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[ Summary ]

This study was undertaken as a part of international provenance trials of Casuarina junghuh-
niana coordinated by CSIRO, Australia. The present trial compared 28 provenances of C. junghuh-
niana from natural occurrence and land races, and variations in 12 growth and morphological char-
acteristics were assessed in 2-yr-old stands at 4 sites in Taiwan. Considerable genetic variations
among natural provenance and land races of C. junghuhniana with a significant site-by-provenance
interaction were revealed. Provenance nos. 16, 17, 18, 19, and 20 from Timor Island, Indonesia,
and no. 21 from Old Uhak NE Wetar, Indonesia, were selected as the superior seed sources for all
4 sites, based on Scheffe’s multiple range tests of their survival rate, height, and diameter growth.
Regression analyses of data obtained in the Suhu coastal area and Taichung Harbor area revealed a
significant negative relationship of elevation with survival percentage, height, and diameter growth
of C. junghuhniana. A significant positive relationship was observed for the survival rate of C. jun-
ghuhniana and the longitude and elevation of the Duona area. Results from both cluster and factor
analyses with a principal component solution suggested that the 28 provenances could be classified
into 3 geographical groups. The first group originated from Old Uhak NE Wetar, Indonesia and
was far distant from the other provenances. The second group consisted of 5 provenances from
Timor, with the remaining provenances being classified into the third group. These results suggest
that the ecoclines of C. junghuhniana might be affected by elevation.

Key words: Casuarina junghuhniana, provenance trials, cluster analysis.
Chen TH, Pan KL, Liao TS. 2006. A study of the primary growth of Casuarina junghuhniana prov-
enances in Taiwan. Taiwan J For Sci 21(4):421-31.
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Table 1. Details of the seed origin of Casuarina junghuhniana in international provenance
trials (Pinyopusarerk 1995)

Prov. CSIRO Location Latitude Longitude Elevation No. of
No. Seedlot No. (S) (E) (m) parents
1 18952 Mt. Willis, East Java, Indonesia 7° 50" 111° 47 1500 10
2 18948 Mt. Kawi, East Java, Indonesia 7°55' 112° 25" 2000 10
3 18951 Mt. Arjuno, East Java, Indonesia 7° 45! 112° 35’ 1350 10

4 18950 Mt. Bromo, East Java, Indonesia 7° 55" 112° 55" 1600 10
5 18954 Mt. Bromo, East Java, Indonesia 7° 55" 112° 55" 2500 10
6 18949 Mt. Argopuro, East Java, Indonesia ~ 8° 00' 113° 35! 1500 10
7 18847 East Batu Kawu, Bali, Indonesia 8°40' 115°05' 1500 10
8 18845 Mt. Pohen, Bali, Indonesia 8° 40’ 115°05' 2000 10
9 18844 Mt. Tapak, Bali, Indonesia 8°45' 115°15' 1500 10
10 18846 Mt. Pengalongan, Bali, Indonesia 8°50"  115°15' 1500 10
11 18849 Kintamani, Bali, Indonesia 8°13' 115° 20’ 1500 10
12 18848 Mt. Abang, Bali, Indonesia 8° 55! 115°25' 1500 10
13 18850 Mt. Santong, Lombok, Indonesia 8°25' 116° 28’ 1500 5
14 18851 Mt. Lamore, Lombok, Indonesia 8°25' 116° 45' 1500 5
15 18852 Mt. Tambora, Sumbawa, Indonesia  8° 20' 117° 55" 1500 5
16 19489 Kapan, Kupang, Timor, Indonesia ~ 10° 13'  123° 38’ 600 10
17 19490 Camplong, Timor, Indonesia 10° 05 123° 57 600 15
18 17878 Noelmina River, Timor, Indonesia 9° 59' 124° 06' 170 10
19 17877 25 km SW Soc, Timor, Indonesia 9° 54" 124° 14 550 6
20 19491 Buat, Soc, Timor, Indonesia 9° 51" 124° 16' 800 25
21 17844 Old Uhak NE Wetar, Indonesia 7° 36 126° 30" 5 10
22 19239 Kari-Muguga, Kenya 1° 16 36° 36' 2060 10
23 19240 Muka Mukuu, Kenya 1°05' 36°39' 1460 10
24 19238 KEFRI Headquarters, Kenya 1°13' 36° 39" 2080 10
25 19242 Kabiruini, Kenya 0°23' 36° 56 1800 12
26 19241 Thika, Kenya 1°02' 37° 12! 1440 10
27 19237 Meru, Kenya 0°07' 37°37" 1750 10
28 18853 Kwai Mission, Tanga, Tanzania 4°19' 38° 14 1600 unknown
LISPSS10.044 12MH £ K K Refh Ak 8 & KTARZARAMT ¢ Ry = awd, /s

AL AR o BT AH B AR B
A DU A 8 F ik HE T il (varimax rotation
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Table 2. Characteristics assessed on each tree in the Casuarina junghuhninan provenance
trials (Pinyopusarerk 1995, Pinyopusarerk et al. 1996)

Characteristic

Unit Explanation

Quantitative traits

1 Height

2 Diameter
Qualitative traits
Stem form

3 Axis persistence

4 Stem straightness
Branching habit
Permanent branches

5 Density

6 Thickness

7 Angle

8 Length

Deciduous branchlets

9 Length
10 Thickness
Health
11 Stem damage
12 Foliage damage

1~2

Height of the tallest stem
Measured at 1.3 m above ground

Ability of tree to retain its primary stem axis
1 = Multistems from ground

2 = Forking in 1st (lowest) quarter of stem

3 =Forking in 2nd quarter

4 = Forking in 3rd quarter

5 = Forking in 4th quarter

6 = No forking

1 = Not vertical, > 2 bends

2 = Roughly vertical, > 2 bends

3 =Not vertical, 1~2 bends

4 = Roughly vertical, 1~2 bends

5 = Roughly vertical and straight

6 = Completely vertical and straight

First-order branches originating from the main stem
1 = Regularly branched, internode 15 cm

2 = Irregularly branched, internode mainly 15 cm

3 = TIrregularly branched, internode 30 cm

4 = Irregularly branched, internode generally 30 cm
1 => 3 branches diameters > 1/3 of adjacent stem
2 = 1~3 branches diameters > 1/3 of adjacent stem
3 = Branch diameter up to 1/3 of adjacent stem

4 = Branch diameter < 1/4 of adjacent stem

1 = Upright, < 60°

2 = Horizontal, > 60°

1 =Long, > 1/4 of total tree height

2 = Short, < 1/4 of total tree height

Needle-like foliage
1=Long,>15cm
2 = Short, < 15 cm
1 = Coarse

2 =Fine

1 = Yes (irrespective of causes by pest or disease)
2=No
1 = Yes (irrespective of causes by pest or disease)
2=No
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Table 3. Results of variance analysis for survival rate, tree height, and diameter breast
height (dbh) of Casuarina junghuhniana provenance trials

Item DF Survival rate (%) Height (m) dbh (cm)
SS  Fvalue SS Fvalue SS  Fvalue

Suhu 27 4355485 377 ***  509.747  54.106 ***  566.828 34.232 ***
Duona 27 26477.00 3.76 *** 148219  11.205 *** 117.076  7.498 ***
Taichung harbor 27 9287542 15.55 *** 61.723 25740 *** 93283 15257 ***
Taimalee 27 16901.71 2.97 *** 50.782 7.502 *** 89.064  7.984 ***
Site 3 5629.59 17.59 *** 1878.165 1248.223 ***  718.349 358.969 ***
Seedlot 27 10814.50 3.75 *** 215259  15.896 *** 247912 13.765 ***
Site x Seedlot 81 1287232 1.49 *** 555213  13.666 *** 618.147 11.441 ***

* % and *** indicate a significant difference in F' values at 5%, 1% and 0.1% levels, respectively.
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Table 4. Results of Scheffe’s multiple range test for survival rate, height, and diameter
breast height (dbh) of Casuarina junghuhniana provenance trials
Suhu Duona Taimalee Taichung Harbor
Code Seedlot Survival Height dbh Survival Height dbh Survival Height dbh Survival Height dbh
rate (%) (m) (cm) rate (%) (m) (cm) rate (%) (m) (cm) rate(%) (m) (cm)
118952  95™" 227° 138" 95" 428" 301" 2™ 338" 258" 54° 1.10 0.82%"
218948 91" 2.18° 126 93" 443" 2094™ 89" 346" 247 71* 1177 0.83%
318951  87™  231° 130° 85 462 334™ 90™  3.04™ 190" 71% 1237 095
4 18950 89"  2.63° 1.68¢ 96" 518 333" 93" 366" 272" 65% 137"  0.98"
5 18954  92™  242° 1.61° 87" 475 322"  90™ 279" 174"  76™* 1.12°7  0.80*"
6 18949  91™ 238 148  86™" 3.99™¢ 256" 87" 279" 171" 67 1207  0.72°
718847 97" 2.74% 176" 85 4.03™¢ 280" 87  3.06™ 199" 66% 136" 091"
8 18845  94™  246° 1.18°  93™°  446™¢ 289" 91" 353" 271" 2™ 127°" 090"
9 18844  94™  237° 149  91™ 428" 302" 91 279" 1.66° 81 1.39*% (.8gr
10 18846  94™  258°  1.80™¢ 86™¢ 490" 370"  89™° 348" 240" 80™¢ 1.55"%" .73
1118849 85 2.07° 122° 85" 398" 253 91™ 28" 155° 68* 1.147  0.82%
1218848 99" 2.82% 1.80™¢ 83" 417" 257" 80™ 347" 259 73°* 1157  0.86°
1318850 92"  229° 136% 83" 386™¢ 220 91"  3.15° 1.86™ 74°* 123"  0.85
14 18851  96™ 2.57° 1.43% 92" 442" 286™ 80™ 3.87° 3.08" 71° 130°" 0.63"
15 18852  94™  2.63° 1.73% 95 475" 308 92° 298" 1.84™ 85" 134%T (.84%"
16 19489 98"  4.18™ 4.01° 9I™ 3.66™ 221 88" 294® 186 95 2.01° 1.74%¢
17 19490  99* 537%™ 451° 91" 405" 259® 93 315® 221 98" 2.01° 1.81°
18 17878  94™ 432" 307" 88" 4.04™¢ 250 86™ 3.25° 235° 99" 206 1.87%
19 17877  94™  543%  441° 93" 373" 261 91" 294 1.84® 98" 2.12° 1.93°
20 19491 95 471" 4.08" 92 370" 238 88™ 311" 207° 99" 198"  1.87
21 17844 98" 3.93% 332" 86™¢ 333 204" 83" 280" 1.63° 98" 199"  1.73"¢
2219239 94 250°  1.69° 87" 385" 267" 91 335 251 72%% 1.58% .99
2319240  89™  2.82% 2.03™¢ 79 446" 3.15° 86™ 338" 236" 86" 1.84™¢ .59
2419238 92°  270°  1.76™% 990%™ 437" 3,09  92° 339" 265° 70% 1.617%" .99
25 19242 91™  2.83% 2.10%¢ 80% 324 1.86° 88" 276" 1.84™ 85" 191 .19
26 19241 91™  240°  1.73% 85" 320  1.91° 89" 3.03" 2.15% 87" 1.54% (.94
27 19237 92*  227° 153 g1™ 317 2.02° 78"  2.85° 1.84 81" 1.53% | 06
28 18853 83" 225 151 74 3.62°¢ 242" 77° 287" 1.92° 82 |72t 107t

" Values in a column followed by the same letter do not significantly differ (» = 0.05) according to Scheffe’s multiple range

test.
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Table 5. Regression analysis among growth and geographic distribution of Casuarina

junghuhniana provenances

Item Suhu Duona Taimalee Taichung Harbor
Latitude 0.214 0.497** -0.226 0.003

Survival rate (%) Longitude 0.207 0.542%%* -0.203 -0.012
Elevation -0.648*** -0.101 -0.322 -0.418*
Latitude 0.394* 0.359 0.082 -0.084

Height (m) Longitude 0.344 0.369 0.076 -0.149
Elevation -0.782%** 0.343 0.183 -0.684***
Latitude 0.333 0.256 -0.061 0.132

DBH (cm) Longitude 0.282 0.256 -0.079 0.072
Elevation -0.780%*** 0.355 0.230 -0.777***

* 4% and *** indicate a significant difference of the coefficient of regression at 5%, 1% and 0.1%

levels, respectively.
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Table 6. The first 4 factors for growth and morphological characteristics of Casuarina
junghuhniana provenances
Variate Loadings
factor 1 factor 2 factor 3 factor 4
Diameter at breast height 0.918 0.003 -0.244 -0.005
Height 0.895 -0.005 -0.252 -0.008
Branch density 0.846 0.196 -0.002 0.370
Axis persistence 0.840 -0.002 0.005 -0.003
Branchlet length 0.330 0.872 -0.001 -0.006
Stem damage 0.003 -0.818 0.009 -0.165
Branchlet thickness -0.319 0.817 -0.003 0.001
Foliage damage -0.563 -0.690 -0.005 0.242
Branch length -0.112 0.001 0.847 -0.238
Stem straightness 0.007 0.461 -0.570 -0.107
Branch thickness -0.219 0.102 0.541 0.505
Branch angle 0.009 -0.004 -0.120 0.887
Eigenvalue 3.668 2.839 1.478 1.345
Accumulated variance explained (%) 30.57 54.23 66.62 77.83
4 o CASE 0 5 10 15 20 25
Label Num +------- Fommmm- Fommmm-- Fommmm-- oo +
5 3
8
4
2 7
| z
‘§ ! 26 2 11
« 7 4 L
11%2 2 2810 92 ” 2p 12
15 25 o4 0 ——
-1 23 ——
14 24
25
72—1.5 -1.0 -5 0.0 5 1.0 1.5 2.0 2.5 13

factor 1

Fig. 1. Factor scores of the factor analysis
with a principal component solution of 28
Casuarina junghuhniana provenances.

A I B By S0 JERE - TP il 1~ 155%
REIR ~ gl 16~ 2058 Ml I R AR Tl 2 21 5 F
U - T BCER S 22 R 4 G JE B o R T
(22~2 8557 00 A Bl J A Fe U A B 20 B - L A

AL IR R EZ B -

28

1
5

——|
-

9

n—h

16
19
17
20
18

21

Fig. 2. Dendrogram based on variations
in growth and morphological features of
28 Casuarina junghuhniana provenances

using the average linkage method.



430

&

LA BB IR 2 A G AR 2 AR R R P
REMEAR A MR Y5 ~ BRBR R - DR A B 3
M RRSEEFAERE 2R - RE4EZER
B » LURENE s BUR T 16~2 1 5REVFT B TR I 2
FREE o 5 IR BRI A
i FE TR EE -

DUBRHRE o 47 B 5o IR 153 A P e 7 o3 1
ZAGR B Ry DR I B0 BE T o3 2R RE © 20
Fo R L 1~ 1SHRRE IR ~ sl 16~205%
T B AR 2 VB - S mT R o3 Ry 3 S ) -
FE PR AR LA i 3 2 DO R o0 (B TT ]« AR
Bt FeEFT A RERAE R - TERE S HEGES
R I Hh A L R - B 16~2 15 R
BHGEDEINEREDMAR - HEAKTHE M
3 A0 S S 5 o A o A
b — 5 SRR 15 PRI i 5 MR AE 15 18 o R v N
LR > TR T B A Y B P IR Y R
SRR BRE SRR -

1 &5

AR TR 9% 7K 52 i bk 3 G B BT A BT T R U
JISEFE o Hi A SRR S O ] B 2 AT B
BB~ S EIAE TE > AWM KT
B B SHL 3 L BFF 9 TR0 2 A7 [ i B B B R
TAE » DA ~ AR~ KRR RFE L FE
BIEMEE T T - UEAEERE
ROLIEIE - ELGERH - SERNEWNCSIRO Mr. K
Pinyopusarerk (B $2 {H &bk FIRE 7 e 3 43 $2 it
ERRSE o R —OEEER

5l F STRR

Bauerle W, Whitlow TH, Setter TL, Bauerle
TL, Vermeylen FM. 2003. Ecophysiology of
Acer rubrum seedlings from contrasting hy-
drologic habitats: growth, gas exchange, tissue
water relations, abscisic acid and carbon iso-
tope discrimination. Tree Physiol 23:841-58.

BRETEE S — LR I ER ISR

Bey CF. 1973. Growth of black walnut trees
in eight midwestern states —a provenance test.
USDA Forest Service Research Paper Note
NC-91, 9 p. North Central Forest Experiment
Station, St. Paul, Minn.

Bhargava PD, Johri SK, Sharma Bhatt BN.
1966. Morphological and genetic variabil-
ity in green gram. Indian J Genet Plant Breed
26:370-3.

Chen TH, Ho KY, Chung AC. 1995. Veg-
etative propagation of Casuarina junghhniana
Miq. Bull Taiwan For Res Inst New Series
10(2):145-51. [in Chinese with English sum-
mary].

Danselman HM, Flint HL. 1982. Genecology
of eastern redbud (Cercus canadensis). Ecol-
ogy 63:962-71.

Doran JC, Hall N. 1983. Notes on fifteen
Australian Casuarina species. In: Midgley SJ,
Turnbull JW, Johnston RD, editors. Casuarina
ecology, management and utilization. Mel-
bourne: CSIRO. p 19-25.

El-Lakany MH, Turnbull JW, Brewbaker
JL. 1990. Advances in Casuarina research and
utilization. Cario, Egypt: Desert Development
Center & American University in Cairo.
Fahmy IA, Heikal M, Iman MES, Sberbeni
GEHEL. 1970. A study on the timber yield of
Casuarina sp. Agric Res Rev 48(5):253-66.
Ho KY, Chen TH, Yang JC. 2001. Morpho-
logical phylogeny of natural provenances of
Casuarina equisetifolia. Taiwan J For Sci
16(4):285-93. [in Chinese with English sum-
mary].

Ho KY, Yang JC, Deng SL, Chen TH. 2004.
Assessment of genetic variation and relation-
ships of international provenances of Casua-
rina junghuhniana using ISSR. Taiwan J For
Sci 19(1):79-88. [in Chinese with English
summary].

Johnson RA, Wichern DW. 2002. Applied
multivariate statistical analysis (5th ed). Lon-
don: Prentice Hall. 668 p.



SEPRSERIER 21(4): 421-31, 2006

Kondas S. 1983. Mist tent vegetative pro-
pagation of Casuarina junghuhniana in
Thailand. In: Midgley SJ, Turnbull JW, John-
ston RD, editors. Casuarina ecology, manage-
ment and utilization. Melbourne: CSIRO. p
102-6.

Melanie CP, Braver SL, MacKinnon DP.
2003. Levine’s guide to SPSS for analysis of
variance. Mahwah, N. J.: Erlbaum L.

Midgley SJ, Turnbull JW, Johnston RD.
1981. Casuarina ecology, management and
utilization. Canberra: CSIRO.

Phengpricha N. 1977. Planting Casuarinas to
become a millionaire. Vanasarn 35(4):415-8.
Pinyopusarerk K. 1995. International prov-
enance trials of Casuarina junghuhniana op-
erational manual. Canberra: CSIRO Divison of
Forestry. p 13.

Pinyopusarerk K, Boland DJ. 1990. Casua-
rina junghuhniana — an Indonesian species of
promise for the tropics. Advances in Casuari-
na research and utilization. Proceedings of the
2nd International Casuarina Workshop, 15-20
January 1990. Cairo, Egypt: Desert Develop-
ment Center, AUC, p 202-12.

Pinyopusarerk K, Kalinganire A, Williams
ER, Aken KM. 2004. Evaluation on interna-
tional provenance trials of Casuarina equiseti-
folia. Australian Centre for International Agri-
cultural Research. Canberra: CSIRO Division
of Forestry. p 24.

Pinyopusarerk K, Midgley SJ, Turnbull JW.

431

1996. Research and development. Proceedings
of the 3rd International Casuarina Workshop.
Canberra: CSIRO.

Sengloung R, Kamolpun N, Lily K, Suree
B, Damrong P. 2004. Provenance variation on
growth performance and some floral biology of
Casuarina junghniniana. Mia. Chachoensao,
Thailand. Silvicultural research report. Bang-
kok: Department of Forestry.

Williams ER, John JA, Whitaker D. 2006.
Construction of resolvable spatial row-column
designs. Biometrics 62:103-8.

Yang JC, Chang TY, Chen TH, Chen ZZ.
1995. Provenance trial of Casuarina equi-
setifolia in Taiwan. 1. Seed weight and seedling
growth. Bull Taiwan For Res Inst New Series
10(2):170-95. [in Chinese with English sum-
mary].

Yu X. 1996. Study on geographic variation of
Cunninghamia lanceolata provenance. Mod
Silvicult 12(1):41-8.

Zhong C. 1990. Casuarina species and prov-
enance trial on Hainan Island, China. In: El-
Lakany MH, Turnbull JW, Brewbaker JL,
editors. Advances in Casuarina research and
utilization. Proceedling of the Second linter-
national Casuarina Workshop, Cairo, Egypt. p
32-9.

Zhong C, Shi C, Wang W, Hong C, Pin-
yopusarerk K. 2002. International provenance
trials of Casuarina junghuhniana in southern
China. Scientia Silvae Sin 38(6):58-65.



432



