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Research Paper

Genetic Variations in 6-Year-Old Tree Growth and Stem
Traits in Provenance and Progeny Trials

of Acacia confusa in Taiwan

Yung-Hsiu Chen”  Chu-Mei Huang”  Shun-Ying Chen’
Liao Shu-Nu”  Cheng-Kuen Ho>"

[ Summary ]

Tree improvement of Acacia confusa has been an important project in Taiwan. Its sawdust is
a major source of culture bags for culturing mushrooms. To support the requirement of the mush-
room industry valued at about New Taiwan (NT)$10 billion (=US$333 million), the Taiwanese
government promoted a policy of subsidizing reforestation of this tree species on fallow land in
2014. To estimate genetic gains and rapidly supply improved seeds, we selected 60 plus trees from
7 better stands called provenances located in northern, central, southern, northeastern, southeast-
ern, and southern parts of Taiwan, with a selection intensity of 1% plus trees selected in each stand
in 2011. All of them were cloned by grafting onto seedlings, and a seed orchard was established at
Liukuei, Kaohsiung City in 2012. Seedlings raised from openly pollinated seeds collected from 17
families within 3 stands called provenances from Chiayi in west-central Taiwan, Yilan in northeast-
ern Taiwan, and Taitung in southeastern Taiwan were planted in Guangfu, Hualien County, east-
central Taiwan in December 2012, using a randomized incomplete block design in 10 blocks with
10 trees per plot, with 8 of each block including 17 families, and the other 2 blocks including 15
families. The planting density was 2 x 2 m. Genetic parameters, performances of the provenances
and families, and age-age correlations with tree growth characteristics, such as height, diameter at
breast height (DBH), volume per hectare, and survival rate, and stem traits, such as the degree of
stem straightness, forking position, forking angle, and branching number were investigated at the
ages of 3~6 yr. This study revealed significant variance among provenances and families within
provenances for all traits [not straits/strains], except for no significance of stem straightness among
families. For example, growth volumes of 6-yr-old trees in the Yilan, Taitung, and Chiayi prov-
enances were 80.6, 32.1, and 25.3 m’ ha”', respectively, while the best family of Yilan-1 vs. the
worst family Chaiyi-4 was 105.8 vs. 20.0 m® ha”, showing both provenance and family selection
are very important for A. confusa breeding. Age-age correlations of volume (a 0.83 correlation co-
efficient for 3~6-yr-old trees) were very significant strong and positive, indicating that early selec-
tion could be made. Individual heritability (h*i) of height, DBH, and volume for 3~6-yr-old trees
appeared to be minor changes which ranged 0.27~0.22, 0.43~0.43, 0.30~0.32, respectively, while
family heritability (h*f) showed a growing trend which ranged 0.04~0.08, 0.11~0.32, and 0.10~0.39,
respectively. Genetic gains (AG (%)) indicated few changes in DBH and volume ranging 25.2~23.9
and 46.9~50.6, respectively, but height dropped from 11.7 to 5.3. The h’i and h’f values of stem
straightness, forking position, and forking angle were < 0.1, but branching number showed higher
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heritability at 0.34 and 0.30, respectively. The lower heritability of stem traits might be related to
some injury by typhoon damage. In 2013 to 2017, 1 or 2 moderate or strong typhoons every year
directly affected the plantation. In the correlation analysis, the branching number did not affect
tree growth as there was no significant correlation between them; however, stem straightness and
forking were negatively correlated with 6-yr-old height, DBH, and volume. Greater values of stem
straightness and forking position indicating less stem distortion and a lower forking position means
that we can select rapidly growing trees coupled with good stem traits. However, growth traits
were positively and significantly correlated with forking angle, indicating that trees with a wider
crown had better growth.

Key words: Acacia confisa, provenance and progeny test, heritability, genetic gain, selection and

breeding.
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Table 1. Chemical analysis of soil in an Acacia plantation at Hualien County, Taiwan

Soil depth TN P K Ca Mg Fe Mn Cu
(cm) (g/kg) (mg/kg) (mgkg) (mgkg) (mghke) (mgkg) (mgkg) (mgkg)
0~15 5.40 1.10 8.67 10562 5597  306.10 50.37  368.75 34.23 2.86
15~30 5.53 0.83 8.21 96.19 2948 24225 3987  405.18 31.60 3.02
30~40 5.54 0.67 7.70 96.17 2259 18821 3239 38293 26.18 2.88
40~60 5.64 0.55 6.59 5794 1938 13092 25.02 304.87 2832 2.44
Average 5.53 0.79 7.79 88.98  31.86 216.87 3691 365.43 30.08 2.80
SD 0.10 0.24 0.90 21.17  16.62 74.87  10.83 43.07 3.55 0.25
CV (%) 1.79  30.78 11.50 2379  52.18 3452  29.34 11.79 11.81 8.87
Fertility" medium high  medium  high  medium

" Fertility estimated according to the classification by Cheng et al. (1997).
TN, total nitrogen; C/N, carbon-to-nitrogen ratio; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium;

Fe, iron; Mn, manganese; Cu, copper; SD, standard deviation; CV, coefficient of variation.
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Fig. 1. Stem straightness degree shown as A (class 1, erect) and B (class 3, bending > 1 cm),
stem forking position shown as A (class 1 where forking occurred at above 5 m), C (class
2, forking at 2~5 m), and D (class 4, forking below ground), stem forking angle shown

as A (class 1, angle < 30°), B (class 3, angle > 45°), and CD (class 2 angle 30°~45°), and
branching no. after forking stem shown as Ea (class 1, fewer than 5 branches), Eb (class 2,
5~10 branches), and Ec (class 3, more than 10 branches).
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Table 2. Expected mean square (MS) of each component of the variance

Source of variation FD MS Expected MS
Block (B) 9 Mb 6’p + 16 g, + nko gy + njko’y
Provenance (P) 2 Mp ot ncZBF(P) + nko’y, + nike’
BxP 15 Mbp 6’p + NG gy + NKG p
Families within provenances (F(P)) 14 Mf oLt nGZBF(P) + niczm,)
B x F(P) 94 Mfb 6’ + N6 )
Error 803 Me o’

Note: Means of each characters are expressed as Yijkn = p + Bi + Pj + F(P)k(j) + BPij + BF(P)ik(j) + En(ijk),
where i, j, k, and n are the numbers of blocks, provenances, families, and trees in a plot, respectively. Because of

some fewer trees in plots and some in blocks during the planting period of 6 years, the coefficients of i, j, k, and

n were counted following a SAS MIXED Procedure.
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Table 3. Acacia confusa plus trees selected in man-made stands of 6 areas in Taiwan which
exhibited 20% greater growth than the average trees of each stand

. ’ Trees Average growth parameters of plus trees
Location ) Elev Plus
City with
in Taiwan (m) trees 0
seeds ) Under branch  Volume tree
Height (m) DBH (cm) . N
height (m) (m’)"
Northwest Taoyuan, Hsinchu 200 9 0 155117 409*+16.8 48+19 1.05%£0.97
Midwest Chiayi, Tainan 400 10 5 18.6+23 394499 9.8+2.9 1.10+0.64
Southwest Kaohsiung 400 10 0 17.0+25 50.5+6.8 79+14 1.58+0.49
Southern-end Pingtung 60 13 0 11.2+2.1  279+£35 57%13 0.32+0.14
Northeast Yilan 260 8 7 204+29 558+122 9.0+29 2.34+0.97
Southeast Taitung 400 10 9 180+1.9 519+13.1 22406 1.87+0.96
Trees and averages 287 60 21 164+38 433+133 6.5+32 1.30+0.92

Y Volume per tree = 0.79 x tree height x (DBH) x 0.45 (form factor) according to “Regulations governing dis-

position of forest products of state-owned forests”.

Table 4. Variations in germination rates of different seedlots among provenances of Acacia

confusa

Provenance Seedlot Germination rate (%) Range of germination (%)
Chiayi 3 41.9+27.9b" 20.7~87.1

Yilan 7 24.9+35.2bc 1.3~90.0
Taitung 9 82.1+22.5a 63.3~100

" The same letters indicate no significant difference among germination rates at p < 0.05 using Tukey’s test after

angle transformation of percentages.
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Table 5. Relationship between seed sizes and germination rates for seedlots from the

Taitung provenance of Acacia confusa

Seed size o

Seedlot Length (mm) Width (mm) Thickness (mm) Volume (mm’)"” Germination (%)
T-1 6.23 4.96 1.86 57.3 74.4
T2 5.51 4.43 1.76 429 76.3
T-4 6.20 4.87 1.70 51.2 89.3
T-5 6.49 4.82 1.53 48.0 63.3
T-6 5.81 4.49 1.93 50.4 93.3
T-7 6.02 4.67 1.86 523 85.7
T-9 6.58 4.66 1.42 43.6 100.0
T-10 6.19 432 2.00 53.5 74.7
Average 6.13 4.65 1.76 49.9 82.1
SE 0.35 0.23 0.20 49 12.0

CV (%) 5.7% 4.8% 11.3% 9.8% 14.6%

" Seed volume = seed length x seed width x seed thickness.

SE, standard error; CV, coefficient of variation.
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Table 6. Mean squares (MSs) of growth in annual growth variables of height, diameter at
breast height (DBH), and volume, and tree form characteristics of Acacia confusa in a trial

of provenance and progeny tests

MS for height at each age

MS for DBH at each age

Source of variation df

3yr 4yr Syr 6 yr 3yr 4yr Syr 6 yr
Block (B) 9 1809° 2362  1906° 1704° 31.6° 27.5° 27.1° 26.4°
Provenance (P) 2 2118 2799°  3204° 5941° 22.5° 62.1° 99.1° 169.8°
BxP 15 439" 356 211° 313 5.1° 5.8° 6.8° 6.5"
Families within 14 487" 460 737 892° 10.1° 17.0° 22.9° 27.5°
provenances (F(P))
B x F(P) 94 168" 180 164° 248" 2.0° 2.8° 3.3™ 42"
Error 803 67 93 120 186 1.3 2.1 3.1 4.0

MS for volume at each age

MS for tree form

Source of variation df

Straightness ~ Forking  Forking  Branching

3yr 4yr Syr 6 yr .
degree position angle no.

Block (B) 9 462" 1578 3124 5085 2.817° 1.709°  3.973° 1.897°
Provenance (P) 2 671 5535°  18224°  51286° 0.511° 0.369" 1.700° 0.571°
BxP 15 92,  462° 1081"  2178° 0.122™ 0.195™  0.850° 0.359"
Families within 14 191, 957" 2475  5253° 0.239™ 0.389° 2345 0.589"
provenances (F(P))

B x F(P) 94 45 175" 21" 946" 0.194™ 0.220°  0.418™ 0.246"
Errors 803 33 157 420 983 0.167 0.136 0.411 0.189

Note: a, significant at p < 0.05; b, significant at p < 0.01; ns, not significant.
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Table 7. Performances of growth, survival, and tree form characteristics of Acacia confusa
family plants among provenances after they had been planted for 3~6 yr

Famili Height (m) at 3~6 yr old DBH (cm) at 3~6 yr old
amies 3yr 4yr Syr 6 yr 3yr 4yr Syr 6 yr
Chiayi C-1 4.1 5,70 6.5° 7.6 3,90 50 6.1 6.8°
C-2 4.1c%f 5.8 6.7 7.6 375 5.0% 6.1%" 6.8°
C-3 2.7¢ 5.50f 6.2%" 7.3%" 3.4 4.6% 5.5 5.8°
C-4 3.5% 5.0 6.0 6.8 3.0% 4.6% 5.5 6.0
C-5 3.67 5.2%" 6.2%" 6.9%" 3.4 4.7% 5.7 6.3
Yilan Y-1 5.5° 6.3 7.7% 8.8" 6.8 9.1° 10.5* 11.6*
Y-2 5.1% 6.9° 8.0" 9.2 48 6.7° 8.1° 9.4°
Y-8 4.8 6.5% 7.2 8.8" 4.6 6.4™ 7.6™ 8.8™
Taitung T-1 410 5.8% 6.4 7.2% 3.6 4.8% 5.6 6.1
T2 4.1°f 5.7 6.4 7.4% 370 5.1% 6.0 6.7
T4 4.0 5,50 6.2%" 7.5% 3.4 4.7% 5.5 6.3
T-5 3.8% 5500t 6.2%" 7.3%" 3.2k 4.4% 5.3 6.0
T-6 4.8" 6.4™ 7.4™ 8.7 47> 6.4™ 7.7% 8.7
T—7 4 3bcdef 6 Oabcde 6.9dee 8.0abcde 4 2bcde 5 .7bcd 6.7de€ 7 4cde
T-8 3.9% 5.6 6.3%" 7.4 370 48% 5.9 6.5°
T-9 4.4 6.0™ 6.8™ 8.0 4,10 5.5 6.4 7.0%
T-10 4.5 6.1°¢ 7.0 8.2 430 5.6™ 6.5 7.3%%
Provenance
Chiayi 3.6° 5.4 6.3 7.2 3.5 48 5.8 6.3
Yilan 5.2 6.6" 7.6" 8.9" 5.4° 7.4 8.7 9.9
Taitung 42° 5.8° 6.6° 7.7° 3.9° 5.2° 6.2° 6.9°
Famili Volume (m® ha™) at 3~6 yr old Survival ~ Straightness  Forking ~ Forking  Branching
amies 3yr 4yr Syr 6yr (%) degree position angle no.
Chiayi C-1 61 140 226" 306" 85.7™ 276" 3.92% 1.47°% 1.50°
C2 62 1469 23.1% 327 79.1¢ 2.80° 377" 1,79 1.64"
C-3  44% 104" 1647 22.5% 70.6% 2.93° 4.00 1.29° 177"
c4 37 9.1 156 20.0° 89.8™ 3.00°" 4.00" 1.29% 1.86"
C-5 47 1097 167 20.9¢ 76.5% 3.00" 3.93% 1.60%% 1.87%
Yilan Y-1 22.7° 46.6" 757" 105.8° 100.0" 3.00" 3.50° 3.00" 2.00"
Y2 116 29.1° 49.6° 76.9° 95.7" 2.84° 3.82™ 1.93% 1.60™
Y-8 9.8 245%™ 392 59.0™ 85.0™ 2.79° 3.68™ 1.76>% 1.62"
Taitung T1 60" 13.1%  19.8%  264* 82.6% 2.79° 3.81™ 1.52° 1.67"
T2 5590 138 210" 290 81.9% 275 3.77™ 1.68>% 1.60™
T4 509 1157 17.2¢ 24.9¢ 78.7% 2,71 3.88%" 1.39¢ 1.59®
-5 427 9.9 150 213 72.4% 2.80° 377" 1.37°% 1.58"
T-6 102%™ 232" 361  51.8% 78.0% 2.79* 3.63™ 2.12° 1.72"
T-7  7.2%% 17.6% 273 383 87.4>¢ 2.86" 3.80™ 1.84" 1.82"
T8 55 1057  16.07 22.4 68.6° 2.84° 3.78% 1.53% 1.66"
T-9 7.8 1759 254%" 3504 89.8™ 2.69" 3.84™ 1.78%% 1.73®
T-10  8.2%% 183 2859 394 85.9™ 275 3.82% 1.73%% 1.66™
Provenance
Chiayi 5.0° 11.8° 18.9° 25.3° 80.3" 2.90" 3.92° 1.49° 1.73°
Yilan 147 33.4° 54.8" 80.6" 93.6" 2.88™ 3.67° 2.23" 1.74°
Taitung 660  15.0° 229" 321 80.6° 2.78™ 3.79° 1.66° 1.67°

Note: The same letters in the same column of families and provenances indicate no significant difference at p <
0.05 using Tukey’s test.
DBH, diameter at breast height.
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Table 8. Component percentages of variance for blocks (¢”;), provenances (¢°,), interactions
between blocks and provenances (6’5;), families within provenances (ozm,)), interactions between
blocks and families (¢’ and individuals within families (¢’;), heritabilities for individuals (h’i)
and families (h’f), and genetic gains of tree growth at 6 yr old and tree stem traits

Components of variance

Component % for height at each age

Component % for DBH at each age

3yr 4yr Syr 6 yr 3yr 4 yr Syr 6 yr
o’y 8.6 10.2 7.4 4.1 9.8 5.2 3.6 2.7
o’ 2.8 33 3.5 45 1.7 3.6 43 59
O 2.6 0.8 -0.6 0.7 13 0.4 0.1 -0.5
Srp) 59 35 7.3 5.1 93 10.7 10.8 9.8
S nrep) 17.8 12.5 5.4 52 8.0 44 1.2 0.7
o’y 62.3 69.7 77.1 81.8 69.8 75.7 79.9 81.4
Heritability and genetic gain
h’i 0.27 0.16 0.33 0.22 0.43 0.47 0.47 0.43
h’f 0.04 0.03 0.12 0.08 0.11 0.18 0.31 0.32
AG 11.7 35 7.9 53 252 26.5 252 23.9

Component % . . . .
Components Straightness ~ Forking  Forking  Branching
. for volume at each age .
of variance degree position angle no.
3yr 4yr Syr 6 yr

o’y 6.0 39 2.7 1.7 9.8 6.3 44 4.9
o’ 2.5 4.7 6.0 7.5 0.4 0.2 0.3 0.2
S 0.4 0.9 0.6 0.3 -1.7 -14 0.1 -0.5
Srp) 6.8 8.1 8.1 7.1 -1.7 0.5 8.1 1.8
S srr) 5.8 1.7 0.0 -0.6 2.7 9.8 0.3 5.1
o 78.5 80.8 82.5 84.0 90.5 84.5 86.8 88.5
Heritability and genetic gain
h’ 0.30 0.36 0.36 0.32 -0.07 0.02 0.08 0.34
h’f 0.10 0.22 0.34 0.39 -0.05 0.01 0.03 0.30
AG (%) 46.9 51.5 54.2 50.6 -0.6 0.2 1.6 21.7
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Table 9. Correlation analysis between annual growth traits

Variable  Ht3 DBH3 Vol3  Ht4 DBH4 Vol4 Ht5 DBH5 Vol5 Ht6 DBH6
DBH3 0.89"

Vol3 0.86"  0.94°

Ht4 0.82°  0.79° 0.73"

DBH4 0.87° 095" 090" 0.82°

Vol4 0.82" 0.89° 093" 081" 095

Ht5 0.80 0.80° 0.74° 0.85" 084" 081"

DBH5 0.83" 091° 088 0.81° 097 094

Vol5 0.77°  0.84° 089" 0.75"° 091" 096" 084" 096

Ht6 0.79°  0.77° 072" 083" 083" 079" 091" 086" 081"

DBH6 0.80° 0.87° 084> 0.79° 094" 092° 085 099° 095" 087

Vol6 073" 078" 083" 072" 087° 092" 080" 093 097" 083 096

Note: Ht, height; Vol, volume; DBH, diameter at breast height; and numbers after the variables represent ages (3~6

yr old). The letter b after a number indicates that it is significant at p < 0.01.

Table 10. Correlation analysis between characteristics of annual growth and stem traits

Variable Ht6 DBH6  Vol6  Straightness degree  Forking position ~ Forking angle
Straightness degree ~ -0.14°  -0.09"  -0.09°

Forking position 025" -030° -0.28 0.22°

Forking angle 031" 044> 039 0.10° -0.14°

Branching no. 0.01™  0.05™  0.02" 0.03™ 0.20° 0.14°

Note: Ht, height; DBH, diameter at breast height; Vol, volume. Numbers after variables represent age (6 yr old). Let-

ters after the numbers indicate the following: a, significant at p < 0.05; b, significant at p < 0.01; ns, not significant.
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Fig. 2. Net annual volume growth of 3 provenances of Acacia confusa 4 to 6 yr after planting.
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Fig. 3. Estimated volume growth of 3 provenances of Acacia confusa to 10 yr after planting.
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