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To tcst a liypotlicsis llinr mimicking a l i r i i i t i ~ i g  factor at tlic iuvcni lc stagc would iniprovc j u v c n i l c - ~ i i n t ~ ~ r c  ( J - M )  
rclntio~isliips. gctictic corrclntions wcrc calcr~latcd I~ctwccn growtli Irnils o f  36 opcti-pollinatctl fmnilics o f  I'icra crhics nflcr fiost 
dcsiccatioti sinir~lalcd in growth clia~nbcrs and growtli traits of  progc~iics o f  thc samc tiiatcrtinl clones in 2 ficltl trials in soutlicr~i 
Swctlcn. Frost dcsiccation was simulatctl d r ~ r i ~ ~ g  3 wccks at tlic latcr part o f  tlic rcst pcriod citlicr aflcr tlic 1st or llic 2nd growth 
pcriods by cxposing tlic ahovc-ground part of  tlic sccdlings lo lSO/SoC tlayl~iight atid tlic roots to -3°C i t 1  a glycol bath. Tlic light 
ititcnsity was incrcascd during 4 11 in tlic ~ii idtl lc of  tlic day. tlciglit growtli, phctiology, hio~nass traits ant1 frost tlcsiccation tlamagc 
wcrc asscsscd it1 growtli chnmhcrs and Iiciglit arid dinnictcr hcrwccti agc I 0  a~i t l  17 wcrc tiicasurctl in thc ficld trials. Tlic traits with 
low licritabilitics wcrc not incl~tdctl in tlic analysis. Tlic J-M gc~ict ic corrclatiotis wcrc wcak, only 14 o f  266 corrclation 
cocfficicrits bc i~ ig  significant for Ihc lrcatcd tiintcrial. and 5 o f  126 for llic control niotc~rial. Tlic tlntnagc scorcd aftcr o~ i c  o f  thc 
frost dcsiccation trcatmcnts was significantly ~icgativcly corrclatctl witli ficltl liciglits at ngc 10 aritl 14. Possiblc rcasons for thc 
wcak .I-M corrclations wcrc ( I )  diffcrcnt strcngtli o f  sclcc~ivc cffcct o f  tlic siniulatcd nlid natr~ral frost dcsiccatiot~, (2) cffcct o f  
frost dcsiccation may havc bcc~i  rctluccd by tlic cffcct o f  n latc spring frost it1 tlic ficld. Our study s~~ggcsts that frost dcsiccation 
is tiol thc tnaiti factor limiting growlli o f  I'ic,ro crliics sccdli~igs ill soutlicr~i Swcdcti, liowcvcr i t  niiglit linvc soinc cffcct sincc thc 
trcatcd ~iialcrial tcndctl to corrclalc morc strongly t l in~i  llic control ~iiatcrial with tlic ficld traits. 
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Introduction 

Reliable early testing is a valuable tool in shorten- 
ing generation time in the breeding population to im- 
prove genetic gain per time unit. The juvenile-mature 
(.l-M) correlations, especially between the traits from 
tests at the nursery and more mature stages under field 
conditions, are not always strong (e.g. Mikola 1985, 
Nanson 1987, Fries 1989, 1991, Jansson ct ol. 1998). 
Mature slioi~ld not be taken literally rather it refers to 
material studieci in field after the phase of establishment. 
The latter authors discussed various reasons for ab- 
sence of strong .I-M con-elations such as: 

1. low heritability at juvenile andlor mature stage, 
2. different sets of genes expressed in juvenile and 

mature material, 
3. genotype x environment (G x E) interaction. 
If point 1 is valid i t  is meaningless to estimate any 

J-M correlations. If point 2 is the reason for the absence 

of  strong J-M correl:itions, i t  will not be possible to 
develop reliable early testing. The growth conditions 
usually differ considerably between field atid nursery1 
greenko~~selgrowth cliarnber. This might give rise to a 
strong G x E interaction. If weak J-M correlations are 
tiuc to the interaction (point 3 above) i t  might be pos- 
sible to develop reliable carly tcsts by simul;ltion of key 
f'icld conditions at the jr~venile stage. 

Nutrient availability, water availability and extreme 
ternper:~tures are examples of factors affecting growth 
in the field. Water availability might be limiting throi~gh- 
out the year, even during winter leading to frost desic- 
cation. Such a stress occurs when the ground is frozen 
and transpiration has started owing to high ambient air 
temperature (I'ranquillini 1982, Sakai and Larcher 1987, 
Christersson and von Fircks 1988). 

There is some support i n  the literature for improve- 
ment of the J-M correlations by si~nulations of limiting 
factors at the juvenile stage (Cannell ct nl. 1978, Wellen- 
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dorf 1979, Williams 1987, Jiang P /  01. 1989, Li ct nl. 1989, 
199 1, Lascoux ct 01. 1993). Acknowledging tlie importance 
of genotypic tolerance to water deficit for some Anieri- 
can pines, Waxler and van Huijtenen (1981) for firitis 
tnedn families and Feret (1982) for Pinrisponder~oso fr1111- 
ilies have simulated different levels of watel- stress and 
related the family performance to the subsequent devel- 
opment in the field. According to Eriksson c t  01. (1993) 
the largest plants of Pinus s!~lr~es/r~i .~ which wcre exposed 
to strong competition in growth chambers exhibited the 
strongest genetic correlations with the field data. In that 
case, competition for light might be the common stress 
in the growth clia~nbers and the field trials. Flowever, this 
was later rqjected by Jansson et ol. (1998). Larsen and 
Wellendorf (1990) found significant correlations for fam- 
ilies of Picen ahics between their performance in the field 
trial and water use efficiency and resistance to winter 
frost at the juvenile stage. 

Since frost desiccation conditions occurretl repeat- 
edly during the eighties in southern Sweden it rnight 
have influenced the growth in progeny trials in this part 
of the country. If there is a genetic variation in toler- 
ance to frost desiccation, this trait might be a good 
predictor of future growth under conditions of frost 
desiccation. In a previous study we have revealed ge- 
netic variation in frost desiccation tolerance. Our basic 
finding was that tlie family effect in growth traits and 
damage was significant for niost of the traits affected 
by frost desiccation. We also noted that frost desicca- 
tion resulted in reduced seedling height growth. Thus 
frost desiccation may change family ranking in height 
growth and presumably would not result in significant 
loss of niaterial in the field trials. 

The objective of our study was to estimate genet- 
ic correlations between juvenile traits after frost desic- 
cation treatment in growth chamber and field growth 
traits in two Piccn ahics progeny trials. 

Material, ancl methods 
Field trials 
In the period 197 1-73 partial diallel crossings (7  

families per clone) for the field trials were performed 
among the 36 clones of Picen ohies grown in Magle- 
hem seed orchard located in southern Sweden (55'50' 
N, 14'07' E, 60 n~ a.s.1.). The clones were selected as 
plus trees in 12 southern Swedish stands (lat. 56"-59") 
originating from continental Europe (Fig. 1). 

The sowing for the field trials I and 2 was made in 
1974 and the trials were established with 3-year-old 
seedlings spaced 2 x 2 m in 1977. The experimental de- 

sign was 10 randomised complete blocks with single- 
tree-plots. Each full-sib family was represented by 40 
seedlings in each of the trials. No thinning was per- 
for~ncd. 

The trials werc est;lblished in different breeding 
zones (Wellcntlorf et al. 1986). The northerly trial 2 is 
locatcd outside the area for which the seed orcliartl was 
rccommentled (Fig. 1). 

Figure 1. Location of tlie Maglchcm sccd orchard from which 
tlic family sccds wcrc collected (indicated by thc square), thc 
field trials (indicatcd by tlic triangles) and the original stands from 
which plus trccs for thc sced orchard wcrc sclectcd (indicatcd 
by the dots) in southerti Swcdcn. Scvcral plus trccs within a 
stand werc sclectcd totalling 36 clones i n  the sced orchard. 

Results from the field trials were reported earlier by 
Karlsson and Danell ( 1  989). Heiglit was measured on 
12 trees per fanlily and trial at age 9 (trial 2), 10 (trial I), 
14 and 17 (both the trials). The diameter of the same 
trees was measured at 1.3 n~ above ground at age 17. 
The variables are presented in Table I. 

Gro ~ v t h  c11nnrher:r 
In 1993 open-pollinated seeds were collected from 

the same 36 clones in Maglehem seed orchard which 
were used in the crosses for the field trials. Open-pol- 
linated families were preferred since it allowed for stud- 
ies of more parents which is required to get a satisfac- 
tory precision of the estimates of J-M relationships. 

The detailed description of tlie methods used in tlie 
growth chamber experiment is presented in our previ- 
ous paper on effects of frost desiccation on seedling 
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Table 1. Description of the variables temperature and 12/12 I1 daylnight with light intensity 

Varinhlc l)cscril>lio~i 
of 300 mmol/m2/s and 4 11 at noon with high light inten- 
sity (483 mmol/ni2/s) for three weeks. During the frost 

Tnits fmm tlic ficltl Iliala No. 1 and No. 2 
desiccation treatment, the rest of the material was kept 

l1(9)10, 11 14. 1117 Scrdling liciplils nl ngc 9 (TRIAL 2). Ill ('rRlA1. I ) ,  14. 17 
IN(.R(O)IO-14 lncrcnicnl f ~ ~ ~ 1 1 1  age o(~l t1~1.2) .  In(.rRIAI. I )  to  14  . qniescent. After the treatment the seedlings were placed 
1NCR14-I7 I ~ ~ r e r n c ~ i l  fro111 ngc 14 lo 17 ycars 
INCR(9)ln-17 l~ i r r cn ic~~l  froni nge O(TRIA1. 2). In('rR1AI. I )  lo 17 

in the same chamber as the controls, and one week lat- 
D l 7  Din~nctcr nt  lircnsl licielit nt  npr 17 er  a bud breaking treatment was started. 

Gmwll~ chamber traits The damage caused by frost desiccation was 

Frost dcsiccnlio~~ dnmngc scored during the following growth period: 
DAMI)I  Dnrnnge srorr ill 111c trcatnic~il D I at  111c Inter part of 11ic rcs~  0- no observable damage; 

pcrind after tlic gro\\~ll~ lxriocl (CIP) I 
S U R V D I  S i ~ ~ i v n l  aflcr l l ~ c  Ircnlmc~it Dl  1 -  apical bud on the leader dead, laterals growing 
HGP2"S I : i ~ ~ n l  scctlli~ig liciglil ill GP2 ~n~~llililierl hv SURVIII out;  
DAM1)2 Dnrnngc scnrc ill llic lrealniclil 112 nl  tlic lnlcr p n r l  of tlic rest 

pcriod anc r  ( ~ P Z  2- dead leader, only the basal latel-als flushing; 

IIGPI 
IIGP2 
I IGP3 
LEA111 1GP2 
1,EADl I 
S U N  
SUL 

GP2lA'TNO 
GP3FRPE 
I)AYtIGP250 

DAY l.IGS0 

I1AYS3 

GPZSTEMDW 

G P Z I A ~ D W  
TOTAI .Il\V 

I lciglit growlli lrnils 

Final llciglil in GPI ,  Inn). 
I'ilinl liciglil in (i1'2, nun 
Filial licighl ill GP.7, niln 

Final lentlcr lleighl in (iP2, rnm 
l:i~inl lcnclcr licigl~l i n  GI13, 111111 

Slcrn 111li1 1i11n10cr o ~ i  lllc lcndcr ill GP3 
Slc~n 111iil lc~iglli of llie lcatlcr in GP3, mrn 

Pl~c~iolngv lrails 

'rota1 nunilicr of (nlivc and dead) lnlcrnls 011 GP2 slcm 
I3lin1ale of free growtli ill 171'3 
Dav No,  since llic elid of Ilic Ircnlnlenl OI lo rencli 50 76 of 
l l ~ e  filial lcntlcr licigl~l in (i1'2 
I)nv No. since Ihc cntl of l l~c lrealmellt D2 lo lignify 75% of 
l l~c finnl lender Iicipl~l in GP3 
1)ny No. si~icc Ilie end of llie lrenlmclll D2 lo rcncl~ f l~~s l~ing 
slngc 3 ill G1'3 

ninrnnss lrnits 

Dry wcigl~l of tlir slcm of GP2 logcllier  villi llic needles 
atlnclictl In Ihc stcln. g 
Dry weigh1 of living lnlernls on GP2 slem, g 
l'olal sccdli~~g dry weiglir, g 

development (DanuseviEius et ol. submitted). The nieth- 

3- dead seedling; 
l'he seedling survival was assessed as follows. For 

a dead seedling the survival was set at 0,  if the leader 
was not flushing survival was set at 0.5 and for a seed- 
ling with flushing leader the survival was set at 1. The 
seedling final heights of the 1st. 2nd arid 3rd growth 
periods were measured. The height growth was assess- 
ed at one week intervals to calculate the number of days 
to 50% of the final leader height. The assessments of 
phenology traits were made during the 3rd growth pe- 
riod. Apical bud flushing and bud set on the leader were 
scored at 2 day intervals (dynamic period) or weekly 
using a continuous scale, similar to tlie one developed 
by Krutzsch (1973). The length of  the lignified part of 
the leader was measured weekly at 9 occasions. At the 
end of the 3rd growth period all the seedlings were 
harvested for assessment of the dry weight. The dry 
weight was assessed separately for the following parts 
of a seedling: (1) the leader, (2) stern of the 2nd growtli 

ods are briefly described below. period together with the needles attached to the stem. 
The seedlings were grown in mineral wool in plas- (3) living lateral shoots grown on the stem of the 2nd 

tic tubes with 7 x 5 cln spacing in boxes. A nutrient growth period (4) stem of the 1st growth period togeth- 
solution was provided every or every second day de- er  with the laterals and tlie needles attached. The 
pending on the growth rate of the seedlings. The frost number of stem units on the leader was assessed by 
desiccation was sinii~lated during the later part of the counting the needles during the harvest. The number 
rest period in the 1st (referred to treatment D l )  ant1 the of lateral buds on the leader and the number of later- 
2nd (treatment D2) growtli periods. A total of 540 seed- als, including dead ones, grown on the stern of the 2nd 
lings ( I5  seedlings per family) were designated for each growth period, were counted. The occurrence of free 
of the treatments and the control, altogether 1620 seed- growth was estimated at the harvest as the ratio of the 
lings in the experiment. The experiniental design was 5 lateral buds on the leader which had flushed to the total 
blocks with 3 non-contiguous plots during the growth number of lateral buds on the leader. More weight was 
in the chambers and 4 blocks with 4 (3 in one block) given to the elongating buds as follows: the lateral buds 
non-contiguoos plots during the frost desiccation treat- on the leader which had flushed and elongated more 
ment. To simulate a frost desiccation environment, tlie than 1 cm were given a value of I ,  the lateral buds on 
seedlings with sealed tubes were immersed in freezing the leader which hat1 flushed or elongated less than 1 
baths filled with glycol providing -3°C for the roots. The cm were given a value of 0.5. The variables derived 
baths where placed in a chamber with 15YS"C daylnight from the traits are sunitnarised in Table 1 .  
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The family variance components and predicted 
breeding values for the juvenile growth traits within 
each treatment in growth chambers were calculated 
according to the following model: 

Yiik= m +  B, + Fj+ EL,, 

where: Yii,is a k-th individual observation in i-th block 
of j-th family, m is the total mean, Bi is fixed effect of 
block i, Fi is random effect of family j ,ei ik is random error 
for ijk-th observation. For the frost desiccation damage 
scores in the growth chambers the analyses were made 
on fanlily means per block, as this variable was meas- 
ured on a non-linear scale. 

The family variance components and predicted 
breeding values (BLUP) for the growth traits within a 
field trial were calculated with software VDIAL (T)anell 
1989) according to the following model: 

Yiikl = m + Bi -I- (Fi + I;,) + F,, + eiikl  , 
where Yiikl is an I-th individual observation in i-th block 
of j-th and k-th parents, m  is the total mean, R i  is fixed 
effect of block i, Fi and I;, are random effects of the par- 
ents k and I, F,, is random interaction effect between 
parents j and k, eiik, is random error of i.jkl-th observa- 
tion. 

The Levene's variance homogeneity test (Levene 
1960), W-test statistics on the model residual normality 
(Shapiro and Wilk 1965) and plot of residuals versus 
predicted values were used to test the validity of tlie 
assumptions for ANOVA. If the assumptions were not 
valid, a logarithmic transformation for continuous varia- 
bles and arc sine square root transformation for the vnr- 
iables measured on a discontinuous scale were used. 

The traits in the growth chambers and field trials 
were measured on the progenies of the same maternal 
clones but on different indivicluals. Thus, tlie genetic 
correlation coefficients were estimated essentially as 
suggested by Bi~rdor~  (1977) and referred to type "B" 
genetic correlations. The followirig forrnr~la was used: 

- 
rpn - ryy ( rTpv )' 

where rTy is the product-moment correlation among the 
predicted breeding values, r and r ,,(", are the cor- 
relations between the true and predicted breeding val- 
ues, which for the growth chamber data were estimat- 
ed as follows: 

r,,= ( (k ha2) / (4 + (k-I)  ha2 ) l i Z ,  

where k is the harmonic mean of the number of obser- 
vations per family and treatment in the growth cham- 
ber experiment and per family and trial in the field trial 
data, hs2 is the individual tree (additive) heritability 
estimated as follows: 

ha2= s,,' / S 
1' ' 

where so2 is the additive variance estimated as four 
times the fatnily variance component (half-sibs) or four 
times the parental variance component (full-sibs), and 
s,,' is the phenotypic variance. 

To illustrate the strength of the genetic relation- 
ships, the significance values of product-moment cor- 
relations among predicted breeding values are present- 
ed together with the coefficients of type "13" genetic 
correlation (cf. Rurdon 1977). 

Seedlings which did not flush their apical buds, i.e. 
were dead or had a dead leader, or which were classi- 
fied as suppressed by con~pet i t io~i ,  were excluded from 
all the analyses of the growth traits in growth cha~ii- 
bers. During the measurements in the 3rd growth peri- 
od, seedlings which visually scemed to be suppressed 
by competition were identified. To judge whether these 
seedlirlgs (5% of the total number) were suppressed to 
such an extent that they should be classified as out- 
liers, the screening was made separately for each fami- 
ly within each treatment. Trees with severe technical 
damage (e.g. stem break or windblown trees) were omit- 
ted froin the analysis of the field data. 

Owing to low survival, the precision of the esti- 
mates of genetic parameters for the juvenile traits was 
so~netirnes low. Therefore, jf tlic standard error of the 
fatnily variance component was larger than 112 of the 
family variance colnponent, the trait was not included 
in the analyses. 

The variance components and the predicted breed- 
ing values for the growth chamber data were estimated 
using the REML (Restricted Maximum Likelihood) meth- 
otl in the MIXED procedure and the product-moment 
correlations were obtained using the CORR procedure 
in  the SAS statistical package for personal computers 
(SAS Institute 1987). The genetic parameters for the field 
trial material werc estimated with the package for per- 
sonal computers VDIAL, which is specially tlesignated 
for analysis of genetic experiments by Da~iell (1989). 
This package is based on I-lentlerson's Mixed Model 
Equations (Henderson 1975) and REML variance and 
covariance estimation method. For each trait from the 
field data, the grand mean of the trial was added to the 
BLUP. 

Results 

As seen from Table 2, there were o ~ i l y  a few strong 
genetic correlations between the juvenile traits in 
growth chambers and the traits in the field trials. Thus, 
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18 of 140 correl;~tion coefficients (I 3%) were larger than TRIAL 1 TRIAL 2 
0.5 in treatment D l ,  12 of 126 (10%) were larger than 75 n7-00.4 T - : 

75 ~ R ' - 0 7 6  :.. 
0.5 in treatment D2 and in the controls 7 from 126 (6%) 
were larger than 0.5. 

Talde 2. Nr~nlber of significant and modcratcly strong gcnctic 
correlation cocfficicrits betwccn the traits in tllc growth 
charnbcrs and field traits. Thc traits are poolcd into categories. 
The presentation is the following: nntiiher of significant 
correlations* I number of correlations larger than 0.5. including 
the significant oncs I total nrlmber of corrclntions calculatcd. 

Growlli Ilciglit (field) Dinnictcr (field) 

c l inn~lwr  'Trial l 'l'rinl 2 l'rial 1 Trial 2 

Trcnlnirnt Dl  
l l e i ~ h l  01 1136 5 / 7 / 3 6  011 16 I / l / 6  
Plic~iology 0 10 / 6 0 / 0 / 6 0 / 0 / 1 0 / 0 1 1 
I3ioniass 0 / 0 / 1 2  0 / 0 / 1 2  01012  01012  
Damage 2 / 3 1  6 0141 6 / I /  0 / 0 / 1  

l'rentmcnf D2 
Ilcight 0 / 1 / 2 4  6 / 7 / 2 4  01014 01114  
Pl~c~iology 0/0118 012118 01013 0 / 0 / 3  
I3ioniaw 0101 6 0101 6 01011 0 / l / l  
Da~iiage 0101 6 0101 6 0 / 0 / 1  01011 

Cnntmls 
Ilcight 010124 0 / 0 / 2 4  0 / 0 / 4  01014 
Plie~iology 5 / 5 / 1 2  012112 01012 01012  
nio~i~ass 0 / 0 / 1 8  0/0/18 01013 01013 

*- least signifcant gcncticcorrclntion wit11 d.f.=35 was 0.57 

The juvenile height of the frost desiccated seed- 
lings was significantly correlated with the heights in 
the field trial 2 in 1 1 of 60 cases, though none of the 60 
correlation coefficients with trial 1 was significant. Ju- 
venile phenology traits of the controls were significant- 
ly correlated with heights in field trial I. No significant 
correlations between the juvenile biomass traits and 
field traits were obtained. Some of the significant rela- 
tionships are illustrated for each of the field trials in Fig- 
ure. 2. Stem unit length of the treated seedlings was 
more strongly correlated with the traits assessed in the 
northerly field trial 2 than with trial 1. Day number to 
50% of the final leader height of the control material in 
the growth chambers was more strongly correlated with 
height increments in trial 1 than in trial 2. 

The damage scored after desiccation treatment Dl  
(DAMDI) was significantly negatively correlated with 
the family heights at ages 10 and 14 years in trial 1 (the 
type "B" genetic correlations were -0.75 and -0.67, and 
the product-moment correlations among the predicted 
breeding values were significant at the 5% level). The 
genetic correlations between DAMDI and height at age 
17 in trial 1 as well as the heights in trial 2 were close 
to significance. In contrast to the damage after treat- 
ment D l ,  the damage scored after treatment D2 was not 
significantly correlated with the field traits (Table 2). 

-0.12 0.00 0.12 -0.12 0.00 0.12 

BV Stem unit length in GP3 (Treatment Dl )  

BV Stem unit length in GP3 (Treatment D2) 

-5.20 0.00 5.20 -5.20 0.00 5.20 

BV Days to 50% final leader height In tip2 (Lontrols) 

F i g ~ ~ r e  2. Relationships bctwecn the family breeding values 
(BV)  in  the field trials I (the colnmt~ of plots to the Icft) and 
2 (the column of plots to the right) and growth traits of the 
material in  growth chatnbers (plotted on the X axis). 

When the final height in the 2nd growth period of 
the seedlings in treatment D l  was weighed with their 
survival after the frost desiccation, this variable was 
Inore strongly correlated with the field heights than the 
unweighed height (the product-moment correlations 
anlong the family means were 0.54** and 0.32 respec- 
tively, Fig. 3). Figure 3 also shows that variation within 
the latitudinal intervals of the family origin was greater 
than the variation among the latitudinal intervals for 
both traits in the field and in the growth chambers. 

The correlation between the final height of the 
families before treatment D2 and height at age 9 in field 
trial 2 was weaker than that between the leader height 
of the same families after treatment D2 and height at 
age 9 in field trial 2 (Fig. 4). 

I n  general, the genetic correlations between the 
juvenile traits of the treated material in growth cham- 
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HGP2*S (Treatment D l )  

Figure 3. Relationship bctwcen the family mean height x 
survival after frost desiccation treatment Dl in growth chambers 
(plotted on X axis) and breeding values (DV)  for the family 
licight at age 10 in the southerly ficld trial I. The lcgcnd shows 
latitudinal intervals within which tlie families originated. The 
product-moment correlation cocfficicnt and tlie significance level 
are shown in the uppcr left corner of the plot. 

-120 0 120 -60 0 60 

BV HGP2 BV LEADH GP3 

Figure 4. Relationship bctwccn the family brccding valucs 
(BV) for final licight in  the 2nd growth period, i.c. bcforc tlie 
treatment D2 (left), leader height of the same seedlings after 
the treatment D2 (right) in growth chambers and breeding 
value for height in  tlic field trial 2 at 9 years of agc 

bers and traits in the field trials were weak, only 12 of 
266 correlation coefficients being significant. A reason 
for this may be that the effect of treatment Dl was too 
weak to differentiate among the families to the same 
degree as under the natural conditions in the field tri- 
als, whereas the effect of treatment D2 was too strong 

which in turn reduced the precision of the estimates of 
true family mean values of the juvenile growth traits 
(Dannsevicius et ol. submitted). However, we culled the 
traits witli low precision of their estimates to avoid 
calculation of correlations between such traits. 

The genetic correlations between the damage 
score in treatment Dl  and field height at age 10 and 14 
were significant and negative. Thus. severely damaged 
families had low breeding values for the field height. 
'The same tendency was present in the relationship 
between height weighed with survival after treatment 
Dl and the field heights (Fig. 3). The relationship be- 
tween field height at age 9 and the leader height after 
treatment D2 was somewhat better than the correspond- 
ing relationship witli height at tlie end of tlie 2nd 
growth period of the'same seedlings before the treat- 
ment (Fig. 4). In general, there was only a minor differ- 
ence between the controls and treatments as regards 
the number of significant correlations. The J-M r e l ~ t '  r 1011- 
ships between traits assessed in treatments D l  and D2 
and in field trial 2 resulted in 12 significant correlations 
out of 133. This is somewhat above the expectation of 
the number of significant correlations for random rea- 
sons only. Only 2 significant correlations out of the 12 
significant ones were associated with field trial i (Ta- 
ble 2). A possible explanation is that winter damage 
including desiccation was more severe in trial 2 which 
is located at I" higher latitucie and 140 m higher alti- 
tude than trial 1. 

In our previous study (DanuseviEius et nl. submit- 
ted) we showed that late flushing families were less 
tolerant to frost desiccation than early flushing fami- 
lies. In the field trials, on the other hand, survival and 
good growth of a progcny were dependent on avoid- 
ance of late spring frosts (cf. Karlsson and Danell 1989). 
This means that late flushers have been more likely to 
perform well in the field trials. Thus, there niight be two 
opposing factors influencing field performance - occur- 
rence of severe late spring frosts or severe frost desic- 
cation periods (Fig. 5). Depending on the strength of 
these two factors, either of them might be the most 
inil>ortant for field performance. In our material, fami- 
lies which tolerate frost desiccation might have been 
damaged by late spring frost and, thus, selective effect 
of late spring frost dominated over frost desiccation, 
resulting in weak J-M correlations with the phenology 
traits of the seedlings treated with frost desiccation. In 
contrast to the situation with the treated materials, there 
ought to be a positive relationship between flushing 
time and field performance in the control material. Some 
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early late 
We lvorild like to p.rpr.ess orri. siricprc thnrrlts to 

Flushing date Irlgcgcr-d Do~~nr l i r i~  Ji)r ~~nllinhlc ndivice dlir.irig tlrc de- 

In our  previous paper (Dan i~scv i c i i~ s  ct nl. submitted), 

sigrring nrid i.rini7ing of' this ,Ji.ost cle.riccatiort e.upci.i- 
Figure 5. Schematic illustration of tllc contrasting rclatiotiship 
bctwcen datc of flushing and dcgrcc of da~nage by frost ilreiit orid to tlic sfqff ~ f o l r r .  ph!~fotrort ,fi)r sliilfiil slip- 

desiccation and late spring frost respcctivcly i n  picpo nhie,T, poi.!. b!'~ nppr.eciafe fht. r~cvisioii o f ' fhe  Giiglish te-rf /? 
Thc families which tolcratc frost dcsiccation may bc da~nagcd Dnvitl Clopltnni. 7'Iiis stlid) was .stippor.ted 11.17 n grunt 
by latc spring frost. ,Ji.om /lie S~i)edish Corirtcil,foi~ Foi~cstr:v nrid Agr.icriltrrrn1 
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support for this is  found in the five significant J-M n c ~ l l o , , t l c ~ , q p ~ ,  
phenology - field perfor~i iance correlations. 

- - Frost desiccation damage w e  reported that the families behaved a s  representa- 
Spring frost damage tives o f  one  population rather than o f  several .  This  

-- might have contributed to the low number of  signifi- 
cant J-M correlations. 

- In conclusion, our  study suggests that frost cles- 
iccation is not the main factor limiting growth of  Picen 
nhies seedlings in southern Sweden.  Frost desiccation -- 
might have some effect since the growth chaniber data 
from treatments D l  and D2 tended to correlate more 

- strongly than data from the controls with field data. 
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