
Genetic Variability of Photosynthetic Efficiency 
and Dry-Matter Accumulation in Seedling Douglas-Fir 

By ROBERT K. CAMPBELL and JOHN H. REDISKE') 

(Received for publication August 28, 1965) 

Introduction 

DECKER (1953), RICHARDSON (1960), and KOZLOWSKI (1963) 
have suggested that strains of forest trees with superior 
growth can be lbuilt by selecting parent trees on the basis 
of relative photosynthetic capability. DECKER'S ildea presup- 
poses that a tree increases in dry matter (accumulates car- 
bon) directly as photosynthesis exceeds respiration, an'd ac- 
cordingly, that a tree with superior photosynthetic capa- 
bility wodd lhave superior capacity to utilize its growing 
space for woo~d production. HUBER (1950) has aldapted and 
used the infra-reld gas analyzer to provilde a rapid and 
inexpensive method for measüring photosynthetic rate. 
This makes selection for photosynthetic capability eco- 
nomically possible, but breeding feasibility also depends 
on the trait's genetic structure. Relative amounts of genetic 
and environmental variance, relative importance of the 
contribution of types of gene action to genetic variance, and 
relation of photosynt~hesis to growth will dictate, in large 
part, the breelding scheme to be used, and its practicability. 

In forest tree species, genetic varialbility has been demon- 
strated for two basically [different measures of photosyn- 
thetic capalbility. One measure estimates relative photosyn- 
thetic efficiency of nesdle tissue (P. E.) by determining CO- 
absorbod per lunit leaf weight, volume, or surface area, per 
unit time. The other estimates relative photosynthetic 
capacity (P. C.) of an entire plant 'by 'determining CO, 
absorbed per plant per unit time. Both are measures of net 
photosynthesis (rate of gross photosynthesis minus rate of 
respiration). 

Genetic variability in P. E. ihas been shown among 16 
clones of Populus (HUBER and POLSTER 1955). Most clones 
represented separate species an~d their hybrilds within the 
sections Aigeiros an~d Taoamahaoa. However, in two com- 
parisons, ldifferences were also shown among clones re- 
presenting varieties within species. 

Slight racial variability in P.E. has been reported in 
Pinus strobus (BORDEAU 1963) anld in Douglas-fir (KRUEGER 

1963) (SORENSEN 1964). Differences ldid not show up as main 
effects, but appeared in the interaction of races with 
measurement temperatures (BORDEAU, SORENSEN), or with 
premeasurement temperatures and seedling age (SORENSEN). 
Loblolly pine seedlings from Georgia source had higher 
P. C. than seedlings from Floriida, lbut differences were 
causeld by greater amounts of foliage on Georgia seeldlings 
(MCGREGOR, et al., 1961); within-species variability in P. E. 
was not discovered. REINES (1962) and WYATT and BEERS 
(1964) demonstrated significant ~differences in P. C. among 
seeldling families in slash pine. REINES concludeld that both 
relative efficiency olf neeldles anld amount of functional 
green tissue pex- plant may have contributed to variability. 

The genetic relationship between photosynthetic effi- 
ciency and plant growth is not clear. WATSON (1952), after 
an extensive review of crop-plant literature, concluded 
that yield is primarily increased by enlarged photosynthetic 
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surface rather than fby increased P. E. The works of Mc- 
GREGOR et al. (1961) and SORENSEN (1964) support WATSON'S 

conclusions. MCGREGOR et al. reportsd a strong correlation 
of seedling size with P. C., but conclulded that the correla- 
tion results because larger seedlings have more foliage. 
SORENSEN could find no association between average P. E. 
of Douglas-fir races and ldry-matter accumulation. On the 
other hand, )HUBER and POLSTER (1955) found that plant size 
was strongly correlated to lboth P. C. antd P. E. ~(Table 12 b, 
Page 405). The above studies, including those revieweld by 
WATSON, deal with phenotypic correlations between various 
measures of photosynthetic capability and yield. LERNER 

(1958, Page 149), FALCONER (1961, Page 351), and several 
others ~have noted that phenotypic correlation is not neces- 
sarily closely related to genetic correlation. 

Photosynthetic efficiency, as opposed to photosynthetic 
capacity, is likely to be of more interest to tree breeders. 
Photosynthetic capacity @an theoretically ~be  increaseld by 
improving P. E., by enlarglng the photosynthetic factory 
(foliage), or by \doing both. In the latter two cases, branch- 
iness may ~be expecteld to increase directly as foliage in- 
creases - with ldetrimental effects on woo~d quality and 
growing-space requirements. On the other han'd, if P. E. is 
improved, efficiency with which a tree uses growing space 
is also improved. This greater efficiency can be utilized 
to enhance woold production per acre, or to provilde higher 
quality wooid at present volumes by minimizing branch- 
iness. 

Primary objectives of this study have been: (1) to estimate 
additive and dominance genetic components of variance for 
P. E. and total dry weight, anld (2) to estimate genetic cor- 
relations between P. E. anld total dry weight. These estima- 
tes are obtaineld from measurements of full- and half-sib 
families, which are not available in Douglas-fir of near- 
rotation age. Consequently, the study is proceeding in two 
parts. Results of Part I tests 03 seedling families are re- 
ported in this Paper. In Part 11, results of seedling studie; 
will b'e correlated with tests of P. E. and growth malde on 
the parent trees. 

Materials and Methds  

Full- and half-sib families were obtaineld from crosses 
made following design B/A (COCKERHAM 1963) which is 
genetically equivalent to ~desigr, I by ROBINSON, et al. (1949). 
Each of ten trees used as a female was crossed to ten trees 
used as males, all males and females being different trees. 
Parents were selected ranldomly from repr~~ductive trees in 
a young, naturally regenerated, pure stand of Douglas-fir 
in Pack Demonstration Forest near La Grande, Washington. 
All parents were located within a circular area of one kilo- 
meter diameter on a gravelly, glacial outwash plain. 

A 2-replicated simple lattice ldesign (COCHRAN and Cox 
1950, page 280) was used. Each family plot consisted of a 
quart plastic container in which five seeds were sown and, 
at  the time of measurement, every plot contained from one 
to five seedlings. After seedlings had passed one growing 
season in the greenhouse and were from 8 to 15 cm high, 
they were transferred (25 Oct. 1963) in the original con- 
















