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Height Growth Variation in a Comprehensive Eurasian Provenance
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Summary

In the years 1974 to 1976, on the initiative of the Forest
Research Institute in Pushkino, near Moscow, a major Scots
pine experiment was established with 113 provenances over 33
planting sites, well scattered over the whole former USSR.
Basing on reports from co-operating institutions information is
compiled on the provenances used, on the planting sites and on
the mean tree height at latest measurement. Interaction
parameters are calculated and the data on tree heights,
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converted to units of standard deviation from location means,
is plotted onto maps of the locations demonstrating the extent
of genotype environment interaction. The range of the species
in the former USSR can be divided into regions (North-
western, Baltic, Western Continental, Northern Russia,
Central European Russia, Middle Volga, Central Trans-Urals,
Southern fringe, Eastern Siberia), that have characteristic for
them responses to seed transfer in terms of height growth
performance at various locations. Western populations (Baltic
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countries, Bielorussia, Ukraine) are clearly superior in height
growth at most European locations. This zone with superior
populations extends also to the region between rivers Volga,
Oka and Don (Middle Volga region). Scots pine from that
region is transferable further east, though not as successfully
westwards. Around Moscow (Central European Russia) there is
a region with reactive populations that are very successful
within the region and they can be transferred eastwards to
some extent but not in other directions nor over greater
distances. Extensive longitudinal transfers of populations are
possible within two latitudinal zones, Northern Russia and
Central Trans-Urals. The latter is a central zone extending
from the Urals to river Yenitsyei with populations of average
growth performance relative to the much poorer growth of the
northern, Far Eastern and southern populations.

Key words: geographic variation, origin, genotype-environment inter-
action, stability, Russia, USSR.

FDC: 232.12; 165.5; 181.64/.65; 561/562; 174.7 Pinus sylvestris; (470);
(474); (571).

Introduction

Provenance variation of Scots pine (Pinus sylvestris L.) is
fairly well known for the western part of the species range. It
was investigated in numerous national and international
(IUFRO) trials and there were summary reports from these
investigations (GIERTYCH, 1979, 1991; GIERTYCH and OLEKSYN,
1992). The international trials rarely included seed lots from
Russia and, if any were included, these were from European
Russia (IUFRO trials of 1907, 1938, 1939, 1982). The large
Russian trial of OGivEvsKii (FomiN, 1940; GIERTYCH and OLEK-
SYN, 1981) established in the years 1910 to 1912 also included
primarily European seed lots, with only two from Siberia and
one from southern Caucasus. In a single experiment establish-
ed near Voronyezh in 1959 a wide representation of Siberian
provenances is included (VYERYESIN and SHUTYAEV, 1978,
SHUTYAEV and VYERYESIN, 1990) but information from this trial
has received little international notice. A fairly wide represen-
tation of Siberian provenances was also included in a series of
trials established in the North Central Region of the USA in

1961 (WRIGHT et al., 1966) but there the interest was primarily
in populations for Christmas trees and as a result there was
not much of a follow up in the experiment beyond 12 years of
growth.

The present paper is the first summary report on results
from a Scots pine provenance trial established in the years
1974 to 1976 throughout the former USSR, covering 113
provenances and 33 planting sites. It is by far the most
extensive provenance trial with this species and exceptional in
that it includes many provenances and planting sites in the
Asiatic part of its range. Since this is the first report on the
trial, full details on the co-ordinates for provenances and loca-
tions and information about the establishment procedures is
given. Obviously the prime interest in this study lies in the
genotype environment interactions, which is presented here
only for tree height. Other traits will be treated in further
papers.

The political changes after 1990 have internationalised the
study. There are plots in 7 countries (Azerbaijan, Bielorussia,
Estonia, Lithuania, Russia, Ukraine) and the seed was also
collected in Latvia. No agreements have yet been worked out
about how to proceed in the future so as to maintain benefits
of joint analysis of the full experiment. Possibly a IUFRO
working party could play a role here.

Materials and Methods

Seed collection

In the years 1974 to 1976 throughout the former USSR
a series of provenance experiments on Scots pine (Pinus
sylvestris L.) was established, based on an executive order
no. 29/1973 by the state Forestry Committee. The program was
prepared by YE. P. PROKAZIN (1972) from the Forest Seed
Laboratory of the All-Union Forest Research Institute
(VNIILM), Pushkino, near Moscow. The program envisaged
collection of seed material from 126 provenances. In fact seeds
were collected from only 113 populations (Table 1, Fig. 1).

All seed lots were collected from specific well defined popula-
tions, as far as can be judged from authochtonous stands,

PROVENANCES

Fig. 1. — Location of seed collection sites. Details on individual provenances are given in table 1 — see respective numbers. The
broken line indicates roughly the extent of the range of distribution of Scots pine.
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Table 1. — Data on provenances included in the trial.

§Prov. Province For. distr, Lat. N Long.E 1000 No. of
no. seed trials
wt. g where
planted
1 Murmansk Monchegorsk 67°51" 32°57 33 7
2 Murmansk Kandalaksha 67°000 32°33 40 12
3 Arkhangyelsk Pinyega 64°45' 43°14' 45 10
4 Arkhangyelsk Ptyesyetsk 62°54' 40°24' 48 18
8 Vologda Chyeryepovyets 59°10* 38°00' 7
9 Vologda Tot'ma 60°00* 43°00 54 16
10 Komi Kortkyeros 61°55* 51°30° 8
12 Karyelya Chupa 66°20* 33°00 49 9
13 Komi Kadzhyerom 64°45' 55°55' 2
14 Karyelya Myedvyezh'yegorsk 62°54' 34°27 44 12
15 Karyelya Pryazha 61°40" 33°40° 47 16
16 Karyelya Sortavala 61°50* 30°28 52 16
17 Karyelya Pudazh 61°40" 36°33' 11
18 Karyelya Kyem' 64°57" 34°31" 5
19 Sankt Pyetyersburg  Lisino 60°00" 30°25' 52 10
21 Pskov Vyelikiye Luki 56°23' 30°30' 50 13
22 Pskov Strugi-Krasnyye 57°S0t 28°26' 58 11
23 Novgorod Kryesttsy 58°15* 32°28' 59 11
24 Estonia Elwa 58°10¢ 26°28' 54 12
25 Latvia Jaunielgawa 56°27" 25°10 58 15
26 Lithuania Prienaj 54°42 23°58' 54 14
27 Mogilyev Osipovichi 53°18' 28°40' 58 11
28 Vityebck Rossony 56°00" 29°20' 6,7 10
29 Gomyel' Lyenino, Koryenyevka 52°14 31°43 6,7 13
30 Grodno Slonim 53°25 25°1% 6,0 1
33 Rovno Dubrovitsa 51°32 26°36' 59 15
34 Lvov Sambor 50°55" 24°00 6,9 10
35 Zhitomir Olyevsk 50°24 27°40° 6,2 9
36 L'vov Rakhov 48°07" 24°00* 6,5 12
37 Kiyev Borispol 50°10* 32°10° 73 14
38 Sumy Svyessa 52°01' 34°00* 6,4 15
39 Chyerkassy Chyerkassy 49°37  32°0Q¢ 10,0 11
40 Donyetsk Slavyansk 48°50* 37°36* 9.3 g
41 Smolyensk Roslavl 54°00* 33°00° 56 17
42 Twyer Byezhyetsk 57°4% 36°40° 15
43 Moskva Kurovskoye 55°320 38°57T" 6,4 29
44 Viadimir Kovrov 56°21 41°15 6.1 15
45 Nizhyegorod Gorodyets 56°40' 43°28 53 18
45a Nizhyegorod Gorodyets 56°40* 43°28 5
46 Nizhyegorod Pyervomalisk 54°56!  43°50' 59 20
47 Kostroma Manturovo 58°22 44°44' 17
48 Kostroma Kostroma 58°00° 42°00" 19
49 Kaluga Kaluga 54°25' 36°16' 6,2 16
50 Ryazan Solotcha 54°40* 39°4% 6,1 22
51 Bryansk Gavan'sk, Kukuyevka 53°00* 34°00* 20
52 Oryel Turgyenev, Zhudro 53°00* 36°004 12
54 Tambov Chyelnovaya, Sosnovka 53°12 41°20 6,6 25




55 Voronyezh
56 Voronyezh
57 Pyenza
59 Ul'yanovsk
60 Rostov
62 Volgograd
64 Saratov
65 Tatarstan
66a Tvyer
67 Udmurtiya
68 Tvyer
69 Bashkortostan
69a Bashkortostan
70 Bashkortostan
71 Bashkortostan
71a Bashkortostan
72 Bashkortostan
73 Pyerm
74 Pyerm
76 Yekatyerinburg
77 Yekatyerinburg
78 Yekatyerinburg
79 Kurgan
80 Tyumen
81 Tyumen
82 Tyumen
83 Oryenburg
84 Omsk
85 Novosibirsk
86 Novosibirsk
87 Novosibirsk
88 Tomsk
839 Kyemyerovo
90 Attaiskil Kral
91 Altalskil Kral
92 Altalskil Kraf
93 Krasnoyarsk
94 Krasnoyarsk
95 Krasnoyarsk
98 Krasnoyarsk
99 Krasnoyarsk
100 Krasnoyarsk
101 Krasnoyarsk
102 Krasnoyarsk
103 Krasnoyarsk
104 Krasnoyarsk
105 Tuva
106 Irkutsk
107 Irkutsk
108 Irkutsk
109 Irkutsk
110 Irkutsk
111 Buryatya
112 Buryatya

Voronyezh, Grafskaya
Khryenovolye, Sloboda
Nikol'sk

Myelyekyess
Byeshyenskaya
Kamyshin

Voi'sk

Zyelyenodol'sk, Vasil'yevo
Kama, Vyatskiye Polyany
Votkinsk

Slobodskol

Dyurtyuli

Dyurtyuli

Duvan

Vyerkhnil Avzyan
Byeloryetsk

Zilairskil

Okhansk
Krasnovishyersk
Ryevda

Tavda

Ivdyel, (Nizhnyaya Salda?)
Kurgan

Ishim

Surgut

Zavodoukovsk
Buzuluk

Tara

Kyshtovka

Suzun

Bolotnoye
Kolpashyevo
Guryevsk

Rakity

Borovlyanka

Chyemal

Yartsyevo

Boguchany

Abaza

Abaza

Yermakovskoye
Minusinsk
Prospikhino, Kyezhma
Syevyero-Yenisyeisk
Yenisyelsk
Turukhansk

Balgazyn

Ust'-Kut

Zima

Vikhoryevka, Chyekanovskil
Katanga, Yerbogachyen
Mama

Zaudinskil, Ulan-Ude
Barguzin

51°38'
51°30*
§3°50
54°14'
49°36*
50°10°
52°04*
56°00*
5§5°40
57°30'
58°4¢!
55°30'
55°30'
5§5°42
53°25*
53°57
52°24'
57°42
60°23'
56°50'
58°04!
60°40'
55°28'
56°09'
61°2%'
56°30
52°47
57°00
56°36
53°50!
55°36
58°20*
54°20
51°32
53°38'
51°28
60°15'
58°39
§2°40*
52°40'
53°00*
5§3°45
58°40!
60°25
58°20t
65°48"
51°00*
56°50"
54°00
56°15
57°00*
58°20'
50°00
53°45

39°28'
40°15'
46°00*
49°3%
41°48'
45°24'
47°21"
48°00"
51°26'
54°00'
50°06'
54°40!
54°40'
57°54
57°40
58°24
58°40*
55°25'
57°03!
59°58!
65°18
60°24'
65°20
69°27
73°20'
66°S7T
52°18
74°40'
76°40'
82°20"
84°10
83°00"
86°00'
81°10!
84°3%
86°00"
90°10¢
97°30'
90°00*
90°00
94°00
91°4%
99°10
83°00!
83°00
87°59
g5°12
105°45
102°00*
101°30*
105°00
113°00*
110°00!
109°40'

78
7.7
6,6
6,9
79
75
7.4

59
6,0

88
8,6

63
63
58
56

55
56
49

59
47
5.4
81
49
55
59
59
45
6,4
87

7.2

48

6,5
67
6,7
49

48

6,6
3,7
45

)

5,3
6,7
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(continuation Table 1)

113 Buryatya Kyakhta

114 Chita Nyerchinsk

116 Chita Mogocha

117 Yakutiya Olyekminsk

118 Yakutlya Yakutsk

119 Amurskaya Obl, Svobodnyf

120 Amurskaya Obil. Urusha

122 Khabarovsk Ayan

123 Kustanai Ara-Karagaj, Krasnyf Kordon
124 Kokchyetav Urumkat, Dmitriyevskoye
125 Syemipalatinsk Dolon, Mostik

126 Azyerbaldzhan Tauz

50°27* 106°15* 6,9 4
51°58' 116°3% 5
53°45' 119°30 5,2 7
60°20* 120°30 51 9
62°00" 130°0C 52 10
50°120 128°10 6,0 9
53°00° 122°00Q' 6
56°30' 138°00* 5.0 7
52°30° 63°50 6,0 12
§2°30* 70°00 53 14
50°40' 80°33 9,2 12
41°00' 45°30 3

Total 1320

Mean 11,68

according to the same methodology. One seed lot was taken per
region extending about 2° Lat. and 4° to 5° Long. for the
western and southern parts of the range, 2° to 3° Lat. and 6° to
7° Long. for northern and north-eastern parts and 5° to 6° Lat.
and 10° to 12° Long. for the Asiatic part of the range. For each
of these areas a stand was selected that was as far as possible
most representative for the forest sites in the area and no less
than of average quality class. In the selected stand a part of it
(by area) was cut to collect cones which were extracted locally.
The remainder of the stand was left as a control to stand as a
reserve for the duration of the provenance trial. This methodo-
logical requirement was in most places executed and the
control (maternal) stands are available. Another requirement,
that in situ a progeny stand be established from the seeds
extracted from the collected cones was not fulfilled by all
co-operators and information on this is in most places
unavailable. The bulk of the extracted seeds was sent to the
co-ordinator to be shared among co-operators depending on
availability and planned need to test specific populations on
specific sites. Not for all seed lots has the 1000 seed weight
been recorded (Table 1).

Trial location and experimental design

Establishment of experimental plots on 37 sites was planned
with a total of 829.5 ha experimental areas. In fact only 33
trial areas exist (Table 2, Fig. 2) totalling 545 ha. Four have
perished in the establishment phase. The role of co-ordinator
and supervisor of the establishment of the trial was placed
with the All-Union Forest Research Institute (VNIILM) in
Pushkino, and specifically with the late dr YE. P. PROKAZIN.

Seedlings were raised in nurseries close to the planting site,
sowing density aiming at 30 seedlings per 1 m2. The nursery
success and other considerations resulted in not all prove-
nances planned for a trial being represented at the given
locations. The number varies from 10 to 90. At two locations,
no. 16 near Pushkino and no. 17 near Voronyezh, an attempt
was made to have the maximal number of provenances, but the
average number of provenances per location is 40.

The choice of planting sites was determined by the desire to
have as much as possible a full representation of geographic
variation and by the possibilities of local forest districts. Site
preparation according to a uniform methodology proved im-
possible for biological, organisational and economic reasons.

Planting was at a 2.5 m x 0.75 m spacing with 0.1 ha,
0.15 ha or 0.25 ha per plot (533 to 1333 trees per plot),
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depending on the availability of seedlings, with 3 replicate
blocks planned and established on most sites. In Lithuania the
three replicate blocks are at different locations (see Table 2).
The provenances were randomised within the replicate blocks
but with some transfers in the plan not to allow total surround-
ing by fast growing provenances of those expected to be slow
growing.

Data collection

Locally the maintenance and data collection from an experi-
mental area was handled by various research and teaching
institutions (see table 2). In 1980 the role of co-ordinator was
transferred to the Central Scientific Research Institute of
Forest Genetics and Selection (TsNIILGiS) in Voronyezh
and specifically to the senior author of this paper dr A. M.
SHUTYAEV. Co-operating institutions make periodic reports to
the co-ordinator on the latest measurements and observations.
In most cases the latest reports, considered as final for the
establishment phase of the trial, were for the year 1990 (see
literature list). The present paper is based on these reports
from the co-operating institutions (see table 2 and Literature)
deposited with the co-ordinator in Voronyezh and presumably
also available in the institutions that produced them.

The basic material for this paper consists of mean values for
tree height extracted from the regional reports. Only means
per provenance at each location are available at this stage. The
plots are rather large with initially 533 to 1333 trees per plot,
thus, at least at some locations, only one or two rows per plot
were measured. These measurements were not made simulta-
neously at all locations and the actual age of trees at the last
measurement varies substantially. Table 3 presents the basic
data. It is a 33 x 113 table with many gaps due to non-
orthogonality of the design (not all provenances at all loca-
tions).

Statistical analysis

To start with an attempt was made to calculate genotypic
stability and ecovalence for the studied provenances, according
the formulae of FINLAY and WILKINSON (1963) and EBERHART
and RUSSELL (1966). The average tree height per location was
calculated and this was divided by the age at measurement.
The obtained annual increment in height was used as an
estimate of site quality. Since height increment naturally
declines with age, the mean annual height increment is not a
fully true estimate of site quality. It tends to overestimate loca-
tions that were measured at a younger age. The mean annual



Table 2. — Data on localisations of the experimental areas. (Plantings at locations 19, 20, 28 and 33 perished).

Loc. Region Forest Lat. Long. Year Area Repli- Prov, Sur- Mean ht.of Supervising Scientists Reference
no. District N E planted cates vival local prov. institution* who
ha no. no. % age m established
1 Murmansk Monchyegorsk 67°51' 32°57" 1976 94 1-3 35 45 14 08 Arkh.ILiLKh 1.1, Sizov Nakvasina et al. 1990
2 Arkhangyel'sk Plyesyetsk 62°54' 40°24* 1977/8 8,1 1-3 26 41 15 3,4 Arkh, ILILKh T.S. Nyepogod'yeva Nakvasina et al. 1990
3 Vologda Chyeryepovyets 59°15' 37°20° 1977 2332 35 71 15 51 Arkh.ILiLKh N.V. Ulisova Nakvasina et al, 1990
4 Komi Kortkyeros 61°41' 51°31% 1977 7513 23 29 15 29 Arkh. ILiLkh A.l. Barabin Nakvasina et al, 1990
5 Karyelya Chupa 65°57' 33°30* 1977 55 2-3 29 9 16 15 ILKaryel. NTs RAN M.A. Shchyerbakova Shchyerbakova &
& E.M. Mar'in Malyshyev 1990
6 Karyelya Myedvyezh'yegorsk ~ 63°00* 34°03' 1976/7 139 2-3 45 32 16 13 ILKaryel. NTs RAN M.A. Shchyerbakova Shchyerbakova &
& E.M. Marin Malyshyev 1990
7 St. Pyetyersburg  Lisino 59°30" 30°52 1976 2513 41 62 15 56 StPyet.NIILkh N.l.Uvarova, G.KMarfsaya  Kovalyev 1990
& L.N. Filimonova
8 Pskov Pskov 57°50' 28°26' 1976 3323 37 31 15 5,1 StPyet.NIILKh Pskov LOS N.I. Uvarova, Kovalyev 1990
& A.l. Tolstopyatyenko
9 Estonla Jarva 59°31' 25°30* 1976 2003 45 15 11 1,1 Est. Inst.For.& Nat.Cons. H, Paves Paves 1985
10 Lithuania Kaztu-Ruda 54°45' 23°35' 1975 2313 41 66 5 0,4 Lith, Forestry Inst, E. Barniskis Ramanauskas 1990
Plungie 56°00* 21°53
Mazejkfaj 56°46' 22°40"
11 Gomiel Lenino 52°28' 31°00' 1975 1203 4 8 15 62ILANB Z.S. Podzharova Podzharova &
Volovich 1990
12 Khyerson Tsyurupinsk 46°30* 32°30* 1976 106 1-2 38 46 16 59 UkrNIILKhA I.N. Patlal & Patlal &
1.D. Klimchuk Zhurova 1991
13 Khar'kov lzyum 49°00" 37°30* 1975 561 42 36 15 7,0 Ukr NIILKhA I.N. Patlal & Patlal &
P.T. Zhurova Zhurova 1991
14 L'vov Sambor 50°00* 24°00* 1976 15,6 3 3 36 11 3,6 L'vov Lyesotech. Inst. Z.Yu. Gyerushinskil & Gyerushinskil &
AA.Bozhok Krinitskil 1986
15 Zhitomir Olyevsk 5§1°00* 27°00* 1976 155 3 37 37 15 54 UkrNIILKhA LN. Patlal, A.S. Ryabukha  Patlai &
& G.D.Byelyi Zhurova 1991
16 Viadimir Kovrov 57°00' 42°00* 1976 30,0 3 90 26 15 4,8 VNIILM, NPO "Funduk” E.P. Prokazin, V.K. Malkin  Malkin &
A.A. Osipov, B.N. Kurakin _ Osipov 1990
17 Voronyezh Davydovka 51°00' 39°00' 1976 380 3 86 60 17 5,4 NIILGiS AM, Shutyayev & Shutyayev &
0O.K, Sviridov Dyemidyenko 1995
18 Pyenza Lunino 53°00* 45°00* 1976 3003 56 70 17 6,5 NIILGIS A.M. Shutyayev & Shutyayev &
0.K. Sviridov Dyemidyenko 1995
21 Volgograd Kamyshin 50°00* 45°00' 1976 176 2 32 4 17 5,7 VNIALMI, Don NI OS G.Ya, Mattis Maksimov &
Cheplyanskil 1990
22 Tatarstan Zyelyenodol'sk 55°00' 52°00* 1976 1503 38 48 17 7,9 VNIILM, Tatar LOS E.P, Prokazin & Krasnobayeva &
G.Sh. Kamaltinov Timyertayeva 1990
23 Bashkortostan Ufa 55°00* 56°00* 1976 15,0 38 12 17 4,4 VNILM, Bashkir LOS E.P. Prokazin & Khaziagayev &
1.Kh. Nugayev Nugayev 1990
24 Pyerm Kungur 57°26' 56°45' 1976 931 32 23 17 6,3 VNILM, Perm LOS E.P. Prokazin, N.l.Vlasova  Vlasova 1990
25 Yekatyerinburg Ryevda 56°50' 59°58' 1976 1153 34 52 17 6,0 ILUORAN.Ural LOS V.N. Korablyev Korablyev et. al, 1990
26 Kurgan Zvyerinogolovskoye 54°47" 64°58' 1976 1703 32 23 17 7,2 IL UO RAN. Ural LOS V.N. Korablyev Korablyev et. al. 1990
27 Samara Buzuluk 53°00* 52°00° 1976 2143 38 43 17 7,2 VNIILM, Borovo LOS E.P. Prokazin, A.A, Khirov  Khirov 1990
29 Novisibirsk Suzun 53°46' 82°20* 1976 1543 35 28 17 63 NIILGIS, Novosibirsk Lab. Dyemidyenko 1995 Shutyayev &
Dyemidyenko 1995
30 Krasnoyarsk Boguchany 58°21' 97°30' 1977 30,0 3 73 60 16 3.8 ILID SORAN Al.Iroshnikov, L.I. Milyutin  Milyutin et al, 1990
& N.A. Kuz'mina
31 Krasnoyarsk Turukhansk 66°00" 89°00* 1979 46 3 36 3 14 19 ILIDSORAN F.D. Avrov Milyutin et al.1990
32 Buryatya Zaudinsk 51°50' 107°40' 1979 10,0 2 51 36 16 1,4 ILID SO RAN V.L, Chyeryepnin Milyutin et al.1990
34 Amurskaya Obl.  Svobodnyf 5§1°00" 127°00* 1976 25 10 70 7 1,2 DalNIiLKh, Amur LOS V.I. Shtyelnikova, T.F, Zyel- ~Shtyeinikova et al, 1980
yenskaya, T.F.Yemolkina
35 Kokchyetav Urumkal 52°30* 69°50' 1978 11,712 10 55 9 2,2 Kaz. NIILKhA V.l Mosin, N.S. Sidorova Mosin 1985
& V.N. Marushak
36 Syemipalatinsk Dolon 50°40* 79°20* 1976/7 8,1 1-2 47 59 10 2,8 Kaz, NIILKhA V.1, Mosin, N.S, Sidorova Mosin 1985
& N19V,N. Marushak
37 Azyerbaldzhan Shyekinskil 41°17 4712 1976 107 3 35 65 12 2,0 Azyerb NIlLKh A.M. Gusyelnov & Gusyelnov &
L.A. Gusyelnova Gusyelnova 1986
* Explanation of abbreviations is given in the respective literature reference

height increment is also somewhat dependent on the choice of
provenances planted at a given location. However this is the
only estimate available to us and it gives some approximation
to site quality. In a similar manner the average tree height for
a provenance at each location was divided by the age at last

measurement to obtain the annual height increment for the
each provenance at each location.

Next the mean annual height increments, both for individual
provenances and for the location averages were converted to
natural logarithms. For all provenances represented on at least
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LOCATION OF
PLANTING SITES

Fig. 2. — Location of planting sites. Details on individual sites are given in table 2 — see respective numbers.

5 locations (N-2 > 3) a regression analysis was made of log,
annual height increment on the log, mean height increment
per location. The calculated regression coefficient b is an
inverse measure of “phenotypic stability” of FINLAY and
WILKINSON (1963). It is given in table 4. A value of b = 1
indicates adequate stability. Lower values (b < 1) indicate good
adaptability to various environments. Higher values (b > 1)
indicate adaptation to specific sites.

Simultaneously the correlation coefficient r was calculated
(also given in Table 4). It is a measure of linearity obtained
following the logarithmic transformation.

Variance of deviations from the regression V; is the
coefficient of EBERHART and RUSSELL (1966). It is calculated as:

Vd = N(V, - bCov,,/(N-2)

where y is the log, annual height increment and x is the log,
mean height increment for location. High V, values indicate
unpredictable response. Obtained V, values for each prove-
nance are presented in table 4.

In view of the difference in age at which last measurements
and observations were made it was necessary to make the
results comparable by normalising them, i.e. expressing in
units of standard deviation from the location mean. Another
alternative would be to use the local population as the point of
reference. The location mean was chosen since it is less
dependent on freak results. However this would not make
much difference because mean annual increments for the trial
and for the local populations are closely correlated (r = 0.97
with N-2 = 31). A new major table was obtained (provenances x
localities) with the deviations from location mean in place of
actual readings. These are now comparable when judging the
performance of each provenance at the various sites where it
occurs. These deviations from location mean were also
averaged for provenances over all locations at which they occur
and the average values are given in Table 4 and are plotted
onto the provenance map Fig. 3.

The provenance x location interaction was studied ideo-
graphically by plotting the normalised data (deviations from
location means) onto a map showing locations at which a given
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provenance was tested. This was done separately for each
provenance. Sample results are shown in Figs. 4 to 13.

In Figs. 3 to 13 the radius of the black dots corresponds to a
deviation of 0.15 standard deviations, whence any value
between —0.15 and +0.15 is shown as a dot only. Larger devia-
tions, up or down from the dot, indicate the value of the
provenance. The actual origin of individual provenances in
Fig. 3 can be identified by comparing with Fig. 1 and reading
the provenance number from Table 1. Plotted are only those
average deviations which are based on 5 or more readings. The
actual locations at which a provenance grows as shown in
Figs. 4 to 13 can be identified by comparing with Fig. 2 and
reading the location numbers from Table 2.

Results

Adaptability parameters

As can be seen from Table 4 the correlation coefficient r of
log, provenance annual height increment on logn location
mean annual height increment is not significant for 2
provenances (nos. 45a and 116), is significant at 0.05 level for 6
provenances (nos. 36, 40, 85, 89, 108, 119) and it is highly
significant (0.01 level) for the remaining 92 provenances. This
indicates that generally the logarithmic transformation has
assured good linearity. Of the two provenances with not
significant r one (no. 45a) has a high value of r, (0.84) and its
non-significance is only the consequence of few degrees of
freedom (N-2 = 3). With provenance 116 (Chita, East of Lake
Baikal) there also few degrees of freedom (N-2 = 4) but the r
value is very low indicating that a correlation between
performance of this provenance and the means over locations
does not exist. Thus in some ways this provenance is special
and requires individual treatment.

Now let us look at stability (b, the coefficient of FINLAY and
WILKINSON 1963) and compare it with mean deviation from
location means. As can be seen from Table 4 values of b < 1
(good adaptability) are characteristic for all provenances from
the limits of the species range, especially from northern
Karyelia (nos. 1, 2), northern Yakutsya (nos. 109, 117, 118), the
Far East (nos. 116, 119, 122), southern Siberia (nos. 90, 92, 98,



Table 3. — Mean tree height in cm per provenance at each location.

Location 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
Age 14 15 15 15 13 13 15 15 11 § 15 16 15 11 15 17 17 17 18 17 17 17 17 17 17 20 17 10 15 7 9 10 12
Mean hi. 46,7 285 489 245 163 120 503 478 100 595 538 542 285 490 490 416 593 582 778 415 575 604 666 663 814 359 164 165 82 183 269 245
Ann.htncr, 334 19 326 163 125 926 335 31,8 9,11 72 397 336 36,1 259 32,6 288 24,4 34,9 32,4 458 244 338 356 392 39 40,7 21,1 164 11 11,7 203 269 204
Proven n o N
1 3‘4 243 148 179 103 220 130 7
2 87 283 181 131 88 260 274 200 400 330 147 95 12
3 70 278 264 186 101 390 311 148 100 9
4 52 337 460 308 153 88 430 390 107 21 490 392 556 590 770 400 140 88 18
8 35 580 264 85 440 107 176 7
9 45 320 510 328 155 120 470 470 113 34 560 480 749 580 590 460 16
10 35 90 380 11 310 130 6
12 65 308 204 154 99 310 152 59 8
13 45 86 2
14 40 324 520 280 175 130 480 400 110 440 405 "
15 60 284 500 288 182 128 480 420 111 29 510 480 425 390 180 77 16
16 52 320 520 250 173 120 520 121 32 540 410 440 367 370 147 150 16
17 39 310 530 288 162 134 470 400 105 560 400 "
18 38 166 116 530 200 5
19 290 490 307 105 560 540 107 34 580 9
21 530 85 540 540 101 43 590 470 520 456 630 350 12
22 230 450 87 590 480 118 39 580 530 448 503 1
23 260 470 100 570 530 110 36 540 560 540 428 "
24 500 116 510 540 113 34 610 580 430 540 434 250 12
25 490 530 520 110 36 670 620 520 560 463 610 803 324 620 350 15
26 520 510 95 40 660 550 510 530 477 660 814 388 620 13
27 650 560 105 44 680 670 620 470 590 471 640 1"
28 550 590 111 38 630 560 480 570 491 640 10
29 520 570 91 40 620 670 620 328 510 520 468 600 12
30 530 630 101 41 700 670 600 540 454 640 10
33 40 650 S60 580 316 600 510 493 660 540 791 456 590 170 301 15
34 640 520 364 530 450 487 640 580 283 9
35 520 550 337 540 520 451 700 619 293 9
36 640 600 390 393 550 520 465 650 673 606 286 1"
37 34 620 740 580 313 560 510 474 620 769 376 720 200 277 14
38 41 630 440 610 329 580 470 494 630 668 787 424 790 210 290 15
39 36 650 630 600 310 470 540 523 660 527 293 1
40 620 610 184 470 530 472 500 640 242 9
41 75 540 520 84 30 630 640 550 298 400 610 443 660 797 395 526 670 17
42 280 420 130 580 530 102 33 540 590 372 600 793 557 620 155 15
43 39 510 95 560 530 101 40 560 470 550 314 480 630 458 660 558 813 425 562 610 701 640 920 360 162 130 226 27
44 37 520 172 120 550 520 83 520 550 500 807 395 610 370 14
45 570 156 500 420 103 40 570 540 420 600 421 580 797 607 620 610 400 200 18
45a 610 457 379 620 620 5
46 550 480 490 90 35 580 530 630 286 530 540 473 650 762 316 498 620 710 580 19
47 300 520 252 130 590 480 90 33 560 600 787 354 561 640 730 130 16
48 300 520 244 130 490 480 106 34 580 580 401 680 770 371 600 640 690 340 161 19
49 520 500 85 39 620 490 580 288 460 500 451 590 542 786 409 650 16
50 550 520 530 95 35 600 580 670 301 440 500 444 660 554 788 383 571 705 730 260 170 231 22
51 600 540 95 34 610 560 600 324 450 580 477 720 580 816 418 558 280 180 278 19
52 35 630 600 540 277 530 570 458 600 577 750 237 12
54 570 570 480 103 41 590 540 530 301 520 610 489 650 547 830 422 577 630 756 690 930 300 190 244 24
55 97 31 610 650 610 305 470 530 539 640 480 830 486 585 690 870 290 180 289 19
56 640 620 295 440 540 538 600 508 785 481 780 277 12
57 6830 400 450 100 34 580 510 510 300 430 530 461 650 586 797 440 560 620 691 670 930 420 200 262 24
59 460 430 100 35 630 550 570 308 490 560 503 580 520 759 438 604 540 756 680 860 360 190 234 23
60 640 640 329 480 490 570 629 300 8
62 650 580 318 480 530 469 650 572 424 750 640 850 160 275 14
64 540 580 317 510 436 570 698 789 461 683 660 860 320 259 14
65 530 520 470 103 34 540 410 610 294 500 590 468 630 695 815 426 602 670 695 670 990 390 22
66a 25 410 320 98 34 390 510 220 450 550 426 650 600 764 414 570 610 725 670 200 20
67 280 490 287 130 480 300 98 41 530 443 660 761 405 584 640 677 720 410 170 19
68 38 290 300 131 94 530 400 98 31 570 500 413 530 732 405 577 640 651 670 380 20
69 550 410 410 94 42 560 440 530 230 500 520 423 600 791 466 610 650 635 610 830 330 190 246 23
69a 610 1
70 86 382 718 453 620 631 140 7
71 320 500 379 788 420 590 630 559 600 340 184 1

99, 100, 105, 111), and the most southern provenances of
Ukraine (nos. 34, 35) and central European Russia (nos. 56,
60). The northern provenances have negative deviations from
the location mean in tree height and therefore their good
adaptability (consistently slow growth) is of little practical
value. However the southern Russian and Ukrainian

provenances have the highest positive deviations (+0.58 to
+0.66) which coupled with adaptability (consistently fast
growth on various sites) makes them very attractive as
breeding material. Also among the southern Siberian
provenances most of them (90, 98, 99, 100, 105) have negative
mean deviations (—0.09 to —0.54) thus they are not likely to be
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(continuation Table 3)

T1a 480 349 500 738 410 533 620 193 8
72 460 166 340 336 500 682 430 620 614 610 820 400 m 13
73 165 380 95 350 180 5
74 27 160 330 110 4
76 530 400 411 571 570 622 640 850 420 210 10
n 44 300 298 130 500 359 741 403 586 630 654 610 420 13
78 50 290 227 132 80 430 549 600 610 630 10
79 540 418 600 567 789 454 605 640 719 660 850 420 190 218 14
80 607 1
81 54 300 410 283 195 160 320 378 550 555 700 300 12
82 39 280 440 230 170 520 347 S5S0 568 630 723 370 190 13
83 420 390 73 34 530 440 279 510 530 620 649 770 500 650 726 720 840 340 253 19
84 490 419 392 588 650 669 820 410 270 9
85 610 437 726 800 330 5
86 27 550 165 460 390 88 38 560 500 400 272 430 600 479 610 622 779 396 659 550 701 670 900 450 200 241 26
87 580 426 S5S0 634 830 330 6
88 300 125 410 400 500 568 770 440 8
89 490 386 810 410 221 5
90 480 195 430 500 550 726 546 420 170 190 280 "
91 730 350 2
92 160 87 450 343 750 340 190 260 203 9
93 33 115 190 150 4
94 40 430 130 380 408 500 720 380 160 79 280 1
95 330 190 2
98 410 410 395 466 620 810 390 190 280 9
99 418 500 820 350 171 175 180 7
100 360 510 420 600 613 640 730 430 175 270 180 1
101 304 340 810 3
102 46 370 135 370 303 620 370 120 8
103 52 370 158 110 330 324 580 340 158 9
104 36 105 320 189 120 5
105 390 390 408 500 S75 870 420 180 210 9
106 44 370 237 390 360 350 154 150 8
107 470 387 390 140 4
108 340 370 352 820 450 150 6
109 59 230 161 144 440 420 8
110 45 190 430 375 470 5
11 400 362 340 140 83 5
112 320 172 169 3
13 390 200 87 3
114 410 382 340 3
116 210 348 390 187 210 106 ]
17 45 118 150 290 283 320 140 66 8
118 55 220 170 21 350 167 130 58 8
119 310 460 323 390 200 119 260 198 8
120 420 418 390 160 280 5
122 54 240 272 310 140 5
123 490 183 420 434 550 539 705 680 840 210 290 210 12
124 540 380 420 310 406 600 540 598 620 750 140 190 224 13
125 320 119 480 410 400 629 730 840 330 170 280 215 12
126 321 620 251 3
N 35 26 35 23 16 45 41 37 45 41 41 38 42 33 37 9 8 55 32 38 38 32 34 32 3B 35 73 15 51 10 7 11 3 1247
1) height was not d for all p , reasons

of wider use in spite of their consistent performance. The very
low value of b for provenance 116, cannot be considered
evidence for its adaptability in view of the very low value of r
obtained for this population.

Provenances that are characteristically reactive (b > 1) are
concentrated in the region around Moscow (in a triangle
between Smolyensk, Vologda and Nizhyegorod - nos. 8, 41, 43,
44, 46, 47, 48, 49, 50). These provenances generally have mean
deviations close to zero (+0.15 to —0.16), thus their overall
performance has to be considered as average. Reactivity of
these provenances suggests that some very fast growing
populations can be selected for specific sites. There are also a
few rather reactive provenances from southern Urals (Bash-
kortostan and Kustanai in north-eastern Kazakhstan - nos. 70,
T1a, 72, 123), but their mean deviations are decidedly negative
(=0.09 to —0.78).

All other provenances have b =~ 1, which means they have
adequate stability.
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Finally a word about the variance of deviations from the
regression, (Vy, the coefficient of EBERHART and RUSSELL, 1966).
This is equivalent to ecovalence when b = 1. Generally the
values are very low, but there is some geographicity in its
magnitude. As can be seen from Table 4 and the lowest values
of V4 have been obtained from medium latitudes throughout
the range, the zone being wider in Europe than in the Far
East. Higher values were obtained for both northern and
southern populations. This means that for provenances from
the southern and northern extremes of the species range the
results are less predictable.

Average performance of provenances

As can be seen from Fig. 3 relatively best tree height is
attained by western populations from the frontier with Poland
to a line from Smolyensk to Oryel, Voronyezh and Samara on
the Volga river. All northern populations, especially eastern
Siberian and northern Karyelian ones have very poor relative



Table 4. — Means for normalised data on tree height (as deviations from location means averaged
over all locations at which a given provenance occurs) and genotype x environment interaction
parameters (coefficients b of FINLAY and WILKINSON, V4 of EBERHART and RUSSELL and r — corre-
lations of log, annual height increment of a provenance with the log, mean height increment per
location), for all provenances represented on at least 5 locations.

45a
46
47
48
49

51
52

55

57
59

ht,

0,64
-1,52
0,58
0,31
0,06
0,16
0,81
0,33
0,16
0,03
0,08
0,09
0,22
0,26
0,26
0,13
0,06
0,02
0,29
0,38
1,09
0,73
0,56
1,14
0,59
0,58
0,66
0,78
0,28
0,59
0,58
0,07
0,11
20,10
0,13
0,07
027
0,11
-0,16
0,03
0,15
20,03
0,12
0,35
0,20
052
0,39
0,63
0,23
0,17

Prov, Tree N-2 r

50,87+
10 0,79
7091
16 0,97
50,98
14 099"
4 098"
6 0,94~
9 099"
14 0,99
14 099"
90,99
3 099"
7 099"
10 0,98
9097
90,99
10 0,98~
13 0,98~
110,99
90,99
8 099"
10 0,99~
8 099"
13 0,98
7 082"
70,93
9 0,67
12 0,94
13 0,92
9 0,98~
7077
15 0,98
13 0,99
25 0,99
12 0,99
16 0,98
30,84
17 097"
14 0,97+
17 0,96™
14 0,98
20 097
17 098"
10 0,99"
22 0,98™
17 0,98
10 0,87
22 0,98~
210,99

b

0,48
0,54
074
1,02
1,13
0,99
1,00
0,80
0,99
092
0,93
1,01
1,14
1,05

1,06
1,02
1,04
1,02
1,01
1,00
1,00
1,00
1,05
1,05
096
0,74
0,79
0,64
1,13
1,01
1,02
1,19
1,20
1,01
1,08
1,09
0,89
0,88
1,56
1,44
1,43
1,53
148
1,06
1,03
0,99
1,06
0,85
0,97
0,99

vd
F&W E&R

0,037
0,084
0,056
0,035
0,035
0,013
0,029
0,031
0,014
0,012
0,013
0,015
0,013
0,012
0,018
0,027
0,010
0,020
0,010
0,005

0,008

1

0,005
0,007
0,006

1

0,008
0,011
0,004
0,021
0,040
0,039
0,010
0,039
0,016
0,010
0,010
0,007
0,009
0,020
0,032
0,058
0,051
0,026
0,038
0,012
0,004
0,008
0,015
0,014
0,011
0,007

60
62
64
65
66a
67
68
69
70

71
71a
72
73
76
7
78
79
81
82
83
84
85

88888 8B8IS

1
102
103
104
105
106
108
109
110
111
116
117
118
119
120
122
123
124
125

Prov, Tree

0,59
0,43
0,38
0,47

0,28
0,17

0,49

20,01

0,59

-0,59

0,78

0,96

007

0,21
20,01
0,52
0,41
034
0,08
0,04
0,19
0,41
0,13
0,03
0,30
-0,06
0,54
0,37
0,37
0,27
0,09
0,15
-1,03
-0,98
0,47
20,53
0,67
0,58
0,18
20,10
0,62
0,05
-1,04
0,58
0,29
0,03
1,02
0,09
20,76
0,68

N-2 r

6 0,86™
12 0,98*
12 0,96
20 0,98
18 0,97
17 0,97
18 0,99
21 0,98

5 099"

9 0,86™

6 097"
110,87

3095

8 0,96™
110,99

8 0,99*
12 0,98
10 0,97
11 098"
17 097

7097

30,94°
24 097

4094

6 097

3095*

9 093"

70,96

9 099"

7 093"

5099™

9 0,89"

6 098"

7 099"

3098"

7090

6 0,99*

4087

4 095"

3 098"

30,98

40,19

6 0,90

6 0,91

60,75

3097+

30,99™
10 0,87
110,93
10 0,70"

b

0,79
1,03
1,00
1,03
1,1
094
1,06
093
1,08
1,06
117
1,17
0,71
0,74
0,98

¥

1,03
0,94
0,80
0,99
1,09

1

0,96
1,09
1,05

1,00

D

0,84

1,00

)

0,84

0,85
0,98
0,79
0,89
0,89
0,88
0,81
1,14
0,80
0,93
0,85
0,82
1,00
0,91
0,12
0,75
0,77
0,43
0,97
0,78
1,09
0,99
1,07

vd
F&W E&R

0,009
0,005
0,005
0,010
0,035
0,017
0,018
0,011
0,007
0,032
0,008
0,035
0,026
0,005
0,010
0,022
0,005
0,022
0,022
0,016
0,003
0,016
0,032
0,011
0,014
0,011
0,019
0,020
0,012
0,016
0,004
0,032
0,025
0,009
0,030
0,026
0,007
0,065
0,059
0,051
0,008
0,069
0,070
0,057
0,030
0,011
0,012
0,026
0,022

0,089
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TREE HEIGHT (normalized)
mean over all locations

Fig. 3. — Tree height for individual provenances averaged over all planting sites, in units of standard
deviation from location means (based on data from not less than 5 planting sites). Values between
—0.15 and +0.15 are within the radius of the black dot. For details on individual provenances see

number in figure 1 and data in tables 1, 3 and 4.

Karyelya
Sortavala
30°28'E

61°50' N

Fig. 4. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between —0.15 and +0.15 are within the radius of the black dot.

height growth. Also the populations from southern Urals are
very poor, as well as East of them along the southern fringe of
the range all the way to the Okhotsk Sea. In between there is
a zone of populations with average tree height, extending from
the Baltic countries, through Moscow, central Urals and as a
narrowing strip to lake Baikal and beyond to the Amur river.

Provenance x location interactions

The overall picture demonstrated by data averaged over all
locations can be very misleading in that it does not show
the extent of usefulness of individual provenances. Relative
performance of a provenance at various locations is best
revealed by plotting the results onto a map of the locations.
Such maps were made for all 113 provenances. It is impossible
to show them all here. However certain geographic regularities
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appeared. In general the range can be divided into several
characteristic regions which will be discussed separately.

A. North-western region

There is a group of provenances from Kola Peninsula,
Karyelya and the Arkhangyelsk region (nos. 1, 2, 3, 4, 12, 14,
15, 16), which give satisfactory results in that region and
nowhere else. Typical for this group of provenances are the
results for provenance no. 16 from Sortavala, Karyelya (Fig. 4).
These provenances are useful locally but distant transfers will
result in failures. Also in the cold regions of northern Siberia
these provenances are not to be recommended.

Only no. 18, geographically from this region, is somewhat
different in that it is more akin to the neighbouring Northern
Russia region discussed below.



Latvia
Jaunielgawa
25°10'E

56°27' N

Fig. 5. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between —0.15 and +0.15 are within the radius of the black dot.

Borispol'
32°10'E

50°10'N

Fig. 6. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between —0.15 and +0.15 are within the radius of the black dot.

B. Baltic region

Riga pine has a good reputation in western Europe dating to
early XIX c. and this is confirmed also for most of European
Russia, Bielorussia and Ukraine. This positive evaluation of
Baltic pine races has been demonstrated in this study for a
group of provenances (nos. 21, 22, 23, 24, 25, 26) which are well
exemplified by provenance no. 25 Jaunielgawa, Latvia (Fig. 5).
These provenances do well in regions between latitudes 50°N
and 60°N but not reaching the Ural Mts. At extreme northern
and southern latitudes and beyond longitude 55°W they are
not to be recommended.

C. Western continental region

Perhaps the best Scots pine provenances are to be found in a
region of the mixed-forest zone covering Bielorussia and

Ukraine (nos. 27, 28, 29, 30, 33, 34, 35, 36, 37, 38, 39, 40). Most
of these provenances have been tested on European locations
only. However when they were tested in the East they did not
perform well. They are well exemplified by provenance no. 37,
Borispol’, Kiev (Fig. 6).

D. Northern Russia

There is a block of provenances from northern Russia, but
not from the extreme North, which have a common pattern of
performance in height growth (nos. 8, 9, 10, 17, 18, 19, 68, 74,
77, 81, 88, 93, 94, 101, 102, 110, 117). It extends from St.
Pyetyersburg, through Vologda, Tvyer, Pyerm, Tomsk to
Krasnoyarsk and Yakutsya. This roughly corresponds to the
taiga. The region is not strictly latitudinal, because in the West
its limit is between 59°N and 65°N and in the East between

343



58°N and 62°N. Scots pine from this region grows well
throughout the region with extensive East or West transfers
possible, but it is not successful beyond the region. Its
performance is well exemplified by provenance no. 77, Tavda,
Yekatyerinburg (Fig. 7).

The Turukhansk, Krasnoyarsk, provenance of Lat. 65°49
(no. 104) clearly does not belong to the Northern Russia region
— if any thing it is akin to the North-western region in that it
is relatively fast growing locally (far North) but nowhere else.
The Yakutsk provenance no. 118, of Lat. 62° and Long. 130°,
appears to be somewhat intermediate in that it is good only in
the North but transferable longitudinally over great distances.

E. Central European Russia

This is a region that in some ways is an eastwards extension
of the western continental one, being likewise located in the

mixed-forest zone, however the height growth performance is
not as good in the West, while on the other hand its utility
extends further East. The group of provenances in question
(nos. 41, 42, 43, 44, 45, 45a, 46, 47, 48, 49, 50, 51, 52), ex-
emplified well by provenance no. 43, Kurovskoye, Moscow
(Fig. 8), includes almost all of those listed above as very
reactive (high b, coefficient of FINLAY and WILKINSON - nos. 8,
41, 43, 44, 46, 47, 48, 49, 50). This seems to differ the group
from the western continental one. The pines are growing fairly
well at medium latitudes, even further East than the western
continental provenances, but not so well in Ukraine nor
anywhere along the southern limit of the range.

FE. Middle Volga region

Further south and south-west (Voronyezh, Saratov, Kazan,
Magnitogorsk, to the Urals) there is group of provenances (nos.

|Yekatyerinburg
[Tavda
|65°18' E

58°04' N

Fig. 7. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in ¢able 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between —0.15 and +0.15 are within the radius of the black dot.
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Pyenza
Nikol'sk
46°00' E

53°50'N

Fig. 9. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to one
provenance. The triangle indicates the place of its origin. Black dots indicate locations where the given
provenance was tested. For details on locations find number in figure 2 and data in table 2. The lines
above and below the dots indicate deviations from the location mean in units of standard deviation.
Values between —0.15 and +0.15 are within the radius of the black dot.

Novosibirsk
Suzun
82°20'E

53°50' N

Fig. 10. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard devia-
tion. Values between —0.15 and +0.15 are within the radius of the black dot.

54, 55, 56, 57, 59, 64, 65, 66a, 67, 69, 70, 71, 73) which are not
growing too well in the West, nor in the South, but are quite
satisfactory in their own region and are transferable both
northwards and eastwards, all the way to lake Baikal. Typical
for that region is provenance no. 57, Nikol’sk, Pyenza (Fig. 9).

G. Central Trans-Urals region

East of the Urals there is a group of provenances (nos. 76,
78, 79, 82, 84, 86, 89, 90, 92, 98, 99, 100, 105) extending from
Yekatyerinburg, through Omsk and Novosibirsk to the Altai
and Sayan Mts. and upper Yenitsyei River on the Mongolian
border. In some respects it is comparable to the Northern
Russian region in that it is a narrow belt parallel to it, with
gradually lower latitudes as one moves eastwards, and in that
fairly wide East-West transfers within the region are possible,

however behaviour of provenances from that region is much
less predictable. These provenances can be represented by no.
86 Suzun, Novosibirsk (Fig. 10).

Two provenances within the Central Trans-Urals region, nos.
85 and 87, both from Novosibirsk province, are somewhat
different in that they sustain westward but not eastward.
transfers.

H. Southern fringe region

Near the southern limit of the range there are some
provenances (nos. 60, 62, 83, 113, 119, 123, 124, 125, 126)
which have quite acceptable height growth near their origin
but are not transferable northwards nor to any distance longi-
tudinally. Typical for this group is provenance no. 125, Dolon,
Semipalatinsk (Fig. 11).
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Syemipalatinsk
Dolon, Mostik
80°33'E

50°40' N

Fig. 11. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard devia-
tion. Values between —0.15 and +0.15 are within the radius of the black dot.

106, [irkutsk
Ust'-Kut
56°50' N [105°45'E

Fig. 12. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard devia-
tion. Values between —0.15 and +0.15 are within the radius of the black dot.

1. Eastern Siberian region

Finally a word is needed about the Far Eastern provenances
(nos. 106, 107, 108, 109, 111, 112, 114, 120, 122). They have not
been very well represented in the experiment being planted on
only few locations. Quite often they have not been tested
locally. The performance of these provenances is as a rule not
very satisfactory on most sites where they have been tested.
This can be illustrated by nos. 106, Ust’-Kut, Irkutsk (Fig. 12)
and 122, Ayan, Khabarovsk (Fig. 13).

Odd populations

There are a few, surprisingly few, provenances which in
terms of adaptation to various conditions cannot be easily
classed as belonging to any of the above defined regions or as
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being intermediate between them (as discussed above for nos.
18, 85, 87, 104, 118), because their height growth performance
is very unlike that of neighbouring provenances.

On the eastern extremity of the Middle Volga region, in
southern Ural Mts., there are two provenances, nos. 71a and
72, both from Bashkortostan, which are different in that they
are decidedly of poor growth on almost all sites where tested.

One provenance from the Northern Russia region, no. 103,
Yenisyeisk, Krasnoyarsk, or rather from its southern fringe,
has a different pattern of behaviour — also not falling within
the Central Trans-Urals region with which the Northern
Russia region borders. If anything the provenance is compar-
able to the much more eastern provenances of the Eastern
Siberian region in that it has very poor growth on all sites.



Khabarovsk
Ayan
138°00' E

Fig. 13. — Sample pictograms of provenance x location interaction in tree height. Each figure refers to
one provenance. The triangle indicates the place of its origin. Black dots indicate locations where the
given provenance was tested. For details on locations find number in figure 2 and data in table 2. The
lines above and below the dots indicate deviations from the location mean in units of standard devia-
tion. Values between —0.15 and +0.15 are within the radius of the black dot.

Finally a word is needed about provenance no. 116, Mogocha,
Chita. Geographically it could be classed as belonging to the
Eastern Siberian region or to the Southern Fringe populations,
yet it is very different from both. It is the only provenance that
does not correlate with the mean results for locations (Table 4).
This provenance included in only 6 trials grows relatively very
well on 4 locations, in the east and north-east, but very poorly
at the two European locations.

Discussion

Overall it appears that European populations are superior in
height growth to Siberian ones. Thus if anyone was expecting
some undiscovered riches in the Scots pine gene pool in the
East, this study clearly shows that they do not exist, at least
not for transfer and use in the western part of the former
USSR.

Since most of the planting sites are located in the European
part of the area under study (Fig. 2) the average value over all
locations plotted in fig. 3 is likely to reflect performance in
Europe rather than over the whole area. However it emerges
from the studied genotype environment interactions, that the
eastern populations are of some value locally. Westward
transfers however are generally not to be recommended except
perhaps within the taiga region of northern Russia.

The growth inferiority of the eastern and far northern
populations was already reported for older trials near Moscow
(PravDIN and BAKUROV, 1968) and near Voronyezh (VYERYESIN
and SHUTYAEV, 1978; SHUTYAEV and VYERYESIN, 1990) and this
was confirmed also for a second generation trial based on seed
collections in this older experiment near Voronyezh (SHUTYAEV,
1983). However very few eastern populations were included in
earlier studies. In OGIYEVSKIf's 1910 to 1916 series (GIERTYCH
and OLEKSYN, 1981) there were two provenances from regions
east of the Urals, from what were then enormous Syemi-
palatinsk and Akmolinsk provinces. The former population
perished and the latter survived on one site only, in Ukraine
(near Sumy), where its height performance was much below
average. On the rediscovered experimental plot in Poland of

that series (under Russia in 1912 when outplanted) the two
Siberian provenances (seeds from Tobolsk and Yenisyesk) are
both well below average in volume production (OLEKSYN and
GIERTYCH, 1984). In the USA Christmas tree study of 1951 that
included several Scots pine provenances from Siberia it was
found (RUBY and WRIGHT, 1976) that a race called “NE-Siberia”
(from Yakutsya) grows very slowly, similarly as those from
northern Sweden and Finland, var. mongolica from the Lake
Baikal and river Angara watersheds is also very slow growing,
a race called “Krasnoyarsk” from the upper Yenisyei and Ob
river watersheds is generally slower growing than the general
average for the USA study while var. altaica (from the Altai
Mts.) and var. uralensis from the southern Urals have tree
heights comparable to the experiment average in USA. A
study established in Hungary in the years 1978/1979 (MATYAS,
1987) has shown that at age 11 provenances from the region of
Lake Baikal and Angara river had well below average tree
heights. Those from the Sayan Mts. were taller and those from
the Altai Mts. taller still but all were below average for the
whole experiment. In a Czech study, near Pilsen, where small
seed lots from the PROKHAZIN collection discussed in the
present paper were used for planting in Sofronka Arboretum, it
was found (KANAK, 1980) that the best growing provenances
came from the central zone of western USSR, in agreement
with the present data, from the steppes at the feet of the
southern Urals and from outlier populations at the feet of the
Altai Mts., the information for the latter two zones not being
confirmed now. However these two zones are also mentioned as
being best from among the Siberian populations when grown
near Moscow (NARYSHKIN et al., 1983), and the Altai popula-
tions also when grown near Minusinsk in the Sayan Mts.
(CHYERYEPNIN, 1977). In the latter study only these Altai
provenances were substantially superior in 14-year tree height
to local ones. All other Siberian and most European (except
Voronyezh) populations were much slower growing. In other
trials in the same region and further north near Krasnoyarsk
there was a tree height superiority of populations from the
upper Ob river and to a lesser extent from the region where
Yenisyei and Angara join, from Tomsk and from central Urals,
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while numerous other Siberian provenances tested were much
inferior to the local one (European populations were not includ-
ed in these trials) (IROSHNIKOV, 1977). A report from the vicinity
of Novosibirsk, on river Ob, claims superiority for the local
population and for European ones but not for other Siberian
ones (DYEMIDYENKO et al., 1984). Further east on the Amur
river near Khabarovsk 30 Far Eastern provenances were
tested. When measured at age 28 local ones were superior in
all growth traits. These were followed by Chita and Buryat
(east of Lake Baikal). In another plot near by, where prove-
nances from Irkutsk and from Samara were included, the
latter two were superior (TAGIL'TSEFA, 1986).

To summarise, the data available so far indicates that
populations from regions east of the Urals are inferior in
growth to European ones, but they are differentiated and
sometimes other than local populations were recommended.
However these recommendations are not confirmed by the
present study. Those mentioned above as potentially better
from among the Siberian ones are decidedly poor growing in
the present series of trials. We are referring here to the popula-
tions from the feet of the Altai and Sayan Mts. and upper
Irtysh and Ob rivers (nos. 125, 90, 92 and 98) and from the
region downstream from where Yenisyei and Angara meet (nos.
93, 102, 103). On the other hand the superiority of populations
from central Urals (nos. 73, 76) is confirmed at least in relative
terms to other eastern populations.

The Caucasian populations in all known studies are
consistently poor growing, also here (no. 126).

Throughout the range there is a consistent latitudinal varia-
tion in growth performance of Scots pine populations indicating
that both northern and southern origins are inferior in growth
performance, except locally, to those from more central
latitudes. This was already apparent from an analysis of the
1910 to 1916 study of OGIYEVSKIi (GIERTYCH and OLEKSYN, 1981)
where the populations from the taiga (northern) and from the
forest steppe (southern) were inferior to those from the zone of
mixed forest. This result was for European Russia only, but the
general pattern seems to be extendible all the way to the Far
East. In this case one cannot argue that the result is a
consequence of over representation of planting sites in the
central zone because in fact the distribution of these sites
covers northern and southern regions rather well (Fig. 2) and if
anything it is the central zone that has fewer sites.

Within the western populations obviously those from
Bielorussia and central Ukraine are superior in growth
performance (Figs. 3 and 6). This confirms many earlier
evaluations (reviewed and summarised in GIERTYCH and
OLEKSYN, 1981). The zone with valuable populations extends
further south than was indicated by the earlier results, to Kiev,
Kharkov and eastwards to the whole area between rivers
Volga, Oka and Don (Voronyezh, Tambov, Nizhny Novogorod,
Penza, Volgograd nos. 54, 55, 56, 57, 64, 65 - Figs. 3 and 9).

Among good performers within a well defined latitudinal
region one has to include populations from the St. Pyetyers-
burg region and eastwards to Vologda and Kostroma.

It is interesting that for so much of the data clear and logical
geographicity was obtained. This concerns both the b and V4
coefficients (Table 4), the average performance of provenances
(Fig. 3) and the performance of individual provenances over
several sites (Figs. 4 to 13). The geographicity of growth results
from wide range provenance trials is worth remembering when
trying to interpret the usually haphazard data on genetic
variation obtained from molecular studies (isozymes, terpenes,
DNA). It is obvious that growth data bears a relation to migra-
tion history and adaptation processes, whereas by molecular
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genetics most of the time we seem to be investigating the
scatter of mutations that are neutral from the point of view of
adaptation.
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Age Trends in Douglas-fir Genetic Parameters and
Implications for Optimum Selection Age
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Abstract

Trends in genetic variation were examined over 51 progeny
test sites throughout western Oregon. Narrow sense heritabili-
ties for height and diameter showed an increasing trend to age
25, the oldest age examined. Before age 10, height heritabilities
were relatively unstable. Type B site-site genetic correlations
increased slowly with age for height and remained relatively
stable for diameter. Age-age correlations were used to develop
an equation to predict age-age correlations by using the log of
the age ratios (LAR). Optimum selection age was calculated for
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a 60-year rotation by using two measures of efficiency: gain per
year and discounted gain. The optimum selection age for height
tended to be 2 to 3 years earlier than for diameter. Gain per
year was maximized at age 10 for height and age 13 for
diameter.

Key words: heritability, age-age correlations, Type B genetic correlation,
gain efficiency, Pseudotsuga menziesii (MIRB.) FRANCO.

FDC: 165.3; 165.6; 181.65; 181.79; 232.19; 174.7 Pseudotsuga menziesii;
(795).
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