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Thrce Pinus sylves11-is L. provcnancc trials in Lithuania belonging to  thc So cal lcd Prokazin ser ies  of  trials without 
rcplications wcrc asscsscd at agcs 19-23 with rcspcct to thrcc growth traits and four quality traits. Thcrc wcrc largc among- 
population differences in all trials. Since they wcrc unreplicatcd any significant diffcrencc could not bc proven. ANOVAs wcrc rurl 
bascd on thc trials as rcplications, in pairs and in combination of three, and aftcr grouping of populations into 14 and 6 regions, 
rcspcctively. For trcc height, pooling of  populations into six rcgions in somc cases resulted in significant differences among 
rcgions. The effects on diffcrences wcrc illustrated as deviations from the trial mcans in units of the standard dcviation. Whcn thc 
ranking of  the populations differs among trials as in our  case such a pooling leads inevitably to considcrablc reduction of  thc 
cstirnated diffcrcnccs. Howcvcr, pooling is a necessary sacrifice to be ablc to provc any significant diffcrcnccs. To bc of usc, 
unreplicatcd trials in onc experimental scrics must have homogcncous conditions both within thc trial and among thc trials. In 
futurc thc main use of thc Lithuanian trials may bc as gcnc rcsourccs, in which various types of crosses can bc carricd 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 efi"ects 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 is 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 ofplant yields may give an overestimate ofplor-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- Table 1. Geographic data of the studied populations and the 

merit. The crucial point is that we have no way pooling of populations into 6 and 14 geographical regions, 
respectively 

ing whether the within-plot variation is the same as 
between-plot variation and therefore we cannot use 
within-plot replications to compare tredtmeltts 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 m,-y 
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 cnified for the territory of the former Soviet 
Union. Dr. E. Barniikis had the local respocsibility 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 210 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 Plunge 
with only 3 trees constituted one extreme. The other ex- 
treme was population 69 at Plunge 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 
(Jiire, Plunge 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 
a!l 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 2. Assessed and calculated traits included in the analyses 

6 regions 

6 
6 
6 
1 
1 
1 
I 
2 
2 
2 
4 
4 
3 
3 
3 
2 

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

47 Kostroma, Russia 
66 Tanary, Russia 
69 Baskiria, Russia 

14 regions 

1 
2 
2 
3 
4 
5 
5 
7 
7 
7 

10 
10 
11 
11 
11 
12 

Traits 

Breast hcight diameter, D 
Tree height, H 
Stcrn volume, V 
Height to dead branch 
Hcight to first grccn branch, K 
Stcm straightncss 

Trcc status 

Branch angle 

Only superior trees (cf. Table 2, tree status=l) 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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Population 

16 Karclia, Russia 
19 S.-Pctcrsburg, Russia 
21 Pskov, Russia 
24 Elvassk, Estonia 
25 Jaunjelgava. Latvia 
20 Matcikiai, Lithuania 
26 Prienai, Lithuania 
27 Mogiliov, Byclomssia 
30 Gardin, Byclomssia 
33 Rovno, Byelorussia 
42 Kalinin, Russia 
43 Mosuw, Russia 
41 Smolcnsk, Russia 
49 Kaluga, Russia 
50 Ryazan, Russia 
29 Gomel, Byclorussia 

Evaluation unit 

cm 
m 

dm3 
cm 
m 

DOintS 
I - vcry crooked, 
2 - modcratc, 
3- straight. 

& 
I -vital, 
2 - injured, 
3 - supprcsscd, 
4 - dcad. 

DOinIS 
1 - vcry acute, 
2 - moderate, 
3 - right. 

Comments 

Visually cvaluatcd 
straightness 

Visually cvaluatcd trcc 
status 

Branch angle evaluatcd 
visually at the 5-th whorl 

abovc ground 

N. lat. 

61°50' 
60°00' 
5743' 
5X010' 
56'42' 
57'15' 
54"38' 
53'18' 
53"25' 
5l030' 
57"45' 
55-40' 
54"00' 
54"25' 
54"40' 
52"lrl' 

E. long. 

307.8' 
307.5' 
30031' 
26"28' 
25'10' 
22"40' 
23"58' 
2X040' 
25"15' 
2P40' 
36"40' 
3710' 
33"W 
36"16' 
39'45' 
3Ia43' 
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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 -410 . (2) 

where: x,  - population mean value of a certain trait, - 
overall mean of the same trait, s - standard deviation of 
this trait. 

When pooling of trials andlor populations had 
taken place, the mean values of the pooled entries were 
calculated. The full statistical model was used: 

(3) 

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 popitlations into regions 

where: ,u - overall mean, t, - trial effect, rl - regional effect, 
Pooling of the populations into 14 regions did not 

p,,,, - effect of population within region, [t*r],] - effect of 
increase the number of significant differences for growth 

trial x region interaction, [t*p],,,,, - effect of trial x popu- 
traits. Not until podling into six regions was carried out. 

lation within region interaction, ell, - error term. 
were significancies obtained in several cases for tree 

Reduced models were used when pooling was less 
height, while for DBH and stem volume significance was 

comprehensive. 
obtained in one case only; stem volume after pooling 

SAS procedure GLM was used in calculations (SAS 
Jiire and Venta data. It may also be seen from Table 3 

1988). 
that individual analysis of data from each trial resulted 
in fewer significances than when data from two trials Results and discussion 
were pooled. Noteworthy is that inclusion of data from 

Trials used as replications wi!hout pooling of Plunge in most cases resulted in non-significant differ- 

poprrlations into regions ences. This is somewhat surprising since the growth at 
Plunge was intermediate to that in the other two trials (cf. 

When studying individual populations with each trial Figure 1 b). As seen from Table 4, the absence of sig- 
used as a replication, there was only one significant dif- nificant population differences must be attributed to the 
ference for growth traits, as seen from Table 3. A possible 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 difrerences at 5% level and at 1% level, respectively. Empty cell means non-significant difference. 

volume 

Trec height 

Diameter 

Height to 
dead branch 

Height to 
g r n n  
branch 
Branch 
angle 
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A Stem volume, dm3 
7 

Popul htion 

B Stern volume, dm3 
1 i 

Population 

C Stem volume, dm3 

Population 

Fig. 1. Stem volume * standard error, expressed in dm3, for 
individual populations in three field trials of Pinus sylvestris 
in Lithuania 

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

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

A Venta 
o, standard deviauon 
2.5 

2 0  1 I 0=26511m' 

IU Population 

J + P + V  

t * 
I**  
* 
* t  

* * *  
t * 

B 
0, standard deviauon 

PlungC 

Traits 

Stem volumc 
Tree height 
Diameter 
Height to dead branch 
Hcight to green branch 
Branch angle 
Stem straightness 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Population 

J + V  

i * 

* * * 
I 

J + P  

t * 
* *i li 
t 

* * * 
* 

C JiirC 
a, standard deviation 

P + V  

* * 
* * *  
t f  

* t *  

* 

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 o f  the am- 
plitude to  slightly above 2 units (Figure 3) .  Still lower 
amplitudes were obtained for the pooling into six regions 
o f  individual trials, JBre and Venta (Figures 4a-b, cor- 
responding to columns 1 1 and 13 in Table 3). Finally, the 
smallest amplitude was obtained for column 15, six re- 
gions and pooling o f  the data  from Jiire and Venta, with 
an amplitude o f  1.2 units (Figure 5). To obtain significant 
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a, standard deviation Jiiri! + Vents 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Population 

Fig. 3. Stem volume, expressed in standard deviation, for 
individual populations based on pooled data from two field 
trials of Pinus sylvestris in  Lithuania 

A Venta 
0,  standard dev~at lon 
2.5 

. . . . . . . . . . . . .  

B Jiire 
0. standard devlatlon 

2.5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fig. 4. Stem volume, expressed in standard deviation, for 6 
geographical regions in two field trials of Pinus sylvestris in 
Lithuania 

0, standard dcvlat~on Jar6 + Vents 
2 ' 1  

. . . . . .  

Region 

Fig. 5. Stem volume, expressed in standard deviation, for 6 
geographical regions based on pooled data from two trials of 
Pinzts 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 re,' O I O ~ S  was 
noted for height to dead branch. The possible 
explanation for these observations is that this trait is 
more specific for each population and poolin, 0 ~ncreases ' 

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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AHAJIkI3 EE3 IIOBTOPHOCTE~~ 3AJIOKEHHbIX rEOTPA@kIYECKkIX KYJIbTYP 
COCHbI O E ~ I K H O B E H H O ~ ~  (PINUS SYLVESTRZS L.). 

B JIHTB~, B T p e x  paiiotrax B 1975 r. 3 a n o ~ e ~ n o  reorpa@usec~ae ~ y n ~ ~ y p b r  C O C F I ~ I  O ~ L I K H O B ~ H H O ~ ~  ( P ~ ~ L I s  sylvestris L.), 
I T p M H W e X a L U M e  K TBK ~ a 3 b l ~ a e ~ 0 f i  CepMM KYJILTYP ~ P O K ~ ~ M H ~ .  Bcero M C n O J I b 3 0 B a t I H O  44 n O n y J l R U U M .  B KaXJJOM paf io~e 
32iJIOXeHLI KYJIbTYpbI M3 3TMX X e  CaMLlX nOnYJIRUMM 6 e 3  FIOBTOPHLIX BapMaHTOB.  KYJILTYPLI M3Yq2iJIMCb B B03p;ICTC 19-23 J l e T  

M O U e H e H L l  no T P ~ M  n p M 3 H a K a M  P O C T a  U q e ~ b l p & h l  n p M 3 H a K a M  K a Y e C T B a .  6 ~ m u  yCTaHOBJIeHL1 CTaTMCTMYeCKMe h t e X -  

IIOnyJlRUMOHMb1e pa3JIMqMR BO BCeX K Y J I b T p a X .  B CBR3M C T e h l ,  q T O  KYJIbTYPLI ~ L I J I M  32iJ IOXeHHbl  B 0nHOh.I O n b l T e  6 e 3  

I I O B T O ~ I I O C T ~ ~ ~ ,  HblKaKMX CTaTMCTI.lqeCKM JIOCTOBepHblX p a l l l ~ q ~ f i  n O K a 3 a T b  Heyn2iJIOCL. ANOVA aki;mM3LI ~ L L ~ U  OCHOBaHbl  II'd 

n B y X  lIpMHL&4naX: K a K  IIOBTOPHOCTM KYJIbTYPLl 6 b l n M  B3RTb1 M3 nBYX ~ ~ A O H O B  M BCeX T p e X  p a f i 0 1 1 0 ~  B M e C T e ,  a T a K X e  

n ? O M 3 B e n e H a  I p Y l n M p O B K a  IlOnyJlRUMM 14 14 6 p e m O H O B .  ~ ~ ~ I I H ~ O B K ~  n 0 n y l r R U M M  B LLIeCTPl p e D 1 0 H a X  B HeKOTOpblX C J l y a R X  

n O K a 3 W l M  CTaTMCTMqeCKM X O C T O B e p H b l e  pa3JIMqMR hleXJy p e M O H a M M  no BLICOTe n e p e B L e B .  ~ @ @ K T ~ I  B p2l3JlMqMRX ~ L I I I U  

n O K a 3 a H L l  K a K  O T K n O H e H M e  O T  C p e D H e r O  n O K a 3 a T e J l R  no e n M H M U a M  C T a H X a p T H O r O  OTKJlOtIeHMR. Korna p a l I r M  n O l l y n R U M M  

OTJIMq2iJIlICL O T  C p e A H C r O  c ~ o I ~ ~ @ P I ~ ~ c K M x  KYJIbT)'p, KBK B HaLUeM CJIYqae ,  T a K M  rp)7IlIMpOBKa nOnyJIRUMM H ~ M ~ ~ ~ X H O  B ~ A ~ T  K 

~ y U I e ~ ~ ~ e t l t 1 0 ~  peAyKUMM OUekIeHHbIX p a 3 J l M ~ M i i .  Bc&-TBKU I p Y n n A p O B K a  nOnYJlRUMM e C T L  0 6 ~ 3 R ~ C T b ~ o e  n O X e p T B O B a H M e  

OTflCTLHblX I I o I I ~ J I R u M ~  AJlX JIOKKa3aTeJIbCTBa CTaTUCTMYeCKPIX p a 3 J I ~ z l M f i .  MCnOJlb3OBaHMR 6 e 3  ~ O B T O ~ H O C T ~ ~ ~  B 0nHOh.f 

O n L l T e  3 W l O X e H H L l X  KYJlLTYp, OHM A O n X H b l  MMeTL r O M O r e H H L l e  YCnOBWI K a K  B H W M  KYJILT)'p, TBK bf MeXJJY HMMM. B 6ynyule~ 
T a K M e  r e o r p a @ M q e c ~ M e  KYJILTYPLI M O r Y T  ~ L I T L  MCIIOJlL30BaHLI  KBK T e H e T M q e C K I 4 e  P e C Y p C L I  AJIR p a 3 J I M Y H L l X  T M n O B  

p'd3MHOXeHWI. 

1998, VOL. 4, NO. 2 ISSN 1392-1355 = 


