BALTIC FORESTRY

I ANALYSIS OF UNREPLICATED SCOTS PINE /.../ PROVENANCE TRIALS NN R. ABRAITIS, G. ERIKSSON

Analysis of unreplicated Scots pine (Pinus sylvestris L.)

provenance trials

ROKAS ABRAITIS

Lithuanian Forest Research Institute,
Girionys, LT-4312 Kauno raj., Lithuania,
GOSTA ERIKSSON

Swedish University of Agricultural Sciences,
Box 7027, §-75007 Uppsala, Sweden.

Abraitis R., Eriksson G. 1998. Analysis of unreplicated Scots pine (Pinus sylvestris L.) provenance trials. Baltic

Forestry, 2: 63-68.

Three Pinus sylvestris L. provenance trials in Lithuania belonging to the So called Prokazin series of trials without
replications were assessed at ages 19-23 with respect to three growth traits and four quality traits. There were large among-
population differences in all trials. Since they were unreplicated any significant difference could not be proven. ANOVAs were run
based on the trials as rcplications, in pairs and in combination of three, and after grouping of populations into 14 and 6 regions,
respectively. For tree height, pooling of populations into six regions in some cases resulted in significant differcnces among
regions. The effects on diffcrences were illustrated as deviations from the trial means in units of the standard deviation. When the
ranking of the populations differs among trials as in our casc such a pooling leads inevitably to considerable reduction of the
cstimated differcnces. However, pooling is a neccessary sacrifice to be able to prove any significant differences. To be of usc,
unreplicated trials in onc cxperimental scries must have homogencous conditions both within the trial and among the trials. In
future the main use of the Lithuanian trials may be as genc resources, in which various types of crosses can be carried out.
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Introduction

The original intention of the establishment of pro-
venance trials was in most cases to investigate whether
seed transfer would result in a higher production than
the local seed sources. Provenance trials have also been
used for delineation of breeding zones and to get a
better understanding of the evolution of the species
under study. In recent years they have been used to ob-
tain estimates of the effects of a climatic change. The
country-wide series of provenance trials of Pinus syl-
vestris in Sweden established by Vilhelms Eiche during
the fifties has served all four purposes (Eiche 1966, Ray-
mond and Lindgren 1986, Eriksson et al. 1980, Persson
and Beuker 1997, respectively).

The so-called Prokazin series of provenance trials
established during the mid seventies and distributed
over a large part of the European part of former Soviet
Union could serve the same purposes for that part of
Europe. This series, although, has a serious drawback
since it consists of unreplicated trials with the trees of
each population growing in one large block in each trial.
Assessments have been made in three Lithuanian field
trials belonging to this series of trials. The data as re-
gards stem volume in each of the trials are given in

Figures. la-c. There is a considerable variation between
the poorest and best population in each of the three
trials. We assume that there 1s a considerable variation
among populations but this cannot be proven for any of
the trials individually since there are no replications. To
clarify our position, we do not believe that the conspic-
uous differences should be attributed to random events
alone. To verify if the observations are real or owing to
random events, two approaches may be used. The first
is to regard each trial as one out of three replications.
Another possibility is to pool populations into regions
as was done by Abraitis and Eriksson (1996) for one of
the Lithuanian trials.

When the plots are as large as they are for some
populations in the Prokazin series of experiments it
would be tempting to utilize random subplots within an
unreplicated large plot to obtain replications of each po-
pulation in each trial. Mead and Curnow (1987) treated
this in their book on Statistical Methods in Agriculture
and Experimental Biology. We prefer to quote the follow-
ing from page 288 of this book to exemplify why such an
approach is not statistically sound. “Within-plot varia-
tion of plant yields may give an overestimate of plot-to-
plot variation, because of interplant competition, or it
may give an underestimate of plot-to-plot variation,
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because of a very homogeneous within-plot environ-
ment. The crucial point is that we have no way of tell-
ing whether the within-plot variation is the same as
between-plot variation and therefore we cannot use
within-plot replications to compare tredtments applied
to different plots”. In our case population is equal to
treatment in their text.

As far as we know there are many unreplicated
forest genetics trials in the former Soviet Union. There-
fore, it might be of interest to find the means to make
statistical calculations in such experiments. The purpose
of our paper is to demonstrate the means for analysing
unreplicated trials and to illustrate the effects it mey
have on the proven differences. The purpose is not to
advise on best seed sources for cultivation in Lithuania.

Material and methods

The provenance test plantations concerned were
established in 1975 following the instructions by E.
Prokazin and unified for the territory of the former Soviet
Union. Dr. E. Barni$kis had the local responsibility for
the establishment of the 3 Lithuanian trials. 1+0 year old
seedlings were used with spacing of 1.5x1.5 metres,
planting 4.400 seedlings per ha. In 1976, the dead seedl-
ings were substituted by 2+0 year old plants. Multitree
plot design without replications within the trial was used
since all three trials were regarded as replications of one
big experiment. The number of trees per plot in our
analyses varied considerably. Population 20 at Plungé
with only 3 trees constituted one extreme. The other ex-
treme was population 69 at Plungé with 129 trees. Since
the seed lots for establishment of these trials were har-
vested in just one stand each, we prefer to refer to po-
pulations rather than provenances in the text.

Only populations occurring in all three field trials
(Jaré, Plungé and Venta) were analysed in this study. In
Table 1 geographic data of the populations are given to-
gether with the pooling of populations into 6 and 14 re-
gions. Pooling of trials was done in pairs or comprising
all three trials included in this investigation to see if any
trial deviated from the others. The pooling of popula-
tions was mainly based on their geographic origins
which means that not too large differentiation should be
expected among neighbouring populations of a wind-
pollinated species like Pinus sylvestris (Eriksson 1998).

The field assessments have been made in 1993-
1997. The traits evaluated are presented in Table 2. Stem
volume was computed according to Brandel (1990):

Table 1. Geographic data of the studied populations and the
pooling of populations into 6 and 14 geographical regions,
respectively

6 regions 14 regions Population N. lat. E. long.
6 1 16 Karclia, Russia 61°50° 30728
6 2 19 S.-Pctersburg, Russia 60°00" 30°25°
6 2 21 Pskov, Russia 57°43 30°31
1 3 24 Elvassk, Estonia 58°10° 26°28
1 4 25 Jaunjelgava, Latvia 56°42’ 25°10
1 5 20 Mazcikiai, Lithuania 57°18° 22°40
1 5 26 Prienai, Lithuania 54°38’ 23°58’
2 7 27 Mogiliov, Byclorussia 53°18° 28°40°
2 7 30 Gardin, Byclorussia 5328’ 25°15°
2 7 33 Rovno, Byelorussia 51°30° 27°40°
4 10 42 Kalinin, Russia 57°45° 36°40°
4 10 43 Moscow, Russia 55°40° 37710
3 11 41 Smolensk, Russia 54°00° 33°00’
3 11 49 Kaluga, Russia 54°25° 36°16°
3 11 50 Ryazan, Russia 54°40° 39°45
2 12 29 Gomel, Byclorussia 52°14° 31°43
3 13 52 Orlov, Russia 52°507 36°00
4 14 45 Gorkiy, Russia 56°40” 4328’
4 14 47 Kostroma, Russia 58°00° 40°50°
5 16 66 Tartary, Russia 55°40° 5126’
5 17 69 Baskiria, Russia 55°30° 54°40°
5 18 83 Orienburg, Russia 52°47 SU1S

Table 2. Assessed and calculated traits included in the analyses

Traits Evaluation unit Comments
Breast height diameter, D cm

Tree height, H m

Stem volume, V dm?

Height to dead branch cm

Height to first green branch, K m

Stem straightness Visually cvaluated

1 - very crooked,

2 - moderatc,

3- straight.

1 - vital,

2 - injured,

3 - suppressed,

4 - dead.
points

1 - very acute,

2 - moderate,

3 - right.

straightness

Tree status Visually cvaluated tree

status

Branch angle Branch angle evaluatcd
visually at the 5-th whorl

above ground

V=0.17144-D! &7)0«_(D+ 20_0)0,01317‘1 I ‘)‘)(wil.(H_ 1 _3)-1.0207().
KU,UZXXZ (l)

where: D, H, K - are explained in Table 2.

Only superior trees (cf. Table 2, tree status=1) were
included into analyses. To illustrate the effects on differ-
ences it was necessary to standardize data to avoid scale
effects owing to the large growth differences among the
trials. This was done by using logarithmically transform-
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ed data and expressing the population deviation from the
trial means in units of the standard deviation according
to the formula:

(xi—i)/d ) @
where: X, - population mean value of a certain trait, X -
overall mean of the same trait, s - standard deviation of
this trait.

When pooling of trials and/or populations had

taken place, the mean values of the pooled entries were
calculated. The full statistical model was used:

¥ SpEttrtp .. -'lt*rl;‘ Ht*pl te,, (3)

where: p - overall mean, t - trial effect, r - regional effect,
P~ effect of population within region, [t*r] - effect of
trial x region interaction, [t*p]u(k) - effect of trial x popu-
lation within region interaction, e,, - error term.

Reduced models were used when pooling was less
comprehensive.

SAS procedure GLM was used in calculations (SAS
1988).

Results and discussion

Trials used as replications without pooling of
populations into regions

When studying individual populations with each trial
used as a replication, there was only one significant dif-
ference for growth traits, as seen from Table 3. A possible

reason for this is the many changes in rank between the
three trials as is illustrated in Figures. la-c.

Among the quality traits, the height to the first
green branch showed significance in three cases. It
should be noted that there was a considerable variation
among populations also for the quality traits.

For the three trials included in our study it must be
concluded that using them as replications was mostly
not sufficient to reveal significant differences with one
exception, height to first green branch.

Pooling of populations into regions

Pooling of the populations into 14 regions did not
increase the number of significant differences for growth
traits. Not until poc;ling into six regions was carried out,
were significancies obtained in several cases for tree
height, while for DBH and stem volume significance was
obtained in one case only; stem volume after pooling
Jiré and Venta data. It may also be seen from Table 3
that individual analysis of data from each trial resulted
in fewer significances than when data from two trials
were pooled. Noteworthy is that inclusion of data from
Plungé in most cases resulted in non-significant differ-
ences. This is somewhat surprising since the growth at
Plungé was intermediate to that in the other two trials (cf.
Figure 1b). As seen from Table 4, the absence of sig-
nificant population differences must be attributed to the
significant region x trial interaction.

Table 3. Significant differences among populations and geographical regions for three growth and four quality traits based on
ANOVA, in which trials were used as replications with and without pooling of populations into 6 and 14 regions. * and **
show significance of differences at 5% level and at 1% level, respectively. Empty cell means non-significant difference.

T
1 Individual populations |

14 regions l 6 regions

[ Individual Pool
trials |
) | 4P | ;v P+V

’ Pool. | Pool 1 Pool. | Pool
| Traits

| jep+v | gep

Pool | Pool.

J+V | P+V [J‘l’-\' J P

Pool [ [ Pool. | Pool. | Pool. | Pool.
|

V| 1P [V [P-\.' | +psv_ |

] no regional pooling pooling into 14 regions

pooling into 6 regions ‘

[
1

[

| 3 4 5 6 7

8 9 10 11 12 |

|
Stem
volume Not testable
Tree height
Diameter

Height to
dead branch *¥ ¥

Height to
green BTN I * * ok
branch
Branch
| angle

Stem

straightness

13 ] 14 15 16 | 17
T I

*ok
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Fig. 1. Stem volume + standard error, expressed in dm?®, for
individual populations in three field trials of Pinus sylvestris
in Lithuania

Since stem volume is one of the economically most
important traits, we shall use this trait to graphically
illustrate the effects of pooling data in different ways.
The standardized values of the individual trials indicate
that the distribution of values is rather similar in the
three trials in spite of the large growth differences among
them (Figures. 2a-c). This means that the standardization
was successful by eliminating the scale effects. The am-
plitude of the standard deviation approaches 4 units in
Jaré and Venta and exceeds this value in the Plungg trial.
A pooling of the standard deviation units for the Juré

-1.0
1.5
-2.0
-2.5

0.5 ‘ ‘ ]6 w 30 16 25 43 26 20 52 41 23 42 21 33
b W ELEEEEES

Table 4. Significant region x trial interaction for three growth and
four quality traits based on ANOVA, studying trials as replications,
pairwise (Jaré + Plunge, Jaré + Venta, Plungé + Venta) and in
combination of three (Jiiré + Plungé + Venta). *, **, and *** show
significance of interactions at 5%, 1% and 0.1% level, respectively.
Empty cell means non-significant interaction.

Traits J+P J+V | P+V| J+P+V
Stem volumc ¥ ** **
Treeheight * * %k * % * * % * Xk
Diameter * *x *
Height to dead branch *ax *x
Height to green branch *E¥ xxx *xx
Branch angle * * * **
Stem straightness
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Fig. 2. Stem volume, expressed in standard deviation, for
individual populations in three field trials of Pinus sylvestris
in Lithuania

and Venta trials resulted in a drastic reduction of the am-
plitude to slightly above 2 units (Figure 3). Still lower
amplitudes were obtained for the pooling into six regions
of individual trials, JGré and Venta (Figures 4a-b, cor-
responding to columns 11 and 13 in Table 3). Finally, the
smallest amplitude was obtained for column 15, six re-
gions and pooling of the data from Jiiré and Venta, with
an amplitude of 1.2 units (Figure 5). To obtain significant
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Fig. 3. Stem volume, expressed in standard deviation, for
individual populations based on pooled data from two field
trials of Pinus sylvestris in Lithuania
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Fig. 4. Stem volume, expressed in standard deviation, for 6
geographical regions in two field trials of Pinus sylvestris in
Lithuania
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Fig. 5. Stem volume, expressed in standard deviation, for 6
geographical regions based on pooled data from two trials of
Pinus sylvestris in Lithuania

differences for stem volume, a geographically wide pool-
ing of the data was required. If the ranking of the popu-
lations differs considerably among trials, such a pooling
leads inevitably to a strong reduction of the estimated
differences. However, pooling is a necessary sacrifice to
be able to prove any significant differences.

Among quality traits only stem straightness had a
tendency to increase the number of significant differ-
ences with increased pooling of data (Table 3). Note-
worthy is the opposite trend with disappearance of
significance with increased pooling for height to first
green branch. A similar disappearance of significance
when extending the pooling from 14 to 6 regions was
noted for height to dead branch. The possible
explanation for these observations is that this trait is
more specific for each population and pooling increases
heterogeneity.

General remarks

It might be questioned whether results of the kind
obtained in our investigation are of any use for tree
breeding or expressed in another way: Is it worthwhile to
invest in measurements in a series of trials leading to
such a meagre resolution? The answer depends largely
on the homogeneity within and among trials. If the ho-
mogeneity is good in both these respects investment
would be useful. This is supported by our attempt to
analyse the consequences of having the same ranking
order in all trials. ANOVA was run based on stem volume
in each trial under the assumption of identical ranking in
all trials and using each trial as one replication. This ana-
lysis resulted in a strongly significant difference between
the populations. With huge trials, the environmental he-
terogeneity mostly becomes a problem. We do not know
if the variation in site conditions which we faced in our
study is typical of other trials in the Prokazin series. If
the variation is typical, the series will have limited im-
plications for applied forestry.

Unreplicated trials of the kind studied in this inves-
tigation still have a value since they constitute one type
of gene resource population (cf. Varela and Eriksson
1995) and as such may be useful for tree breeders and
forest geneticists as archives in which various types of
crosses can be carried out.

In conclusion, the value of unreplicated provenance
trials is probably limited since the objective to identify
populations performing well in the tested environment
will rarely if ever be fulfilled. Neither will the objective of
getting better understanding of the previous evolution
of the species be obtained.
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AHAJIN3 BE3 NOBTOPHOCTEHN 3AJTOXEHHBLIX TEOTPAGUYECKHUX KYJIBTYP
COCHEBI OBBIKHOBEHHOM (PINUS SYLVESTRIS L.).

P. Aopaiituc, I. Dpukccon

Pezrome

B Jlutse, B Tpex paifonax B 1975 r. 3amoxeHHo reorpacyecKie KyIsTYpbl COCHBI OObIKHOBeHHO (Pinus sylvestris L.),

MpUHAIeXaue K TaKk HassiBaeMoit cepun KynpTyp [lpoxasuna. Beero ucnons3osanno 44 nonynsuud. B kaxmom pafione
3WIOKEHBI KYJAbTYPHL M3 3THX Xe CaMbIX TOMynsauny 6e3 NOBTOPHBIX BapHaHTOB. KynsTypel usydamick B Bospacre 19-23 met
M OLEHEHB! MO TPEM NPH3HAKaM POCTa M YCTHIPDEM IIPU3HAKAM KayecTBAa. BbUIM YCTaHOBJIEHBI CTATHCTHYECKHE MEX-
IIONYAALIMOHHbBIE PauIH4Mst BO BCEX KY/IbTypax. B CBA3M ¢ TeM, 4TO KyIbTYphl ObLIM 3aTOXEHHB! B ONHOM ombite 6e3
TIOBTOPIIOCTEH, HUKAKHUX CTATUCTUYECKH QOCTOBEPHBIX padtuunit Aokasare Heymanock. ANOVA ananussl GbUTH OCHOBaHbI Ha
IBYX NPHHUMITAX: KaK MOBTOPHOCTH KyAbTYPBHI OBUTH B3ATBI W3 JBYX DaifOHOB M BCeX TpeXx palHOHOB BMeCTe, a TaKxe
MMpOU3BeeHa IPYNUPOBKa nonmy/asuuy 14 u 6 pervonos. ['pynmupoBKa MOMyNALMH B LIECTH PETHOHAX B HEKOTOPBIX CITydyasx
MOKa3alH CTATUCTHYECKHM HOCTOBEPHBIE PasMyMsd MEXIY PErHOHAMM MO BbICOTE AepeBheB. DP(heKThl B pasnuyusx Obuin
MOKa3dHbl K&K OTKJIOHEHWE OT CDEJHEro NOKasaTeNs MO eNHHMLIaM CTaHJApTHOTrO OTKJOHEeHHs. Korpa panrd momymsuud
OTAMYAITHCH OT CPEAHEro reorpaHuecKrX KyTsTYp, KaK B HAlleM Ciydae, TaKad IPYINIHPOBKA MOMYAALUUH HEM30EXHO BERET K
CYIIECTBEHHOH PENyKLMH OLEHEHHBIX Da3nuyuil. BcE-Taku rpynnupoBKa NonyMsuMd ecth OOf3ATENbHOE [OXEPTBOBAHHE
OTAENBHBIX TTOMYyMSILMI U NOKa3aTeNbCTBA CTATHCTHYECKUX pasnuuuil. s ucrons3oBaHHs 6e3 MOBTOPHOCTEH B OZHOM
OMBITE 3AUTOKEHHBIX KYIbTYD, OHH JOMKHB! UMETh TOMOTEHHBIE YCITOBHS KaK BHYTPH KyIbTYp, TaKk M MeXmy HuMu. B Gynyuem
TakHe reorpaguyeckHe KyIbTYPsl MOTyT OBITh HCIIONB30BaHBl KaK FEHETHYECKHE PecypChl JUIS Pa3IMYHBIX THIIOB
PA3MHOXEHHS.

Knwuessie cioa: Pinus \}.'JH’X[I'I"\' L. [TOMYJIALHsA, pOCT AEPEBLEB, IMPHU3HAKH Ka4E€CTBA, aHAIM3 oe3 [TOBTOPHOCTEH
3ANTOKCHHbBIX I'L‘\)l‘[“kl(l)ll‘ltk‘l\’ll\ KYJIBTYP.
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