3) was moderately high for all growth traits (height 0.61, Dbh 0.77, Dgl 0.74, crown diameter 0.51,
stem form 0.51) with the exception of survival (0.30). Survival may not be a heritable character but was highly
influenced by environmental factors. On average, phenotypic and genotypic value comprised of more than 80% and
less than 60% respectively for height, Dgl, crown diameter and stem forms for most growth characteristics. Thus,
selection process based on phenotypic characteristic can be reliable. Most fast growing species show to a great extent
moderate to high heritability for the most important growth traits in the first three years of active growth which should
be taken advantage for early selection to increase volume growth. Slow-growing temperate species such as pines
generally have lower heritability compared to fast-growing species. In Pinus caribaea var hondurensis heritability was
0.10-0.24 and in P. elliottii was 0.20, although hybrid pines fared better (0.44) (Powell and Nickles, 1996). Long-lived
E. marginata also showed very low heritability of growth traits (0.06-0.13) (O’Brien et al., 2007). Heritability
assessment should be carried out periodically because some study points to enhanced heritability with increased ages up
to its rotation age. For example, heritability of growth traits of E. camaldulensis in Thailand ranged 0.63-0.74 at 6

178



Journal of Sustainable Development March, 2009

months to 0.83-0.90 after 1 year (Pipatwattanakul, 1996), and similarly in E. urophylla trials in Veracruz, Mexico
heritability increased with age at the individual (0.25-0.52) and clone mean levels (0.81-0.93) (Sanchez et al., 2005;
Borje-de la Rosa et al., 2005). As research progresses with specific breeding objectives, future studies will have to
include the heritability of other traits such as wood properties and flowering characteristics as other research indicated
that these traits are strongly inherited (Atipanumpai, 1989).

4. Conclusion

Provenance trials and progeny tests of E. urophylla in Eastern Thailand showed significant morphological and growth
variations. Heritability estimates was moderately high for all growth traits. The wide genetic content of the species
provides opportunity to optimize plantation productivity and enhanced wood properties. Improvement and breeding
plan should concentrate on lowland provenance from the islands of Flores, Alor and Lomblen.
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Table 1. Details of Eucalyptus urophylla seed sources for the provenance trials (1988) and progeny tests (2002) at Lad
Krating Plantation, Thailand

Provenance Provenance Altitude Latitude Longitude No. of
No. (m) o) (E) families
1 Mt. Egon, Flores 400-890 8° 36' 122° 28" 9
2 Mt. Wulogai, Flores 1140-1240 8° 33 121° 48" 3
3 Mt. Wokoh, Flores 850-900 8° 33" 122° 36 5
4 Mt. Lewerok, Flores 500-550 815 122° 40’ 3
5 Mt. Mandiri, Flores 500-650 8°30' 122° 54' 2
6 Mt. Lewotobi, Flores 450-550 8° 22 123° 39' 8
7 Mt. Kerbau, Lomblen 420-820 8° 22 123° 36' 3
8 Mt. Boleng, Flores 915-1025 8°21 123° 35" 1
9 Kalabahi, Alor 450-850 8° 10’ 124° 41" 2
10 Ampui, Alor 800-1200 8°10' 124° 41" 4
11 Mt. Sirung, Pantar 760 8°26' 124° 03" 6
12%* Mt. Mutis, Timor 800-2200 8° 34 124° 11 2
13 Mt. Delaki, Pantar 680-780 8° 26 124° 03" 2
14 Mt. Wasbilla, Pantar 750-800 8° 34 124° 14 9
15 Remexio, Timor 800-930 8° 35 125° 41" 3
16** Hatuloi, Wetar 250 7° 54" 125° 58" 1
18 Lelogama, Timor 1200-1300 9° 34" 124° 20’ 7
19 Ermera, Timor 500-1400 9°13' 125° 40' 6
22 Ililaku, Wetar 350-550 7° 54" 125° 58" 1
23 Mt. Lakaan, Timor 1350-1550 9° 34 124° 05' 2
* Provenance died out
kk

Provenance excluded from analyses (no replication)

Table 2. Results from the analyses of variance for growth characteristics of Eucalyvpius urophyila provenance
trials periodic assessment at Lad Krating Plantation

ASSESSMENT 6 vears 8 vears 10 vears 16 vears
PERIOD

SURVIVAL
Trial mean (%) 85.1 79.7 75.3 54.3
Source of variance d.f. ms F ms F ms F ms F
Replication 3 342.10 4.91* 371.56 5.22%%* 576.89 B.09** 544.77 3.93%
Provenance 22 426.62 6.21% 49792 7.00%* 91578 2.84%%  1230.31 §.87%*
Residual 69.66 71.12 71.34 138.70
TOTAL HEIGHT
Trial mean (1m) 18.0 20.3 216 25.1
Source of variance df ms F ms F ms F ms F
Replication 3 7.49 5.07%* 5.20 1.70% 6.60 3.22% 46.09 10.82%*
Provenance 22 10.51 6.21%* 19.61 6.42%% 13.06 6.37%* 12.69 2.08%%
Residual 1.48 3.05 2.05 4.60
Dbh
Trial mean (cm) 16.3 17.7 189 23.6
Source of variance df ms F ms F ms F ms F
Replication 3 2.52 1.21%  2.02 2.21*  1.80 1.85" 110.87 T.20%*
Provenance 22 551 2.64%% 550 6.01%* 521 5.35%* 24.55 1.61%*
Residual 2.08 0.91 0.97 15.20
Dgl
Trial mean (cm) 19.6 21.2 226 29.8
Source of variance df ms F ms F ms F ms F
Replication 3 4.62 4.22%* 3.65 2.87* 4.24 3.21%* 26.72 Q. 73**
Provenance 22 592 5.32%*% 752 5.92%*%  8.00 6.05%*  10.70 3.90%*
Residual 1.09 1.27 1.32 2.74
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Table 3. Results from the analyses of variance for growth characteristics of 3-year old Eucalvptus urophylla
progeny tests at Lad Krating Plantation

Source of df  Survival Total Height Dbh Dgl Crown diam.  Stem form
variation (%) (m) (cm) (cm) (m)

ms F ms Foms F ms F 1ms F ms F
Replicate 11 0.29 227" 115453.8%% 698 6.20%*% 184 12.4*% 3.6125.62%% 20.04 7.45%*
Family 79 0.84 143%% T8  2.6%% 410 442%% 523 384%F (.34 205%F 556207

Residual 89 042 3.0 0.93 1.35 0.17 2.68
Mean 97.3 12.1 104 8.8 1.9 -
h¢’ 0.30 0.61 0.77 0.74 0.51 0.52

Ns Non-significant
* Significant differences (p<0.05)
ok Highly significant differences (p<0.01)

Dbh: Diameter at breast height: Dgl: Diameter at ground level;

2

he:  Famuly heritability

(a) (b)

3 B0
255 701
25 JAR 607
=70 : 501
: 0
30
20+
101

Code of stem form Bark type code

Stem forms: 1 Straight; 2 Curved; 3 Twisted, 4 Leaning, 5 Two Stem, 6 Two top, 7 Nested, 8 Short bole

Figure 1. Distribution of stem form in each experiment.
(a) Distribution of stem form in the provenance trials.

(b) Distribution of stem form in the progeny tests.
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