A new method of estimation of genetic parameters in
forest trees and selection index
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Table 1

Species and

locations of trees measeured

Species

Age

Location Summary

Populus euramericana

Hakodate plantation

476 5 By use of pure clones
59
Asahigawa plantation
Abies sachalinensis 36 By use of stand grown form
2 seed
Ikeda plantation f stand f
Abies sachalinensis 36 By use of s grown form
1 seed
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Table 2 The analysis of variance table with the expectation of mean squares
Source d f M.S. Expectation of M.S.
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Table 3 Between cluster and within cluster mean squares for tree height

of Populus euramericana grown

in Hakodate,Hokkaido.

Plot Between Pooled Within Pooled
Shape cluster df. between cluster df. within
size M.S. cluster M.S. M.S. cluster M.S.
1 1 0.28299 96 0.28299
2 2x 1 0.49447 38 0.06788 40
1x 2 0.42681 47 0.45706 0.08468 47 0.07695
3 3x 1 0.56663 18 0.07474 38
1x 3 0.56318 28 0.59934 0.12345 58 0.10473
2+1 0.65271 30 0.10559 62
4 4% 1 0.66389 18 0.08535 57
1x 4 0.68240 21 0.65473 0.17102 66 0.12489
2% 2 0.61085 17 0.11023 54
5 5x 1 0.75229 17 0.10356 72
1x 5 0.54481 16 0.64759 0.24176 68 0.15409
2+3 0.63965 17 0.12183 72
6 6x 1 0.25629 14 0.21198 75
3x 2 0.90555 11 0.67237 0.12390 60 0.15317
2x 3 0.07990 8 0.09452 45
8 8x 1 0.31606 9 0.21854 70
4% 2 0.59569 7 0.57851 0.16806 56 0.16151
2% 4 0.87625 8 0.09232 63
10 10x 1 0.35467 6 0.32555 63
5x 2 1.23933 6 0.98684 0.21182 63 0.21215
2x 5 1.27312 8 0.12420 81
Neighboring trees in adjoining rows are grouped
Table 4 The G and E values obtained two ways of solution and
from a clonal forest of Populus euramericana
Character G
Tree height| 0.64 | 0.57+ 0.126 | -0.0722+ 0.1836 0.4038+ 0.1054 | 0.3220+ 0.0838
Trunk size | 0.61 | 0.56+ 0.246 | -0.0949+ 0.1058 0.7027+ 0.0182 | 0.5958+ 0.1615
Crown size | 0.81 | 0.78+ 0.137 | -0.0009+ 0.0787 0.0710+ 0.0071 | 0.0674% 0.0915
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Table 5 The Gx G and Ex E values obtained in two ways of solution
and from a clonal forest of Populus euramericana
Character Gx G Ex E
Hx S 0.64 | 0.68+ 0.184 0.1536+ 0.2503 0.5493+ 0.1389 | 0.6501+ 0.1210
Hx C 0.78 | 0.77+ 0.050 0.0108+ 0.1136 0.1211+ 0.0822 | 0.1084+ 0.0305
Sx C 0.71 | 0.62+ 0.075 0.0529+ 0.1265 0.1855+ 0.0803 | 0.1268+ 0.0499

H: Treeheight S Trunk size C Crown size
Abies sachalinensis MASTERS

130 km

Populus euramericana c¢ v 1476



Table 6 Between cluster and within

cluster

mean squares for tree height
in an Abies sachalinensis forest grown in Asahigawa Hokkaido

Plot Between Pooled Within Pooled
Shape Cluster Between cluster within
size M S custerM S M S custerM S
1 1 1.95127 263 1.95127
2 2x 1 1.76721 97 1.61242 98
1x 2 241654 113 211661 1.35456 114 147376
3 3x 1 2.45568 51 1.65971 104
1x 3 2.81956 69 2.66491 1.56421 140 1.60491
4 4% 1 2.22471 35 1.84424 108
1x 4 2.85750 a4 2.88395 1.65566 135 1.70382
2% 2 3.47512 41 1.65307 126
5 x 1 3.61772 33 1.51044 136
1x 5 2.90379 24 331711 1.60332 100 1.54979
6 6x 1 4.02036 22 1.63780 115
1x 6 3.67466 15 1.41462 80
3x 2 249777 18 3.51850 1.43421 95 1.55705
2x 3 3.76800 20 1.68828 105
8 8x 1 4.77337 17 1.54263 126
1x 8 3.55475 12 1.43706 91
4% 2 2.06037 16 3.53087 1.68659 119 1.61762
2x 4 4.22660 15 1.77544 112
( )
(SHRIKHANDEL957)
Table Estimated values of genotypic and environmental variances and
heritabilities for tree height stem girth clear length crown size and
taperness in Abies grown in Asahigawa and lkeda districts Hokkaido
Asahigawa Ikeda
Caharacter 2 > 5 > 2 >
o o, o o,
Tree height | 051 | 0.7569+ 0.1007 | 1.1029+ 0.1007 | 041 | 0.09 | 1.7767+ 0.1237 | 1.1337+ 0.0973 | 0.61
Stem girth | 0.61 | 166.59+ 27.62 4593+ 1584 | 0.78 | 0.21 | 102.42+ 14.07 31.64+ 1.36 0.76
Clear length | 0.38 | 0.4002+ 0.1229 | 1.5405+ 0.1578 | 0.20 | 0.16 | 0.1009+ 0.0336 | 1.4483+ 0.0936 | 0.07
Crown size | 0.01 | 0.3869+ 0.0132 | 0.0533+ 0.0089 | 0.88 | 0.01 | 0.1906+ 0.0212 | 0.0261+ 0.0014 | 0.88
Taperness 0.28 | 0.6691+ 0.0860 | 0.0108+ 0.0011 | 0.98 | 0.31 | 0.7469+ 0.0258 | 0.0533+ 0.0093 | 0.95
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Table 8 Estimated values of genetic and environmental
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covariances and genetic

and environmental correlations among four character in Abies

Population CI:::::‘C W W We P G E
Hx G | 071 | 13854 | 53494+ 02321 | 85051+ 15469 | 0.697 | 0476 | 1.130
HxC | 010| 0310 | 03104+ 00570 0.0009+ 0.0010 | 0.342 | 0.566 0.001

. HxT | 047 | 0400 | 03689+ 0916 | 00310+ 0.0430 | 0348 | 0507 | 0282
Asahigawa | .« | 002 | 6638 | 63624+ 08831 | 02760+ 01935 | 0699 | 0782 | 0179
GxT | 092| 7947 | 78295+ 0.7691 | 0.1177+ 00306 | 0647 | 0725 | 0.167

TxC | 035| 0269 | 02594+ 00872 | 00098+ 0.0032 | 0423 | 0495 | 0407

Hx G | 017] 9482 | 90021+ 03705 | 0.4801+ 0.0276 | 0.875 | 0667 | 0480

HxC | 038 | 0100 | 0.7560+ 00943 | 0.1752+ 0.0382 | 0.125 0130 | 0981

HxT | 005 | 0430 | 03689+ 01311 | 00614+ 00131 | 0285 | 0320 | 0307

Ikeda GxC | 064 | 3496 | 25972+ 01375 | 0.8990+ 00837 | 0645 | 0581 | 0939
Gx T | 090| 3472 | 34111+ 0.3900 | 00613+ 00079 | 0390 | 0390 | 0061

TxC | 090 | 0131 | 0.1890+ 00392 | 05824+ 0.0342 | 0317 | 0503 | 0.006

H Treeheight G  Stem girth C Crown size

12

T Taperness
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Table 9 Relation between and ' in a clone of Populus
2 b, + b 2 2
1 1 b ’ b 1 2 b, + b,
+ 1 2 2 2
b, b,
HxT HxC TxC|HxT HxC TxC|HxT HxC TxC|HxT HxC TxC
computed | 0.625 0.715 0.696 | 0625 0.720 0.703 | 0.625 0.725 0.710 | 0625 0.730 0.717
observed | 064 0.78 0.71 064 078 071 | 064 0.78 071 | 064 0.78 0.71
Discrepancy 0.004403 0.003673 0.003050 0.002582
computed | 0.565 0.659 0.652 | 0.560 0.668 0.661 | 0.565 0.675 0.670 | 0.565 0.682 0.679
observed | 064 0.78 0.62 068 077 062 | 0.68 0.77 062 | 068 0.77 0.62
Discrepancy 0.026643 0.026356 0.024750 0.024263
Populus euramericana ¢ v 1-476
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Table 10 Relation between and s in an Abies population in Ikeda
k com- ov- | Discrep- k com- ov- | Discrep-
puted | served ancy puted | served ancy
Hx G | 0.126 0.17 Hx G| 0.150 0.17
2 Hx C | 0.018 0.38 Hx C | 0.050 0.38
1 1 Hx T | 0.140 0.05 27111 b +b, | Hx T | 0.200 0.05 2 4696
—+— [ GxC | 0019 0.64 ' 2 Gx C| 0.110 0.64 '
b, b, Gx T | 0.250 0.90 Gx T | 0.260 0.90
Tx C | 0.019 0.90 Tx C | 0.160 0.90
Hx G 0.137 0.17 Hx G 0.162 0.17
Hx C | 0.030 0.38 b12 b2 Hx C | 0.065 0.38
b~ b, | HxT | 0167 0.05 2| Hx T | 0.228 0.05
GxC | 0046 | 064 | 26310 2 |Gxc| o149 | o064 | 230
Gx T | 0255 0.90 Gx T | 0.265 0.90
Tx C | 0.056 0.90 Tx C | 0219 0.90
2 2
Populus euramericana 1-476 fu
2
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Table 11 Relative economic weights to be assigned to tree height,

stem girth and crown size in Abies.
. Increase  in Economic Relative
Population Character wood volymg per ha.| e (Yen) | economic value

per unit increase
Tree height (m) 19.085 s 66.80 22014
Asahigawa | Stem girth (cm) 8.800 8 30.80 1.0000
Crown size (m) 131.543 3 460.00 14.9480
Tree height (m) 19.525 8 63.84 2.2014
Ikeda Stem girth (cm) 8.869 8 31.04 1.0000
Crown size (m) 106.178 3 371.62 11.9718

10
19.085 3
131543 3

1»=0.5755H 1.0857G 16.1953C

1,=8.0665H 0.1273G 1.0481C

low=H 18865G 28.1417C

Iy=H 0.0158G 1.0481C

10
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Table 12. Genetic gain expected when slected by the selection
index or on the basis of simple character

_ Selection Genetic gain in Aggeregate Net
Population criteria Tree height | Stem girth | Crown size genetic efficiency
(m) (cm) (m) gain
Index(A) 0.101 6.726 0.068 6.1343 100
Asahigawa Tree he_ight 0.555 3.924 0.228 1.7376 28
Stemgirth 0.367 11.429 0.436 5.7195 93
Crown size 0.468 9.596 0.583 1.9115 31
Index(l) 1.175 5.992 0.432 15.021 100
Ikeda Tree height 1.041 5.276 0.443 12.871 86
Stem girth 0.778 8.850 0.224 7.881 53
Crown size 0.676 5.658 0415 2178 15
100 28 93 31
100
Table 13 Heritability values in Cryptomeria japonica
Character By wuse of locnes By family analysis
1957 1961 1959
Tree height 0.68 0.89 0.265
Stem girth 0.58 0.84 0.260
Taperness 0.72 0.74
Crown size 0.61 0.82
Bark thickness 0.68 0.44
Branch angle 0.72

The heritability in the broad sense
The heritability in the narrow sense
Remarks The three groups of estimates obtained from three different populations
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Summary

1 Based on the works of SMITH 1938 and SHRIKHANDE 1957 the method of estimating heritability
and genetic correlations in forest trees was investigated  The underlying assumption of the method
is that genetic components of the variance or covariance of cluster means in a hybrid forest or a forest
grown from open-pollinated seed are inversely proportional to the number of individuals included in
each cluster while environmental component tothe b power of the number b being a constant
determined by the character and the variation pattern of environmental conditions in the forest

2 By repeated grouping of individual measurements into various cluster sizes calculation is perform-
ed to obtain between cluster mean squares or mean products By the procedures as given in the text
b G geneticvariance or W genetic covariance and E environmental variance or Wg (environmental
covariance are calculated from which heritability or genetic correlation is estimated

3 This method thus requires neither isogenic clonal forest nor families grown frolm randomly selected
mother-trees

4 This method proved to be usable by a study of a vegetatively propagated clone because estimates
of genetic variance in it could undoubtedly be regarded as zero

5 The heritabilities of taperness crown size and stem girth in Abies sachalinensis populations were
high while the tree height was intermediate and clear length was low in heritability These characters
were generally positively correlated genetically with each other

The selection index was constructed on the basis of those genetic parameters just mentioned



