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Introduction 

Intraspecific genetic variation has been observed in the 
morphological as well as in the physiological characteristics 
of forest trees (FERRELL, 1970). Short-term measurements 
have shown that within a given species of the northern 
temperate region trees from higher latitudes may photo- 
synthetize at a faster rate per unit of foliage than trees of 
a more southern origin (GORDON and GATHERUM, 1968; PEL- 
KONEN and LUUKKANEN, 1974). Growth rates are, however, 
often negatively or poorly correlated with short-term 
measurements of photosynthetic rates per unit of foliage, 
as discussed by FERRELL (1970). 

Intraspecific variation in gas exchange has been studied 
in detail in Douglas-fir. In this species geographic varia- 
tion is reflected in photosynthetic as well as in trans- 
pirational rates (SORENSEN and FERRELL, 1973; UNTERSCHEUTZ 
et al., 1974). Little is known about the physiological varia- 
tion of tropical species, such as Merkus pine (Pinus mer- 
kusii). However, the grass stage which occurs in this as 
well as in several other pine species (MIROV, 1967) has re- 
ceived attention. The grass stage has been intensively 
studied in longleaf pine (Pinus palustris). For instance, 
BROWN (1964) observed that the formation of grass stage 
in this species is under strong genetic control but environ- 
mental factors determine the duration of this stage in a 
given seedling. The Same author (BROWN, 1958) also found 
that apices of P. palustris produce no a u i n  and that height 
growth was not promoted by spraying the shoots with gib- 
berellic acid. 

Within a species, variation in photorespiration and the 
CO, compensation point have been suggested as criteria 
for the selection of trees with potentially high photosyn- 
thetic performance (DECKER, 1970). At least in some cases 
both photorespiration rate and the CO, compensation point 
do correlate (inversely) with net photosynthetic rates per 
unit of foliage. However, the significance of this relation- 
ship for evaluation and prediction of growth rates still 
needs further study (LUUKKANEN and KOZLOWSKI, 1972; 
LUUKKANEN, 1976). 

The purpose of this study was to obtain some preliminary 
information about the genetic variation in the CO, meta- 
bolism of Pinus merkusii. The relationship between CO, 
exchange and the capability to form the grass stage was 
also investigated in different genotypes. 

Materials and Methods 

Pinus merkusii DE VRIES seeds from two locations in 
Thailand, i.e. Omkoi (Lat. 17O 52' N., Long. 98O 20' E.) and 
Surin (Lat. 14O 43' N., Long. 103O 50' E.), and one location in 
Java, W. Pegalongan (Lat. 7O 10'.-S., Long. log0 10' E.), were 
supplied by Mr. H. KEIDING, DanishJFAO Forest Tree Seed 
Center at Humlebaek, Denmark. Sowing and subsequent 
studies were carried out in the laboratory of the Depart- 
ment of Silviculture, University of Helsinki, Finland. The 
seedlings were initially grown in large containers, filled 
with fertilized horticultural Sphagnum peat under the 
following conditions: day temperature 30° C, night tem- 

perature 200 C, day length 12 h, fluorescent light irradiance 
10 Wm-% The seedlings were watered daily and given, after 
they had passed the gerrnination stage, a nutrient solution 
once a week. After six months, the seedlings were trans- 
planted into individual plastic containers, with a volume 
of approximately 200 ml. Subsequently, eight seedlings 
from each provenance were selected for the CO, exchange 
studies. 

One month after transplanting, the CO, measurements 
were started using a URAS 1 infrared gas analyzer. At this 
stage, the development of new needle fascicles had general- 
ly ceased in all provenances, but the seedlings differed 
morphologically due to an inhibited apical bud development 
(grass stage) in Omkoi and Surin seedlings. 

During the measurements the upper part of the seedling 
was enclosed in a water-jacketed plexiglass assimilation 
chamber with a volume of 300 ml. The total volume of the 
closed gas circuit system, including the gas analyzer, as- 
sirnilation chamber and auxiliary equipment used to main- 
tain the desired air flow, humidity and CO, concentration, 
was approximately 1000 ml. Temperature control was 
achieved using a pump which circulated water through the 
water jacket and a thermostat. During the measurements, 
the lower parts of the intact seedlings were subjected to the 
constant environmental conditions of the growth chamber 
in which the cuvette had been built. 

The light source during the CO, measurements consisted 
of two 500 W incandescent/mercury vapor mixed light 
bulbs and ten 40 W fluorescent tubes. The irradiance within 
the assimilation cham6er reached a level of 40 Wm-2. 

In the measurement procedure the CO, compensation 
point was first determined at 21° C by recording the 
equilibrium concentration of CO„ after decreasing the CO, 
concentration to near the expected value using a KOH 
solution bypass in the air stream. The CO, concentration 
was then again raised to the normal atmospheric level, 
and after a half hour interval, the photosynthetic rate was 
rneasured at 16, 21, 26 and 31° C, by recording the time 
required to lower the CO, concentration from 315 to 265 
ppm. The highest or lowest temperatures were used alter- 
nately as the initial temperatures. When the photosyn- 
thetic rates had been measured, dark respiration rates 
were determined in a similar manner at the Same tem- 
peratures as already mentioned. However, only 25 ppm 
(from 282 to 307 ppm) was used as the CO, concentration 
range in the dark respiration determinations. Photosyn- 
thetic and dark respiration rates per seedling were con- 
verted to rates per m i t  of neede dry weight (mg CO, . g- l 

h-I), using weights obtained by drying the seedlings over- 
night at 105O C. Photorespiration rates were determined on 
the basis of CO, compensation points and photosynthetic 
rates, using the extrapolation method (FORRESTER et al., 1966; 
LUUKKANEN and KOZLOWSKI, 1972). 

Results 

Seedlings from Java (which in contrast to other prove- 
nances did not show a g r a s  stage) had photosynthetic 
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