
 

 

Cultural Perspectives 
 
 
 

The "Nursery Effect" 
 
 
 

Phenotype = Genotype x Environment 
 
This equation is the mathematical expression of the fact that an individual's appearance is the result of it's genetic make-up, 
tempered by the environment in which it was raised. In the forest and conservation nursery business, the physical 
characteristics of a seedling are a function of its genotype, generally expressed as seed source, and the environment of the 
nursery in which it was grown. Actually, nursery environment is a composite of the location of the nursery and the cultural 
practices used to raise the seedling. Incorporating this information into our equation produces: 

 
Seedling Morphology = Seed Source x [Nursery Location x Cultural Practices] 

 
In bareroot nurseries, seedlings are grown under ambient climatic conditions and so become naturally acclimatized to the 
nursery environment. Because bareroot stock is acclimatized to the general climatic of a geographic region, they are not 
normally shipped outside that region. With the advent of container nurseries, however, it has became possible to grow 
seedlings in one geographic region and ship them to another. Theoretically, as long as the seed source is carefully selected 
and maintained during the nursery tenure, a container seedling can be grown almost anywhere as long as it is properly 
hardened prior to storage and shipment to the outplanting site. Seedling users need to know the biological implications of this 
practice to insure that they are receiving the highest quality stock for their reforestation projects. 
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the hantavirus generations ago and, through 
observation, learned how to avoid it. "The traditional 
healers are also scientists with centuries of 
experience " he says. This fall, with his help, the 
Indian Health Service introduced a program that 
combines modern health education with traditional 
wisdom to teach people to protect themselves from 
the disease. 
 
So, what does this mean to us - except not to inhale 
mouse droppings? The take-home lesson is to 
appreciate the value of direct observation and 
indirect experience. Those of us who are college- 

educated are taught not to trust our senses, and that all 
facts must be verified by controlled experiments. While we 
all acknowledge the value of formal research, much useful 
information can be gained by careful observation. So, 
keep your eyes open while walking around your nursery 
and don't discount the experiences of your long-time 
workers. 

 
Source: Grady, D. 1993. Death at the Corners. Discover 

14(12): 83-91. 
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This concept has immediate practical implications 
because container nurseries are beginning to expand 
their markets and bid on seedling growing contracts 
from vastly different environments. In recent years, for 
example, a container seedling grower in Colorado has 
produced tree seedlings for a timber company in 
British Columbia. Another contractor in Northern 
California has grown conifer stock for outplanting in 
New Mexico. Because of a tremendous reforestation 
backlog in Mexico and a shortage of local nursery 
stock, some people are advocating growing container 
seedlings of Mexican species in the US or Canada. 

 
I hypothesize that seedlings of the same seed source 
grown in nurseries with significantly different 
environments will respond differently upon outplanting. 
This response has been called the nursery effect and 
is an example of environmental imprinting in which the 
seedlings "remember" the influence of nursery site 
conditions or cultural practices. Apparently, these 
"memories" can override normal genetic controls, at 
least temporarily. 

 
Forest geneticists have written extensively about 
genotype X environment interactions and how they 
influence early genetic selection, but the nursery 
effect is not widely appreciated in the nursery 
community. However, nursery imprinting is evident in 
day-to-day nursery and reforestation activities. 
Foresters who have planted seedlings from the same 
seed source that were grown at different nurseries 
have noticed differences in survival and growth. 
Bareroot nurseries who transplant container or 
bareroot seedlings from other nurseries have 
observed similar differences. I remember one nursery 
trial that I established with fall-sown vs. spring-sown 
bareroot seedlings of the same source sown right next 
to one another. The fall-sown stock was of course 
larger at the end of the first year because it had 
germinated earlier. What surprised me was 

that the fall-sown seedlings also broke bud 
significantly earlier the following year, showing that it 
had been imprinted with its response from the l+p 
year. 

 
The nursery effect is extremely hard to prove by 
experiment, however, because of the complexities in 
raising seedlings of exactly the same size, the larger 
sample sizes that would be necessary, and the 
problems in holding all other variables constant. 
Some formal experiments have shown that the 
nursery effect does exist and can be quantified in 
terms of seedling performance on the outplanting 
site. Ying and others (1989) concluded that, although 
the differences between nurseries were significant, 
the nursery effect is relatively shortterm (15 years). 
Another study in Alaska compared container 
seedlings from a local nursery vs. ones grown from 
the same seed source in Idaho (Zasada and others 
1990). The Idaho trees suffered significantly more 
animal browsing and frost damage compared to the 
local stock. I am not aware of other research trials, 
however, probably because the nursery effect on 
seedling survival and outplanting is often hard to 
separate from the other stresses and complicating 
factors. 

 
The nursery effect has some practical and eco-
nomical implications, especially with seedling 
growing contracts: 

 
* Should local growing zones be established? If 
so, who is going to do it and how large should they 
be? 

 
* Should nurseries be rated by past performance? 
How can you separate true environmental imprinting 
from just poor culture or fluke weather events? 

 
* What about species differences? Is the response 
the same with all species? 

 
Well, there you have it. Is the nursery effect a 
legitimate concern or merely the product of another 

government bureaucrat with an overactive 



 

 

imagination and too much time on his hands? After all, 
ornamental nurseries have been growing their stock in 
nurseries in just a few selected geographical areas, 
including the Pacific Northwest, and then shipping then 
across the continent using only the Plant Hardiness 
Zones as their guide. Anyway, I'd like to hear from you 
and, if there is enough interest, I'll provide some follow-
up in the next issue of FNN. 

 
Source: Ying, C.C.; Thompson, C.; Herring, L. 1989. 
Geographic variation, nursery effect, and early 
selection in lodgepole pine. Canadian Journal of 
Forest Research 19(7): 832-841. 

 
Campbell, R.K.; Sorensen, F.C. 1984. Genetic 
implications of nursery practices. IN: Duryea, M.L.; 
Landis, T.D. eds. Forest Nursery Manual: Production 
of Bareroot Seedlings: 183-191. 

 
Zasada, J.C., Owston, P.W.; Murphy, D. 1990. Field 
performance in Southeast Alaska of Sitka spruce 
seedlings produced at two nurseries. Research Note 
PNW-RN-494. Corvallis, OR: USDA Forest Service, 
Pacific Northwest Research Station. 11 p. 

 
 

Limiting Factors--Water 
 
As we have been discussing in past issues of FNN, 
plants need six different "limiting" factors for good 
growth. Four are found in the ambient environment (light, 
temperature, humidity, and carbon dioxide) and two 
(mineral nutrients and water) are supplied from the soil 
or growing medium (Figure A). We have covered 
everything except water and so, in this issue, we will take 
a look at how seedlings use water and how growers 
supply it to their crops. 

 
Water is one of the most important growth-limiting 

factors in natural terrestrial ecosystems. 

The ecological importance of water is matched by its 
physiological importance because almost every process in 
plants is directly or indirectly affected by water: 

 
1. Water is a major constituent of plants, composing 
80-90 % of fresh weight. 

 
2. Water is the "universal solvent", and the medium for 
mineral nutrient transport within the plant. 

 
3. Water is a biochemical reactant in many critical 
physiological processes, including photosynthesis (Figure 
B). 

 
4. Water is essential for maintaining turgidity in plant cells, 
promoting cell expansion and seedling growth. 

 
 

Biophysics of water in containers 
The best way to describe seedling water status is in terms 
of water potential because the basic principles and units 
remain the same throughout the nursery system. Water is 

drawn along a water potential gradient that is driven by 

January 1994 * Forest Nursery Notes * 21 

Administrator
Rectangle

Administrator
Rectangle


