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Introduction
Photoperiod manipulation during propagation (i.e., short-day treatments or blackout) is increasingly used by forest tree nurseries in northern 

latitudes to slow growth in conifer seedlings and induce dormancy (Hawkins and others 1996; Turner and Mitchell 2003). The premise is that 
short-day treatments help to avert excess shoot growth leading to a higher (more desirable) root to shoot ratio, while simultaneously increasing 
seedling cold hardiness (and corresponding stress resistance). While use of photoperiod manipulation in operation has mainly been confined to 
spruce and pine in northern climates, this practice has recently been explored in coastal Douglas-fir (Pseudotsuga menziesii var. menziesii [Mirb.] 
Franco) (Turner and Mitchell 2003; MacDonald and Owens 2006; Jacobs and others 2008) and shown to affect seedling dormancy status at 
relatively low (i.e., <45 ºN) latitudes (Jacobs and others 2008). There is currently some debate among nursery managers, however, as to whether 
photoperiod manipulation is beneficial for culture of coastal Douglas-fir; this is mainly related to the possibility that root growth following 
planting could be negatively affected. This paper summarizes some of the results and corresponding discussion published in Jacobs and others 
(2008) about the effects of short-day treatments on coastal Douglas-fir seedling dehardening and root growth following transplant into varying 
rhizosphere temperatures. The reader is directed to this paper for more detailed descriptions of study methodology and a more thorough synthesis 
of results within the existing scientific literature. Some recommendations for future research in this area are provided.
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Abstract: Photoperiod manipulation (i.e., short-day treatments or blackout) is used by nurser-
ies in northern latitudes when growing spruce and pine, as a means to arrest shoot growth, 
encourage high root to shoot ratios, and induce dormancy. Effects on coastal Douglas-fir 
(Pseudotsuga menziesii var. menziesii [Mirb.] Franco) are less well known, especially for 
provenances of lower latitudes (i.e., <45 °N). Additionally, transplant rooting responses 
of short-day treated seedlings at relatively cold temperatures (i.e., <10 °C [50 °F]), which 
characterize many outplanting sites during winter/early-spring planting, have not been well 
studied. Recent research suggests that nursery short-day treatment has a pronounced 
effect on seeding development in coastal Douglas-fir, and phenological effects may carry 
over through spring de-hardening. Additionally, collective evidence from the limited studies 
examining transplant rooting responses across a range of soil temperature suggest that 
short-day treated seedlings produce more roots at low soil temperatures. This implicates 
potential for reduced transplanting stress of short-day treated seedlings on sites charac-
terized by low soil temperatures and/or drought. Future research should examine rooting 
responses across a range of soil temperatures that might be encountered throughout an 
entire growing season. Additionally, specific prescriptions for timing of short-day treatments 
should be developed that will aid in coupling of physiological status to site conditions under 
a range of site conditions and silvicultural prescriptions, including fall planting. 
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Photoperiod Manipulation and 
Seedling Phenology

Seedling phenology is regulated by photoperiod in many temper-
ate species; cold hardiness development is initiated by photoperiod 
reduction and coincides with growth cessation. Short-day treatment 
consistently induces early bud set during nursery culture, but can also 
result in earlier budbreak after outplanting (Hawkins and others 1996; 
Turner and Mitchell 2003), indicating that phenological and physiologi-
cal impacts of photoperiod manipulation persist through winter cold 
storage and into the early stages of seedling establishment. Jacobs and 
others (2008) confirmed this pattern as they reported that short-day 
treated Douglas-fir seedlings generally had greater cold tolerance than 
ambient (long-day) treated seedlings after removal from freezer stor-
age at periodic sampling points between January through May. Root 
growth capacity is strongly related to the bud dormancy cycle (Ritchie 
and Dunlap 1980), and so short-day treatments during nursery culture 
could affect timing and vigor of subsequent root growth. 

Photoperiod Manipulation and 
Transplant Root Growth

Vigorous root development following field planting is necessary 
to minimize potential for seedling physiological drought and ensure 
survival (Grossnickle 2005). Root growth of newly planting conifers is 
optimized at around 20 ºC (68 °F) soil temperature (Lopushinsky and 
Max 1990), but soil temperature on most temperate outplanting during 
winter or early spring is usually relatively cold (i.e., <10 ºC [50 °F]). 
Thus, soil temperature is an important consideration when examining 

potential for new root growth immediately following planting. However, 
the interaction between soil temperature and seedling dormancy status 
and its affect on new root growth is a relatively unexplored area of 
research. Turner and Mitchell (2003) reported that root growth capacity 
was reduced for Douglas-fir seedlings with earlier vs. later short-day 
treatment initiation date, but they included no long-day treatment and 
soil temperature was not reported. MacDonald and Owens (2006) 
found that short-day treatment did not affect Douglas-fir seedling root 
growth capacity after transplant into pots, but they used a constant 
air temperature of 20 ºC (68 °F) and soil temperature was again not 
reported. Hawkins and Shewan (2000), studying interior spruce seed-
lings, showed that short-day treatments resulted in less new roots than 
long-day treatment following transplant into hydroponics for 7 days, 
but they only examined a root zone temperature of 20 ºC (68 °F).

In Jacobs and others (2008), Douglas-fir seedlings that were either 
short-day or ambient (long-day) treated during the latter part of the 
growing season were lifted from storage at five different sampling dates 
(January-May) and transplanted into hydroponic root zone temperatures 
of 10, 15, 20, and 25 ºC (50, 59, 68, and 77 °F) in a controlled growth 
room environment. Numbers and biomass of new roots (figure 1) were 
sampled at the end of each 4-week treatment period. A photoperiod 
by root temperature interaction occurred, with no effect of sampling 
date. Short-day treated seedlings had more new roots at 10 ºC (50 °F), 
but the opposite effect occurred for both new roots and new root dry 
mass at 20 ºC (68 °F).

Grossnickle and others (1991a) is the only other known published 
report to examine transplant rooting response of short-day cultured 
seedlings under more than one root temperature regime. They examined 
photoperiod responses of western hemlock seedlings in combination 
with abbreviated or long watering regimes on transplant rooting in 
hydroponics at 5 and 22 ºC (41 and 72 °F) root zone temperatures for 

Figure 1. Experimental Douglas-fir seedlings showing new root development following growth in a 
hydroponic system under controlled root zone temperatures.
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14 days and found similar responses to Jacobs and others (2008). In a 
complementary field trial, Grossnickle and others (1991b) reported that 
short-day treated seedlings had increased root proliferation 1 month 
following planting. Better adaptability of short-day treated seedlings 
to low root zone temperatures was likely due to greater seedling 
stress resistance and decreased resistance to water movement at low 
soil temperatures (Grossnickle and others 1991a,b; Jacobs and others 
2008). This evidence suggests greater water flow efficiency for short-
day treated seedlings immediately after early-spring planting when 
soil temperatures are still low and, therefore, potential for reduced 
transplanting stress.

Conclusions and Future Directions
Short-day treatment in the nursery has a large effect on seedling 

morphology and physiology and although this practice has been ap-
plied mainly to species and provenances of higher latitudes, it is also 
relevant to more southerly seed sources of some species (e.g., coastal 
Douglas-fir). Increased cold tolerance characteristic of short-day treated 
seedlings in fall apparently may be maintained through spring. The 
limited research evaluating transplant rooting response of short-day 
treated seedlings suggests that these seedlings should be targeted for 
sites where low soil temperature is expected immediately after planting.

There are many unanswered questions remaining regarding effects 
of photoperiod manipulation on seedling development, especially for 
southerly sources and species adapted to mild climates such as coastal 
Douglas-fir. One example is:

Rooting responses associated with the timing of short-day treatments 
in relation to natural growth rhythms (Fløistad 2002). In other words, 
how can we adjust the starting and ending points of short-day treat-
ments, as well as their duration within (i.e., number of daylength hours) 
to optimize seedling development for given species and provenances?

A need also exists to identify trends in root growth at different soil 
temperatures throughout the growing season (Iivonen and others 2001). 
The few studies that have examined transplant rooting responses at 
varying temperatures have done so over very short time periods (i.e., 
several weeks). It would be useful to know if trends in root growth for 
short-day treated seedlings vary as soil warms throughout the growing 
season and into fall.

Finally, as interest continues to grow in planting beyond the tradi-
tional winter/spring period, it would be valuable to examine transplant 
rooting responses of short-day treated seedlings during fall to aid in 
coupling of physiological status to site conditions for fall planting.
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