
CHOOSTNG 7'1315 BEST PROVKNANCES OF 
RADJATA PINE FOR DIFFERENT STTES IN 

NEW ZEALAND 

ABSTRACT 

Results from two sets of provenancz experiments wi th  Pinus 
radiata planted on several sites shed fresh light on the pattern 
of provenance-site adaptation in this species. An early trial 
measured at age 21 years indicated that a Huclcleberry Hill 
population from Monferey grew faster relative to the New 
Zealand select tree progenies at Golden Downs than it did at 
Gwavas, and that i t  might well surpass an unselected New 
Zealand base population in growth rate at Golden Downs. 

During 1964-68, trials of all ihe five native populations were 
planted at two sites in Kaingaroa, and at Gwavas, Sanloft and 
Golden Downs. Mearurements at 6'/2 to 8 years showed that a 
composite New Zealand population (lrorn Nelson and Kai- 
ngaroa) otltgvew the native populations b y  about 20% in vol- 
ume per free at Kainga~oa and at Gwavas. However at Golden 
Downs (Nelson) and Santoft (Manazuatu sand dunes) the 
volume growth of the New Zealand population ivas equalled 
or rlightly encecded by the Monterey population. I n  view of 
the current advantages possessed bv the cultivated New Zea- 
land population, which apparently did not suffer inbreeding 
depression and has undergone some nattmzl and silvicultural 
selection, this result suggests that improved seed from the 
Montercy population would ultimatelv have a real advantage 
on  these sites. 

There is a need to explore more intensively thp pattern o f  
provenance-site interactions in P.  radiata, and to this end seed 
has recenflv been collected from the Californian mainland 
stands for further provenance trials and selection plantingr. 

INTRODUCTION 

Although Pinus radiata is economically by far the most im- 
posrtant tree species grown in New Zealand, there has been 
no attempt to test its native provenances on a wide variety 
of sites. Although New Zealand populations have grown faster 
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at two sites in Kaingaroa Forest than the native Califoirnian 
populations (Burdon and Bannister, 1970, 1973), there is no 
certainty that the Ncw Zealaild populations will excel on all 
sites. One reason for the lack of emphasis given to1 provenance- 
site testing in P. radiatu is its restricted range on the coiast 
of Califobrnia of only 1%" latitude (Fig. I ) ,  which suggested 
that provenance variation would be unimportant. In  addition, 
the evident good growth and adaptability olf the existing New 
Zealand stock to a wide range of sites made a search for better 
native populations secm unprolmising. 
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FIG. 1 :  Natural distribution o f  P. radiata. 
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FIG.  2 :  Location of field tests in New Zealand. 
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I t  was realised more recently that the species includes two 
further populations, from the islands of Guadalupe and Cedrols 
which are located off the north-west ooast of Baja California 
(Mexico) some 8-9" latitude s w t h  ot  the mainland stands. 
As seemed likely, these populations have proved to be gene- 
tically different from the Californian mainland stands but 
less adapted to New Zealand conditions. 

Only two1 sets of plantings have been established that give 
any indications about the comparative productivity of P. 
radiatn provenances on different New Zealand sites: the first, 
planted in 1955 at Gwavas and Golden Downs (Fig. 2),  in- 
cludes two scedlots from Monterey, one from Cambria, and 
wind-pollinated progenies ojf two New Zealand select trees; 
the second set of experiments involves the three Californian 
mainland populations, the two island populations, and also 
a composite of two New Zealand populations which were 
planted at Kaingaroa, Gwavas, Santoft and Golden Downs 
between 1964 and 1968 (Burdon and Bannister, Zoc. cit.; Shel- 
bourne, Burdon and Bannister, unpubl. report). 

There are two key questions, for both tree breeding and 
forest management, that could be answered by such experi- 
ments: 
(1) Does any native population perform better than the 

others, either overall or at particular sites? 
(2) Does any native population outgrow the New Zealand 

race at any site? 
This paper repolrts results of these two sets of experiments, 
at ages 21 years and 6 to1 8 years, respectively, and provides 
partial answers to these questions. 

THE 1955 PLANTING§ 

Two Monterey seedlots frolm the Huckleberry Hill and 
Point Lobos localities and one lot from Cambria (all from un- 
known numbers of parents) were included in two1 experiments 
planted in 1955 at Gwavas (fluvial gravels overlain by fine 
pumice) and Golden Downs (otld fluvio+glacial gravels). Huckle- 
berry Hill is near the middle of the main area of P. radiata 
and the soils there are generally nutrient deficient. Poine 
Lobos State Park lies 10 kin to the south, separated from the 
main area of P. radiata stands by the Carmel Valley where 
there are no pines. Wind-pollinated progenies fro~m the origi- 
nal parent ortets of two select trees 850-007 and 850.055, 
selected near Golden Downs and Rotorua, were also included 
(Shelbourne, unpubl. report) 



TABLE 1:  PROVENANCE, MEAN DIAMETER AND BASAL AREA PER HECTARE, AGE 21 YEARS, 1955 
EXPERIMENTS 

--- 
Golden  D o w n s  Gwavus  

Z 
N 

Diameter Basal .Area Height No. Diameter Basal Area Height No.  - 
A g e 7  of A g e 7  oj  o 

( m m )  (m2/ha ' )  (mi  P h t s  ( m m )  ( n z 2 / h h  (rn) Plots c 
Unadj.  A d j .  Unaclj. i idj .  Unadj .  Unadj .  Ad;. Unadj. Adj. Unadj .  

--.-- 
z 

Pt Lobos 380 368 31.6 37.5 7.5 2 402 407 49.2 48.3 8.7 2 
HuckleberryHill 395 396 43.6 43.2 7.7 3 440 426 48.7 51.5 8.5 4 0 

T 
Cambria 353 344 29.i 33.4 7.4 2 406 407 48.0 47.9 8.5 4 w 
850-007 360 373 42.0 36.4 7.7 2 - -- - - - - 0 

icl 
850-055 407 414 50.7 47.2 9.1 2 477 485 69.3 67.8 9.0 3 
F ratio 10.2 7.8 14.0 1 1.4. 

G3 
4 

P t * n s .  * * * n.s. "" n.s. 
-- 2 

1' P c O . 1 ;  * P<0.05; **  P<O.O1. 
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At Gwavas, 100-tree square plots were planted at 2.7 m 
spacing, and at Golden Downs 196-tree square plots and 2.4 
m spacing were used. At each site from two to four plots per 
seedlot were planted in a completely random design. 

Height was measured 7 years after planting, and diameter 
at breast height at age 21 years. The plots at both sites were 
given normal silvicultural thinning to about 350 stems/ha at 
age 13 years, though some windthrow and uneven thinning 
caused wide variation in numlber of trees per plot, from 27 to 
50 out of 196 at Golden Downs and 13 to 25 out of 100 at 
Gwavas. 

For individual plots, basal area per hectare showed a strong 
positive correlation with stocking, and mean diameter a 
corresponding negative correlation. Accordingly, average 
within-seedlot regression slo~pes of these growth characters on 
current number of trees per plot were used to adjust lot means 
to an average stacking of 38.5 trees per plot at Golden Downs 
and 26.5 trees per plot at Gwavas. 

Adjusted and unadjusted seedlot means for diameter and 
basal area per hectare at each site are shown in Table 1. 
The adjustment procedure raises slightly the basal area per 
hectare and lowers the mean diameter of understocked lots, 
and does the reverse for the heavily stocked lots. Seedlot 
differences (Table 1) were tested using plot means as the 
experimental units. Analysis of covariance was used to test for 
differences in stem diameter and basal area per hectare after 
adjusting for number of stems per plot. 

At age 21 years the Huckleberry Hill seedlot was somewhat 
superior in mean diameter and basal area per hectare to the 
other native lots. The differences between the native lots were 
relatively small at Gwavas, but at Golden Downs Huckleberry 
Hill was 15% greater in basal area per hectare than Pt Lobos, 
the next best lot. 

Direct comparison between the Huckleberry Hill seedlot 
and an unselected New Zealand population is not possible, but 
comparison with the two select-tree progenies can provide 
some indications about this relationship. The adjusted diameter 
of the Huckleberry Hill lot at Golden Downs was 496 less than 
that of progeny 055, and at Gwavas it was 12% less. Basal areas 
per hectare were, respectively, 8% and 24% inferior to those 
of 055. The offspring of clone 055 have been planted in several 
tests in both the North Island and the South Island and have 
always shown higher growth rates than most other progenies. 
Progeny oif 055 ranked first out of 29 progenies for diameter 
in trials planted adjacent to the experiments at Golden Downs 
and Gwavas in 1955 (Shelbourne et al., 1972). 
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FIG. 3:  1955 experiments. Adjusted provenance means at Golden Downs 
and Gwavas - age 21 years. 

Compared with the progeny of clone 007 (which ranked 
26 out of 29 progenies lor diameter in the same trials), the 
Huckleberry Hill lo1 at Goldcn Downs was 6% greater in 
adjusted diameter and 19% greater in adjusted basal area per 
hectare. In other trials the progeny olf clone 007 have always 
been below the average of select progenies in diameter growth, 
but have performed somewhat better than an unselected 
seedlot. The results therefotre suggest that the native Huckle- 
berry Hill material would be superior in growth to an un- 
selected New Zealand population at Golden Downs, but in- 
ferior at Gwavas. 

THE 1964-68 PLANTINGS 

A second set of plantings with provenances oaf P. radiata was 
planted between 1964 and 1968. In the main plantings at Cpt 
1333 and Cpt 918 Kaingaroa (pumice plateau), 50 wind-pl- 
linated progenies of each of the five native populatiolns and 
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two New Zealand populations (from Kaingaroa and Nelson) 
were planted in a single-tree-plot design. For this particular 
study at the Kaingaroa sites, 120 trees per population were 
chosen randomly for measurement and a composite "New 
Zealand" population was made up of 60 trees each from Nel- 
son and Kaingaroa populations. At Gwavas, Golden Downs 
and Santoft (coastal sand dunes), four to six replications of 
square plots were planted (36 trees/ploit at Gwavas and San- 
toft and 25 at Golden Downs). All trees in each plot were 
measured for diameter at breast hcight, and 20 of the best- 
formed, most vigorous trees in each plot were measured and 
assessed for several growth and morphological traits. Only 
height, diameter, vo~lume pcr tree over bark, and bark thick- 
ness are colnsidered here. Trees were 7 years old from plant- 
ing at Gwavas, Santoft and Golden Downs, and 61/2 and 71/3 
years at Kaingaroa Cpt 1333 and Cpt 918, respectively. 

Analysis oC variance of these data both within and over all 
sites showed significant differcnccs (P<0.05) between popula- 
tions in all traits, and also significant changes in relative per- 
formance at different sites (population x site interactions). 
Honestly significant differences (HSD-Tukey) are shown along- 
side the means of each population at each site in Table 2 and 
Fig. 4. The New Zealand composite population has clearly 
grown faster than any native population at the two Kaingamla 
sites and Gwavas, generally with 20% or more advantage in 
stem volume over any native population. As discussed by 
Burdon and Bannister (Zoc. cit.), there are three possible rea- 
sons for this: the inbred nature of the native populations, 
natural and silvicultural selection in the New Zealand material, 
and hybrid vigour due lo inter-provenance crossing in the 
New Zealand population. 

At Santoft and Golden Downs, where growth was slower than 
at Kaingaroa and Gwavas, the New Zealand population shotwed 
no such superiority. At Santolft trees grew more slowly than 
elsewhere, and although the New Zealand population was 
taller than the native populations (including Monterey) it was 
not significantly greater in diameter, volume, or basal area 
per hectare. At Golden Downs, where the precision of the 
experiment was low, the New Zealand population was noQ 
significantly taller than Monterey, and the 13% volume supe- 
riority of the Monterey population over the New Zealand one 
was not statistically significant. 

The superior volume growth of the New Zealand population 
at Kaingaroa and Gwavas is therefore not evident at Santoft 
and Golden Downs, and the Monterey population there is its 
immediate rival. The fact that this native population there 
is its immediate rival. Thc fact that this native population is 
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at least as prolductive as the New Zealand one at these sites 
indicates that it may be inherently better adapted, and that 
after a generation or two of outcrossing and mild selection 
it might be substantially superior there to the existing New 
Zealand populations. 

The other populatiolns show some changes in relative per- 
formance at different sites. The Cambria population has 

HSD or Tukey confidence interval for 
orovenance differences 1 

Note: dashed lines indicate 
diameter i.b. 

3 I 

5 KAINGAROA KAINGAROA GWAVAS SANTOFT GOLDEN 
CPT 1333 CPT 918 DOWNS 
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F I G .  4 (above and opposite) : Population means for individual traifs at each 
site based on all replicates. 

equalled Ano Nuevo and Monterey at Kaingaroa, but at 
Gwavas and especially at Golden Downs it grew poorly. At 
Santoft, in contrast, it has grown as well as Monterey. The 
Guadalupe population has grolwn relatively better at Santoft 
than elsewhere, its mean stem volume reaching 65% of that 
of the New Zealand population. The Cedros population has 
grown much more slowly at all sites (basal area less than 
20% of that of the New Zealand population). 

Height growth of the populations does not follow quite the 
same pattern as volume and diameter; for example, the New 
Zealand composite population is tallest on all sites. Bark is 
consistently thickest for Monterey and thinnest for Guadalupe, 
but this factor does not materially affect stem diameter corn- 
parisom. 

CONCLUSIONS AND RECOMMENDATIONS 

The principal finding olf these studies is that over the 
limited number of sites tested so far there seems to be a com- 
plex pattern of provenance-site adaptation, and the clear 
superiority of the New Zealand population at Kaingaroa is 
not maintained at Santolft and Golden Downs. 
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TABLE 2: 1964-68 EXPERIMENTS; PROVENANCE MEANS AT EACH 
SITE, BASED ON FOUR T O  SIX REPLICATES PER SITE 

Character & Provenance 

Height (dm) 
Nelson/lcIaingaroa 
Ano Nuevo 
Monterey 
Cambria 
Guadalupc 
Site means 
HSU 

Diameter (mm) 
Nelson/Kaingaroa 
Ano Nuevo 
Monlcrey 
Carnbria 
Guadalupe 
Site mcans 
HSD 

Volume ( d ~ )  
Nelson/Kaingaroa 
Ano Nuevo 
Montercy 
Cambria 
Cuadalupe 
Sile mcans 
HSD 

Bark thickness (mm') 
Nekon/l<aingaroa 
Ano Nucvo 
Monterey 
Cambria 
Guadalupe 
Site mcans 
HSD 

Basal area (m2/ha) 
Nelson/I<aingrroa 
Ano Nuevo 
Monterey 
Cambria 
Guadalupc 
Cedros 
Silc means 
HSD 

Site 
Provenance 

Gwavas Sridof l  Coltlcn Kaiizgaroa 
Downs 1333 918 

Means 
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In  answer to the two questiolns posed at the beginning of 
this paper: 
( I )  The Monterey population grows as vigorously as or better 

than the other mainland Californian populations and ap- 
pears to  be the most successful of the native populations 
at the five sites tested (Cedros and Guadalupe Island 
populations always grow much slower than the main- 
land Californian ones). 

( 2 )  The New Zealand population o~utgrolws the m~ainland Cali- 
fornian population at Kaingaroa and Gwavas but is at 
least equalled by the Motnterey onc at Golden Downs and 
Santoft. 

As  the composite New Zealand population contains a mix- 
ture of genes from Ano Nuevo and Monterey populations, 
with probably about 45% contribution from Monterey (Bur- 
don, Zabkiewicz and Andrew, unpubl. report), it is very in- 
teresting that its performance relative to that from Monterey 
varies so much frolin central North Island to Golden Downs 
and Santott. This occurs in the face of the current advantage 
of the cultivated New Zealand population, which presumably 
suffers no inbreeding depression. I t  is possible that the Mon- 
terey uornpolnent of the New Zealand population is derived 
from a sub-population pmrly adapted to these sites (cf. the 
relatively poor growth of the Pt Lobos lot in the 1955 experi- 
ment ) . 

There are some important implications of these results for 
tree improvement practice and ultimately for forest manage- 
ment. Present seed orchard programmes are based on select 
trees from the New Zealand population. I t  is possible that for 
some sites this base populatioin is sub-optimal and it may in 
future be necessary to establish special seed orchards folr 
certain regions based heavily on certain populations, e.g., 
Molnterey for the Nelson region. Before any such restructur- 
ing of breeding programmes should take place, however, the 
native populations must be more widely tested and stands of 
these must be planted on a wide range oif sites to allow future 
superior-tree selection for breeding. Future use of native 
populations could depend on the variability as well as the 
average performances of populations, since a more variable 
population would offer greater possibilities of genetic gain. 

To carry out this provenance testing and to establish selec- 
tion stands, a colmprehensive seed collection from all the 
Californian populations was needed, and to this end a joint 
Australian and New Zealand expedition recently collected con- 
siderable quantities of seed from them. Sowing 04 seed for 
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these provenance experiments and tor the selection stands 
will be made in 1979 and 1980. 

More information is needed about the performance of in- 
terpopulation hybrids. Crosses of the slower growing Guada- 
lupe and Cedros Island populations with New Zealand parents 
have grown as fast as the offspring of the New Zealand 
parents. Plans are in hand for systematic crossing of the 
Californian populations with the material in the 1964-68 ex- 
periments to fully investigate the question of inter-population 
hybridisation. 
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