
were grown under 4 'different temperature conditions for 
23 weeks. Daylength in the 4 controlletd-growth rooms was 
adjusted to correspond to that prevailing at 45O N. latitude. 
Statistically significant differences among sources were 
found in terminal elongation and needle size, but no mean- 
ingful relationship coul'd be estalblished between these 
growth characteristics and geographic origin of the seed. 
High temperatures caused roduced height growth but in- 
creased needle elongation; whereas low temperatures 
causeid increased height growth but reduced needle elonga- 
tion. The suggested cause of this inverse relationship was 
the influence of temperature on the distribution and uti- 
lization of assimilates, primarily reserve foods. 

Statistically significant ~differences among sources were 
also found in most wood growth characteristics examinetd. 
However, these were not ldirectly related to geographic 
origin of the seed. They appeare~d to be more closely as- 
sociateld wit'h certain aspects of vegetative growth and 
varied accordingly. Careful consideration shoulld be given 
to growth correlations lwhen evaluating measurement data 
obtained either from seed source or from controlled-growth 
room experiments. 

Literature Cited 
BUIJTENEN, J. P. VAN.: Anatomical factors influencing wood speci- 

fic gravity of slash pines and the implications for the development 
of a high-quality pulpwood. Tappi 47: 401-404 (1964). - FOWLER, 
D. P.: Effects of inbreeding in red pine, Pinus resinosa AIT. Silvae 
Genetica 13: 170-177 (1964). - GRÜLL, H., and WETTSTEIN, W.: Photo- 
und thermoperiodische Einflüsse auf das Wachstum der Kiefer 
(Pinus silvestris). Holzforschung 9: 81-84 (1955). - HANOVER, J. W.: 
Geographic variation in ponderosa pine leader growth. Forest 
Sci. 9: 86-95 (1963). - HELLMERS, H.: Temperature effect On opti- 
mum tree growth. In "Tree Growth", pp. 275-287. T. T. KOZLOWSKI. 
ed. Ronald Press, N. Y. (1962). - HESSELMAN, H.: Ober den Höhen- 
zuwachs und die Sproßbildung der Kiefer in den Sommern 1900- 
1903. Medd. f. Statens Skogsförsöksanstalt 1: 25-43 (1909). - IRGENS- 

MOLLER, H.: Ecotypic response to temperature and photoperiod 
in Douglas-fir. Forest Sci. 3: 78-83 (1957). - JENSEN, K., and 

GATHERUM, G. E.: Effects of temperature, photoperiod, and prove- 
nance on growth and development of Scotch pine seedlings. Forest 
Sci. 11: 189-199 (1965). - KRAMER, P. J.: Some effects of various 
combinations of day and night temperatures and photoperiod on 
the height growth of loblolly pine seetdlings. Forest Sci. 3: 45-55 
(1957). - KRAMER, P. J.: Thermoperiodism in trees. In "The Phy- 
siology of Forest Trees", pp. 573-580. K. V. THIMANN, ed. Ronaltd 
Press, N. Y. (1958). - LACROIX, J. D.: Morphological anomalies in 
leaves of Pinus elliottii ENGELM. Can. J. Bot. 40: 686-687 (1962). - 
LANNER, R. M.: Temperature and the diurnal rhythm of height 
growth in pines. J. Forestry 62: 493495 (1964). - LARSON, P. R.: 
Some indirect effects of environment On wood formation. In "The 
Formation of Wood in Forest Trees", pp. 345-365. M. H. ZIMMER- 
MANN, ed. Academic Press, N. Y. (1964 a). - LARSON, P. R.: The 
contribution of different-aged needles to growth and wood forma- 
tion of young red pine trees. Forest Bci. 10: 224-238 (1964 b). - 
MERGEN, F.: Ecotypic variation in Pinus strobus L. Ecology 44: 
716-727 (1963). - MIKOLA, P.: Temperature and tree growth near the 
northern timber line. In "Tree Growth", pp. 265-274. T. T. Koz- 
LOWSKI, ed. Ronald Press, N. Y. (1962). - PERRY, T. 0.: Racial varia- 
tion in the day and night temperature requirements of red maple 
and loblolly pine. Forest Sci. 8: 336-344 (1962). - SCHMIDT, H.: Kro- 
nen- und Zuwachsuntersuchungen an Fichten des bayerischen Al- 
penvorlanides. Forstwiss. Centralbl. 72: 276-286 (1953). - SCHÖPFER, 
W.: Beiträge zur Erfassung des Assimilationsapparates der Fichte. 
Schrift. Landesforst. Baden-Württemberg, Freiburg i. Br., 10: 1- 
127 (1961). - SILEN, R. R.: A study of genetic control of bud burst- 
ing in Douglas-fir. J .  Forestry 60: 472-475 (1962). - SMITH, H., and 
KEFFORD, N. P.: The chemical regulation of the ldormancy phases 
of bud development. Amer. J .  Bot. 51: 1002-1012 (1964). - VAARTAJA. 
0. :  Ecotypic variation in photoperiodism of trees with special 
reference to Pinius resinosa and Thuja occidentalis. Can. J. Bot. 
40: 849-856 (1962). - WALTERS, J., and Soos, J.: Shoot growth patterns 
of some British Columbia conifers. Forest Sci. 9: 73-85 (1963). - 
WAREING, P. F.: Photoperiodic control of leaf growth and cambial 
activity in Pinus sylvestris. Nature 163 (4150): 770-771 (1949). - 
WISHART, J.: Field trials 11. The analysis of covariance. Com- 
monwealth Bur. Plant Breeding and Genetics, Tech. Commun. 15, 
35 pp. (1950). - WRIGHT, J. W., BULL, W. I., and MITSCHELEN, G.: 
Geographic variation in red pine - 3-year results. Quart. Bull. 
Mich. Agric. Expt. Sta. 45: 622-630 (1963). 

Chilling Requiremen ts in Seven Picea Species 
By HANS NIENSTAEDT~) 

(Received for publication April 25, 1966) 

Woody plants in the temperate zones frequently require 
exposure for several weeks or months to low temperature 
in order to resume growth and develop normally the fol- 
lowing spring. Current knowledge on the subject largely 
stems from work with orchard trees, particularly Prunus 
persioa (L.) BATSCH. (For general reviews See DOORENBOS, 
1953; SAMISH, 1954; ROMBERGER, 1963; and 'SMITH and KEFFORD, 
1964.) Little is known regarding the need for exposure to 
cold of forest tree species native to North America. How- 
ever, such information is essential if intensive studies of 
the physiology of tree growth are to be undertaken under 
greenhouse or controlled growth conditions. I t  would also 
be of ~ons~derable  'basic value to understand within- and 
between-species variation in a genus in this respect. 
Therefore, study of the chilling requirements of seven 
species of spruce was undertaken. The results are reported 
in this Paper. 

Review of Literature 

A plant is said to be dormant when a tissue (bud) predis- 
posed to elongate fails to do so. Several types of dormancy 
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are recognized. Since responses of plants to environmenta, 
stimuli depend on their type of dormancy, the dormancy 
condition of experimental material must be clearly stated. 
Until recently, different distinct phases of dormancy have 
been considered. The three main types are: (1) Quiescence - 
dormancy imposed directly by an adverse external environ- 
ment; growth is resumed as soon as the environment again 
becomes favorable to growth. (2) Correlated inhibition - a 
type of physiolagical dormancy maintained by agents or 
conditions originating within the plant, but not within the 
dormant organ itself; apical dominance is an example. (3) 
Rest - physiological dormancy maintained by agents or 
conditions lwithin the organ itself (ROMBERGER, 1963). Quies- 
cence and correlated inhibition can be interrupted readily 
by a change in the environment or in the plant. In resting 
plants the resting organ must be exposed to prolonged chil- 
ling treatments or other forcing treatments such as hot 
water, extended photoperiods, or chemicals such as ethylene 
chlorohydrin. 

More recently SMITH and KEFFORD (1964) have stresced 
that dormancy development involves a succession of pro- 
cesses - some transitional and some steady-state phases. 
The spring period of elongation growth is a steady-state 
and terminates in a transitional phase of dormancy de- 








