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Early genetic testing and selection in Pterocarpus macrocarpus

seedlings grown in the nursery and field
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ABSTRACT

The study on early genetic testing and selection in Pterocarpus macrocarpus
seedlings grown in the nursery and field was conducted by investigating seedling growth
among 20 families from four populations. Seedlings were grown in the nursery for six months and
subsequently they were out planted in the field for two years for growth assessment. The results
revealed that both height and diameter growths of seedlings grown in the nursery and in the
field varied among populations and families. In the nursery, six months old seedlings had the
average height and diameter of 41.1 and 0.85 cm, respectively. Among four populations, seedlings
from Kamphaengphet out performed seedlings from other populations with the average height and
diameter of 53.8 and 1.0 cm, respectively. Seedlings from Saraburi (average height and diameter
of 45.8 and 0.91 cm, respectively) and Nakhonratchasima (average height and diameter of 36.1
and 0.78 cm, respectively) had moderate growth whereas seedlings from Khonkhaen had less
growth with the average height and diameter of 25.8 and 0.65 cm, respectively. Among 20

families, seedlings from family with maximal growth had the average height and diameter of 62.8



and 1.09 cm, respectively, while seedlings from family with minimal growth had the average

height and diameter of 22.8 and 0.57 cm, respectively.

The average height and diameter growths of seedling grown in the field for two years
were 135.2 and 2.6 cm, respectively. Seedlings from Kamphaengphet still out performed seedlings
from other three populations with the average height and diameter of 148.9 and 2.84 cm,
respectively. Seedlings from Nakhonratchasima (average height and diameter of 147.8 and 2.76
cm, respectively) and Saraburi (average height and diameter of 144.2 and 2.72 c¢m, respectively)
had moderate growth whereas seedlings from Khonkhaen had less growth with the average
height and diameter of 101.4 and 2.22 cm, respectively. Among 20 families, seedlings from family
with maximal growth had the average height and diameter of 194.8 and 3.47 cm, respectively,
while seedlings from family with minimal growth had the average height of 90.7 cm and diameter
of 1.95 cm. Both height and diameter growths of P. macrocarpus seedlings not only changed in
rank as age increased but also positively correlated between age classes. This implied that
the results can be applied in selecting high genetic quality seedlings from the nursery for

out planting in the field which will be a high productivity plantation in the future.

Keywords: Pterocarpus macrocarpus// growth// genetic variation// early genetic selection
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Table 1. Populations and families in each population for seed collection of P. macrocarpus used

in the experiment.

Population Family Population Family
Khonkhan KKO1 Nakhonratchasima NMO2
KKO2 NMO6
KKO3 NMO9
KKO6 NM11
KK16* NM18
KK17 NM20
Saraburi SRO1 Kamphaengphet KPO1
SR04 KPO2
SR06 KP0O9
SRO8 KP11

* Not included in the field study because of insufficient seedlings.
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Table 2. Population means, family means, grand means and standard deviations (SD) for height

growth (cm) and diameter growth (cm) of P. macrocarpus seedlings grown in the nursery.

Population Family HOM H3M HE6M DOM D3M D6M

Khonkhaen KKOT1 11.1£3.4  154+47  23.5+7.2 0.32+0.08 0.41£0.09 0.57+0.12
KKO2 11.242.2  156.2+3.3 274473 0.38+0.08 0.43+0.06 0.71£0.17
KKO3 11.0£3.4 13.8+3.3 22.8+6.2 0.33+0.05 0.42+0.08 0.69+0.15
KKO6 12.5+2.6 16.4+£3.6 25.4+59 0.35+0.09 0.43+0.12 0.68+0.18
KK16 13.0£3.8  17.2+4.3 25.8+4.4  0.33+0.08 0.42+0.08 0.59+0.14
KK17 12.0£3.5 15.7+4.6 27.4+6.4  0.34+0.01 0.41+0.12  0.64+0.13
Population mean + SD  11.843.2 15.6#4.1 25.8#6.5 0.34+0.08 0.42+0.10 0.65+0.14

Nakhonrat- NMO2 17.3+45 21.2+#6.8 36.7£#19.0 0.46x0.10 0.54+0.12  0.84+0.31
chasima NMO6 14.0+£3.8 17.6¥54 34.3+11.8  0.41x0.11  0.49+0.13 0.79+0.20
NMO9 14.1x4.77  17.845.6 30.5+£11.6 0.42+0.09 0.48+0.10 0.69+0.15
NM11 15.0£5.5 20.7£7.8 34.0+12.5 0.42+0.12 0.48+£0.13 0.73+0.20
NM18 15.8+4.4 21.0£5.0 32.6£9.3 0.45+0.11 0.51£0.15 0.69+0.19
NM20 18.5¢5.0 25.5+6.7 45.3+18.4 0.53+0.10 0.60+0.11 0.90+0.26
Population mean + SD  15.844.9 20.6+#6.8 36.1#15.1 0.45+0.11 0.52+0.13 0.78+0.24

Saraburi SRO1 255+6.3 34.4£8.9 57.6%£18.7 0.58+0.12 0.65+0.13 0.97+0.25
SR04 20.1£5.5 26.1£9.4 49.6%19.5 0.57+0.14 0.66+0.15 0.10+0.25
SRO6 18.2¢5.9 22.3+51 35.3+9.0 0.46+0.11 0.54+0,11 0.77+0.18
SR0O8 17.6£4.3  21.4+£54  33.248.6  0.49+0.11 0.56+£0.10 0.79+0.15
Population mean + SD  20.4+#6.3 26.2+#9.1 45.8%+18.6 0.52+0.13 0.60+0.14 0.91+0.24

Kamphaeng- KPO1 14.7x4.6  21.4+#6.4 42.7+15.6 0.40£0.12 0.50+0.13 0.83+0.21
phet KPO2 18.3+5.5 25.6+6.1 56.9+18.1 0.54+0.13 0.65+0.15 1.08+0.26
KPO9 15.4£59 23.0£7.6 47.3+x14.4 0.47+0.14 0.56+0.14 0.94+0.24
KP11 28.4+75 35.2+¢79 62.6+183 0.60+0.12 0.69+0.14 1.09+0.27
Population mean + SD  19.6+8.2 26.9+8.9 53.8#18.4 0.51+0.15 0.61£0.16 1.00+0.27

Grand mean * SD 16.2£6.5 22.0+8.6 41.1x18.8 0.44%0.14 0.53+0.15 0.85+0.27

Notes: HOM: height at O month old; H3M: height at 3 months old; HBM: height at 6 months old;

DOM: diameter at O month old; D3M: diameter at 3 months old; D6M: diameter at 6 months old.
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Table 3. Components of variance (percentage of total variance) and significant tests for height

growth and diameter growth of P. macrocarpus seedlings grown in the nursery.

Source of variation df HOM H3M H6M DOM D3M D6M
Replication 1 7.70%* 5.59%* 1.85*% 7.78%* 3.97** 3.18ns
Population 3 78.74**  80.85** 88.23** 83.70** 85.93** 85.74**
Replication*Population 33 0.72**  0.87** 1.0Ins  0.87** 1.24*% 1.64ns
Family (Population) 16 11.88**  11.41**  7.28**  ©.55**  7.00** 7.10%*
Replication*Family (Population) 176 0.61**  0.79** 0.69ns  0.68** 1.08** 1.11ns
Residual 720 0.35 0.48 0.95 0.43 0.77 1.23

Notes: ns: not significant; *: significant at P < 0.05;  **: significant at P < 0.01.
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FBIRINTABNEN [Ha1NuATIYRNT (349.07 N5H) AINETLS (305.82 N3N) WATAINVEULANL B9

AN TotalDw Haegn (239.43 N5H) (Table 4)

Table 4. Population means, family means, grand means and standard deviations (SD) for height
growth (cm), diameter growth (cm) and biomass (g) of P. macrocarpus seedlings grown

in the field.

Populatio  Family HOY H1Y H2Y DOY D2Y ShootDw  RootDw  TotalDw

Khonkhaen KKO1 23.4 46.1 90.7 0.55 2.01 93.86 67.18 161.04
7.3 +9.8 +25.9 +0.12  +£0.68 +86.08 +50.95  £136.19

KKO2 27.7 57.9 109.6 0.79 2.49 243.14 147.31 390.44

7.4 +19.0 +304  £0.18 +0.75  £167.73  +100.81 +267.45

KKO3 22.1 50.6 99.0 0.69 2.21 104.49 77.54 182.03

+6.2 +11.9 +22.2 +0.15  +0.68 +49.71 +25.21 +72.62

KKO6 27.4 51.1 93.9 0.72 1.95 87.29 60.64 147.93

5.5 +10.5 £19.9 +0.15  +0.55 +58.55 149.24  £104.52

KK17 31.3 61.0 114.3 0.69 2.43 199.05 98.35 297.40

5.5 +17.8 +26.2  +0.13 +0.65 +111.70 +51.83 +162.77

Population mean 26.4 53.3 101.4 0.69 2.22 148.00 91.43 239.43
*SD +7.1 +14.9 +26.1 +0.16 $0.68  %115.98 +64.31 +178.36

Nakhonrat-  NMO02 43.7 73.5 148.0 0.98 2.62 259.19 89.79 348.98
chasima +22.3 +19.9 +57.3 +0.32 +0.88 +243.83 +59.83 +302.54
NMO6 38.7 71.0 147.7 0.85 2.61 189.31 123.54 312.85

+11.5 +14.8  +445 021 0.73 +84.97 +32.53  +107.98

NMO9 32.7 65.4 146.4 0.70 2.57 232.78 101.09 333.86
+11.9 +25.1 +59.4  +0.18 +0.69 +156.35 +45.94  +£199.86

NM11 40.6 81.7 160.4 0.81 3.08 229.11 94.95 324.06

+14.2 +18.0 +42.3 +0.20 +0.88 +78.56 +27.07 +104.83

NM18 35.5 69.1 127.9 0.71 2.34 135.90 85.58 221.48

+9.8 +30.8 +25.6 +0.21 +0.97 +104.92 +58.30 +161.83

NM20 55.0 76.5 158.1 1.05 2.84 404.16 181.78 585.94

+20.5 4135  +494 022 090 +168.14 +86.04 +252.21

Population mean 41.0 73.0 147.8 0.85 2.76 237.47 111.59 349.07
+SD +16.9  +21.2 +47.0 +0.25 +0.86 +162.21 +60.08 +216.18
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Table 4. Continued.

Populatio  Family HOY H1Y H2Y DOY D2Y ShootDw  RootDw  TotalDw

Saraburi SRO1 77.2 96.1 162.7 1.22 2.87 332.02 127.98 460.00
+17.3  +20.2 £38.2 +0.20 +0.71 +166.76 +67.81  +223.53

SR04 70.5 92.2 167.9 1.21 3.03 260.22 120.16 380.38

+12.9 +12.8 +41.6 +0.13  +0.80 +186.58 +36.01 +217.66

SRO6 38.2 63.6 125.4 0.84 2.52 134.66 100.18 234.84

7.9 +13.2 +41.8 020 +0.79  £118.50 £89.92  +207.03

SRO8 37.1 65.9 123.4 0.83 2.54 108.40 116.73 225.13

+10.1 +16.3  +31.6 +0.13  +0.78 +68.92 +52.84  +119.05

Population mean 55.8 78.8 144.2 1.03 2.74 191.23 114.59 305.82
+SD +22.1 +21.2 %429 +0.256 +0.79 +153.63 +60.02  +199.49

Kamphae- KPO1 53.8 74.6 123.9 0.99 2.41 125.74 68.81 194.55
ngphet +15.5 134 322 x0.18  +0.50 +55.77 +32.95 +81.52

KPO2 73.3 85.3 147.7 1.28 2.86 243.69 95.97 339.66
+14.2 214 £342 022  £0.79 +20723 £68.85  £294.71

KPO9 59.8 7.7 131.3 1.14 2.62 220.33 118.63 338.96
+14.2 +15.3 +38.2 +0.28  +0.90 +25535 +114.61 +368.45

KP11 825 98.1 194.8 1.39 3.47 469.96 160.95 630.92
£14.9 +147  £50.3 £0.177  +0.92 +346.82 +84.84  £4290.18

Population mean 67.3 83.8 148.9 1.20 2.84 264.93 111.09 376.02

+SD +18.3 +185  +47.0 +0.26 +0.87 26245  +82.92  +340.77
Grand mean 46.4 70.0 133.7 0.91 2.51 213.36 107.35 320.71
+SD +21.6 +21.1 +449  +0.29 +0.82 +18357  +66.67 +242.86

Notes:  HOY: height at O year old; H1Y: height at 1 year old; H2Y: height at 2 years old;
DOY: diameter at O year old; D2Y: diameter at 2 years old;

ShootDw: shoot dry weight; RootDW: root dry weight; TotalDW: total dry weight

m‘iLﬁuTmmﬂﬁﬂﬁmwﬁuLmmwmmmmmuﬁdmmqqLmeme [T TaPY
LANANNTHITdeUazEng warszdeu indne iAoy neadn (Table 5) Semannsiuulsi
Auiflasdszrnnsuazun (3l fdndausaniuAeninemn WuRatuiinuannisnaasstudew
wnzgn (Table 3) TagfiAnzmdne 71% 7 D2Y 9 97% 7 HOY FednaanpaAmulsanus
ﬁﬁﬂLﬁmﬁuLﬁ@ﬂﬁﬁfﬁﬁmﬂumﬁu L2 ﬁ@@f'}‘l&"ﬂ’ﬂdﬂ'}’mﬁuLLﬂ‘i‘i:Wﬁ’]\‘iLLﬂTﬁWNﬁﬁuﬂ’]’mq\‘iLﬁN
971 8.99% a1y 1 T (H1Y) 1fu 11.57% ooy 2 T (H2Y) wwmdeaduduanlpfinen

9.72% \flmeng 0 11 (DOY) T 14.46% \esny 2 T (D2Y) (Table 5)
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Table 5. Components of variance (percentage of total variance) and significant tests for height

growth and diameter growth of P. macrocarpus seedlings grown in the field.

Source of variation df HOY H1Y H2Y DOY D2Y
Replication 4 0.45 ns 0.75 ns 1.71ns 0.71ns 7.89 ns
Population 3 88.50 **  82.83 **  76.44 ** 86.69 ** 56.97 **
Replication * Population 12 0.42 ns 2.20 ns 3.08ns  0.83ns 6.53 ns
Family (Population) 15 9.11 ** 8.99 **  11.57 ** 9.72 **  14.46 *
Replication * Family (Population) 60 0.84 ns 3.45 ** 4.23 * 1.06 ns 7.36 ns
Residual 190 0.67 1.79 2.97 0.99 6.80

Notes: ns: not significant; *: significant at P < 0.05;  **: significant at P < 0.01.

o o/ = v ¥ zﬁl = ! (P21 ' o/ 1 S o o o/
N’]‘ifi‘iUNfJN?ﬁJﬂ’]W"ﬂﬂ\‘m@”ﬁNLN@@’]T;‘I 2 1 ‘V\I‘LIQ’]TNNWQ’]NLLG]ﬂG]’NﬂH@EI’NNHEIN’]ﬂiy

(2
an o '

NNFRRNITENINUT2EINTUALTENINUN T (Table 6) N19ANIATININIHTAIHULANAINTWNN

1
=

an @) [} =l @V dld = da‘ 1%
a9d Hasenuataninidunasaneesnadueesiy muwwqu\mﬁ@mm‘[mmﬂmwmmu
U 1 % Adld = v 1 & = 3 v 1
uﬂﬁmmuwuquemmmﬂmummq FIDN1THNIRTININTINYDIVIIH (TotalDw) wANFIS
fusalnAlAesiui(# wu ndnlHainuslll kko2  fieng 2 T Tuudamnass faaangs (H2Y)
WAL 109.6 1 HANAST NAUANIRTINTINTINYBIVIIAN (390.44 NTH) HINNIINIRBTINTNTINYD

Fadiuasuallii SR04 (380.38 n5h) FeflAnngs (H2Y) #nndn (167.9 lrnfma) (Table 4)

Table 6. Components of variance (percentage of total variance) and significant tests for biomass

of P. macrocarpus seedlings grown in the field.

Source of variation df ShootDW RootDW Total Dw
Replication 1 16.24 ns 2.85 ns 8.01ns
Population 3 30.44 ns 12.15 ns 27.17 ns
Replication*Population 3 155ns 2059 ns 4.87 ns
Family (Population) 15 26.87ns  25.64ns 28.74 ns
Replication*Family (Population) 15 10.15 ns 19.68 ns 13.61 ns
Residual 76 14.74 19.08 17.59

Notes: ns: not significant; *: significant at P < 0.05;  **: significant at P < 0.01.
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maduTmeasiuliiaanugeuazanulniinind dsuudavidefuudsniueges
11131 (Namkoong and Conkle, 1976; Foster, 1986) 411 Table 7 @vanduntaifulaispnugauay
pulnapsndnEfnaansiudoumnzinszndnoulliising o annulififniadulaangaannan
saguilliiiifinnafulationge wudiiisniadulafieginduduasfiuazisasnulasazndns
Fo9a1 6 WeuweIn1snaany Inendnfeinusld kP11 fnsdulasnngauasasdumis
paaanisnaaes anfindEennuiliEnineswdsuaduduresniadulmiafstuuas
anas wntinstipeting i néntiannualli SR04 firaugeaddudu 3 fieny 3 1fen anaueg)
g 4 fieny 6 1Wen TnansiindnlHanud(d KPO1 faageatdudy 1 fiany 3 Wau Fusn

o

BETIEUAL 7 1218 6 1iaw uaziiiafansonniafiulpaesnan Hannun [Hsng T %4 10 BuAULTN

U

91neng 0 WWaw T a1g 6 Wew wudninisuasudusuntsfiulalyisnmin (Taole 7)

Table 7. Ranks among families from the best to the poorest for height growth and diameter

growth of P. macrocarpus seedlings grown in the nursery.

Rank HOM H3M H6M DOM D3M D6M
1 KP11 KP11 KP11 KP11 KP11 KP11
2 SRO1 SRO1 SRO1 SRO1 SR04 KPO2
3 SR04 SR04 KPO2 SRO4 KPO2 SRO4
4 NM20 KPO2 SR04 KPO2 SRO1 SRO1
5 KPO2 NM20 KPO9 NM20 NM20 KPO9
6 SRO6 KPO9 NM20 SRO8 KPO9 NM20
7 SRO8 SRO6 KPO1 KPO9 SRO8 NMO2
8 NMO2 NM18 NMO2 NMO2 NMO2 KPO1
9 NM18 NMO2 SROG SRO6 SRO6 SROG
10 KPO9 SRO8 NMO6 NM18 NM18 SRO8
11 NM11 KPO1 NM11 NM11 NMO6 NMO6
12 NMO9 NM11 NM18 NMO9 KPO1 NM11
13 NMO6 NMOG SRO8 NMO6 NM11 KKO2
14 KPO1 NMO9 NMO9 KPO1 NMO9 NMO9
15 KK16 KK16 KK17 KKO2 KKO2 NM18
16 KKO6 KKO6 KKO2 KKO6 KKO6 KKO6
17 KK17 KK17 KK16 KK17 KKO3 KKO3
18 KKO2 KKO2 KKO6 KKO3 KK16 KK17
19 KKO3 KKO1 KKO1 KK16 KK17 KKO1
20 KKO1 KKO3 KKO3 KKO1 KKO1 KK16
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nsifivlneesndnliluudamaansniaauin Alsdunufindiadetofinolu
BonnnzEn (Table 8) lngndnlHanualli kP11 Sapsdinadulaminiiganasagaeaan 2 Toas

AN9VIARDY WWAIMEANEN [N (H AU N 19U HLU A9 UAUNURANIBLAYAARY HINTiNsias

119 g ndnldann [l NM11 llaiEudgnfinaings (HOY) agfidusu 9 usindslgn 2 ¥ Haangs

(H2Y) BYTigusu 4 Wnourfingn [Hannus (sl KPo2 fANgIanINNaudL 3 WealEnUgn wnegi

U

fusiu 8 nasdgnluulamnassninaun 2 3 (Toble 8)

Table 8. Ranks among families from the best to the poorest for height growth, diameter growth

and biomass of P. macrocarpus seedlings grown in the field.

Rank HOY H1Y H2Y DOY D2Y TotalDW
1 KP11 KP11 KP11 KP11 KP11 KP11
2 SRO1 SRO1 SR04 KPO2 NM11 NM20
3 KPO2 SR04 SRO1 SRO1 SR04 SRO1
4 SRO4 KPO2 NM11 SR04 KPO2 KKO2
5 KPO9 NM11 NM20 KPO9 SRO1 SR04
6 NM20 KPO9 NMO2 NM20 NM20 NMO2
7 KPO1 NM20 NMO6 KPO1 KPO9 KPO2
8 NMO2 KPO1 KPO2 NMO2 NMO2 KPO9
9 NM11 NMO2 NMO9 NMOG6 NMO6 NMO9
10 NMOG NMO6 KPO9 SRO6 NMO9 NM11
11 SRO6 NM18 NM18 SRO8 SRO8 NMO6
12 SRO8 SRO8 SRO6 NM11 SRO6 KK17
13 NM18 NMO9 KPO1 KKO2 KKO2 SRO6
14 NMO9 SRO6 SRO8 KKO6 KK17 SRO8
15 KK17 KK17 KK17 NM18 KPO1 NM18
16 KKO2 KKO2 KKO2 NMO9 NM18 KPO1
17 KKOG KKO6 KKO3 KKO3 KKO3 KKO3
18 KKO1 KKO3 KKO6 KK17 KKO1 KKO1
19 KKO3 KKO1 KKO1 KKO1 KKO6 KKO6

o o

Adl v = a zdl 1 o/ 1 Ll = a tdl
ﬂ’?iVlﬂ@’]TNN@u 'Llﬂq’iL@UTWVILL@I’H@]’]\?’HH?%WQ’N LLN\EN LLZ\]%‘N?"U LLUUﬂ'W’iLG’I‘LJTGW]

. 1 = 4 ' o 8 A a o
wWasnudasegiane unaduilas1anAuuand1anieiugnssn B9avninaeeaiugnasnes
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fruisntann@udesiulifenguindu (Namkoong and Conkle, 1976; Foster, 1986) 41N
AnarnEiudaziingaszazaasnimaansiies 2 Tew Aauunlinlmnadeais Tnaniaiduls

rp9ndn(Fin1saswulasaiurssnisdivlamuengeesndndl agnelsinundnliannud(

|
v aa

o g o a Aa 3 e v @ ! 1%
mﬂwuqmmmqmmwwmmﬁmﬂmwmmm F99NNNANITANEILEAS BRI n& (H7Id NS
G G are z‘i’ﬂﬁLLmTﬁNﬁ%Lﬁﬂ(ﬂfﬁﬁLﬁﬂﬁﬁfﬂﬂqﬂ?mmmmﬂﬂmuﬁw wigtuuy

v v

madulpazdauuasinenneny edidesenmsidulnegnieldavninaneningnssuuas
o A

mmfl‘nﬂﬁﬂmlﬂmmmmq (Namkoong and Conkle, 1976; Foster, 1986) lne@vninaues

WngnssnazuaaennuInBudenii Henyuntu

paNANHEraInisiiulaiva ngeuazaanlnsyndneengunendn (Hiviele

GFannnriuaz LUamAapInIARINN WUdEANARsTETUTN9uan (Toble 9 waz Table
g & v e v A 1% ¥ P (% 2 ! % v A

10) BadudatddnnisAmaannilgmnmiznzeiyfisy Snasagonineeananfideeny
nnAudag  [FnnsAnymnudniusresfiulfionzangioauaziloniguintiniudiusing o
Amuig(fin W nsfneanERRsesnafiulnssndnstuengsine o (Squilace, 1974)
asAneeusunisesgiiulnaesnd ldudannicdndaluidaunszandu
madiulaluulaslgnaiasus (Carter et af, 1990) iwin FeinguazaeAnpinsinundnediv
& 4' o 4' o o 1'% = o . . dl Uy
filarimuapngimanzanamSUNIsAREeNGNTIN (Genetic selection) 1ia T [AnansULNY

Vl’ldﬂ’%'gﬂ'ﬁ’im (Genetic gain) gugn

Table 9. Correlations among height growth and diameter growth of P. macrocarpus

seedlings grown in the nursery.

HOM H3M H6M DOM D3M D6M

HOM >k %%
H3M 0.85 * % w0

H6M 0.58 0.73 *xxx

DOM 0.69 0.69 0.60 *xxx

D3M 0.61 0.65 0.62 0.89 *xax

D6M 0.46 0.56 0.81 0.62 0.68 *rAx

15



Table 10. Correlations among height growth and diameter growth of P. macrocarpus

seedlings grown in the field.

HOY H1Y H2Y DOY D2Y

H1Y 0.70  wxxx

H2Y 0.56 0.73 P
DOY 0.85 0.46 0.54 P

D2Y 0.46 0.69 0.80 0.52 *kHH

o

adnalsfimunisugnadreaantnlneldndlHiaAnanenulldanawugfinau

9

g o/ a

%3 = o/ o/ o/ o/ [ dl
m‘mm@@mmzﬁﬁuﬂ‘ga@mmwmqwuﬁqﬂﬁﬂ@ﬂﬂ‘szmumcjﬂ‘mﬂ‘gawuﬁ SN AILLRLKINSR

3
|

fign fazvinliliganniifinandngs uinissulqeiufidunazuannafitinaium ifosann
flademan 2 Usznns fe dengitenaumeasiugindeulinananudnfifgmnn uazdag
sraziaaitenanmiidasiiinamasaunanmnieingnsss deunisfniRenudifinonim
yaviugnaan el tuntardneaaunanuAmiugll (Seed orchard) Asiunnsdmdannan(Has
AosnnA ez e lilgnluudasniasuns dadiunnsdnideniugnsanludedu e
wastonainTnvessinliluauinn @9 Lambeth (1980) TaALATIZinans AN dmsung T
Umanerila uazaqUdtmndiissndnnangerasdinlifissiunngsing g (Age-to-age
correlations) ax190UsERNHAYE Single regression equation %ﬂﬂﬁﬂﬁ‘iﬂﬁﬂmﬂﬂi:ﬂﬂﬁﬁﬂuﬂﬁ
Amunprgdnsuniadmdenidesduivanzan(d wn nsdnidendaslidensy 6 uay 8 T az
Anadnfiimsaiunisdndenifladesoudniudmsusnuliany 30 uay 40 9 mudqdy
Willams et al. (1987) wudinise3ayiulannefinuaanugeeeandn(fiaw Black spruce a1 3-6
Fau fieyuranguFonnszen fanudiisotniiidAnyduningeasliian Black spruce
ang 13 1 filgnTnulamasas Ssntafnunaaduiusrasnisfiulnazndneiunny Snafnwn
dmsulinluenougn (Lambeth et al, 1983; Loo et al, 1984; Foster, 1986) uaz(Hiinln
an¥en (Khasa et al, 1995) Bufufedusulidmantafnenitansnansinlouszyne i

nafnAenugnITLlasfiudmsunin [fidase (5
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