
as many testors as logistically possible when testing first 
generation seed orchards. A design using four or five testors 
will aid in maintaining a broad biological base for future 
improvement work but in many cases will not meet finan- 
cial criteria. 

Abstract 

The financial impact of inbreeding depression on the 
number of testors that maximizes the profitability of 
second generation forest-tree seed orchard production has 
been determined under various assumptions. Sensitivity 
analysis of these assumptions indicates that optimal testor 
numbers vary mainly with changes in clone number in the 
first generation orchard, the interest rate used, the seed 
yield from the second generation orchard, and the site 

index for the resulting plantations. The range of optimal 
testor numbers was from one to eight. 

K e y  words: Economics, Testor Numbers, Second Generation Seed 
Orchards. 

Literature Cited 

BERCMAN, A.: Variation in flowering and its effect on seed cost. 
N. C. State Univ. Technical Report No. 38, 63 pp., 1968. - COMSTOCK, 
R. E., and H. F. ROBERTSON: "Estimation of Average Dominance of 
Genes". Heterosis, Ames: Iowa State College Press, pp. 494-516, 
1952. - DAVIS, LAWRENCE S.: Investments in Loblolly Pine Clonal 
Seed Orchards. Journal of Forestry 65: 882-887 (1967). - FRANKLIN, 
E. C.: Survey of mutant forms and inbreeding depression in species 
of the family Pinaceae. USDA, Forest Service Research Paper 
SE-61, 21 pp., 1970. - GANSEL, C. R.: Effect of several levels of in- 
breeding on growth and oleoresin yield in slash pine. Proc. 11th 
South. Conf. Forest Tree Impr., p. 173-177, 1971. 

Gas Exchange in Six Populus Clones') 
By 0. LUUKKANEN,) and T. T. KOZLOWSKI 

Department of Forestry, University of Wisconsin, Madison, 
Wisconsin 53706 

(Received August 1972) 

Introduction 

Short-time measurements oi photosynthetic performance 
have often been used as an index of growth potential of 
trees (BOURDEAU, 1958; FERRELL, 1970; KOZLOWSKI, 1971 a, 
1971 b; KOZLOWSKI and KELLER, 1966). Such measurements 
sometimes have limitations because both high and low 
(and even negative) correlations have been reported for 
Populus (HUBER and POLSTER, 1955; GATHERUM et al., 1967), 
Pseudotsuga menziesii (CAMPBELL and REDISKE, 1966), Pinus 
elliottii (WYATT and BEERS, 1964), and Pinus taeda (MCGREGOR 
et al., 1961). By comparison, poor correlation between 
photosynthesis and growth has been reported for Larix 
(NEUWIRTH, 1967)) Pseudotsuga menziesii (SORENSEN 1964; 
BRIX, 1967), Pinus contorta (SWEET and WAREING, 1968), and 
Pinus banksiana (LOGAN, 1971). Because dry weight in- 
crement varies greatly with experimental conditions, there 
are difficulties in comparing photosynthetic efficiency of 
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different species based on production data of various in- 
vestigators (HELLMERS, 1964). 

In addition to photosynthetic rates alone, at least three 
important physiological considerations determine growth 
potential (dry weight increment). These include the rela- 
tion of photosynthesis to respiration, the distribution of 
photosynthate within the tree, and duration of growth or 
the seasonal pattern of assimilation (LEDIG, 1969). The re- 
lationship between photosynthesis and respiration is of 
particular interest in tree improvement becausc heterotic 
plants have more effective photosynthetic systems than do 
phenotypically normal plants. DECKER (1970) suggested that 
there may be phenotypically normal individuals within a 
species that have unusually high photosynthetic capacity 
but this is combined with high photorespiration with the 
net result of normal growth rate. There may also be pheno- 
typically normal individuals with low photosynthetic rates 
and low photorespiration. If such individuals could be 
identified and if the two processes are genetically separa- 
ble, genetic recombination of high-low might be possible. 

As emphasized by DECKER (1957, 1970), the CO, compensa- 
tion point, at which a plant is gaining and losing CO, at the 
Same rates, is determined in strong light largely by photo- 

Table 1.  - The identification numbers and origins of the experimental clones. 

Identi- 
fication Species Section Origin 

No. 

D 40 P. deltoides Aigeiros 

M 12 P. maximowiczii Tacamahaca 
M 13 P. maximowiczii Tacamahaca 

MN 1 P. maximowiczii Tacamahaca 
X P. nigra X Aigeiros 

N2 P. nigra Aigeiros 

T 6 P. trichocarpa Tacamahaca 

Sandy shore of L. Ontario, Canada. 

Hokkaido, Japan; collected from natural stands by Komik 
Arboretum, Poland, in cooperation with the Oji Institute, 
Kuriyame, Japan. 

Arnold Arboretum (hybrid by E. Chalmere Smith). 

Kunovice, Moravia, Czechoslovakia. 

Poplar Institute, Geraardsberger, Gramont, Belgium. 
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