Appendix B

Appendix B. — 11 year old DBH data for a 6 x 6 half-diallel mating in radiata pine at two sites

(E1 and E2).

? J R T E1tE2l J R T E1E21 J R T E1E21 J R T E1E2
1 2 1 1 213, 1 5 3 2 1541642 5 2 3 1542423 6 1 4 214,

1 2 1 2 185, 1 5 3 3 1842032 5 2 4 1771913 6 2 1 163214
1 2 1 3 197, 1 5 3 4 2032 5 3 1 2022003 6 2 2 187150
1 2 1 4 211, 1 6 1 1 1952012 5 3 2 168. 3 6 2 3 167144
1 2 2 1 1862201 6 1 2 1872232 5 3 3 191, 3 6 2 4 171220
1 2 2 2 1752071 6 1 3 . . 2 5 3 4 1782623 6 3 1 . 179
1 2 2 3 1722351 6 1 4 1942462 6 1 1 1731333 6 3 2 16160
1 2 2 4 1732371 6 2 1 2292062 6 1 2 1651713 6 3 3 134231
1 2 3 1 1862181 6 2 2 205. 2 6 1 3 1831973 6 3 4 164240
1 2 3 2 1872151 6 2 3 1752102 6 1 4 170. 4 5 1 1 174183
1 2 3 3 167, 1 6 2 4 1821962 6 2 1 . 1854 5 1 2 183247
17 2 3 4 183, 1 6 3 1 1392352 6 2 2 1651924 5 1 3 187227
1 3 1 1 1632121 6 3 2 1801182 6 2 3 1882124 5 1 4 191225
1 3 1 2 1771641 6 3 3 1962542 6 2 4 1852054 5 2 1 188.

1 3 1 3 1652051 6 3 4 159, 2 6 3 1 1572484 5 2 2 182159
1 3 1 4 1841702 3 1 1 2022032 6 3 2 1562134 5 2 3 195154
1 3 2 1 1691762 3 1 2 1511422 6 3 3 1652364 5 2 4 199203
1 3 2 2 172, 2 3 1 3 1831982 6 3 4 147, 4 5 3 1 179207
1 3 2 3 1662242 3 1 4 1842203 4 1 1 1722554 5 3 2 212209
1 3 2 4 1741862 3 2 1 1782243 4 1 2 2161794 5 3 3 188159
1 3 3 1 1882122 3 2 2 1602163 4 1 3 1882254 5 3 4 152225
1 3 3 2 18861 2 3 2 3 1752043 4 1 4 ., 2244 6 1 1 179,

1 3 3 3 1812182 3 2 4 1542363 4 2 1 ., 1474 6 1 2 158217
1 3 3 4 1962352 3 3 1 16960 3 4 2 2 1831704 6 1 3 163223
1 4 1 1 1691992 3 3 2 1772863 4 2 3 1902244 6 1 4 186223
1 4 1 2 1702392 3 3 3 1581593 4 2 4 1872524 6 2 1 178245
17 4 1 3 1991232 3 3 4 174, 3 4 3 1 . 2414 6 2 2 148271
1 4 1 4 2191592 4 1 1 192, 3 4 3 2 1582164 6 2 3 185,

1 4 2 1 1791922 4 1 2 1792603 4 3 3 141. 4 6 2 4 1486.

1 4 2 2 1281952 4 1 3 1592163 4 3 4 1892414 6 3 1 154227
1 4 2 3 1982042 4 1 4 181. 3 5 1 1 174, 4 6 3 2 153217
1 4 2 4 1702052 4 2 1 1872033 5 1 2 185, 4 6 3 3 163215
1 4 3 1 1862272 4 2 2 1832193 5 1 3 168, 4 6 3 4 185,

1 4 3 2 1581962 4 2 3 144, 3 5 1 4 1902255 6 1 1 192,

1 4 3 3 139, 2 4 2 4 2152423 5 2 1 170, 5 6 1 2 170182
1 4 3 4 119, 2 4 3 1 ., 2543 5 2 2 201, 5 6 1 3 176262
15 1 1 ., 1782 4 3 2 157, 3 5 2 3 1501755 6 1 4 171.

1 5 1 2 188. 2 4 3 3 179, 3 5 2 4 1752165 6 2 1 160201
1 5 1 3 1962152 4 3 4 1792273 5 3 1 191, 5 6 2 2 185238
1 5 1 4 1522282 5 1 1 1922143 5 3 2 1822145 6 2 3 177214
1 5 2 1 . 1922 5 1 2 1962223 5 3 3 176, 5 6 2 4 175,

1 5 2 2 2011872 5 1 3 1682003 5 3 4 1972835 6 3 1 211.

1 5 2 3 1782162 5 1 4 195. 3 6 1 1 1821285 6 3 2 193210
1 5 2 4 1982132 5 2 1 176, 3 6 1 2 1721965 6 3 3 193177
1. 5 3 1 164. 2 5 2 2 197. 3 6 1 3 1782105 6 3 4 185226

2) I and J are first and second parent for diallel crosses, reciprocal effect was not considered,
therefore I or J could be male or female; R-replication; T-tree number within plot; E1 and E2
represent DBH (mm) data for two sites and . indicating missing value.
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Summary

Studies were continued on the variability of 113 Scots pine
provenances based on an experiment established at 33 loca-
tions in the former USSR in 1974 to 1976. Following on the
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analysis presented earlier for height measurements (SHUTYAEV
and GIERTYCH, 1997) now an analysis is made of data on
survival, stem diameter and stem straightness. A synthetic
volume estimate (based on height, diameter and survival) was
evaluated for phenotypic stability. On the basis of growth
performance in various environments the range of Scots pine in
the former USSR is divided into 10 regions (A- to J) and these
divisions are compared with earlier attempts at subdividing
this vast area. There is agreement in the opinions about
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Table 1. — Survival percentage of Scots pine Populations of various provenance and at various locations.

Loc, [Mu Ark Vol Ko Kar Kar St, Ps Est Lit Go Kh Kh Lvi Zhi Val Vor Pe Vol Tat Ufa Per Svi Kur Sa No Kra Kra Bur Am Ko Se Azer
no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 21 22 23 24 25 26 27 29 30 31 32 34 35 36 37 Mean
Age 13 11 11 12 17 13 15 15 11 17 15 12 6 11 15 5 6 17 17 17 17 17 17 17 17 20 17 17 15 3 2 4 12 surv,
Proven, N %
1} 86 89 66 31 63 23 33 7 559
2|77 85 45 19 65 84 51 10 60 54 48 40 12 532
3[ 68 80 59 32 §3 72 53 9 56 51 10 533
435 58 89 23 6 34 68 39 13 90 86 76 2713 28 50 3775 18 501
7
8} 35 78 13 44 60 39 26 7 421
9{ 26 48 84 24 3 34 62 37 25 83 92 70 58 32 69 62 16 508
10] 59 62 60 15 29 083 8 453
12{58 75 40 35 65 338 1 86 61 9 510
13) 18 70 2 440
141 36 67 80 53 13 47 68 46 20 82 87 31 12 8525
15(56 80 82 33 12 54 73 60 24 72 88 74 80 53 41 86 16 60,5
16§30 62 85 27 6 39 67 28 78 95 45 79 91 40 23 21 16 51,0
17125 70 89 41 5 48 65 64 30 92 54 11 530
18] 28 3 16 &0 50 5 314
19 16 50 14 0 20 70 53 16 75 90 10 404
21 52 3 64 52 18 67 85 25 53 80 84 69 57 13 545
22 5 65 8 62 51 21 69 91 65 85 28 11 500
23 S 64 13 60 41 23 72 89 3 45 62 11 461
24 77 8 55 34 27 78 87 42 30 31 82 7 12 465
25 IE] 56 20 18 68 90 13 19 42 97 79 65 11 65 18 15 438
26 60 15 16 71 87 s9 31 34 65 &0 49 6 61 63 14 484
27 56 17 12 74 87 50 S0 28 28 72 65 11 490
28 60 20 27 85 88 50 30 64 70 70 10 564
23 45 19 6 76 86 44 62 46 32 26 2 T 50 13 4838
30 5223 77192 60 323 8 70 54 11 5286
33 38 92 37 44 S0 38 42 74 75 36 49 14 46 36 64[ 15 490
M 45 57 54 29 59 64 82 42 58 57} 10 547
35 49 56 43 29 57 68 61 56 78] 9 549
36 83 53 20 47 32 34 74 %0 35 3 49 61 12 434
37 44 78 49 58 39 27 39 80 80 31 8 45 5 55/ 14 458
38 63 86 21 54 59 30 46 74 70 52 48 9 43 4 77015 491
39 41 76 53 18 63 23 19 68 87 51 48] 11 49,7
40 30 10 7 23 19 46 50 54 82} 9 357
41 2 5520 9 48 88 28 37 54 16 59 78 58 48 10 13 50 17 3896
42 7 82 16 68 39 30 66 82 69 68 78 57 19 0 20 15 50‘1
431 4 70 0 558 46 14 75 93 34 10 47 32 48 79 78 33 50 14 1B 73 14 48 30 33 1 21 39 68/29 391
44 1 80 18 17 56 26 8 82 39 28 52 11 67 59 44 15 392
45 85 8 60 47 23 79 83 30 20 64 81 %0 61 35 67 49 48 1" 18 523
45a 26 73 11 67 42 5 438
45 78 62 40 8 80 87 36 36 39 27 48 78 85 60 7 18 67 18 37 73 20 492
47 2575 6 16 52 26 21 86 88 7 51 7 24 67 31 1 51 17 416
48 16 71 6 19 65 43 17 81 85 . 62 91 96 52 10 29 81 32 54 8 18 483
49 40 32 6 79 77 62 14 46 22 45 93 64 32 49 12 40 16 446
50 54 56 42 16 60 80 73 37 44 28 45 84 83 29 49 11 35 18 38 35 12 45122 446
51 45 40 6 72 84 36 53 44 27 29 78 80 26 52 9 20 38 15 63 51120 434
52 49 89 37 47 49 32 19 64 59 43 52 69112 50,8
54 52 45 30 5 74 81 45 11 38 33 43 66 67 38 51 7 23 61 34 46 23 36 14 51 76|25 420
55 7 50 90 59 45 35 33 32 52 67 48 45 10 38 51 34 28 24 44 76[20 434
56 59 33 36 28 35 67 77 31 48 14 44 45 73113 455
57 51 47 34 6 45 80 39 2B 39 22 64 62 82 56 48 17 27 68 12 56 29 39 10 59 72125 437
59 32 19 4 65 76 54 12 40 24 43 62 72 53 33 9 43 60 32 59 45 33 12 58 65|24 419
60 62 33 19 27 34 68 57 56 71 9 474
62 49 27 25 23 S0 60 77 56 8 26 46 19 64 51 70§15 434
64 56 28 31 41 80 53 47 27 12 31 50 30 22 46 68f 15 41,8
65 48 36 49 14 61 70 41 38 35 38 40 79 49 49 44 13 46 80 14 56 41 25 69 23 450
&6a | 18 31 35 4 68 69 37 35 22 42 82 81 43 43 14 44 56 50 56 0 22 49 22 4190
67 10 60 7 20 59 43 15 90 48 87 75 43 12 42 74 30 37 66 9 19 435
681 17 34 88 2 49 65 52 16 71 76 71 76 69 49 16 24 75 29 40 28 20 474
69 68 30 18 3 72 78 45 17 19 27 68 73 80 54 22 57 69 11 32 3t 57 32 47 79124 454
69a 93 1930
70! 7 80 44 13 76 12 19 7 359
71 60 £ 70 51 15 46 79 23 35 36 60 56| 12 489
7ta 49 57 83 55 16 41 76 35 75| 9 541
72 58 5 12 7376 40 14 80 23 42 38 §7 65113 448
73 48 35 20 40 64 5 414
74| 49 67 65 22 4 508
76 57 67 14 63 70 24 45 30 54 O 10 424
77115 11 8 028 60 66 61 18 41 76 32 45 54 0 15 343
78|27 30 5 5 3 19 49 85 30 48 10 301
79 6 80 69 51 48 9 54 62 27 52 32 39 31 78| 14 458
80 50 50 2 500
81|73 68 75 26 26 57 41 66 72 31 18 36 12 491
82{21 6705 0 6 16 71 68 24 73 38 28 033 15 337
83 20 7 252 68 58 20 23 46 76 34 41 13 54 44 58 29 12 80| 13 388
84 39 69 14 26 73 33 25 44 54 9 419
85 71 70 27 3522 0 6 375




(Continuation Table 1)

86| 21 K4l 6 49 14 4 72 80 53 25 40 14 68 94 62 42 51 13 44 63 19 69 33 41 0 S8 44 6928 43§
87 82 97 90 8 29 35 0 7 487
88 41 0 41 53 91 95 26 36 64 0 10 447
89 63 80 33 34 46 72| 5 547
90 12 28 4 20 61 29 7 62 14 53 10 29,0
91 1950 0 80 4 373
92 10 8 I N7 19 85 0 36 82 51 65|11 42,5
93 48 69 0 48 4 413
94} 26 82 0 14 52 78 71 37 39 059 70 59 13 452
95 43 0 80 3 410
98 27 43 60 56 77 41 61 0 40 50 10 455
99 85 50 3422 74 5 7 439
100 30 65 67 64 46 65 23 43 51 54 66111 522
101 437 16 0 4 3025
102} 51 78 0 34 72 30 4 27 47 9 331
103] 63 41 23 45 71 29 8 53 1 37,1
104 54 68 13 0 16 5 302
105 33 21 35 60 46 27 38 0 54 53 10 387
106] 44 80 & 0 9 39 63 14 31 9 38
107 28 85 59 30 4 505
108 46 23 67 28 75 0 37 7 384
109i71 8 16 0 36 65 57 7 361
110] 28 13 0 68 83 51 6 405
111 30 72 52 037 N 29 7 418
12 25 10 S8 &0 4 42,8
113 0 e08 34 |4 540
114 55 62 %6 0 73 5 452
116 14 65 31 10 £8 88 39 7 438
117{ 46 2 015 26 51 17 43 177 9 308
118} 38 11 0 37 32 24 1 41 74 57 10 315
118 36 73 66 68 0 50 87 50 64| 9 549
120 20 76 30 0 17 S0 6 322
122|135 6 0 20 24 78 50 7 304
123 12 16 34 55 76 34 10 40 19 68 51 77{12 410
124 23 26 9 1 51 66 34 27 42 27 35 85 56 83|14 404
125 38 7 36 48 57 23 59 24 46 71 54 72|12 446
126 35 43 591 3 457
N 35 26 35 23 29 45 41 37 45 41 41 38 42 33 37 90 86 55 32 38 38 32 34 32 38 35 73 36 51 10 10 47 35[1320
Mean survival
in% |40 39 70 25 8 33 55 35 15 69 85 45 36 36 27 47 70 71 44 48 12 34 70 25 47 28 41 5 36 80 78 51 68 44,54

productivity of the populations. It is high in populations from
the south-west and from the East European plain, poor from
the north, south and far east and medium from central
latitudes in Asia. When based on other features the proposed
subdivisions give a different picture. In stem straightness a
distinct geographic differentiation is observed, however it is
unrelated to growth performance and only slightly correlated
with survival, thus for this trait a different split up the range
is proposed into four regions (I to IV). This split up of the range
does not resemble in any way any of the previous divisions.

Key words: Genotype-environment interaction, phenotypic stability,
seed zones.

Introduction

This article is a continuation of a previous paper (SHUTYAEV
and GIERTYCH, 1997) where basic information about a series of
provenance experiments with Scots pine (Pinus sylvestris L.)
established in 1976 on the territory of the former USSR has
been given. The present paper has to be read in conjunction
with it since it is not possible to repeat all the basic informa-
tion. To recapitulate, this series of provenance trials includes
33 planting sites and 113 seed lots, though the actual number
of provenances tested on each site differs with only one area
having the maximum number of seed lots. The choice of
provenances tested depended on the location and the presumed
utility of various populations there.

After 1990 some of the sites fell outside the boundaries of
Russia. The number of planting sites located in Russia is 23.
The remaining 10 are located as follows; four (nos. 12, 13, 14
and 15 ) in the Ukraine, two (nos. 35 and 36) in Kazakhstan

and one each in Estonia (no. 9), Lithuania (no. 10), Belarus
(no. 11), and Azerbaijan (no. 37).

Reports for age 15 of the trials have been placed with the
Scientific Research Institute of Forest Genetics and Selection
(NIILGiS, Voronezh), where the first author and former co-
ordinator of the study works. These reports supplied the basic
information and preliminary results used here. They are quot-
ed in SHUTYAEV and GIERTYCH (1997). There have been few
other published papers based on these trials (SHUTYAEV, 1990,
1998; ABRAITS and ERIKSSON, 1996, 1998; GYIERUSHINS'KII et al.,
1983; GYIERUSHINSKII and KrINITS'KI, 1995). To the extent
possible data contained in them has been incorporated into our
present evaluation.

Our 1997 paper dealt with height growth only. Now we
present information on survival, stem diameter and stem
straightness.

Materials and Methods

Data averaged per provenance and location, as available
from the reports presented by field co-operators, was used for
the analyses discussed in this paper. Tables 1, 2 and 3 present
this for survival percentage, stem diameter and stem
straightness respectively. For ideographic presentation the
data was converted to units of standard deviation from the
location mean (normalised). For each trait and provenance a
separate map was constructed plotting the ideographs at the
planting sites at which the given provenance is represented.
Each ideograph is a histogram, up or down from a dot, the
radius of which corresponds to = 0.15 standard deviation form
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Table 2. — Diameter breast height (DBH) in cm of Scots provenances at various locations.

Loc, |Arkh Volo Kom St, Psk Gom Kher Khar L'vo Zhit Vald Voro Pen Volg Tata Per Svie Kurg Nov Kras Azer Mean
no. 2 3 4 7 8 11 12 13 14 15 16 17 18 21 22 24 25 26 29 30 37 DBH
Age 15 15 15 15 15 15 16 15 20 1§ 17 17 17 18 17 17 17 17 20 17 12 incr,
Proven, N mmyr
1] 38 12 26 3 1,64
2| 42 20 46 42 18 6,1 4,7 7 239
3| 44 32 6,1 43 4 28
4 53 57 37 60 51 83 58 73 17 104 53 11 3,88
8 64 29 63 3 347
S| 44 60 40 62 61 72 9,2 97 81 177 62 11 4,24
10 39 38 2 242
12} 42 2,0 42 3 22
13 0
14] 49 68 31 60 54 81 63 7 3N
15| 46 64 35 63 57 70 87 67 46 9 3,79
16| 48 65 25 64 68 6,1 79 65 50 9 372
17f 48 69 19 68 53 75 50 7 3,58
18 10,5 1 618
19] 49 56 37 72 75 73 6 402
21 59 67 80 75 83 109 72 71 43 9 462
22| 30 62 70 62 75 11 69 74 8 436
23| 41 60 68 75 72 8,1 107 68 8 460
24 55 62 67 715 88 74 106 67 21 9 439
25 56 66 71 15 92 76 108 70 68 9,7 45 11 472
26 63 68 85 94 66 116 80 70 10,3 9 5,20
27 77 82 80 94 104 79 133 76 70 9 560
28 67 89 15 89 67 114 82 73 8 520
29 72 88 79 106 103 101 77 118 78 69 10 §52
30 82 84 81 102 80 115 73 70 8 547
33 87 92 72 102 85 116 80 67 128 104 32 1 5,32
34 101 89 107 72 93 76 74 108 300 9 5@
35 90 87 1,7 79 115 66 70 130 28] 9 S22
36 87 95 105 105 81 123 77 70 136 8,1 30/ 11 5,46
37 81 110 96 114 83 120 77 71 12,4 20 31 11 5,16
38 80 73 113 103 83 113 80 70 126 108 20 32f 12 506
39 87 102 110 99 73 135 88 77 98 33 10 552
40 93 103 11,8 73 89 81 69 109 271 9 510
41 65 62 76 104 96 109 61 109 80 73 106 84 12 521
42| 48 48 63 75 70 99 57 68 100 83 10 442
43 6,4 §7 74 72 70 93 105 77 11 78 7,1 101 95 80 85 112 115 44 24| 19 4,88
44 7,0 75 68 69 938 10,8 10,0 84 46 9 498
45 6,7 66 52 72 10,1 74 88 65 61 84 91 88 50 13 480
45a 120 68 88 3 54
46 71 67 73 80 94 91 101 74 103 7,7 68 96 82 87 17 15 522
47) 44 60 28 63 64 75 99 . 99 86 85 10 4,40
48| 44 57 38 63 61 72 92 59 74 105 86 88 47 13 4,22
49 73 86 76 76 103 105 70 112 76 72 110 104 12 539
S0 76 71 78 78 89 97 112 64 116 70 71 11,1 10,1 90 11,8 30 25 17 5,02
51 82 75 83 90 100 108 73 130 76 84 103 101 90 35 30/ 15 515
52 81 110 85 11,1 76 118 80 72 104 90 24 N 5,29
54 79 76 87 72 90 107 106 79 122 82 73 101 99 96 97 119 126 36 2,6 19 5,24
55 84 101 10,5 11,0 69 108 85 65 10,3 10,1 89 11 37 29/ 14 509
56 100 96 11,3 64 108 92 7,1 11,4 100 29| 10 5,31
57 74 58 64 73 100 88 11,1 68 11,9 79 77 109 97 98 94 131 111 61 27/ 19 518
59 68 61 93 84 102 106 88 122 84 70 105 110 94 80 116 110 42 25 18 5,20
60 84 93 126 74 113 69 11,0 32| 8 527
62 106 103 121 72 117 82 75 110 10,7 118 29[ 11 5,56
64 78 100 122 N3 75 64 116 105 11 113 31 27, 12 512
65 638 64 58 7,3 60 104 107 75100 79 72 119 102 89 88 116 113 53 18 5,12
66a 53 45 60 89 88 75101 75 70 11,9 103 94 93 11,1 14 502
67 42 58 35 56 36 998 71 70 88 88 92 108 57 13 4,21
68| 4,1 48 60 52 82 100 63 58 97 81 91 109 50 13 439
63 63 56 57 61 69 90 83 70 107 68 67 92 87 80 123 104 33 25 18 449
63a 98 1 5,76
70 56 95 85 12,1 4 525
71 43 9,1 6,1 97 78 82 106 40 1,7 9 4,08
71a 96 59 61 96 85 85 22| 7 43
72 80 89 76 61 58 88 85 90 96 55 22| 11 421
73 39 5,1 2 28
74 34 1 2,27
76 82 65 83 78 103 105 55 7 467
77| 48 2,9 105 62 85 86 84 109 55 9 440
78] 40 23 77 84 105 5 397
79 1,4 68 71 110 98 90 88 129 110 56 22| 11 5,04
80 85 1 500
81] 48 52 28 55 64 66 81 102 37 9 3,50
82) 51 52 23 95 56 62 80 86 11,4 47 10 402
83 54 61 7,7 80 12 76 112 68 12,1 103 95 129 123 33 2,71 15 505
84 99 64 88 89 114 114 57 7 511
85 92 72 102 103 34 5 456
86 6,3 56 46 75 94 82 11,5 79 94 82 64 125 104 95 73 1.2 116 40 24| 19 485




(Continuation Table 2)

87 100 69 72 122 116 40 6 492
88| 43 76 63 57 96 10,1 58 7 407
89 101 65 106 56 23] 5 406
) 79 94 10,1 67 109 108 11,6 5,7 8 526
91 94 41 2 35
92 100 59 91 48 221 5§ 3N
83 0
94 55 77 656 57 98 47 6 385
95 35 1 206
98 65 84 66 9,0 8,1 10,7 56 7 4,47
99 &5 67 100 40 4 378
100 52 105 70 72 121 85 14 62 18 9 451
101 67 53 12 3 42
102 43 67 52 91 46 5§ 342
103 43 60 52 93 38 5 327
104 40 1 2,35
105 6,2 100 74 73 105 99 62 7 473
106 47 24 73 56 43 5 297
107 75 62 54 3 375
108 5.1 68 59 105 58 5 391
109 35 16 83 59 4 294
110 1,9 83 64 64 4 342
m 75 57 50 3 3957
12 39 1 229
113 50 1 294
114 83 61 45 3 3N
116 43 56 55 3 30
17 12 52 49 45 4 235
18] 2,9 38 53 3 243
119 53 79 50 58 2,1 5 326
120 92 70 45 3 406
122 3.9 31 45 3 236
123 75 89 98 72 63 105 13,4 108 20] 9 485
124 97 60 89 50 7,1 63 104 96 102 23] 10 453
125 48 81 88 76 56 108 114 38 21} 9 401
126 48 10,9 25| 3 365
N 26 35 23 41 37 41 38 42 33 37 90 86 55 32 38 32 34 32 35 73 35 895]
Mean DBH increment
mmyr 29 40 18 43 44 51 54 60 53 50 57 40 40 62 59 50 49 66 54 27 272 4,602

the location mean. Also average deviations for each trait and
provenance were calculated over all the planting sites. These
are given in table 4 and for values based on more than 3
planting sites they are plotted onto a map (Figs. 1 to 3).

A synthetic value was constructed for volume per hectare,
defined as the product of survival percentage, tree height (as
presented in SHUTYAEV and GIERTYCH, 1997) and the square of
average stem diameter. Multiplied by a constant (0.0013828)
this value is corrected for units, form factor (assumed 0.33) and
initial number of trees per ha (56333) giving an approximation
in m%ha, however since this is only a relative function the
correction is not really necessary and for the purpose of
obtaining normalised values (Fig. 4) it has not been used. It
was used only for the tabular presentation of location means
relative to other traits (bottom line of Table 4) and for the
ranking of environments on the basis of yield in m%ha/yr for
phenotypic stability analysis.

Phenotypic stability of a provenance was evaluated by b the
coefficient of FINLAY and WILKINSON (1963) and deviation from
linearity by Vd, the coefficient of EBERHART and RUSSEL (1966)
using the following formulae:

b= (Zxy — Ix Zy/N)/( Zx% — (Zx)%/N)
Vd = [(Zy? - (Zy)2/N) — b(Zxy — Zx Zy/N)I/(N-2)
where:
x = log,, mean location yield,;
y = log,, provenance yield at each location;
N = number of locations at which the provenance is tested.

This calculation was done for provenances represented at at
least 5 locations. It is normally assumed that a close to one

(b =1) value of the FINLAY and WILKINSON coefficient indicates
adequate stability. Values of b<1 indicate very consistent
performance (good or bad) regardless of the environments and
b>1 indicates reactivity, ability to take advantage of better
sites (good adaptability). At b =1 the Eberhart and Russel co-
efficient (Vd) corresponds to ecovalence. High Vd values indi-
cate unpredictable response. The obtained values of Vd and b
are given in table 4 and are plotted in figures 5 to 6 (as Vd and
b-1).

Between all the studied traits (in normalised form) a correla-
tion coefficient was calculated for the provenance averages and
for the individual values at each location. Since from some
planting sites not all traits have been reported, depending on
the pair of traits compared the number of provenances varies
from 108 to 113 and the number of provenance x location
figures vary from 679 to 1245. The results are presented in
table 5.

On all figures the approximate location of provenances is
shown. They can be identified through numbers shown in
figures 7 and 8 and detailed data in SHUTYAEV and GIERTYCH
(1997).

Results

Growth performance

The basic result of this investigation is a series of maps
showing the normalised performance of individual provenances
at all planting sites at which they are represented. There are
113 provenances and 5 traits (including height and the
synthetic value for volume), i.e. 565 maps. Some of these maps
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Table 3. — Stem straightness as % of straight stems of Scots pine provenance at various locations.

Esto Lithu Kher Khar Zhit Vald Voro Pen Tata Per Svie Kurg Nov Azer

Location |Mur Arkh Volo Kom St,
no. 1 2 3 4 7 9 10 12 13 15 16 17 18 22 24 25 26 29 37 Mean
Age 6 15 6 15 12 5 5 16 15 15 17 17 17 17 17 17 17 20 12 St.str,
Proven. N %
1 76 97 74 3 82,3
2 8 83 88 41 63 44 g5 7 72,7
3 45 91 93 95 4 81,0
4 43 93 46 80 94 56 94 g4 81 74 79 S0 12 737
8 85 43 58 80 48 S 62,8
9 72 9% 43 84 92 53 9t 72 68 95 89 11 777
10 87 78 55 3 73,3
12 42 100 89 3 77,0
13 89 1 890
14 27 81 51 87 90 S8 76 85 8 €9,4
15 51 97 50 8 93 36 90 58 72 9 70,3
16 16 97 34 67 83 56 77 85 27 78 10 62,6
17 10 985 33 79 90 54 6 613
18 10 2 325
19 79 68 80 98 S3 9 6 78,2
21 50 g5 37 86 73 34 69 77 8 65,1
2 60 26 91 48 80 60 71 52 8 61,0
23 64 51 100 47 8s 89 41 67 8 685
24 55 86 46 96 86 96 12 69 8 68,3
25 80 91 50 88 81 81 34 69 85 64 10 70,3
26 76 16 93 8t 65 0 67 73 61 9 59,1
27 81 48 93 99 80 78 16 61 75 9 70,1
28 89 33 88 893 75 28 81 82 8 711
29 88 12 8 89 78 66 12 66 73 g9 63,2
30 79 18 84 79 73 16 59 789 8 61,6
33 67 74 77 82 0 55 78 &S 97 9 65,0
34 57 83 78 0 45 61 96 7 60,9
35 77 100 72 13 59 80 94 7 70,7
36 53 95 64 7 39 66 80 84 8 S8,5
37 94 67 8 72 0 58 76 41 82 9 64,0
33 78 57 91 82 0 55 74 53 91 9 64,6
39 93 64 73 62 14 41 76 92 8 64,4
40 35 64 62 80 67 65 80 7 64,7
41 81 39 94 8 73 84 46 51 83 66 60 11 69,4
42 76 56 87 40 97 59 76 83 66 70 10 716
43 14 60 75 33 91 66 68 29 65 87 65 74 72 36 42 90 17 62,2
44 0 65 83 33 89 30 70 86 8 57,0
45 49 80 48 91 97 64 63 8 72 74 84 12 743
45a 42 70 84 3 65,3
46 55 74 64 98 58 98 44 67 87 73 90 84 42 14 735
47 75 55 50 95 34 97 98 70 78 86 10 73,8
48 86 49 66 82 33 92 65 61 83 63 64 84 12 63,0
49 58 24 96 80 95 80 55 43 75 48 10 654
50 66 85 43 88 83 97 88 27 61 81 68 76 61 91 14 731
51 83 2 94 62 77 8 20 67 79 69 64 R0 12 67,8
52 94 70 93 75 37 S5 72 70 88 9 72,7
54 68 67 34 88 8 72 84 18 67 8 70 54 63 58 55 90 16 €62
55 18 96 85 78 90 38 65 75 61 84 37 9 12 68,2
56 84 8 81 16 65 73 77 87 8 710
57 59 62 18 90 77 84 77 28 76 B3 75 64 84 24 38 92 16 644
59 60 S50 88 70 8 71 28 62 73 52 90 77 61 52 88 15 673
60 65 77 65 12 76 88 6 63,8
62 79 86 18 35 65 84 238 92 9 64,8
64 73 87 7 45 80 59 60 36 84 g 590
65 57 56 33 83 54 88 98 61 69 77 66 82 82 62 48 15 67,7
66a 74 67 34 92 76 91 93 54 62 83 74 B84 88 48 14 728
67 68 65 55 54 28 97 82 77 83 77 60 68 74 13 68,4
68 20 77 S0 76 35 97 72 74 78 81 82 83 76 13 69,8
69 41 68 3B 92 63 8 91 44 73 63 7S B0 8 44 37 84 16 66,2
6% 89 1 890
70 33 84 75 86 48 5 652
71 68 86 52 59 76 76 34 a3 8 68,1
T1a 32 63 67 74 84 87 90 7 710
72 91 50 59 67 85 88 70 48 94 9 724
73 50 36 2 430
74 95 55 44 3 647
76 76 859 58 83 80 49 6 64,2
77 51 29 64 76 65 69 90 94 58 9 66,2
78 46 63 81 84 83 72 6 74,0
79 27 61 69 69 84 77 36 38 88 9 61,0
80 70 1 70,0
81 59 93 30 97 37 73 8 88 51 9 68,2
82 41 47 47 75 60 48 74 76 69 32 10 56,9
83 52 20 89 S8 84 42 8 70 82 36 31 86 12 61,4
84 76 66 82 88 70 47 6 715
85 62 63 64 S0 4 59,8
86 85 53 58 26 90 89 8 97 St 67 58 63 S50 74 40 58 89 17 66,7




(Continuation Table 3)

87 74 55 72 65 65 S 66,2
88 84 56 84 78 80 46 6 71,3
89 28 43 45 91 4 51,8
90 33 14 81 68 60 5 524
91 48 1 480
92 2 21 49 47 90 5 45,8
93 94 1 94,0
94 60 44 3 57 T 40 6 50,8
5 o}

398 67 47 62 75 36 S 574
99 65 75 42 3 60,7
100 I 4 S8 N 70 38 83 7 63,1
101 17 63 42 3 40,7
102 52 52 60 S8 21 5 48,6
103 38 38 14 78 32 5 40,0
104 92 1 92,0
105 56 0 59 66 50 5 46,2
106 0 40 75 57 €0 5 46,4
107 66 73 2 69,5
108 63 23 68 68 4 555
109 36 42 76 62 4 54,0
110 14 49 30 60 4 38,3
11 62 45 2 53,5
112 0

113 0

114 0 65 2 325
116 0 51 2 255
17 28 10 0 44 4 20,5
118 72 €5 44 3 60,3
118 63 16 23 75 4 443
120 0 S5 2 275
122 58 S50 60 3 56,3
123 33 25 52 79 38 4 78 7 48,9
124 69 72 4 0 35 S3 80 35 83 9 529
125 37 0 57 s7 66 41 91 7 43,9
128 43 92 2 675
N 35 26 35 23 41 45 41 38 42 37 90 86 S5 3B 32 34 32 35 35 @J

Mean stem straightness

% 50,5 76,9 50,9 72,3 787 37,9 90,0 69,3 828 789 37,7 611 745 669 742 82,4 57,1 439 885 67,08

for height were presented earlier (SHUTYAEV and GIERTYCH,
1997) as samples representing typical response for regions.
Comparing the average results over all planting sites for DBH
(Fig. 2) and volume (Fig. 4) with the average results for height
(Fig. 3 in SHUTYAEV and GIERTYCH, 1997) one can see that the
overall pattern is very similar. There is good correlation of
height, DBH and volume both at provenances and provenance
in locations levels (Table 5).

Analysis of the DBH and volume traits generally confirmed
the division of the study area into regions proposed on the
basis of height growth, with minor corrections. The regions
(defined A to J) are drawn into the Eurasian range of Scots
pine (Fig. 7) with the location of provenances and their
identifying numbers indicated.

Variation in survival is different (Fig. I1). This trait correlat-
es with volume since it is part of that synthetic trait (Table 5).
The correlation with height is much weaker and for DBH it
does not exist. Trees with good survival may be slightly taller
but they are not thicker. There may have occurred a nullifying
effect of two opposite trends — more viable trees grow better,
but with more trees per unit area diameter growth is slower.
Survival is certainly a different trait than growth performance
as is obvious from a comparison of figure 1 with figures 2, 4
(and Fig. 3 in SHUTYAEV and GIERTYCH, 1997). However in spite
of the difference geographic zoning of the survival result is
obvious (Fig. 1) and the division of the populations into regions
on the basis of survival is comparable to that proposed for
growth. Thus survival will be discussed jointly with the growth
traits.

In the following discussion the divisions proposed in figure 7
need to be compared with the mean results for survival (Fig. 1),
DBH (Fig. 2) and volume (Fig. 4) as well as for tree height (Fig.
3 in SHUTYAEV and GIERTYCH, 1997). However the divisions
proposed are based not only on the data presented in these
figures but also on the ideographic record for individual
provenances and traits available in the map archive.

A. North-western region (including northern Siberia)

As was mentioned in SHUTYAEV and GIERTYCH, (1997) the
limited number of northern Siberian populations included in
the trial have some affinity to the NW region and thus are
included here since they are too few to merit a separate region.

Growth of populations from this region is good within the
region, i.e. in the north, but absolutely nowhere else, thus their
average performance is extremely low, especially for height and
DBH. For volume the mean value is also low but not as low as
for height and DBH because populations from that region
generally have very good survival on all sites except in the
extreme south.

B. Baltic region

Populations from this region have good height and DBH
within the region and in the northern part of regions C and E,
but not elsewhere. It was suggested that good height growth
can be expected at European locations between latitudes 50 °N
and 60 °N, that is throughout regions C and E, but this has to
be reduced to regions with a latitude >52 °N, primarily because
of poor survival of these populations not only in the extreme
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Table 4. — Mean normalised data for provenances averaged over all (N) locations and the coefficients of EBERHART and RUSSEL (Vd) and FINLAY and
WILKINSON (b) for the volume estimate based on data from at least 5 locations.
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SURVIVAL % (normalised)
means over all locations

Fig. 1. — Survival % of different provenances of Scots pine expressed in units of standard deviation from the location mean
and averaged over all locations from which data for a provenance is available (at least 3). The radius of a dot corresponds to
+0.15 standard deviations.
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north and south, and east of the Urals, but often also in Europe
at latitudes <52 °N. Consequently mean survival of popula-
tions from this region (Fig. 1) is medium.

C. Western continental region

Scots pine populations from this region covering the mixed
forest zone of Belarus and the Ukraine are characterised by the
best growth in height on European locations but not so good
east of the Urals. This conclusion is confirmed on DBH and
volume data in spite of the fact that in terms of survival the

performance is much poorer, especially in the north and
extreme east and south. The definition of the region is almost
the same as was proposed based on height alone. Provenance
no. 40 (Slavyansk, Donetsk) which is probably non indigenous,
is relegated to region H because of its poor overall volume
production.

D. Northern Russia

This is an enormous region corresponding more or less to the
taiga, extending from St. Petersburg to Yakutiya, but not

DBH (normalised)
means over all locations

Fig. 2. — Diameter at breast height (DBH) of different provenances of Scots pine expressed in units of standard deviation from
the location mean and averaged over all locations from which data for a provenance is available (at least 3). The radius of a

dot corresponds to + 0.15 standard deviations.

% STRAIGHT STEMS (normalised)
means over all locations

Fig. 3. — Percentage of straight stems for different provenances of Scots pine expressed in units of standard deviation from
the location mean and averaged over all locations from which data for a provenance is available (at least 3). The radius of a

dot corresponds to + 0.15 standard deviations.
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VOLUME estimate (normalised)
means over all locations

Fig. 4. — Synthetic volume estimate (survival x height x DBH?) of different provenances of Scots pine expressed in units of
standard deviation from the location mean and averaged over all locations from which data for a provenance is available (at
least 3). The radius of a dot corresponds to + 0.15 standard deviations.

including the extreme north of Siberia. This region extends
from 59 °N to 65 °N in the west and from 58 °N to 62 °N in the
east. It appears that populations from this region exhibit satis-
factory growth within the region but not beyond it. This
opinion previously expressed based on height data is confirmed
based on DBH, survival and volume, but less convincingly so
with respect to the more eastern populations, primarily due to
a smaller number of locations at which these measurements
were made.

E. Central European Russia

This is an eastward extension of region C, covering the
mixed-forest zone, with very good populations in height and
diameter growth both locally and extending in usefulness
further east than populations of region C. It is also akin to
region C in having rather poor survival, in fact even poorer, so
that the volume estimate for provenances from this region is
low. The claim (SHUTYAEV and GIERTYCH, 1997) that populations
from this region have a particularly high coefficient of FINLAY

Ecovalence (Vd)
coefficient of Eberhart and Russel
for the volume estimate

Fig. 5. — Deviation from linearity Vd (ecovalence), the coefficient of EBERHART and RUSSEL (1966), expressed in relative units
of the volume estimate for different provenances of Scots pine represented on at least 5 locations.
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Stability (here as b-1)
coefficient of Finlay and Wilkinson
for the volume estimate

Fig. 6. — Measure of provenance phenotypic stability in units of b, the coefficient of FINLAY and WILKINSON (1963), here
expressed in relative units as b-1 for different provenances of Scots pine represented on at least 5 locations.

and WILKINSON is not confirmed on the volume data (Fig. 6).
Provenance no. 47 (Manturovo, Kostroma) does not fit very
well into the region due to much poorer survival and volume
estimate, however neither does it belong to region D, since its
growth is poor when moved eastwards.

F. Upper Don, Middle Volga and Kama region

This region had to be redefined relative to what was propos-
ed on the basis of height data alone. It is reduced not to include
populations from Bashkortostan, now placed in region G. As
defined in figure 7 region F contains provenances that have
good height and diameter growth within the region as well as
when displaced in the northward direction and eastwards to
river Ob, sometimes even to lake Baikal. When moved west-
ward or southward growth of these populations is much
depressed. Survival is generally poor except locally and near
Novosibirsk, however on the basis of volume the general
description of populations from this region is confirmed or even
reinforced.

Table 5. — Matrix of correlation coefficients r between the mean values
of traits for the different provenances.

for means over locations (N-2 is 106-111)

Ht. DBH Vol. Survival ~ St.Str,
Ht. X
DBH 0,867** x
vol, 0,761  0,862* x
Survival |0,200* 0,090- 0,420 X
St.Str, |0,085-  0084-  [0,322~ 0,418 X
for means in locations (N-2 is 677-1243)
Ht. DBH Vol, Surv. St.str,
Ht. X
DBH 0,753 x
Vol, 0,780 0,683 X
Surv, 0,248™ 0,061~ 0,633 X
Ststr,  |0,170  0,038- [0,206™ 0,288 X

** gignif. 0,01; * signif. 0,05; — not signif.

G. Belaya region

Populations from Bashkortostan have good local growth and
when transferred northwards but reduced growth when trans-
ferred eastwards. This is particularly obvious for provenances
nos. 69, 70 and 71. For provenances 69a and 71a there is no
data on eastward transfers and provenance 72 sustains some
eastward transfer but otherwise conforms with the rest of the
region. Already when discussing height performance we had
doubts about the placement of populations 71a and 72 because
of poor height growth on all locations, but DBH and survival
data have confirmed the populations as satisfactorily growing
locally and after northward transfer. Thus the Bashkortostan
populations do not fit readily into region F, nor do they belong
to the neighbouring regions H or I, so they were placed in a
separate region.

H. Southern fringe region

On the basis of height growth this region was defined as
having populations growing well locally but not transferable to
any distance in any direction. On the basis of DBH the
possibilities of transfer appear greater, but the result is less
predictable, also locally. Survival is good locally and on transfer
south, east or west, but not northward. Since most locations
are at more northern latitudes the overall mean for survival
(Fig. 1) appears very low, but this does not show the strong
survival advantage these populations have at southern loca-
tions. Overall the volume data give a confirmation of the ability
of the populations to grow fairly well locally and after
southward transfer, but the longitudinal transfers are less
successful, especially for populations from the Asiatic part of
this region.

I. Central Trans-Urals region

This is an extensive region spanning from Yekaterinburg in
the west to Tuva in the east, running more or less parallel to
region D, with slightly declining latitudes as one moves east-
wards. On the basis of height the region was defined as having
populations that will not loose on growth when transferred
within the region but the result is not always predictable. It
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was noted that some of the populations from Novosibirsk
province, nos. 85 and 87, sustain westward but not eastward
transfers. The DBH data suggest that some sustain eastward
transfers better than westward ones and others in the opposite
direction. Provenance no.86, also from Novosibirsk province,
was added to the latter group. Survival of populations from
this region is generally good within the region but poor beyond
it. In terms of volume the conclusions are similar, with some
provenances, (e.g. 82, 85, 87 and 99 primarily from the
northern part of the region) sustaining westward transfers bet-
ter while others (e.g. 90, 92, 98 and 105 primarily from the
southern part of the region) eastward transfers, the remainder

(primarily from the middle zone of the region) sustaining
transfers in both directions.

J. Eastern Siberian region

Little information is available about populations from this
region because they have been tested on few locations. In terms
of height the performance was almost universally very poor.
This is confirmed for DBH and volume except that locally
sometimes diameter growth is satisfactory. Survival of these
populations is generally poor, except that sporadically it is good
in central latitudes. The inclusion of provenance no.103 in the
region is confirmed for DBH, volume and also in terms of
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Division of the range of
Pinus sylvestris L. into regions
based on growth traits

Fig. 7. — Proposed division of the range of Scots pine in the former USSR on the basis of growth traits as observed on 113

sample populations tested at 33 locations.
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Division of the range of
Pinus sylvestris L. into regions
based on stem straightness

Fig. 8. — Proposed division of the range of Scots pine in the former USSR on the basis of stem straightness as observed on 113

sample populations tested at 33 locations.
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survival even though for some reason the population has good
survival in Karelia. With fewer data on provenance no. 116 its
unconventional status is less obvious. It is fairly well growing
within the region, but not beyond it, but it is less certain that it
should be excluded from region J.

Relative to the evaluation of provenances on the basis of
height generally a confirmation of their growth patterns was
obtained with only minor modification of the extent of the
regions proposed and with fewer odd populations. This latter
claim may be due to having less data (DBH and therefore
volume is available from fewer locations than height) and
greater tolerance in accepting somewhat irregular responses
for populations from a region.

Provenance x site interaction

The calculated EBERHART and RUSSEL coefficient (Vd) for
volume (Table 4 and Figure 5) indicates that there are only few
provenances deviating much from linearity, primarily along the
northern and southern limit of the range of Scots pine (regions
A, H and southern part of region C). Results for these
provenances are less predictable from the overall averages for
the given provenance and location.

The FINLAY and WILKINSON coefficient b (Table 4), here plott-
ed as b-1 (Fig. 6) indicates a very clear geographic differentia-
tion, but it is very different from what was reported for height
growth alone, where the most reactive (b>1) provenances
originated from around Moscow (region E in Fig. 7). Based on
the volume figures the most reactive provenances originate
primarily from the west of the range (region B and eastern part
of region C) and to some extent also from middle latitudes
throughout the range (northern parts of regions F, G and I).
These are the adaptive provenances that can utilise benefits of
better sites. On the other hand most consistently stable
provenances (b<1) come from the north, south and east of the
range (regions A, D, H, J and the south-eastern part of region
D). In this case stability primarily refers to consistently poor
growth. The provenances indicated in figure 6 as dots only
(regions C, E, F, G and most of I) are the ones with adequate
stability and not too reactive, that is performing satisfactorily
on most sites, but not benefiting particularly from the best
ones.

Thus one can say that the provenance x site interaction for
volume generally confirms the division of the range into the
proposed regions.

Stem straightness

With stem straightness the picture is very different indeed.
The trait does not correlate (Table 5) with height or diameter
and the correlation with volume is low. The correlation with
survival is a little higher, but still very low. These low correla-
tions suggest that straighter stems have a slight advantage in
survival, which is also reflected in the volume estimate.

Again we see very clear geographic zoning in average stem
straightness (Fig. 3) but it has a completely different pattern
than the growth characters (compare Fig. 3 with Figs. 2, 4 and
with Fig. 3 in SHUTYAEV and GIERTYCH, 1997). There are some
similarities with survival (compare with Fig. I). This pattern is
drawn into figure 8, defining regions from I to IV.

Region I

Provenances from region I are all straight stemmed, con-
sistently on all locations, except occasionally in the very
extreme north and very extreme south. We suspect that the low
straightness estimates from these extreme sites may be more a
reflection of the dismally poor growth of these populations in
these localities, rather than of lack of stem straightness.

Region II

This is a small region, inside region III, all around Nizhego-
rod, where Scots pine populations are characterised by excep-
tionally straight stems. Only population no. 48, from Kostroma
is somewhat less consistently straight stemmed at some loca-
tions. The exceptionality of this region in stem straightness is
perhaps the greatest disagreement with the survival pattern
(Fig. I).

Region III

This is a most extensive region, central for the range of Scots
pine, encompassing regions E,F,G,I, parts of B and C in the
west and parts of D and J east of river Yenisei and west of
river Lena. The average stem straightness of populations from
this region is medium (Fig. 3), and in fact as can be seen in the
map archive the majority of individual results for each
provenance at various locations is close to average (dots or
small deviations from them). However there are results at
some locations which are distinctly well above or below the
location mean, usually these odd results balancing each other
out and giving for the provenance an average close to the mean
(as can be seen in Fig. 3). These odd results are quite unrelated
to growth results at the given location, which only confirms the
lack of correlation shown in table 5. The odd results may in
some cases be explained by the composition of provenances at a
given location. If those from region I and II dominate the result
for the region III provenance may appear to be low on stem
straightness whereas if those from region IV dominate the
same provenance may appear straight stemmed.

An interesting aspect of the shape of region III is that it
appears to extend far north in the region between rivers Yeni-
sei and Lena. Also survival is better in this northern region.
This seems to be determined by the shape of region IV. In all
cases Region III appears to be intermediate between regions I
and IV.

Region IV

The shape of region IV is most interesting. It covers the
west with some of the best growing populations of the Baltic
region, Belarus and Ukraine, the whole of the southern fringe
with populations of only locally satisfactory growth and the
east Siberian populations with poor growth everywhere. Popu-
lations from this region have consistently crooked stems on
almost all locations. Their survival is also generally below
average.

Overall the division of the range of Scots pine into regions on
the basis of stem straightness is much more straight cut than
for growth traits. The number of provenances not quite con-
sistent with the performance of other populations in their
region is small and the inconsistencies are not great. For these
provenances (nos. 16 and 17 in Region I, 48 in Region II, 22, 92
and 108 in Region III, 35 and 62 in Region IV) the stem
straightness score agrees with that typical for the given region
at most locations, with odd results only in some places.

Discussion

Evaluation of several growth traits and of stem straightness
led to two divisions of the range of Scots pine in Eurasia into
distinct regions. To our knowledge there were only five prior
attempts at dividing this extensive range into zones, primarily
in botanical terms though not exclusively. Comparing these
divisions with our proposals is interesting.

The first study comes from Michigan, USA, and is based on
seedling traits such as growth, survival, foliage size and colour,
phenology and root system evaluated on populations obtained
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by JONATHAN W. WRIGHT in the fifties. Details of the study were
first given by WRIGHT and BULL (1963) followed by a series of
papers the latest giving a revised classification being by RuBY
and WRIGHT (1976). This study had 33 populations from the
USSR, which allowed the authors to make some wide generali-
sations. The populations are grouped into taxonomic varieties,
their characteristics are given and ranges for them are
suggested. Ten varieties are proposed for the region under
study here. WRIGHT’s group did not have any data from our
regions C, E, F and G, from where most of our data comes, but
otherwise there is some similarity in the designation of
regions, and particularly the comparison in terms of growth
results are similar.

Var. lapponica (FRIES) HARTMAN generally corresponds to our
region A, even though the latter extends further south in the
west, and in the east WRIGHT’s group recognises a separate NE
race not formally described as a variety. Var. septentrionalis
SCHOTT corresponds to our region D. Var. rigensis LOUDON,
corresponds to our region B which extends a little further east-
ward to include Pskov and Novgorod. Var. mongolica LITVINOF
follows fairly close our region J. Our region I includes var.
uralensis FISCHER in the west, var. altaica LEDEB in the south
and the unnamed Krasnoyars race in the east. Some extrapola-
tion of wvar. altaica southwards to Kirghizya and Sungaria
rather than westwards or north-west is unjustified based on
our data. Range of var. rossica SVOBODA was based on only 3
populations. It corresponds to the south-western part of our
region D, encroaching on the northern part of our region E. The
Caucasian pine, var. armena K. KocH, we included with region
H.

PRAVDIN (1964) proposed a geographical range for five Scots
pine subspecies, based on herbarium collections made during
his extensive travels. He primarily observed clinal variation.
There is an increase in mean needle length from north to
south. In the south-west needles stay on the trees 2 to 3 years,
east of the Yenisei river and in the far north the needles stay 6
to 7 years and in the intermediate zone from St. Petersburg to
upper Irtish river the needles stay 4 to 5 years. The number of
resin canals on a needle cross section ranges from 4 to 8 in the
north and between rivers Ob and Yenisei, through 8 to 12 at
medium latitudes and in the east to 12 to 16 in the south-east.
The proportion of trees with resin canals not only peripherally
but also in the parenchyma of the needles is small in the north
and east, medium in the west and high in the south-west.

Compared to our divisions (Fig. 7) ssp. lapponica FRIES
corresponds to our zone A and the northern fringe of zone D
where we have few data, ssp. hamata (STEVEN) FOMIN and ssp.
kulundensis SUKACZEW more or less correspond to our zone H,
and the boundary between ssp. sylvestris L. and ssp. sibirica
LEDEBOUR corresponds to our boundary between zones F and G
in the west and zone I in the east, extending northward to split
our zone D into a western and eastern part. PRAVDIN’s divisions
do not utilise to the full the presented data on needles and
resin canals. In the south-western part of the range (our zones
C and F) pines have shorter lifespan needles, more resin canals
and they are more frequently not only peripheral but also in
the parenchyma. The northern and far eastern populations
characterised by poor growth in our material are also
distinguishable on the basis of PRAVDIN’s data having longer
lifespan needles and paucity of resin canals in the parenchyma.

Next PATLAT (1965) proposed a split up of the range of the
species in the former USSR into 15 zones, most of them in
Europe, based on Scots pine provenance experiments establish-
ed in south-eastern Ukraine in the late twenties.

These divisions are very mechanical in nature, based on
administrative divisions, geographic features and co-ordinates
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rather than on provenance differences. Since in the description
of Scots pine races within them he primarily discusses traits
that demonstrate clinal variation (foliage density, branch
thickness, stem cleaning, crown size, photosynthetic activity)
such an approach is perhaps justified. The general picture in
some features is an eastern extension of the divisions of
WRIGHT and his group. Both were analysed jointly earlier
(GIERTYCH, 1975). PATLAT’s zonation is somewhat more detailed
than ours but generally it conforms with what our study dis-
covered in terms of variation in growth potential and to some
extent also in stem straightness. The major difference is that
PATLAI separates out pine from the Ural Mts., placing them in
two latitudinal zones. Also on scanty evidence, not confirmed
by our data, he describes a northern and a southern part of
Kazakhstan splitting in two what we placed in region I.

Before the currently analysed experiment was started a
study was made of turpentine oils extracted from P. sylvestris
wood originating from 122 locations throughout the former
USSR (CHUDNYI and PROKAZIN, 1973). Main differences were
observed in the contents of alpha-pinene, beta-pinene and
delta-3-carene. On this basis the authors have divided the
range of P. sylvestris into six major regions:

1. The north of European Russia and of Siberia, which corre-
sponds well to our region A.

2. European Russia excluding the extreme north, which encom-
passes our regions B,C,EF and western D.

3. The Caucasus, we placed in region H.

4. Urals/Siberia, a transcontinental zone that includes our
regions G, I and J.

5. Kazakhstan/Altai, corresponding to the central part of our
region H.

6. The western and eastern Sayan Mts. plus the Yablonovyi
range, which correspond to the south-eastern tip of our region I
and the south-western part of our region J.

Finally there was an attempt (SHUTYAEV, 1977) to define 23
seed zones of Scots pine in the former USSR on the basis of a
complex of traits including natural variation, natural distribu-
tion, affiliation with other tree species, productivity in various
regions, as well as growth, survival and quality in a 16 year
old provenance trial established in 1959 with 94 populations in
Voronezh (reported upon several times SHUTYAEV, 1973, 1977,
SHUTYAEV et al., 1975; SHUTYAEV and VERESIN, 1990; VERESIN
and SHUTYAEV, 1978).

These divisions are very detailed and show some resem-
blance to our current proposal. In general in Europe the
divisions are basically latitudinal with some longitudinal
divisions in the west as is true for our figure 7, and in Asia the
divisions are latitudinal in the west and longitudinal in the
east (akin to our Figure 8). In between the 1977 proposal places
the narrow Urals region, extending from north to south almost
throughout the range of the species. This has no equivalent in
our current divisions of the range of Scots pine. Specific zone
boundaries seldom follow the currently proposed ones but the
opinions about productivity of the populations are very much in
agreement. Had the 1977 divisions been based primarily on
productivity, the similarity of the proposed regions would have
been much greater.

The five divisions of the range of Scots pine discussed above
(WRIGHT and BULL, 1963; PRAVDIN, 1964; PATLAL, 1965; CHUDNI
and PROKAZIN, 1973; SHUTYAEV, 1977) have little affinity to the
divisions we have obtained on the basis of stem straightness
trait (Fig. 8) except for the recognition of some N-S cline in
stem straightness in the west. However some trace of similari-
ty is observable with another study based on the same material



which investigated phenological differentiation in the condi-
tions of Hungary (MATYAs, 1981). While no geographical
regions were proposed the author notes that bud burst and bud
formation isolines are longitudinal in Europe and latitudinal
for most of the range in the former USSR, related in some
measure to winter isotherms, reflecting Atlantic influences in
the climate of Europe. The shape of the published phenological
isolines appear to be parallel to our boundary between regions
IV and III in Europe and western Siberia (Fig. 8).

Finally a word is needed about isozyme studies. There are
two that are pertinent to the region under study here (SEMERI-
Kov et al.,, 1993; GONCHARENKO et al., 1994). Neither has
identified any convincing geographical pattern to the distribu-
tion of allozymes. While some clustering of the Belarus and
Baltic populations was indicated, several other distant popula-
tions also belong in this cluster and many adjacent populations
are very far from each other in the clusters obtained. Thus, as
yet the molecular studies have not provided any convincing
suggestions for geographic split up of the range of Scots pine,
with which we could compare our material. Our conclusion
therefore expressed in our previous paper (SHUTYAEV and GIER-
TYCH, 1997) that geographic patterns do exist when working
with growth traits, and as was show above, with quality,
anatomic, phenological and chemo-taxonomic traits, but none
of this is related in any way to isozyme differentiation that
most probably reflects only neutral variation, not affecting
functionality of the any of the enzymes studied.

In 1999 based on a directive of Rosleskhoz (Russian Forest
Service) an inventory was begun of provenance trials of forest
tree species established within the management program of
1973, and this includes trials with Scots pine discussed here.
Within the next two or three years it is planned in Russia to
make a 25-year old evaluation of these trials on all sites, based
on the potential of regional institutes. On the basis of the
results that will be obtained, a new program of forest seed
regionalization is planned.

These new regional evaluations of the provenance trials will
give rich information that will help to confirm or correct the
conclusions of our current presentation.

We would like to recommend that simultaneously similar
measurements and observations be made at locations of this
same experiment in other countries (Azerbaijan, Belarus,
Estonia, Kazakhstan, Lithuania, Ukraine). International co-
operation in the evaluation of trials established simultaneously
with the same planting material and methodology will increase
the value of the information produced on the variability of
Scots pine.
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